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But, in trying to answer the question proposed by the chairman, I
was merely pointing out that the Tnternational Biological Program
does not separate itself from the problem of human welfare. ’

Mr. Brown. I think your point is correct. I am merely making the
point that you have certain preconceptions about the nature of human
welfare which are not necessarily a part of any scientific program.

Dr. Ray. Definitely, I have preconce tions. I quite agree with you.
I would like to think they are all right, but I am not sure they are not.

Mr. Brown. You are getting into the field of politics this time.

Dr. Ray. Well, I think we all are. I just do not see—I1 will repeat,
the International Biological Program as simply biological. It is much
more than that. Put it the other way ; if we did not have an Interna-
tional Biological Program, how else are we to solve the problems we
know we must solve on a world basis, not a regional basis. We have
to, in taking this little blue book and put it under the table, come up
with a red book or pink book, but some book, that will enable us to
have a program by which we can help to guide our own destinies—it
is a question of how much destiny we have left.

Mr. Brow~. Well, in the physical sciences in general, we are trying
to approach the problem of how man can live better on this ea,rt% by
figuring out better ways to destroy man.

The point I am trying to make is that I probably agree with your
normative biases.

But, we have to do something to get these into the e nation and get
them accepted and not be ashamed of them, or else I don’t think our
scientific programs per se are necessarily going to do much for man,
much as we would like to have them accomplish that.

Dr. Ray. Well, may I add one thing, Mr. Congressman. I think there
is always a danger in the pursuit of any scientific endeavor that that
scientific endeavor be directed toward use-or nonuse. ‘What %ood is it,
is a very frequent question that is put to me particularly. I like to go
s;lvin;ming in the polar seas under ice, to look at seals. What good is
that? . :

We all know the arguments that perhaps a lot of these things are
not good or bad. But in the finding out about the total ecology of .our
environment, this must at least be useful.

Mr. Browx. Well, you in your statement quoted from Mr. Ogburn’s
book, which I haven’t read but I can imagine what it says. I think it
assumes possibly a rather essimistic outcome for these efforts to
solve our problems. In the field of science in general, I think it is a
mistake to assume that man is going to solve these problems one way
or another, or that there is any good or bad because we don’t have any
guarantee, as is stated here, the earth will shrug it off in favor of a fresh
start. I presume that means it will eliminate man and try some other
species or activity or planet, or something. 0

Dr. Ray. I would not presume that this is guaranteed, but this is
the whole area that we are really concerned about. Really, there comes
as Fairfield Osborn said, a limit to the earth. Man is a biological
organism. He has to live with his environment. So far in the course of
human history I think we can fairly easily state that we have always
had something else to go to, some other corner to turn to. ,

T would like to think that the International Biological Program in
part, although I can’t guarantee this, came about because there is a
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realization abroad now that this limit is being reached esthetically
spacewise, and as regards production of food.

. Mr. Dabparto. We can’t eliminate the fact that the earth might some
day just shrug its shoulders and destroy us all. It can do even this if
we do the best possible job. ‘ ‘

Dr. Ray. It can.. '

. Mr. Dapparro. But there also is the possibility if we don’t recognize
what we are doing, that we can create a chain of circumstances which
we set about and by ourselves set an irreversible tide in motion which
will destroy us. That is what we are talking about here. ~

Dr. Ray. This is a point. And particularly I like your idea, Mr.
Chairman, of tying into our technological programs a fact-finding
biological, physical subprogram. I think that we have already set in
motion a couple of things which are extremely dangerous, of which the
burning of fossil fuels is the most obvious one I can think of; its
effect upon the oceans and—the effect, of putting carbon dioxide, for
instance. I think that these overall considerations are major ones, and
again the major consideration of the International Biological Program.
’I‘%}e earth is a unit, not politically unfortunately, but it certainly is a
unit biologically. ,

Mr. Dapparro. If we could understand some of these things better
it probably could feed itself into political judgments in a better way
than it does now. :

One of the witnesses before us as an example told us about one area
of our country where the virgin forests have been destroyed for the
hecessary purpose of getting open fields so we could ‘grow . oats and
wheat to feed ourselves. But during a period of time when there has -
been intense heat in that area, it was the wheat and the oats which
suffered and it was the natural grasses and trees in the area which
were able to adapt themselves to these changes. I think we can read
into that the importance of maintaining the natural processes on the
surface of the earth. And if we understand it better, maybe we will do
things in the right way.

Dr. Ray. Well, I tﬁ’ink two points might be mentioned in this very
respect, two very fundamental ecological considerations. o

In the first place, in man’s alteration of his environment, he has
usually done two things: (1) he has brought in foreign species or
exotics; and (2) he has simplified the environment. Where he had 100
species before, maybe now he has 10.

Now what these two things do usually is first, if a foreign species is
brought in, usually the total biomass is reduced. The total productivity
of the land may seem to be better in corn than it was in shrubbery and
so forth, but it is really not. The biomass is reduced. This means that
we are reaping a harvest, but we are not reaping as great a harvest.

Now, what about the variability of the harvest? In planting let’s
say elm trees all along our streets, rather than having an elm here, an
oak here, and something else there, we have opened up a very simple
‘problem in epidemiology. In simplifying the environment, therefore,
1n two respects, we have damaged it. We have come to know this lately.

But now let’s go to the sea. We are starting to talk about fish‘farm-
ing. What are we going to do, wall off a bay and put in just mullet,
as some people do, or milkfish, or are we going to maintain the almost
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infinite variability of that estuary and possibly get 50 different species
with a little more effort? It is not quite as economical. But how much
more productivity ! We don’t know. Here is an ideal area for investi-
gation.

Mr. Dapparto. Mr. Brown. :

Mr, Brown. Mr. Chairman, I am being somewhat of a devil’s
advocate. :

Mr. Dapparro. You are doing a good job at it.

Dr. Ray. Hesure is.

Mr. Browx. Because I sense in the witness a nostalgia of the old
days in which man and nature are in balance and everything right with

the world. By pointing out from the standpoint of science that we
could live in a completely artificial environment in which we synthe-
sized our food, our shelter, destroyed all living objects and, as far as
man is concerned, we might have a happy life. You could probably
argue with that point. To Jetermine that there is some natural balance
as you seem to be hinting at is a highly philosophical question.

1 am also bothered by the fact that the things you are pointing

to as being wrong with our environment today is already exclusively
the creation of science. The burning of fossil fuels, as an example, 18
a result of the tremendous technology created on the basis of the
physical sciences. ‘

Now what is science going to do? You are saying, I gather, to go
back to some more natural state of mankind. T am asking you to con-
sider what values you are using to set these goals so that we may
weigh them in connection with other values in analyzing the sit-
uation. 5

Dr. Ray. T think we have one fundamental difference of opinion,
perhaps, and that is science did not create these problems. Tech-
nology did. There is a vast difference between science and tech-
nology—the personnel who work in it, the training methods, and
many other things.

Mr. BrowN. You are trying to do like the nuclear scientists. We
created the bomb, but we are not responsible for its use, is that right ?

Dr. Ray. No, I wouldn’t go so far as to say that. I think all of us
are united by the fact that we should have some responsibility as
human beings. However, beyond that, as a scientist, the field of sci-
ence is regulated by somewhat different rules in the field of tech-
nology. And I think the confusion between science and technology
has been at least one of the stumbling blocks in solving problems.
Tt is another thing we might think of tackling.

You do indeed detect a nostalgia. Not that all was ever right with
the world, it seems to have changed too fast for that, but there are
several biological things that appear to be pretty basic: variety,
change. Human beings like to change things to suit their convenience
and need and thence to standardize, to put walls around them, to
get the status quo and keep it there. I think that the biology of
change and standardization is subject to scientific enquiry; what
kind of effect are we dealing with when we change the biota and
change people in relationship to it? These are things that can be
assessed biologically.
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Most of the things that T happen to believe esthetically are my
personal opinions. I would like to see the world with lots of trees
around. However, I think biologically and scientifically we can ac-
tually get down to analyzing what the effect of these things are on
the human being, in terms of productivity and in terms of human wel-
fare. T don’t see any question but that these biological principles can
be investigated and then subsequently we can enlist the aid of the
social sciences, the psychological sciences, to determine the effect
and the implications of these things on human beings. '

Now there have been researches conducted showing what crowding
means to human beings, showing what noise means fo human beings,
showing what lack of trees means. These are in their infancy, but they
are going to increase. So I don’t think I am entirely dealing in esthe-
tics. I have my preferences, it is true, and I would like to revert to a
little more space for all of us, it is true. But I think these things can
be backed up by research.

Mr. Brown. Well, I don’t like the way you are trying to weasel out
of the responsibility of science for what has happened. In fact, some
of the problems in science result from this same need of a human being
to bring order out of chaos. The development of science into our vast
proliferation of highly compartmentalized boxes is a result of this
tendency on the part of human beings. It is this tendency which has
resulted in science in general up to now. Maybe this program is going
to reverse the not caring what happens to the human being but what
happens to their little box.

Dr. Rav. I think you are entirely right in this. I think we actually
have more common “ground than would at first appear. But I don’
want to put the blame on anyone right now. I would like to solve the
problems that exist. It is as simple as that. If we can think of a better
way to do it, that is fine.

Mr. Dabparto. Don’t programs such as the IGY and the IBP, how-
ever, develop a national attitude. They educate the scientific and tech-
nical community about its need to go further than it has in the past?
It doesn’t have the flexibility presently available as it has had as the
country was growing and it needs to develop an ability to figure out
the social consequences of its activities.

Dr. Rav. I think you are entirely right, on two levels. I believe that
a program like this—as happened with the Antarctic program, which
started with IGY and with which I have been associated for about 4
years—gets all sorts of scientists all worked up. People seem to push
a little harder. And secondly, this has an effect on the general public,
I believe. They become aware of the problems more than they would
have otherwise. They become aware of what scientists are after, what
the problems of applying science are. Overall I think it has a very
great psychological impact, quite aside from its practical aspects: that
of unification, rather than a series of disjointed happenings which
don’t get in the papers so well. Whoever heard of the “quiet sun” until
the IQSY, International Quiet Sun Year. I personally never heard of
a quiet sun or a noisy sun. I knew the sun was there and that was about
it. As a scientist, T should have known something about it. Now I know
something about it because it was broadeast. This is interesting and I
think important.
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Mr. Dapparro. Well, Dr. Ray, I think you have been extremely
helpful. I was pleased that we were able to have some of these discus-
sions here this morning. It is going to make a very helpful addition
to our testimony.

Mr. Brown. gfou will edit them out of the final report, won’t you?

Mr. Dappario. No.

I feel, Mr. Brown, that we ought to see to it that they remain in
there. I think they are extremely important, and I don’t look upon
them as being argumentative at all. I don’t think either you, or Dr.
Raﬁr, intendgg by any of your participation in it that you mean it to be,
either.

Dr. Ray. No, sir.

Mr. Dapparro. Dr. Ray, thanks ever so much.

Dr. Ray. Thank you, sir.

Mr. Dappario. We will be in touch with you. You have been very,
very helpful to us, both you and Dr. Galler.

This committee will adjourn subject to the call of the Chair.

(Whereupon, at 12:10 p.m., the committee adjourned subject to the
call of the Chair.)







ArPENDIX A

DRAFT PROGRAM STATEMENT: ATMOSPHERIC DISPERSAL OF
BIOLOGICALLY SIGNIFICANT MATERIAL

An ad hoc committee® has explored the value and feasibility of a national
organization for information exchange and the stimulation of national and
international cooperation in research involving atmospheric dispersal of spores,
pollen, microbes, insects, and non-biological - particles and gases that affect
organisms. The IBP, especially national programs on spore dispersal associated
with it in other countries, provide opportunities for international cooperation
and synchronized observations on scales not available previously.

The program within the United States would work to improve information
exchange and standardize techniques and records among voluntarily adhering
projects. It would arrange ' cooperation between United States projects and
corresponding ones in the IBP programs of other nations. It would stimulate
interest by specialists in different disciplines and subject matter areas to
cooperate in research having common objectives. Where serious gaps are found
in the national or international arrays of investigations, the committee would
undertake to help needed projects come into being, and it would serve at least
to advise on the establishment of new research stations and data centers on
atmospheric dispersal of biologically significant material, if such are needed.

The ad hoc committee anticipates the Program will consist of a Task Force
having the autohrity to establish subject matter task groups as required to
serve the needs of adherent projects. The Task Force will serve as a connecting
link with the U.S. National Committee for the IBP and with counterpart atmos-
pheric digpersal program groups in other nations.

Atmospheric - dispersal of spores, pollen, and other biological materials has
been studied locally and sporadically for many years. Causes of disease out-
breaks in crops and the means by which infections spread, for example, have
remained largely unexplained, especially because of lack of precigse meteoro-
logical information, continued sampling over considerable distances, and ex-
change of standardization information among investigators. Now the Interna-
tional Biological Program provides means for standardizing observations and
for establishing communication between investigators, nationally and inter-
nationally. The IBP also furnishes a framework for interdisciplinary coopera-
tion (meteorology, oceanography, ecology, etc.) on scales that did not exist pre-
viously. With this aid and new technologies, remarkable opportunities are
presented to biologists for investigations under conditions of such urgency that
they have become responsibilities in view of human welfare of atmospheric
dispersal. Solutions are now within reach for problems of gene flow in popula-
"tions by pollination, plant disease spread by spores, insect outbreaks, and air
pollution effects on organisms, to name a few. This program will undertake
to get scientists with existing projects to standardize observations and reporting
and to initiate needed projects, so that a sound and comprehensive national
effort is established. Then this program will be coordinated with its counterparts
in Burope, Australia, Japan, and elsewhere for elucidation of global relation-
ships and general principals of dispersal.

1The ad hoc committee convened 19 and 20 November 1966 and on 23—24 February 1967
under the auspices of the U.S. National Committee for the International Bilological Pro-
gram (IBP). . H .
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JUSTIFICATION

A large segment of the population is allergic to pollen grains, fungus spores,
algae, and other airborne allergens. Ragweed pollen causes undue suffering each
year. Public health agencies need information on the patterns of distribution of
all allergens as affected by meteorological conditions. Because these allergens
are so ubiquitous attempts to reduce their number by chemical control measures
have met with relatively little success.

Plant pathogens annually cause crop losses in the United States worth several
billions of dollars. The spores of many of the most serious of these plant patho-
gens are widely distributed by air currents. For example, epidemics of wheat rust
originate in Mexico .and travel northward by means of air currents into the
United States and Canada as the season progresses. Research was done in the
1930’s by Meier and others to determine spore. loads in the upper atmosphere by
making collections from aireraft. More recently Pady has reported that smut
chlamydospores have been reported over agricultural lands in Canada, the United
States, and over the Arctic, the Arctic Ocean, the:Atlantic Ocean, and the Medi-
terranean Sea. . : : )

Insects are pests of man, animals, and plants and many species of insects serve
as vectors of virus and other diseases. Many of these diseases cause extensive
loss of life and human misery. Others affect animals or plants and seriously
reduce agricultural productions. Insects are scattered widely by wind currents.

Gene flow in populations, often occurs as a. result of air currents dispersing
pollen, insects, plant pathogens and ‘other biological material to new areas result-
ing in the development of new: subspecies, races or varieties of pests and allergens
as well as hybrid plants. :

Although there has been some research on dispersal patterns of pollen grains,
spores, plant pathogens and insects, relatively little is known about their dis-
tribution patterns as related to air movements (including movements of upper
air masses). Information is needed on sources of production of the particulates,
the process and factors affecting lofting, the trajectories while airborne, the
effects of concentration gradients and diffusion, the factors affecting deposition
and viability and phenology or time relations. ;

It is essential to conduct research on a worldwide basis to learn about the
spore loads, their kinds, their viability, their pathogenicity and their distribu-
tion patterns in order for man to cope with the increasing demand for food supply
and for him to better cope with the health hazards due to allergens.

The report of the first meeting of SCIBP held in Paris in 1964 stated, “It is
recommended that SCIBP stress the need for and encourage investigations of
the atmosphere as a medium of international dissemination of plant and animal
pathogens . . . this would include studies of air currents . . .” The USNC-IBP in
their report dated June 1964 stated, ‘“There is a need for a study of atmospheric
microflora by simultaneous observations at strategic locations around the world,
taken at ‘human level’ and at designated levels above.” :

Recent interest of meteorologists in the effects of meteorological factors on
wheat rust epidemics led the World Meteorological Organization (WMO) to es-
tablish a Working Group on Meteorological Factors Affecting the Epidemiology of
Wheat Rusts under its Committee for Agricultural Meteorology. As Zadoks of this
‘Working Group points out there is need to forecast rust epidemics and a thorough
knowledge of both wheat and rust phenology is essential to forecasting together
with knowledge of aerial spore dispersal, The same information is essential to the:
forecasting of many other plant disease epidemics.

Hirst has stated, “If plant pathologists knew, or if meteomlogists could tell
them, the odds against any fungus establishing itself at varying distances from
sources of known dntensity, it might be possible to decide whether quarantive
precautions would be effective, to specify the spectrum of diseases which plant
to forecast the times when the disease would be introduced so that control
measures could be more effectively timed:”” . o

With the advent of the industrial revolution the quantity and kinds of air
pollutants has been increasing, but not until recent years has the pace been so
accelerated. We have also been experiencing a more intensive agricultural system
and the relocation of factories into agricultural areas. Thus, we bring the pol-
lutants into closer proximity with humans, other animals, plants, and material
that these pollutants seriously affect.
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“Major pollution results from combustion of fossile fuels -and the’ production
of chemical ‘and natural products: @ertain types of 'naturally: formed' products
can also be considered as pollutants, such as the terpenes’ formed by certain
trees, ice fog in Alaska;ete. v ALl BRI SR R :
" Gertain steps must be taken in studying the problems of air pollution: ’

T We must be able to define the pollutants. = ' ° ; o
We must understand the reactions in the environment—chemical and
. physical. ChET e ' i, T
We must know the intérredction with or effect of these pollutants on man,
other animals, plants, spores, pollen, and other material. . A
We must try to:avoid the adverse effects of pollutants. - nrok

In almost every aspect of thé ‘problem, meteorology plays an important role.
We have to know the diffusion patterns'above our land masses and rmore ‘espe-
cially above areas heavily populated. Periods of inversion have prevented the
normal movements and dilutions of ‘pollutants and have brought' conditions
resulting in high levels of deaths and morbidity. Mathematical models could be
helpful in predicting what might happen in an area and in attempting to prevent
a problem by reducing the load expelled into the atmosphere.

A study of the atmospherie’ conditions within a small area can help define
the chemical reactions occurring there and the effect the pollutants might have on
the substrates with which they interact. . -

All of the above problems are ‘becoming of increasing and critical concern
especially to urban areas and are fast taking an important role in urban planning
and development so as to avoid the unwarranted spread of the problem. Answers
are also needed to try to avoid the problem in the many areas of the world where
industrialization is just beginning, but will surely move at a very rapid pace
since it can build upon the already known technologies. .

Because many of the dispersal patterns are gimilar much can be gained by
pringing interdisciplinary activities to bear on the solution of the problems.
Bxpertise on allergens and infectious diseases, palynology, meteorology including
micrometeorology and fluid mechanics, plant pathologists, entomologists, gene
ecologists, statisticians, and those concerned with air pollutants is needed.
By bringing workers in these disciplines; together under the aegis of an Aero-
spore Committee, mutual benefit will result.

" OBJECTIVES

The program will endeavor to further investigations of processes and con-
trolling factors in the atmospheric transport of spores, small organisms, and
particles and gasses that affect organisms, over distances both great and small.
The program will inventory ongoing research and provide information exchange
relative to the atmospheric dispersal problems. Uniform methods of making ob-
servations and recording data will be worked out through cooperation with
counterpart IBP efforts in other countries. Directors of existing projects will be
invited to adhere to the uniform system and to contribute to the national and
international efforts. Where surveys of accomplished research and research in
progress indicate gaps in critical information, the program will define the need
and endeavor to recruit personnel to undertake investigations to remedy the
deficiency. Some or all of the following information will be sought by each
project : o
a. Sources of production of the particulates

b. Process of lofting .
c. Trajectories while airborne
d. Concentration gradients and diffusion
e. Processes of deposition
£, Factors affecting viability
g. Phenology or time relations B 5 v
. The objectives of this program, in their basic forms, are regarded as follows:
(1) Provide an organization within which existing and new investiga-
tions of adherent dispersal problems can be integrated into a coherent area
program. : . .
“ ~ (2) Review and evaluate subjects and areas that would benefit from co-
. operation, and assist in developing cooperation’ between adherent ongoing
' ‘and proposed projects, especially interdisciplinary projects.

83-275—67—14
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(3) BEvaluation of proposals submitted to the program for their relevance
to the total program and possible significance to developed or-anticipated
special IBP efforts. - . :

_ . (4) Recommend continuing evaluation of the coverage and effectiveness-of

.the U.S.:efforts in:this ‘area for the ‘purpose of recommending additional or
shifted .emphasis in .some phases and initiation of entirely new efforts where
gaps need to be filled. N

(5) Provide for continuous maintenance of records that will assure in-

formation retrieval in this subject field, and work for improvement in ap-
: propriate information encoding, storage and retrieval systems. = .
The ultimate objective is to develop from ongoing and newly initiated projects
a program of investigations that will best apply available qualified personnel
to the more urgent aspects of the total problem of atmospheric dispersal. The
program must have sound premises and be as comprehensive as possible, The
national program must be considered first, as all other Western Hemisphere
efforts in this area will be dependent upon it, and international coordination
cannot proceed until the national program has been largely defined.

ORGANIZATION AND PROCEDURES

The Task Force will organize as a permanent group of minimal size, with
alternates, representing major area of interest, for example, entomology,
mycology and plant pathology, air pollution, algology, pollen transfer, allergens,
‘meteorology, palynology, genecology, ete. ' :

The Task Force will meet as.necessary and funection to 1) formulate ‘general
‘plans and policy, 2) coordinate activities of subcommittees, 3) assist in the
obtaining of research funds, 4). insure the exchange of data and the establish-
ment of liaison with centers of similar research, 5) arrange the publication
of reports, 6) plan symposia and workshops, 7) standardize methods, and 8)
maintain liaison with the national committee and international counterparts.

A'secretariat will be established to provide continuity between meetings of the
full Task Force, to provide communications between subcommittees and with
consultants -and interested groups, to assist in data exchange, to prepare and
edit reports and to serve any function necessary to assist in the establishment
of a data center to allow systematized storage and retrieval and insure incorpo-
ration into unified reports. ¢ o :

Consistent with policies stated earlier, subcommittees will be established in
at least the following presently recognized areas:

Transfer of fungal plant pathogens, algae, pollens and aeroallergens
Some fungal plant pathogens, allergens, algae and pollens have the atmosphere

as their main avenue of transfer. Although much basic work can be done at
single sites, some problems need international cooperation because of the length
of the flight path and the origin in one country of material biologically signifi-
cant in another. The determination of origins, times and lengths of flights-and
‘terminal viability are examples of problems which may be attacked by such an
effort. : :
- Transfer of non-biologic particulate matter of biological significance

* One element of air pollution of biological significance consists of non-biologic
particulate matter of considerably smaller size than air-transferred biological
matter. The origins, flight paths, time courses, deposition and composition of
such matter comprise an area needing further international cooperative effort
so that significant interactions with living organisms are better understood.

Transfer of insects including pathogen vectors kil

For reasons identical to those stated above, insects and other anthropods
which cause plant and crop damage, are injurious to man and animals or which
transmit the pathogens of plant, animal, and human diseases should be studied
through a cooperative international effort,

Transfer of pollens and insects as a method in plant and insect germplasm
transfer of evolutionary significance

The mechanisms of geographical migration of genes and gene pool,s‘ggments

are imperfectly understood. Their study forms a major emphasis area in popula- . v
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tion biology and evolutional studies. Passive atmospheric transfer is of recog-
nized' importance in the case of certain pollens and insects. More perfect under-
standing of this transfer will contribute signifieantly to the efforts of biologists
studying the evolution of-populations, ‘geographic barriers ‘and ‘races, physio-
logic barriers an\d\ralcers, species corgpo[sitiqn, ete.

Transfer of gases of biological significance

Plant and animal damage is often the result of gases, particularly the by-
products of combustion. The diffusion phenomena involved in long-range transfer
of such materials form a discrete area of inquiry quite different from the above.
Information on levels of gaseous pollants and their effects (acute and chronic)
on organisms, large and small, is needed especially for the major urban and
agricultural areas of the world.

Advisory committee on meteorology

The generation, transport, and eventual effects on the environment of bio-
Jogically 'significant materials are dependent on ‘a hierarchy of atmospheric
variables. It is therefore necessary to determine the relevant meteorological
- measurements* which -influence the environmental impact and to insure. that
these are included in all evaluations. There are areas where the behayior of the
atmosphere which affects biologically significant materials is not well under-
stood, e.g., a quantitative understanding of ultraviolet attenuation in polluted
atmospheres or the ability to precisely determine the path, dilution and natural
removal of spores or pollens over long (>1000 km) distances. . .

In view of the preceding, the Advisory subcommittee of meteorology will :.
1) provide guidelines on the scope of meteorological influences:on the' genera-
tion transport, removal and effects of materials. These guidelines should  be
developed in terms of space or time scales such as <1 km, <1 hour, < 1 km,
< 1 hour (micrometeorology), 1-100 km, 1-12 hours (mesometeorology), 100—
3000 km, 1-7 days (synoptic meteorology) and >3000 km and >7 days (global
meteorology and climatology) ; 2) Provide guidelines for non-meteorologists on
methods of measurement and sources of data relevant to documenting atmos-
pheric variability; 3) Provide a referral service to establish communication
between meteorological groups, biologists and other scientists; and 4) Review
the present status of meteorological ability to contribute to IBP and Task Force
objectives and identify areas where meteorological research is required. To ac-
complish these four tasks the subcommittee will convene working groups to
prepare problem: reviews for submission to the Task Force. Maximum use will
be made of existing national and international organizations and their activities
to further the international goals of the IBP. The World Meteorological Orga-
nization, with its several Commissions ‘and their Working Groups will be an
especially important resource for competence and information interchange.
Cooperation i ; )

Elements of the proposed research, including some international effort, are
already in existence. One guideline to be observed ‘will be the complementation
and extension, not the duplication, of extent efforts. Wherever possible, national
and international’ expertise, facilities, manpower and resources will be called
into play, such as exist in the FAQ, WMO, WHO, UNESCO, etc.

SUMMARY. BUDGET

Fiscal year
1968 1969 1970 1971 1972
Task force. - cmeocecmmomammnmccdmmman 4,600 4,600 7,000 4,600 7,000
Subcommittee. - - o.occcmmmmmmaaenaaaan 9,600 9,600 2,400 2,800 liiieiaana-
Symposium._.....- Sl 5,000 10,000  ooeiieoooeew 5,:000 10, 000
Secretariat. . .....-.-- --w- 120,000 30, 000 30, 000 30, 000 30, 000
Total. o omececcemamm e 39,200 54,200 39, 400 42,000 47,000

s Partial year support to allow for recruitment.
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Ta,slc‘force ‘ , e
- Assumptions: 10 members _
2 meetings of 2 days each in fiscal year 68
$20X8X4 = $640 per diem '
$250 X 8X2=4, 000 travel

; Total —__ 4,640
Bub-commitice meetings
5 meetings in fiscal year 68 of 2 days each
3 menibers each plus 5 consultants each
- 8X10X20=$1, 600 per diem
200X5X8= 8, 000 travel

Total -9, 600
Symposiuvm—r1 :
2 days. Held simultaneously with appropriate national society meeting to-
minimize costs. )
Invited personnel : 20
20X2X20= $800 per diem
200X20 =4, 000 travel

Total __ 4,800
Secretariat }
Professional ... - $16, 000
Assistant _.__________._ Aol - - -~ 8,000
Travel ___._______________ Ll e il . - 3,000
Office and other ___________ _____ T T TTTTTTTTTTTmmmmmmmmmms 3, 000
Support e 30, 000

List of Participants

Dr. William 8. Benninghoff, Chairman, The University of Michigan, Department.
of Botany, Ann Arbor, Michigan 48104.

Dr. Herbert T. Dalmat, Chief, Research Training Grants Branch, Room 208,
‘Woodmont Bldg., Bethesda, Maryland 20014.

Dr. A. Linsley Gressitt, Bernice P, Bishop Museum, Honolulu, Hawaii 96819,

Dr. Howard E. Heggestad, Leader, Plant Air Pollution Laboratory, ARS, USDA,
Crops Research Division, Plant Industry Station, Beltsville, Maryland.

Dr. Wilbur D. McClellan, U.S. Department of Agriculture, Plant Industry Sta-
tion, Agricultural Research Service, Room 231A, Beltsville, Maryland.

Dr. Paul W. Oman, Room 107, Agriculture Research Service, U.S. Department
of Agriculture, Beltsville, Maryland.

Mr. Donald H. Pack, Acting Director, Air Resources Laboratory, Environmental
Science Services Administration, 8080 Thirteenth Street, Silver Spring, Mary-
land 20919.

Dr. Richard D. Schein, Department of Botany and Plant Pathology, Pennsyl-
vania State University, University Park, Pennsylvania,



“U.S. NATIONAL COMMITTEE ON THE INTERNATIONAL BIOLOGICAL
PROGRAM HAWAIIAN TERRESTRIAL BIOLOGY PROJECT

REPORT OF PLANNING COMMITTEE MEETING, MARcH 20-23, 1967

The purpose of this meeting was to set up a task force, plan out the organiza-
-tion, and prepare background data for a detailed, long term, comprehensive in-
vestigation of the endemic and invading biotas of the Hawaiian Islands. This
major undertaking is concerned with one of the most critical biotas in the world—
.critical because of the exceptionally high endemism and the rapidity with which
it is disappearing before the onslaught of man and introduced species of animals -
.and plants.

The Planning Committee wasconcerned with the following primary matters:
(1) Criteria for the selection of high priority projects; (2) Plant and animal
.groups most urgently in need of study; (3) Invasive organisms which are most
seriously affecting the native life of the islands; (4) Native communities and
habitats which call for prompt investigation; (5) Development of lists and bib-
liographies and other source materials for efficient research reference; (6) Per-
sonnel organization of the projects; (7) Other, related projects pertaining to
‘Hawaiian biology; (8) Facilities already available and still needed for conduct-
ing the research ; and (9) Budgetary requirements.
 The meetings were held at the B. P. Bishop Museum in Honolulu, where Dr.
Roland Force, the Director, made excellent facilities available and arranged for
:a rather large number of invited participants in the discussions.'A day was set
aside for consultations with authorities at the top administartive levels, visited
in their offices by members of the Planning Committee. The following schedule
for the conferences was followed :

Monday, March 20:

9:00-12 :00. Executive meeting of the Planning Committee.
. 1:30-5 :00. Meeting with small group of selected local biologists.

Tuesday, March 21 :

) 9:00-12 :00. Meeting with approximately 15 local biologists concerned with
Hawaiian terrestrial biology.
1:30-5:00. Meeting with land managers of state, federal, and . private
lands.

Wednesday, March 22: Visits by individuals and groups from the Planning
‘Committee to top authorities. .

Thursday, March 23 : First meeting of proposed task force to discuss the orga-
nization of a project proposal.

The members of the Planning Committee present at the meetings were Dr.
‘Sherwin Carlquist (Professor of Botany, Claremont Graduate School, -Cali-
fornia), Dr. Richard 8. Cowan (Director, Museum of Natural History, Smith-
sonian Institution, U.S. National Museum), Dr. F. R. Fosberg (Special Advisor
for Tropical Biology, Smithsonian Institution), Dr. Herman. T. Spieth (Profes-
sor of Zoology and Chsairman, University of California, Davis), Dr. Robert S.
Usinger (Department of Entomology, University of California, Berkeley). Dr.
‘Theodore H. Hubbell (Director, Museum of Zoology, University of Michigan,
Ann Arbor) was invited, as Chairman of the Subcommittee on Systematics and
Biogeography, to serve as Co-Chairman of the Planning Committee meeting
together with Dr. W. H. Wagner, Jr. (Director, Botanical Gardens, University
.of Michigan) who had already been named by the USNC/IBP as Director of the
Hawaii Project. :

The following persons participated in.the conferences: (a) Local biologists—
‘Gladys E. Baker, -Andrew J. Berger, George W. Gillett, D. Elmo Hardy, Charles
H. Lamoureux, Helmuth Leith, A. C. Smith, J. Linsley Gressitt, Joshio Kondo,
Russell Strandtman, Alvin K. Chock, Maxwell Doty, Karl Yoshimoto. (b) Rep-
resentatives of Land Management agencies—Robert H. Nelson (Forestry Re-
gearch Center); Gene Kreidler (Bureau of Sport Fisheries and Wildlife) ;
Daniel J. Tobin, Jr. (U.S. National Park, Hawaii) ; Winstead Banko (U.S. Na-
tional Park, Hawaii) ; Michio Takata (Director, Division of Fish and Game);
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‘Dave Woodside (Div. Fish and Game) ; Max F. Landgraf (State Forester) ;
Karl Korte (Maui District Forester) ; Ralph Dahler (Kauai District Forester) ;
Leibert Landgraf (Hawaii District Forester) ; Robert T. Chuck (Water and
Land Development) ; W. W. Goodale Moir (Hawaii Botanical Garden Founda-
tion, Inc.) ; Paul Ekern (Water Resources Research Center, U. of Hawaii) ;
Leslie D. Swindale (Agronomy and Soil Science, U. of Hawaii) ; Norman K.
Carlson - (Bishop Estate) ; Oswald -Sténdér “(Campbell Hstate) ; Fred Carter
(Damon Estate). As observers and recorders for most of the meetings, Miss
Brenda Bishop and Mr. Edwin H. Bryan were present. Detailed minutes were
‘kept of the meetings, and participants were asked to fill out questionnaires
on certain aspects of the project for our records.

The following authorities were visited by members of the Planning Committee :
Rear Admiral Henry'S. Persons, Col. Burr: E. Adams (Deputy for Major Gen-
eral Roy Lassiter, Jr., U.S. Army), Col. Head (Deputy for Colonel Philip A.
Sykes, U.S. Air Force), Mr. Herbert K. Keppeler (B. P. Bishop Estate), Hon.
John A.'Burns (Governor of Hawaii), Hon. John J. Hulten (President of the
Senate), Hon. Elmer F. Cravalho (Speaker of the House), Mr. Edward J.

- Morgan (Board of Water Supply), and Dr. Thomas Hamilton (President, U. of
Hawaii). The project was warmly received by all these officials, and specific
persons ‘were designated as contacts for ‘arranging access to lands controlled
by the’state, the U.S. government, and the Armed Forces. Several members of
the Planning Committee also attended the brief dedication ceremonies of the
new research facilities of the H. L. Lyon Aboretum of the University of Hawaii,
where 'W. H. Wagner, Jr. made a brief address describing the International

Biological Program and the Hawaii Project.

. PRINCIPAL RESULTS OF THE CONFERENCE

In addition to a large amount of background information which was received
during the course of the meetings, as well as a number of important contacts
with authorities for the purpose of ‘informing them of the nature of the work
contemplated in this project, the Planning Committee made a number of definite
decisions regarding the further development of the Hawaii Project. The follow-
ing outline will summarize these decisions.

1. Title and Scope of the Project.—For several reasons it was concluded that
the project should be limited to the biology of the land areas, including the
leeward islands, and ‘that the “cut-off point” should be the shoreline. The prin-
cipal basis for this decision was simply that it is the terrestrial biota that is
most severely threatened and most likely soon to be destroyed. Furthermore,
work on the marine biology of Hawaii is already reasonably well supported.
Accordingly, we propose that the title of the project be “The Hawaiian Terres-
trial Biology Project.” ;

2. COriteria for the Selection of High Priority Projects—It was concluded that
the following considerations should be weighed together in estimating the rela-
tive priorities of different studies to be made:

a. To what extent is destruction in the near future likely? This may be
judged in terms of such considerations as (1) rarity or narrow geographical
extent; (b) narrowness of ecological specialization.

b. To what extent does the group of organisms, the community, or the
ecosystem have special biological interest and significance? Is the taxon,
community or ecosystem unusually distinctive and different from those most
nearly related? Has the taxon undergone unusually vigorous evolution in
which important biological principles may be involved? Does the taxon,
community or ecosystem show unusual biological adaptation or speciali-

. “zation?

3. Plant and Animal Groups most Urgently in Need of Study.—Considerable
discussion was directed toward this problem, and specific suggestions were made
not only by the members of the Planning Committee but by the local biologists
and land managers as well. The following examples illustrate studies which
should receive high priority.- Among the insects, the longhorned beetles (Ceram-
bycidae) of Hawaii call for detailed investigation. They constitute an outstanding
example of evolutionary development in insular isolation; including 116:or more
species in six endemic genera, all of which apparently evolved from 'a single .
immigrant. Very little is known of their biology, ecology, or immature stages,
and a concentrated study would produce results of great interest. Among the
mollusks, the Hawaiian members of the genus Achatinella have long been. cited
as classic examples of evolution. In recent times the American Institute of Bio-
logical Sciences has requested color slides of Achatinella for teaching purposes,
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and there has been a. resurgence of interest in these snails. This makes 1t all
the more regrettable that we: are now witnessing the rapid decline and -disap-
pearance of these organisms as a result of disease, dilution of the native forests,
rats, and other factors. Detailed biological investigations should be made now,
and perhaps ways and means should be formulated to save the most adaptable
species for posterity. Of all bird famlhes, the Hawaiian honeycreepers (Dre-
paniidue) provide the most. striking examples of adaptive radiation with all its
implications for the understanding of evolutionary processes. We know virtually
nothing about the ecology and breeding biology of any species of this strictly
endemic family. Some of the species are already very rare, and a few may, in_
fact, be extinct.

Among plant groups the study of which is urgent, attention was called to such
genera as Gouldie (Rubiaceae), Huphorbia (Euphorbiaceae), Cyanea (Campan-
ulaceae, subfamiliy Lobelioideae), Adenophorus (Filicineae, Grammitidaceae),
and Metrosideros (Myrtaceae), The endemic genus Gouldia, although considered
in the most recent monograph as comprising only three species, has generated
an almost unbelievable number of varieties and forms, which all seem to hybrid-
ize wherever their ranges overlap. Gouldia provides ideal material for studying
the evolution of plant groups on volcanic islands, but many of its form have
already disappeared or are in present danger of extinction.

4. Studies of the Spread and Effects of Invasive Species —Over the past century
one of the most spectacular phenomena in the terrestrial blology of Hawaii has
been the more or less explosive invasion by introduced species of environments
formerly occupied by native organisms, with resultant change or elimination of
the native communities and ecosystems Among the exotic invaders which were
discussed are mites, ants, axis. deer, mongoose, plgs, _goats, blackberry, lantana,
pamekane, Christmasberry, and gorse. Two species of guava have established
themselves and taken over great areas of formerly native forest.

The “ilima” (Malvaceae: Sida fallaw group) is a plant of central Pacific origin
which is native to Hawaii and has there undergone great -diversification and
evolution. Professor St. John has been gathering material toward a revision of
the group, which in the Hawaiian Islands has developed variations with weedy
tendencies which become abundant where there has been grazing and trampling.
Thus invasive organisms, although usually naturalized from other lands, are not
necessarily always introductions. In the Planning Committee discussions it was -
~ recognized that those few instances of native organisms which have ‘“profited”

by the upsets in the biota caused by man should also be considered worthy of
study in this project.
5. Native Communities and Ecosystems Which Should Be Studied.—During the
_conferences there was surpmsmg agreement among the participants as to
the areas which should be given special attention. In all cases these are localities
in which the effects of mordern destruction are minimal. The general categories
include rainforest, bog, dry forest, and sand dunes, of which the last two are
the most threatened. Of the dry forests, those which still remain in the most
primitive condition are on the island of Hawaii, and a number of specific locali-
ties on that island were recommended for intensive study. Of the rainforests,
the Waikamoi Forest area of Hast Maui stands out for a namber of reasons,-but
espemally for its relatively undamaged condition, its altitudinal range, and its
_ great size. In fact, the Planning Committee felt that if it proves desirable to set
aside a single area for intensive ecosystem investigations by other subcommittees
of the US/IBP, the Waikamoi Forest would be especially suitable. However, the
consensus was that because of the urgency of the situation, priority should be
given by this project to descriptive ‘ecological studies, and that highly detailed
and expensive “in-depth” investigations of one or more selected ecosystems
should be the responsibility of other subcommittees of the USNC/IBP, If such an
ecosystem study should be approved for Hawaii the Hawaii Terrestrial Biology
Project could provide more extensive and complete cooperation on its systematic
“and geographic aspects than would be available for almost any other site. )
6. Development of Lists, Manuals, and Bibliographies.—The Planning Com-
mittee recognized that most efficient progress on the Hawaii Project will require
developing proper source materials. It was discovered, in fact, that a consider-
able amount of work has already been aooomphshed in this dlrectlom e.g., by
the-Pacific Information Center. What is now needed is to collate what has been
done and to publish it. As for checklists, various authorities have made lists
of partlcular groups for their own use, which are not known or available to
others; it is necessary now.to bring these together and revise them (indicating
the names of the revisers). Manuals are greatly needed; this is especially true
for the local flora, as Hillebrand’s great “Flora of Hawau” is now over eighty
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years out of date. The Hawaii Project proposes also. to develop an annotated,
cross-referenced bibliography on the terrestrial biology of the islands. Out of this
work of correlation it should be possible to prepare lists of threatened taxa as
well as lists of threatened habitats and communities, including recommendatlons
of sites which might be dedicated as natural area preserves.
7. Persommel Orgamization of the Project.—The following orgamzatlon was

proposed by the Planning Committee : :

Director: W. H. Wagner, Jr.

Associate Director (Zoology) : R. S. Usinger.

Associate Director (Ecology) : F. R. Fosberg

Coordinator: To be named

In charge of Liaison with Marine Biology : Maxwell Doty

Task Force: :
Hermann T. Spieth D. Elmo Hardy
Sherwin Carlquist A. J. Berger
R. 8. Cowan J. Linsley Gressitt
G. W. Gillett . Yoshio Kondo

C. H. Lamoureux

The task force was selected to represent mterests and institutions as fairly
as possible. It was deemed desirable not to have too large a task force but at the
same time to have a broad enough representation so that it could provide a com-
petent panel for major decisions and for the setting up of research projects. The
duties of the task force include the following (a) Preparting the project pro-
posal; (b) Holding meetings to make important decisions on policies and ac-
tivit;LeS ; (e) Judging the relative merits of projects submitted for inclusion in the
Hawaii program; and (d) Soliciting investigators and projects, by means of
correspondence, visnts to other institutions, lectures, and articles calling a‘tten-
tion to needed studies of high priority.

It was decided also that an Advisory Board should be named to include per-
sons whose auchority ‘and knowledge would make them valuable for consultation
and advice. The size of this board need not be spemﬁed it could be fairly large,
since ¢ variety of authorities is needed and since it Would never be convened
as a group.

‘The most important innovation in our thinking about the organization of the
project involves a Project Coordinator. This person, who should reside in the
Hawaiian Islands and preferably be stationed at the B.P. Bishop Museum,
would be in charge of all of the local strategy, including the handlmg of funds,
the coordinating of field work, and the numerous details involved in the actual

_operation of a project 1nvolvmg perhaps as many as two dozen or more indi-
vidual researchers at one time for a period of five years.

8. Other Related Projects.—As a result of our conferences we conclude that a
number of important research activities are already going on which pertain to
our work. Of them, that on the Hawaiian Drosophilidae is perhaps the most sig-
nificant, for it provides a model of the sort of activity that we deem most im-
portant—thorough biological studies of threatened organisms of great evolu-
tionary interest. The research on this group of flies is centered at the University
of Hawaii, but it includes researchers from various states, as well as a number of
assistants. The Hawaiian state agencies, as well ‘as the Bishop Museum and va-
rious departments of the University of Hawali are currently engaged in numerous:
projects which will bear upon our project and with which interactions will be
sought. We hope also to be able to provide recommendations and aid of IBP sub-
committee PT-PF chooses to make an ecosystem study of a selected Hawaiian
site.

9. Facilities Required for Conducting the Research.—Already ‘the library
and specimen collections of the B. P. Bishop Museum provide a valuable back-
ground of information for the development of this project. Other libraries and
colleatlons, such as those of Umvers1ty of Hawaii and Hawaiian Sugar Plant-
ers’ Association, will also be available. Laboratory and research space is cur-
rently at a premium, but it is to be expected that some space can be provided
with ex1stmg facilities at the Bishop Museum, and the new Plant Sciences
Building of the University of Hawaii (completion date estimated, 1969) should
considerably expand space potentialities there. It is likely that much of the
systematic work will be pursued at the Bishop Museum, but that the ecological
work will tend to be centered at University of Hawaii.

‘All members of the Planning Committee agreed that fleld equipment and fa-
cilities are going to be needed. These include small shelters to be constructed
at appropriate places selected as study sites, bransportation vehicles, as Well
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as research equipment, including microscopes to be used both in the field as
well as the laboratory. Provision must also be made for increased space and
collection storage facilities at mugeums which are major repositories for col-
lections resulting from the project. ! -

10. Budgetary Needs.—A preliminary estimate of needs over a five-year period
was prepared. Estimates of salaries for researchers were based upon approxi-
mately eight established scientists plus twelve graduate-degree students per

annum. Local student assistants from University of Hawaii were estimated at
eight per year at half-time. In addition, there will be need for secretarial, cura-
torial, and bibliographical personmel, The total salaries per year were estimated
at $230,500. For laboratory equipment and office expenses we estimate $31,0000
for the first year layout; for field equipment and supplies -$33,100. Transporta-
tion and subsistence for some. members of the task force and for researchers
from other states and countries, as well as those on the local scene (including
round-trips to Hawaii, inter-island air transport, jeep operation, helicopter hire,
and per diem, about $73,000) will be needed- each.year. The grand total of our
preliminary estimate for the entire five-year period ‘will be $1,964,850, including:
an estimate of $375,500 for required publication.expenses.

THE TERRESTRIAL BIoLOGY OF HAWAII
Revised Outline of Proposal to the National Science Foundation
I. ABSTRACT

II. GOALS IN HAWAII
A. Background:
1. Uniqueness, scientific importance, urgency. Terrestrial and fresh~
water only.
2. Why relevant to the IBP
3. Body of basic information to build on:
a. The Physical Environment (Maps, climatological data,.
geology, ete.)
b. The Biota (Existing checklists, guide books, systematic
monographs, ecological studies)
B. Objectives: ;
1. To determine the most critical studies and establish priorities
a. Taxa, sites, communities, ecosystems
; 1., COriteria for selection of taxa and communities
2. Taxa most urgently in need of study
3. Sites and communities most urgently in need of
CUstudy
4, Tcosystems (proposed cooperation with PT-PF
in selecting and studying) i
b. Important invasive species
1. Exotic
2. Native species becoming “weeds”
3. Effects upon native biotas.
C. Activities and Implementation:
1. Taxa )
a. Biological studies : life cycles, pollination mechanisms, ete.
b. Systematic and evolutionary studies
2. Biology of invasive species
a. Naturalized
b. Native
3. Communities and ecosystems
a. Comparative ecological surveys
b. In-depth ecological studies of selected sites
c. Long-term analysis of a selected Hawaiian ecosystem ; de-
sirable if feasible ; seek cooperation with PT-PF
4. Development of lists and bibliographies
a. Checklists and manuals of Hawaiian taxa, all groups
! (Need for new flora) :
b. Annotated bibliography on Hawaiian biology:
c. Lists of threatened taxa (cf. Red Book)
d. Lists of threatened habitats and communities, and areas:
! that should if possible be preserved. (Not an action group;
see Shetler, Bishop Museum; Intern. Conservation Associa-
: tion ; Conservation Council for Hawaii)
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- ITT. ORGANIZATION OF THE PROJECT

A, Projéet Director (Warren H. Wagner, Jr.)’ (”Botany) ASsoeiate Director
th‘)r bZool;)gy (Robert L. Usinger) Associate Director for Hcology (F. Raymond

osberg ! B :

B. Project Coordinator. Salaried; to be in Hawaii; ‘managerial and logistic
responsibilities only : L :

C. Task Force: Responsibilities :
Berger, Gressitt " 1. Preparation of proposal (s)
Carlquist, Hardy 2. Evaluation of projects for inclu-

sion i

Cowan, Kondo 8. Solicitation of projects and invita-
Fosberg, Lamoreux tion of participants
Gillett, Spieth 4. Publicity, including visits ‘to insti-
Usinger tutions, leéctures; seminars

One or two ecologists may be 5. Major responsibility is to be the
added upon recommendation of CH policy-determining and -idea-generating
and consultation with PF-PT group in charge of the project

D. Advisory Committee : composition and functions i
A body of resource people who have an interest and something to
contribute { : apar
No definite limitation on size; may include both scientists and non-
scientists who can help by reason of their knowledge or position )
B. Research Groups and Group Leaders i
Interdisciplinary groups may be organized for the study of selected
problems under the leadership of some designated member of the group

IV. SCIENTIFIC PERSONNEL: U.S, 'AND FOREIGN

A. Professional scientists (average of 8/yr.)
B. Predoctoral graduate students ( average of 12/yr.)
C. Assistants, non-academic (clerical, technical, preparatory, field)

V. RELATED PROJECTS '

A. The Hawaiian Drosophila project (a model group-project)

B. State and Government supported research _projects

C. Recommended participation by PT-PF in an ecosystem study of a selected
Hawaiian site A

VI. COOPERATIVE RELATIONS WITH HAWAIIAN INSTi’I‘UTIONS AND AGENCIES

A. Roles of the Bishop Museum and the University of Hawaii
B. Facilitation by State and National Agencies in Hawaii
1. State Agencies: information, coordination, access to lands, ete.
2. National Park Service: as above
3. Armed Services: as above :
C. Involvement of Private Estates and Individuals controlling study areas:

: VII. NEEDED FACILITIES
A. Field Facilities
1. Shelters
2. Transportation equipment
3. Research equipment
B. Office space in Hawaii ?
1. Hawaiian headquarters for project and for systematic work at the
Bishop Museum
2. Bcological activities centered at the University of Hawaii
C. Provision for deposition of collections &t appropriate museums (Bishop,
U.S. National Museum, some others ?) with necessary storage space and facilities

VIII. ARRANGEMENTS FOR FUNDING

To be worked out by consultation with NAS',’ NSF, ICC. Possibilities are:
through the Bishop Museum, through AIBS, through incorporation.
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IX. PUBLICATION

A. Funds for publication of lists and manuals of Hawaiian groups of ter-
restrial organisms. ; ' .
b'Bl. TFunds for publication of annotated bibliographies of works on Hawaiian

iology.

C. Funds for continuation of the monographic series, “Insects of Hawaii.”

D. Funds for page costs for publication of research articles up to 40 pages
per author, or more if funds permit.

X. PROPOSED BUDGET

Estimated Estimated

average, - 5-year
yearly ' total
A. Salaries:
1. Professional:
,ga) Coordinator (12 months, including fringe benefits) $15,000 $75, 000
b) Established scientists (12 mon ths; 8 at $12,500 per year). 100, 000 500, 000
gc) Graduate students (12 months; 12 at $5,006 per year)... 60, 000 300,000
d) Student assistants (8 at $2,500 per year). oo ---z---n : 20,000 100, 000

Subtotal TR ORI SR N 195,000 - 975,000

2. Nonprofessional: ) ’
ga) Secretaries at $5,000 per year, 1.5 full-time equivalents__.___._ 7, 500 37,500

b) Curators and preparators at $5,500, 4 full-time equivalents. 22,000 110, 000
¢) Bibliographers at $6,000, 1 full-time equivalent_ _......... 6, 000 30, 000
Total Salaries. - - oo oo aieemammmeoeniaeessee 230,500 - 1,152,500
B.” Office and Iaboratory equipment and supplies: s S
. 1. Stationery, etc_ ... _.oooooooooooo- B IR L S SRt Y 1,000 5,000
. 2. Office equipment (typewriters, Xerox, etc.) 2,500 5,000
3. Dissecting microscopes (15 at $500)__. - 7,500 7,500
4. Compound microscopes (10 at $1,200) - 12,000 12,000
5. Furniture for research cubicles__ .- 4,000 4,000
6. Speci cases for.repository 4,000 20, 000
: §  Total 6fﬁcé eXPensSes. .- ..ocoomnnn N 31,000 53,500
C. Field equipment and supplies: ; :
© 1. Shelters (8 at $3,200)_ -~ ooooemeomeeseommoio oo 25,600 25,600
2. Maintenance of shelters, 5 years.__ RIS 2,000
3. Nets, plant fressing eouipment, gla 2,000 3,000
4. Shipment of equipment and specimens 2,500
5. Miscellaneous research equipment (ref
thermographs, €t6.). - o - oo oomomoomoeioosammseeoommsteeoooeos . 5,000 10, 000
Total field equipment and supplies. .- ------~--.- 33,100 43,100

D. Transportation and subsistence: . B :
Round trips to Hawaii, 21 at $450 average. . __ .. coooooooiooocioooooonn 9, 450 47,250

) 1 meeting per year task force in Hawaii- 3,000 15,000
2. Interisland air transport, 30 at $200 5 30,000
3. Jeep operation, taxis__......._- 6, 000 30, 000
4 Helicopter Nire o - oo oo iiiooimeoooaeoooeososiieoooes 4,000 20,000
5. Per diem allowance, at $15 per day (31 persons, 42,000 210, 000
Total transportation and subsistence. ... cooooococoiiooniiooaonan 70,450 352,250
E. Publication: .
1. Publication of lists and manuais___....._.- 500 1,000
2. publication of annotated bibliographies 5,000 7,500
3. Continuation.of ‘‘Insects of Hawaii”" (10 volumes in 5 years at.$30,000 per
O T ot TS LA lelr 60,000 300, 000
4. Page costs for research articles (40 pages per man-year times 35 authors at
$10 PET PAZE) - - - cm o mm o mmmmmmmm i immieienes i 14,000 70, 000
Total publication CostS. - oo coooeoimmmc i : 79, 500 378, 500
‘Summary of budget: : X . :
1. Swalaries.'_Z ............................................ i ; 230,500 1,152,500
2. Office expenses.....-- : 31,000 53, 500
3. Field equipment and supplies- 33,100 43,100
4. Transportation and subsistence. 70,450 - 352,250

6 PUBICAHION. - o oo ooe oo e e oo omcadm o mmmmme e mnmn s 79,500 378,500
Grand t0tal. ooooooeeho s mmeeommmemommmcezsmnes QRIS S il 484,550 1,979,850




216 p INTERNATIONAL BIOLOGICAL PROGRAM

ANALYSIS OF DRAINAGE BASINS AND LAN'DSCAPES
('Submitted by Frederick E. Smith, Department of Wildlife and Fisheries)

SUMMARY

Three years of support are requested for the development and operation of
overall research designs and coordination of research effort in a portion of the-
International Biological Program sponsored by the United States National
Committee. The terrestrial (PT) and freshwater (PF) productivity subcom--
mittees have jointly proposed the study of large ecosystems such as whole-
drainage basins and landscapes. Six major studies are suggested for each of six
biomes, together with an unspecified number of contributory studies of smaller-
scope. The goal is to elucidate the operation of such systems: the dynamics of
interchange among all components, the mechanisms of homeostasis, the capacity"
to change, and the levels of productivity sustained under a variety of natural’
and disturbed conditions. The major studies will permit the synthesis of informa-
tion to the system level, while the contributory studies will offer comparative-
dataand broaden the scope of applieation of the results.

Success depends upon the coordinated efforts of investigators from many dis--
ciplines, and upon meaningful collaboration among them. For these reasons, the-
subcommittees propose a Task Force including a Program Director, a Program.
Coordinator, a secretary, and the members of the PT and PF subcommittees. .
This group will work intensively on the design and development of system-level
research, including the promotion and coordination of collaborative projects..
The assignment is intended to accelerate the development of ecosystem analysis,.
an approach that is currently developing in several research centers, but too-
slowly to provide the understanding of ecosystems that is needed today.

The bulk of support for this program will be sought separately by agencies
sponsoring sites, and by investigators wishing to participate. The major costs of"
administration will be included in such requests. This request covers only the
_efforts of the Task Force. At least three years are needed before an effective-
evaluation of this approach can be made.

The body of this proposal is a report prepared October, 1966, by the PF and
PT subcommittees of the United States National Committee, I.B.P., together-
with additional invited ecologists. Since other subcommittees were meeting at
the same time, attendance varied from day to day. The following is this observer's:
list of participants:

*Lawrence Bliss, University of Illinois

Frederick Bormann, Yale University

Joseph Connell, University of California at 8. B.

Charles Cooper, University of Michigan

Rexford Daubenmire, Washington State University
*Shelby Gerking, Indiana University
*Charles Goldman, University of California at Davis
*Arthur Hasler, University of Wisconsin
*Philip Johnson, Department of the Army

Gérald Marten, IBP of Canada
*Bugene Odum, University of Georgia
*Jerry Olson, Oak Ridge National Laboratory

Oscar Paris, University of California at Berkeley
*Frank Pitelka, University of California at Berkeley
*Ralph Silliman, Fish and Wildlife Service
*Lawrence Slobodkin, University of Michigan
*Frederick Smith, University of Michigan

Forest Stearns, Institute of Forest Genetics
*George Van Dyne, Colorado State University
*Richard Whittaker, University of California at Irvine

John Wolfe, Atomic Energy Commission

George Woodwell, Brookhaven National Laboratory

John Wright, Montana State University

Frederick Wagner, University of Utah

*Indicates members of the subcommittees.
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Their report has been revised by correspondence; the December 21, 1966
version is included here.' Participation by individuals.in the. preparation -and
revision of the report does not imply agreement with or support for the recom-
mendations of the report. It can be said, however, that a large majority support
the report as a ‘whole, and that all of the recommendations of the report are
supported by a majority of the group. , . . .

The proposal is generated from this institution as a host agency for the opera-
tions of the Task Force, and as a base of operations for the Program Director,
Program Coordinator, and secretary.

JoINT REPORT OF SuBcoMMITTEES PF anp PT, USNC, IBP, DRAFT 3

INTRODUCTION -

The gravest problem facing man in a peaceful world is the establishment of a
reasonable harmony between a stabilized world population and the environ-
mental resources upon which that population depends. Human population in-
creases at an unprecedented rate, and it has proved difficult to stabilize popula-
tion in those countries where stability is most desired. Technological power is
altering environment at an increasing rate, often in ways which are to man’s
disadvantage through erosion, atmospheric pollution, and the widespread use
of poisons intended for pests, yet an expanding population is forced to make ever-
increasing demands on the environment.

American biologists are participating in an intensive international study of
man’s relation to environment. The American subcommittees on Terrestrial
and Freshwater Productivity propose that studies of ecosystems, the size of
drainage basins, be central in their contribution to the U.S. program. Such
studies will provide a more fundamental understanding of ecosystem dynamics.
Present ecological understanding has developed from studies of particular com-
munities and ecosystems, often without assessing the dual role of - man as a
manipulator of, and a functional component in, these ecosystems. Environmental
management is best approached through studies of productivity, cycling of nu-
trients, and successional processes. Cooperative studies of large-scale ecosystems
are needed before existing theory can be applied to théir management. The
primary purpose of the IBP is to bring about an understanding of ecosystems.
Through such understanding, possibilities of wise long-term wutilization and
conservation may be clarified, and biologists may effectively contribute to
the broader policy decisions of man’s future.

GENERAL OBJECTIVES

The subcommittees on Productivity of Terrestrial Communities and Produc-
tivity of Freshwater Communities jointly propose the study of whole systems,
such as drainage basins or landseapes, through team effort by U.S. and foreign
scientists. Although intensive studies on the various components of a few selected
areas will be emphasized, the scope of the study will be broadened by con-
tributory work from other areas.

Interactions among the components of these ecosystems can then be evaluated
on a scale that has not yet been achieved. Our understanding of the ways in
which such systems operate, and the extent to which they can be manipulated,
will lead to the development of a new level of -ecological theory. )

Emphasis will be placed on primary:productivity and its meaning for man, on
trophic struecture, energy-flow pathways (food : chains); limiting ‘factors, inter-
actions of species, bio-geochemical cycling, species diversity, and other dattributes
which interact to regulate the structure and function of communities.

The program is not to be restricted to natural areas, but strives to compare
ecosystemic processes in environments under various degrees of control by man.
Ecological succession should serve as a background against which the general
objectives can be pursued, because the principles of succession are at the heart
of the growing difficulties in the relation between man and nature. Yet very few
of the generally accepted ideas have been tested experimentally or related to
whole landscapes as they exist at any one time. =

17he published version about to be distributed differs in minor ways, and can be substi-
tuted if desired.
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Collaborative studies are to be undertaken within the major biotic areas in
both- terrestrial and aquatic environments. Coordinated research will be con-
dueted- in - entire drainage basins, where environments will be studied simul-
taneously. Aquatic and terrestrial components of ecosystems must be studied
together because they have strong interactions. The program seeks particularly
to achieve its objectives through the catalysis of new techniques.

At least three steps lead toward this broad objective:

1. We want to encourage the development of a theory of ecosystems from
small-scale laboratory and field studies. The elements of such a theory

_ already exist but require reassessment, refinement, and expansion.

2. Since ‘large-scale natural systems are composed of interacting sub-
systems, there are problems of scale and of organization which must be
solved. Tentative solution of these problems can be tested and further im-
proved only by integrating the ideas inherently concerned with this addi-
tional level of complexity with well-organized efforts.

8. To whatever degree this integration proceeds, it will provide perspec-
tive for the already extensive experience in landscape management. It may
lead to alterations possibilities for management. The results should help
man to judge policies for natural resources and ecological zoning to serve
diverse human needs.

International efforts to hasten this procedure :

1. Exchange of information at two levels—research design and data
analysis.

2. Exchange of mature scientists between laboratories interested in IBP
programs.

3. Training in specialized techniques of production biology for IBP pro-
grams and related sciences.

PROGRAM

Intensive Drainage Basin. Studies

The study of drainage basing as ecosystems offers possibilities for integrated
research which have been neglected or viewed too narrowly, despite their rele-
vance to man’s use of his environment. We recommend, therefore, that much
of the effort of the Subcommittees on Terrestrial and Freshwater Productivity
be focused on intensive, multidisciplinary analyses of ecosystems. Study areas
will be selected in which the interrelationships of terrestrial and aquatic com-
munities can be investigated. The site should include both undisturbed com-
munities and communities highly modified by human use.

We recommend that concentrated efforts be made in a limited. number of
sites, representing the following ecosystems: deciduous forests, coniferous forests,
grasslands, deserts, tropical forests, and arctic tundra. Scientists with a wide
range of interests should collaborate in these centers for intensive study. In
addition, contributions can be made through more limited investigations on
related-communities at other locations. Each study site would be located where
there is already a strong university or Federal laboratory.

Limited ecosystem studies are already in progress at a number of locations
including several in the eastern deciduous and western coniferous forest in the
southwestern desert and in the Arectic. Hydrologic data and other basic infor-
mation have been gathered at a number of other locations. Any area con-

- sidered particularly appropriate for comprehensive ecosystem study, either by
virtue of the landscape and biological components or by the nature of the back-
ground studies completed or in progress there; should be brought to the atten-
tion of the Chairman of the PT or PF subcommittees, . .

Final site selection should be:'made by a task force composed of at least the
following persons: (a) the project coordinator(s), (b) ‘an animal ecologist,
(¢) a plant ecologist, (d) a limnologist, (e) a geologist, (f) a hydrologist;
and (g) a meteorologist. The task force will consider potential cooperation of
research centers, training centers, and information centers and non-U.S. col-
laborators, in addition to considering the inherent ecological interest and man-

- agement problems of ‘:available areas.

Vi

CONTRIBUTING STUDIES

‘The néed for understanding of ecosystems is such that any ecological study
addressed to IBP objectives is encouraged. Two types of studies are comple-
mentary to the intensive investigations under IBP sponsorship at selected loca-
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tions or centers: first, those paralleling special parts of center-based programs,
to be pursued by collaborators at many locations; and second, separate studies
yielding synoptic data for broad geographic comparisons. T

- Studies that parallel parts-of the center-based programs may deal with variants
of the ecosystem components found in the intensive study areas, or they may
be concerned with the responses of ecosystem components similar to those of
the major study.areas but existing under different environmental conditions.

The value of certain aspects of ecosystem analysis, particularly seasonal and-
successional change -and productivity, is greatly increased by wide geographic
‘coverage. Studies:involving many independent observers must follow rigorous
standards to be specified in manuals so that data obtained are strictly com-
parable. Examples of desirable studies are: (1) timing of appearance and other
events in life history for easily observed and identified aquatic and terrestrial
animals; (2) date of emergence, coloring, or dropping of leaves for plants with
limited genetic variability and widely spread by man, such as ginkgo and
metasequoia; (3) counts and/or weights of fruit or seed production made
throughout the range of several wide ranging and  economically important
species, and (4) harvest of peak standing crops of aquatic and terrestrial eco-
systems. (Yield values for agricultural crops are abundant but the relationship
between economic production and biological productivity is poorly known ; thus,
correlations of seed yield with peak standing crop is agricultural ecosystems
are needed.)

Participation of high-school and college teachers would contribute toward
realization of the IBP ‘objective of stirring widespread interest in human-
oriented ecology. The teachers’ interest would influence the ideas and attitudes
of successive groups of students in their classes.

Both the PF and PT subcommittees endorse the general objectives of their
international committees and recognize as a relevant part of the American
program those contributing studies that relate directly to the specific programs
of other countries. The international PF program includes studies relating to
eutrophication, primary and secondary production, fish production, the chemical
environment, production in man-made lakes and production under environmental
extremes. The international PT program includes ecosystem processes of primary
and secondary productivity, the dynamies of decomposures, and the interactions
of climate, soil, and the impact of man in ecosystems.

METHODS
General ; o

Biologists are sensitive to the need for encouraging advanced and imaginative
techniques ;. yet comparability of results will be enhanced by inter-calibrations,
standardization of measurements, and faster communications. Three types of
publications will state the possibilities and limitations of techniques:

(1) published books of general reference value,

(2) handbooks of the international sections of the IBP, - . .

(3) supplementary reports of the U.S. National Committee on new techniques
and illustrative working results.

For intensive total-system. studies, measurements will be made of all major
components ' of  the ecosystem. Measurements ‘should include gross production,
respiration, net production, secondary and tertiary production, rates of decompo-
sition, exchange of matter with contiguous systems, soil and topographic ‘settings,
and- microclimatic and macroclimatic variables.  Energy flow, nutrient cycling,
and production will be investigated on a seasonal basis. Spatial and temporal
variation in selected populations should be given special attention. L i

Examples of techniques for the above measurements include the'uge of isotopes
for tracing food chains and estimating rates of nutrient cycling; remote sensing
with such tools as aerial photography, infrared scanning, radar, sonar, and
underwater TV ; biotelemetry; laboratory microecosystems; and physical and
chemical methods, such &s chromatographic techniques, nuclear magnetic reson:
ance, activation analysis, atomic absorption, ' spectrophotometry, calorimetry,
nitrogen analyzers, and respiration chambers with automatic gas analyzers.

Systems analysis i
In the past two decades a variety of computer-oriented mathematical methods

have been developed in industry and- government for the ana'lysis. of comp}ex
systems. Many of these methods and tools have direct applications in analyzing
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complex biological Systems—especially ecosystems. Systems analysis has already
been demonstrated to be a successful adjunct to conventional field and laboratory
methods in ecology.

Systems analysis should be applied in at least three major ways in the IBP:

(1) An early step will involve development of ‘methods to examine exist-
ing data on ecosystem processes in a sensitivity analysis aimed to: reveal
the relative importance of certain factors; this analysis:will aid in alloca-
tion of resources for research activities in integrated system studies.

(2) ‘Computer techniques are essential for rapid organization and anal-
ysis of data derived in total-system studies, especially those phases involving
intensive use of electronic.recording equipment.:’ ;

(3) Systems methods will be applied in analysis and integration of
results from studies in the United States and elsewhere, designed to test
and develop ecological theories. :

A major task will be to train ecologists in. the use of computers and mathe-
matical methods in systems analysis. When possible, systems analysts should be
members of each. interdisciplinary team. The program should make available
systems analysts to consult with investigators working on single processes or
components or synoptic data to insure that data obtained cari be utilized in com-
posite analyses. ) I : i
Information centers

The IBP goal of synthesis in man’s understanding of ecosystem relations re-
quires one or more information centers to fill several roles:

(1) To store primary data and derived variables for analyses beyond
those to be expected at individual research sites. .

(2) To distribute computer programs and primary data to individuals or
other centers.

(8) To coordinate basic descriptions and .groupings of terrestrial and
freshwater systems, extending the coding and formats being tested in the
data center of the Conservation Section.. o0 -

(4) To facilitate comparisons between ecosystems and between parts of
the world in a total system context (e.g,, summarizing tables expressing
rates.of transfer of energy, nitrogen, and other elements ).

(5) To aid IBP planning and activities by storing current information
on the work of scientists as it is gathered by project directors.

Training

Since there is a shortage of biologists capable of undertaking the type of studies
proposed, training is a major need. The objectives of the IBP in general, and the
study of terrestrial and aquatic environments in particular, cut across tradi-
tional academic boundaries. Outstanding ecologists will be ‘encouraged to apply
for funds to develop training programs that educate ecologists who are techni-
cally well-trained in a specialty but are also able to deal with the larger prob-
lems of man and the landscape.

Three phases of training are acknowledged :

(1) the university pre- and post-doctoral programs which require close
cooperation between the basic biological and natural resource departments
and sound basic training in physical, mathematical, and computer sciences;

(2) special institutes for instruction in modern methods for the practicing
ecologisty; and

(3) short courses of symposia for biologists desiring familiarity with
recent advances.

Administration .
For successful development of the center based programs, and for coordina-
tion of contributory studies, some stimulation, assistance, and direction is neces-
sary. We suggest this be accomplished with a Program Director, a Program
Coordinator, and an Advisory' Committee. Appointment of a Program Director
and an Advisory Committee will be through the concurrence of the Freshwater
and Terrestrial Productivity Subcommittee on suitable candidates. The Advisory
Committee may also include representatives selected from the appropriate fed-
eral agencies. Liaison member from other IBP subcommittees should collpborate
in the planning. ‘ ;
The Program Director will be a reputable ecologist who will be assisted by a
full-time Program Coordingtor to handle most of the work of coordinating the
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studies once they are underway. The CGoordinator will be appointed by the
Program Director with the approval of the Advisory Committee, All are subject
to:approval by the USNC.. B s : d
The ‘Coordinator and Advisory Committee will assist the Program Director
in the organization, initiation, development, and execution of comprehensive
ecosystem studies, These duties will include: - ‘ :
; (1) Deve oping detailed programs and aiding with, Droject proposals. :
+(2). Reviewing progress of current programs and identifying areas need-
«ing further research. - R s : Suieni T e
T (8) Informing the scientific community of progress in the programs, par-
ticularly on methods being used. 4 i : : .
' (4) “Assisting in&attracting investigators to the program. W
(5). Assisting in developing training programs, = :
.+ (B) Assisting in developing budgets, . :
(7)) Assisting in obtaining support for the program, o 0 :
(8) Maintaining close communications . and cooperation  with relevant
programs in other countries. i e C o : ; :
At least three working conferences under the Sponsorship of the Sub,eommittees
on Terrestrial and Freshwater Productivity will be held during the winter and
spring of 1967 to more clearly define the work: to be undertaken. in analysis of
total ecosystems and contributory studies. One ‘conference will consider criteria
to be used in selecting sites for the total-systems studies, A second conference
will outline procedures to be used in the contributing studies, and a third confer-

ence will be held May 18-19 following the Radioecology Symposium at Ann Arbor, -

Michigan tO'plQ;u,, appropriate systems analysis for the total-systems studies and
the contributing studies. . : CHedsR e P s
.Where'ver pogsible the Freshwater and Terrestrial Productivity Subcommittees

efforts will also overlap with the activitios of the Production Processes Subcom-
‘mittee as they relate to studies of nitrogen ﬁxation, photosynthesis and water

stress. Collaboration with ‘the. Systematics and B_iographySubcommittee will
~ be desirable when dealing with aspects of species diversity and the evolutionary
. significance of environmenta:lselection along gradients.

' NOTE.~~The following 1§ not the budget of:thig Proposal, but ‘a budget prepared in a
second'‘report: from the PR-PT subcommittees‘_lt is & request for 1 year of support, and

includes a xplanation of the moneys nee‘ded.’ £ e : : : i

L s S ; - Budget £h
Salaries and wages: R : ) , il
... Program Ditfg_a’etor_*;h_‘_~_;_-_;w___-“__‘_____,,___'.__‘_. __________ :
. Program coordinator-. R L B e “ :
“Secretarial ‘services. ... ol SR

Total, salaries and WageS.__ .

- Indirect costs: 45 percent of salaries and wage!
' Bite visits and other: travel. . oo o .

g ; BUDGET EXPLANATION.
Program Coordinator - ; F o Hg Pk e e
The work required to permit. collaborative research: on ecosystems, »and.to
coordinate the efforts of contributory investigatory, is extensive. The- fields: /of
Botany, Zoology, Mierobiology, Limnology, Soil Sciénce, Hydrology, Geology, and
Meteorology are included. Consultation with prospective participants cohcern}ng,
the contributions they can make'to the brogram are imperative, Persuading others
to Jjoin ‘the program,: o as to complete:the overall design of ecosystem: study,

83-275 0—67——15
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A8 another time-consuming but néjce‘ssa‘ryfactivity; 'Thepmtience'needed*to elim-:
inate- conflict between ‘Felated research ‘projects, -and ‘to- alter each sothat the
mutual benefit is increased, is difficult to estimate; Assisting in the ‘development.
of training programs-is. an ‘additional ‘activity to be undertaken. A Program
Coordinator, working with a Program Director, is: needed on:-a full-time basis
(12 months) to performﬁtjhese‘sergices. B ks
. ‘Initially, however, vSit@«-'séleétioﬁ “will oceupy most of the time of the Director
‘apd Coordinator. ‘TFhete are two: gets of in‘:formatio’nﬂ'ﬁeeded'conceming_.,sieleeted :
sites that must accompany intensive studies:’ (1) compreliensive “inventories of
the geology, goils,” climate, and hydrology of the study areas’ and: (2) initial
chiaracterization of the terrestrial and aquatic plant and animal communities.

- Precise Jata ona wide range of weather and nydrologic varia;bl_es,zcontinmusly re-

“corded and reduced to usable: form, ‘are necessary in virtually all ecosystem
studies. Preparation of the initial inventories and l‘zoutine“environmental moni-
‘toring are 80 eéxpensive that iﬁﬂlt;advaﬁt;age;sﬁvuld ‘pe taken of existing installa-
tions “where ‘technical -and Jogistic: support can be provided by the operating.
agency. There are many field installations in the United: States which on the

surfacé appear ‘suitable for eXpansion.‘zBéfore any full scale ‘site visits are made,
much preliminary ‘geréening mus be done by correspondence and: questionnaires.
- In some cd:ses%ﬂvfﬂhee'visdtsﬂbyf the Coordinator will prove advantageous. Even-
tual 1y, visits by the site selection team must be arranged. - Suifed :
. Reoretorial T o B v
One full-time secretary is‘t_‘quired,.;initiany to-assist in theveorrespondence

: ;and‘-ﬂ-compﬂation ‘of - informatio on potential sites, later to handle the routines
‘of program management and data filing. It is expected that! the kparticipaﬁpg
pf;o‘jectx directors will provide for 1 own needs within -the_ir_remaitchtprojedts;
" Overhead and stoff benefits ¢ et T e
oordinator is to. be affiliated with. an institution, such as that of thé

\ ficies of the insti-

Director; these items are needed to conform with the hiring polic
"and to provide for space and facilities for the Coordinator..
Site visits and other trovel s S

{he major activity will be the sel

_ Inthe first year, th ctivit: , n of areas for intensive
study. For the re hyons given below, the visiting team%ust“comprisé“'s‘lxto eight

. ‘persons. At least five site visits ghould be made in the first year:‘The total cost:
pet site visit 18 estimated to be $1,200. An: additional sum of $2,000 s needed for ;
_other travel by the Coordinator and the Director. 1 ! DR R T

The final. evaludtion of site 8 iitability ‘requires careful analysis by 4 ‘team
competent to cover all of the'research fields listed ‘earlier: Minimally, the team
must,!l'nclude terrestrial plant and animal ecologists; a »limnplog"ist-',-?a‘,gte-'o%ist,‘ a

. mieteorologist, and ~a'hydrologist."0”0mpet‘ence in gofls¢ience and microbiology:

*."should also be included. Représehtativesfroﬁl "other'-"subéommittées;vs‘utéh%a‘s' oT,
8B, and PM will sometimes be needed. At least two members-of the group should -

. 'have had substantial experience in operatmg‘compléx fleld o] rations iny Slving
supervision of non-technical labor as well ‘as professional p sonne '

. ‘must. evaluate the adequacy. of oxisting data, the quality of :

:gmnit_orlng*ptogram, the ease with which it cah beé'xpandb

. the adequacy of laboratory facilities and housing. giecommoda !

egoLdglcal suitability of the site for intensive ecosystem s‘f:udle‘s-.} g iaaen

e L ADDY Aymmoumm-mr& : i R
_ Thig investigator is attracted to the PF-PT. program because the effort’is
needed, and becatise ecology is at a stage in development at which such & -pro-

gram can succeed. - S R ; : St

' The need to ‘know much more than we do about the functional characteristics

. of whole ecosystems: is ;;urgenti{*Ma’n {s increasing his domination of the planet
rapidly; and is already ‘embarked upon major programs of environmental altera-
-tion: ‘Management. programs. for whole ecosystems :are increasingly being con-
‘sidered At present we seem:to have little.:more,.tnan'a:.trial-andrerror approach

. teusuc problems;;;mrgely»becailjs'ewecosystfemani{lysisf_a;s? o field of science-has
il ,t_begun-_;to-dexelorp; N o S LA
. Onithe other ‘hand, ‘we know a lot about:certain aspects of: ecosystems. Over -

“the last 15 years we have accumulated many studies-on such features ag energy .




- as studies of unrelatable parts of the whole, .

INTERNATION,

. fowy nutrient cycling, food webs, ‘species diversity, vegetation str cture, species
ssoclations, stages of succession, ete. It- s ‘evident.from all of these that eco-.
- systems as wholes are remarkably persisten organizations, even though they

‘may undergo’ strong: fluctuations .or ‘permane; Anges in S composition.
- Although:these.studies: document - what is. go

little of .how and why ecosystems operate as't
to find dny basis for relating energy flow to spe
‘to vegetational structure; ete. The 'different views ¢

. ‘These different aspects must. bo intimately dntérrelated, since they are by
- different, views of the same whole. The challenge-that remains 1is to discern th

osystems, théy tell s
s difficult

Furthermore, it i
ersity, or nutrieént ¢
ecosystems tend to

ng

whole (especially the how and why of ecosystems). In part this will require

putting enough pieces of the same ecosystems together, so that the wholes become -
evident and the ‘rémaiﬁingﬂ"&piecﬁes,discovered In. part, also,. this  will ‘require
imagination and luck in the development of ec

ecosystem theory that can guide =

« the direction of research. It is this ‘challenge that makes the ’PF—PT progtam'y

attractive. . . P
A further description of the work to be done; beyond that given in the PF-PT
report, is difficult to make. On February 17-19; the two subcommittees will dis-
cuss in detail the criteria to be used for the selection of major sites. ‘Following
this, we intend to begin at once on the ‘solicitation of nominations for sites.
As soon as any sites are selected, we will begin work on their development.. At
that point we will be ready to: start the major research brograms, -and’ help
to plan contributory studies. R e L T
We plan to have, eventually, several hundred investigators participating . in
this program. Their projects should, in the aggregate,: cost several millions an-
nually. Additionally, such intensive study center, when fully developed; will have
cost over: one million in development, and several hundred thousands per year
for operation. All of this money is- to.be sought on a normal competitive basis -
from whatever sources are available. It represents a major diversion of such
funds, a shift that will be possible.enly if many of the most able:ecologists' wish

to participate. For this to happen, the goals of the program must be deemed -

worthwhile,. challenging, and realistic. The'advantages. of collaborative research,
in which data become mutually useful, are a major persuasion for the program;-

Perhaps more important, however, will be the hope of reaching new levels of .
insight, inspiration, or creativity, through the ‘(often turbiulent) interaction of
minds with different backgrounds wrestling with similar problems, ..

FACILITIES | -

The School of Natural Resources offers adequate space for the:work and staff
proposed in this proposal. All of the regular ‘services will be Supplied. The
computer facilities of the University are available on a cost basis. The School
now has its own card punch machine, and 'will soon have a remote entry console
(the new computer is in the process of installation). R

PERSONNEL

! The Principal . Investigator of thiy Proposal will be the Program Director of
the PF-PT program. In his own work he is intensely involved in ecosystem
analysis, beginning with the analysis of models in computers. A progress report
“attached to this proposal summarizes the first half-year of work with support. .
from NSF Grant GB-5306. ; ] i i
The Research Associate of this broposal will be the Program Coorditiator of
the. PF-PT program. We are fortunate in having'a man of exceptional ability
and experience for thig position, and also one whose training complements that
of the Principal Investigator. Not only does a largely terrestrial, botanical train-
ing contrast well with an aquatie, zoological one, but experience in agency work
contrasts well with that of academe. As can be seen from his bublications; the
Research Associate also has strong interests in the ecosystem-level of study, and
considerable experience with some of the newer techniques of large-scale study.
Since the Program Coordinator will be full-time on this project, while the
Director is at best half-time, the qualifications of the Coordinator are probably
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- One classification of projects that is probably the easiest to set up is a series
- -on different components of ecosystems : phytoplankton, zooplankton, fish, benthus,
insects, small mammals, birds, trees, soil faunas and floras, geology, soils, hy-
- drology, water chemistry, etc. The general format achieved in the Cape Thompson
study serves as an example of this classification, it
- Simultaneously, a cross-classification of studies by aspects of ecosystems will
..be organized : nutrient cycles, energy flow, food webs, species diversity, primary
production, secondary production, ecosystem stability, patterns of vegetation, etc.

Since the two sets of studies intersect repeatedly, data-sharing will be bene-
ficial. Since data-sharing is essential to the success of the larger goals of the
program, intersecting interests will be promoted whenever possible. A major
task will be to preserve a sense of professional security and individuality within
a system of data-sharing.

The above organization will be repeated, as rapidly as possible, in a number
of contrasting biomes. This will provide a research base upon which the devel-
opment of ecosystem analysis may broceed.

Most of the ideas for ecosystem analysis will be generated by the participants,
who will be urged to maintain a continuing analysis of their data as it is gath-
ered. These will guide the further design and modification of the program.
The following suggestions are offered as a few examples of problems that re-
quire participation :by a number. of different investigators, and that can be
accomplished by careful coordination without the sacrifice of more immediate

. objectives.

I. Each tree species is most common at some level of moisture or tempera-
ture, and is less common at higher or lower levels. An entire range of tree densi-
ties may be encountered within one drainage basin. If the capacity for growth
of each species is greatest where it is the most common, it. follows that some
form of environmenetal resistance (of a ‘density-dependent nature) is also
maximal there. It may be possible to detect this in such measures as insect
damage, if the studies are designed to sample the full range of tree densities.
Possibly, also, a technique such as infra-red photography can show differences
in reflectance for trees in optimal compared with sub-optimal habitats, each
species showing its own pattern and appearing to be most vigorous where it is
most common. ' T i 8

II. Wherever species can be adequately censused ‘and controlled, manipula-
tion of population density upward and downward will be included as a test of
the capacity of the system to restore balance. If ‘this is done in various areas of
the basin, in various trophic levels, and in various food chains, the results may
..~ show the pattern.of distribution of stabilizing ‘capability in the ecosystem. The
- loeation of “sensitive” spots that regulate poorly may illuminate our concepts
of ecosystem stability (I would hazard these to be at the: green-leaf-herbivore .
ling of the terrestrial system). 5 i g e

III. Plankton show extreme density fluctuations and strong seasonal succes-
sion, yet show a surprising degree of repetitiveness overlong periods of time.
The ways in. which such long-term stabilities are achieved, -the extent to which
seasonal ‘cycles are ineorporated into such mechanisms, and the factors that
determine the durations of blooms and order of succession, may be discovered
if sufficient detail on enough components-are combined. The roles of the higher
trophic levels are probably of great importance, and a complete limnological

analysis seems essential. A final systems analysis of ‘‘unsteady states” that

nonetheless remain within extreme limits, will be particularly interesting,
IV. Insect dispersal affects both the food web and nutrient” dispersal in both
terrestrial and aquatic ecosystems. An extensive record of aerial dispersal by
trapping, and of drift in-streams, can be combined . with intensive population
studies in the appropriate habitats. In this way the role of dispersal in the inte-
gration and organization of the ecosystem can be evaluated. This will be of
particular value in the interrelations of aquatic and terrestrial systems.
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 PREFACE

In this- report, the U:S. National .Committee for the Inbematicmal' Biolog:lcal Program summarizes

" gome’of the key issues in ’the general questlon of biclo, roductivity as it relates to human

‘welfare. Much of the material in the report was developed at a conference held at Williamstown,

Mass.; in‘October 1966. The oonfotees were members of the National’ Committée, its subcommit-

»tees, and invited participants. “The subcommittées ptepared reports that accentuated issues- which .-

they considered of vital importance to man's future. “{Individual :subcommittee re rts mdy be ob

“tained by writing to: IBP Office, Division.of Biology and Agriculture, onal ‘Reséarch Councﬂ

2101 Constitution Avenue, N.W-, Wasghington, D.C. :

The National Commiittee's report has two main parts ln the first, problems h:ghlighted bythe
subcommittees are described; in the second, a number. of suggested actions are brought up for -
consideration ‘We hope thes pmblems ‘and’ suggested detions will encourage U.S. biologists to. o
_.respond to the challenges of the International Biological Program.
: The U.S. part of the Internat:onal B:ologxcal Program will develop from (1) presently established
1 & of theiInternational Biological Program that can be ex-.

‘panded, accelérated, or made more signi! cant hrough internatlonal cooperation, and (2) new pro-
 jects arising out of problems and opportunmes described herein, The summaries in this report are
prresented with the aim of stimulating U.S. biologists to ‘review their current research and 1o
- gest both new and " ongoing p'!‘O]eCtS that would contribute to solving the problems with wl'uch the
‘IBP is concerned.

Report No. 3 of l:he National Committee Wlll consmt of desenptlons of: ongoing IBP reses.‘rch
pojeets. Part 1 is near com, letion. Copies may Be obtained by writing to the IBP off:ce (see
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In our times of unprecedented change, biologlsts
well aware of the rapidly growing apility of
;ir fellow human bemgs to alter the'face of the
rth through technology But they are equally
aware that these alteratmns 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 understandmg, our cleverness has

grown faster than our wisdom.

Technology produces more than physical .
change. With his new- found powers man has also
radically altered part of his own biology: on a

worldwide basis, his average length of life has
nearly doubled during the last féw decades. In
many regions of the earth this rise in life ex-

: pectancy has not increased human happiness;
‘rather it has multiphed human misery. To
achieve a decent life-for the living generation,
iurther change in our bioldgy may be needed: we
may have to reduce fertility as reckoned on a

~ worldwide basis to levels below any previously -

attained. To meet the needs of human life and

human dignity, there must also be a vast increase

in ‘productivity, and this will be doubly true for the.

,»generatlon that will be born before the ‘end of thxs
: )century
~'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, wé shall deny to future generations
the opportunity to choose the kind of world in
which they want to. live

- Greater understandmg will.make it possible
for man to respond to opportunity as well.as to
react to. need To gain such understanding is the
underlylng purpose of the International Biological
Program.

This program has three related objectives:
human' welfare, scientific advance, and interna-
tional scientific cooperation. These three objec-
tives cannot be separated. Biologists can

‘-contrxbute umquely to human welfar only

INTERNATIONAL BIOLOGICAL PROGRAM

|INTRODUCTION

is that the grou}th of ﬁndérstandl
celerated by lnternahonal cooperation among the

- world's biologists.

To be effective the program should focus on
problems whose solution:most depends on-inter=

_national cooperation in biological research. Ac-

‘cordingly we are concerned with. conserving and

“expanding the world's biological resourcesto.

better serve human needs, with the quality of the
natural’ environment as a realm of human happi-
ness, with nutrition as:a basis for human health,

and with thé biological aspects of the problem of

‘balancing human fertility and natural resources.
‘Our scientific objectives are also limited. Our

basic interest is the development of scientific
ecology in its broadest sense. We beheve we .
should give special empha51s to the genetlcs and
dynamics of populations, to the iactors that con-

-trol biological productivity, to the ways in wmoh

plants, animals, and especially men, adapt to
their environment, and to the :changing distribu-
tion of 1iving things in the sea and in the air and.on
the land. If scientific opportunities are to be
created for the future; scientists of different .
countries will need to cooperate in preserving
natural areas as well as in research.

Because most of the land surface and many of
the most interesting problems:lie within the .

territories of léss:developed countries, interna-
Atwnal cooperation in the: scientific development

of these countries is not only desirable in itself
but is also -essential to attain the. scxentmc ob]ec-‘

tives of the IBP., These ob]echves will'be dchieved
“only if there isa free exchange of scientists for

research and training among ‘different countries;
and a broad and rapid flow of scientific informa-
tion. -

New methods must be developed and old ones
greatly extended. In the past, ecologists have
studied particular limited communities; now,
work on a few large-scale systems is needed to
test and extend our understanding. New tech-
niques for worldwide biological surveys (perhaps .
by satellites as well as. in other ways) are needed
to improve our description of the biosphere.
Greater comparability of methods of measurement




The U. S. National Comrhittee and. its ‘counter=:

part'within the Federal Government, the Inter:

agency Coordinating Committee, can: have only».

“minor roles in this .great enterprise.. If the

* United States is to play its part, U, blologists
worklng as mdivlduals or in groups
‘sume- mos‘t of the responsibility. I

2 uctxvity
Field research. in a.ppropriate environments
by scientists of different biological disciplines
"+ will'be an essential aspect of the prog'ra
-wﬁl«,bp most effective if diffe L

1¢ ; € same areaS' thﬁs b
fally selected a d well-d cribed inter-
national search site: il

that would bé : ppropriate comporiénts of .
- the IBP, espegiaiggif the scope and significance
-~ of their or 3 d r int

. young' scient sts, particular
those frpm less developed-countries, mut
basic component of the

mittees of the U.S.. National - portistoo iné s&me of the'oppo' tie:
el Congimlttee will sponsar investigations. a.nd other encourage U,S. b‘ologlsts to think f others
“--projects wit] its field ot in L 3 b

ernat ‘onal Bwloglcal Program'
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“and implementlng t
of -about '35 seienti.

: Ecosysﬁems) “The two additiiani_l
‘are the Subcommiittes on Systematic: and Bio=
hy and the suhcommittee ol nviron—
Physmlogy
h 1965 Federal mter st imhe Interna
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. ;Natlonal Instltutes of Health - ;
Public Health Servlce, Ottice of: Internatlonal
.~ 'Health " :
Office of Education, Divlslon of Graduate Pro—
grams
Bureau of tstate Services, Envlronmental Health
Department of the Interior =
Department of State ) :
International Sciences and Technolog'lca]
‘Affairs’ :

. Branch
National Aeronautics and Space Admlntstration
Smithsonlan Institution

The U'S. National Committee is a planning and
coordinating group supported by funds provided
through the Interagency Coordinating Committee—
it has no funds for direct support of research.

Following are the subcommittees of the U.S.
National Committee and definitions of their pro-

grams:

Productivity of Terrestrlal Communities (PT) in

collaboration with Productivlg of Freshwater:Com-
munmes (PF) T’hls i will coricentrate on

m i (1) productivity and its
utllization, with hasis on

and
energy flow within the t'ramework of the concept that
man 18 both. manipulator of and a functional

sholndi

. Agency for International Development, Nutrition

Conservatign of Ecosgstema (CE). This subcommittee
‘is'concerned with freshwater and marine conseryation - .
‘as well'as terrestrial, and.will help to provide the sci-

. entific basis for the preservation of natural and re-

search areas. The program includes: (1) establishment
of criteria by which ecosystems can be described and ;
classified; (2) registry of areas now ‘availab

search; (3). selection of types of areas s

complete a system of research reserves representative 2

of American ecosystems (4) identification of types of

Ccosy and ies threatened by destruction;
(5).ecological . surveys of American sites for ‘concentrat-.
ed myltidisciplinary studies;.(6) provmlon of seientific. :
data in support of the. preseryation of natural research
areas.

Productlvitx of Freshwater Communities (PF). I :
collaboration with Productivlty of Tertestria.l Communi-
ties (PT), efforts will be concentrated on a selected
stredm and a selected Jake ' and ‘their drairage basins.
Areas of research will include: (1) detailed anal of
aquatic and terréstrial communltleS‘ (2) soil and g0~
logical descriptions; (3) transfer of material from air,

“soil,’ -and bedrock: to water and the reyerse; (4) nutrient

oyclfng, (5) role of organic substances, as'in eutrophi-
cations. (6) pqpulatton dypamics at all trophic levels;
(7) role of bacteria in trophic dynamjcs and decomposn-
tion; (8) energetics of the ecosystems; (9) migratlon of
organisms; (10) computer analysls and synthesis of -,
biotic and other variables. Other general objectives in-
clude ‘studies of eutrophlc ion; pnmary and' secondnry

of his environment; (2) circulation of nutrients; with
‘emphasis on vital p “pro d position and the:: -
nutritive base of production; (3) pollution and other ‘dis-
:that affect production in'and composition of
ecosystems (4) search for means of integrating data
on within a syst alysis or other
statistical-model framework.
- Production Processes - (BP). This subcommittee is -
encouraging studies-on re nized specific proble;
including: (1) physiology of plants under water stress;
2) frost resistance ard the growth limitations imposed
. by upper or lower temperature thresholds; (3) restric-
ted rooting volume due to low base status, acidity, and
aluminum toxicity of the soil, especially in tropical

"‘areas, and: ‘physiological studies of root growth and
root rhizosphere interaction; (4) problems of nitrogen
fixation, including (a) assessment of regional bases

. (types of soils and climates) of the magnitude of nitro-
gen fixation; (b) factors influencing rate and magnitude
of fixation; (c) potential fixation in inadequately studied
areas such as the - Tropics, the Aretic, and the hydro-
sphere; (d) distribution of organisms and symbiotic
systems that bring about fixation; {e) nitrogen budget and
cycle as related to primary production; (f) systematics
of nitrogen-~fixing or ;.(g) the biochemical
mechanisms of fixation and physiological processes

Y

p ion, ﬂsh produc he env
prod 3 d lakes, and ducti
treme environmental conditions,
Produetivltz of Marine Communities QPM_; Because
studies of the open ocean are already included -in other:
international programs and because man's influence is .
most marked on estuaries and inshore waters, this pro-
gram will emphasize the'latter. The approach will in-
clude: (1) ecosysteém analysis as a central problem in-
volving hydrology, solar radiation, nutrients, dissolved
and particulate organic matter, phytctplnnkton pigments,

under ex-~

_rate of photosynthesis, and the abundarice and biogéo-
“graphy of benthos, phytoplankton, zooplankton, and : e
fishes; (2) ‘human food resources; (3) natural and artlﬁ-w _

cial modﬂ" 1 of the envh‘ 3 (4) df ion -
and al ince of or i (6) development of better .
understanding of basic ecological mecharnisms. :

Human Adaptability (HA). The goals of this subcom-

- mittee are to measure the distribution and ‘identify the -

sources of variability of man's adaptive capacity and to
lucidate the prog of ad In fulfilling these
goals, the subcommittee will uridertake studies on a 5
variety of human populations ranging from hunting and
gatherlng groups to industrialized societies which ex-
hibit significant contrasts in genetic background habitat,
and culture. Special attention will be given to the bio-
logical adaptatxon of isolated and migrant groups.: The

ion

. associated with the reaction. The ittee beli
- that a study of these specific problems will ultimately
lead to a more genera.l treatment. of broader probl

phasis will be on population dynamics, human: genetics,
adaptatlon to stress, and morphology, growth, and aging.

daptations, the sub nittee is ially
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. ‘: conoer 2d with (a) fecundlty dhd ferhluy, (b)-adaptation
adaptation to* disease

. munity §truet)lre, mcluding (a) chemic:
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population equihbrm and geograghic diﬁerent;auom in—
cluding genotypi and environn duced varia-

tion in key species of the tropics, estuaries, oceans, '

deserts; and freshwater;. (2)- physiological: mechanisms
of adaptation at individual levels and as bases for com-

hod e and survival in’

acids, nutrient—intake :
food resources cor~

& and parasm'sm as”

‘related fo nutrition, £
‘. sources to human nutrition for arious countries;
© growth and ecology of cereals; (7) little exploited
suurces of protém, bo al ‘and plant; (8) develop-
5 for food production.

mittee has adopted the follo g pro;ects and encour-
ages suggestions for addmonal ones: (1) participanon %
in the ecological surveys “of oﬁxer sections of IBP,

especially PT, PF, PM, and HA; (2) salvage operations
- in natural areas ‘where species and communities are’

threaterie with extinctton, (3) comprehenslve descrip- N
tions: of marjne ecosystems, partlcularly where’ changes
~may be imminent, as on both sides of the Isthmus of
Panaina; (4) studies of endemicity, inctxon, and 1n-
. ventory of local biota. - I
Environmental Physiolog

EP). This subcommmee

<+ has construad its terms‘of reierenoe broadly as

(1) physiology of population dynamics with emph“’ s
on (a) ding of the dy of both cosmo='
: politan and limxted popfulations, (b) factors determming

vir i (3) d

- ing human population and industrialization.:

and (b) resp

ription of the biosph
occurring therem because. of the 1mpact of the exp

The U.S.-National Committee asa whola
be concerned - with encouraging’ multxdlseiplinary tS
and international cooperation; with the develop-
ment of instruments and methods; ‘and with the
training of personnel to offset’ shortages-in:many
vital areas of the Program. One of the premises
of the International Blologlcal Program is that

" the work of national’ committees will not be re-

stricted to ‘their national boundaries; it is ex-~,

“pected that they will work, elsewhere in coordi—
“nation with others and may;.as appropriate, con-

centrate attention on selected regions of the - . .
globe.-Some U.S. scientists Have evinced special
interest in the American Tropics and in working

_with Latin American colleagues. The U. S. Nation-

al Committee looks forward to-cooperating in de-..
velopment of research centers-in these enyiron-: '
ments as well as in desert; grassland deciduots
forest, coniferous forést, and-arctic environments-
in the Western Hemxsphere and elsewhere in the
world. :
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PROBLEM AREAS

POPULATION DYNAMICS

If man is to stabilize population by means other
than starvation and disease, he must learn more
about the dynamics of human societies and about
regulation of plant and animal populations.
Neither the distribution nor the sources of
man's variability in'the adaptive process have
been rigorously meastured. The International Bio-
logical Program provides an opportunity to sort
out these aspects of variability according to their
relative importance and to discover underlying
“‘mechanisms through collaborative studies’ of dif-
ferent groups whose" contrasting genetic, social,
nutritional, meteorological, and environmental
backgrounds are carefully documented.

Genetics and Variability of Human Populations

Mankind possesses great divers{ty both ‘within and
between populations. This diversity has been the
basis.of the evolutionary success.and of-many of
the present problems of the species: &

It is obvious that long-term changes in the
human population have océurred and that the
‘environment of man is changing rapidly both
physically and culturally. Description and ex-
planation of the underlying processes of change
-are essential to understanding population dynam-
ics.'Whereas individuals succumb to critical =
changes in environment, populations adapt, genetic
selection being the principal process leading to
this adaptation.

Of crucial relevange are the processes deter-
mining transmission of genetic material from one
generation to the next.. :

A partial listing of forces and processes G
“entering into population genetics follows. Each
is a problem for IBP research.

Mating choices and patterns, including inbreeding, out-
breeding, and assortative mating

Fertility

Fetal wastage

Age and sex—specific mortality

' ' Postnatal natural selection
Fluctuation and disappearance of populations
Hybridization between populations

83-275 0 - 67 = 16

937

Behavior genetics ;
Genetic drift and. founder's principle

The range of human populations available for
this type of investigation should make possible a
thorough assessment of variability.. At.one ex-
treme are the relatively few surviving examples
of hunting-gathering and incipient agricultural
populations. Some of these groups (the South
African bushman, the Australian aborigine, the
Eskimo, certain tribes of Central and South Ameri-
can Indians) are disappearing so rapidly, cultural-
ly if not biologically, that it seems.especially ap-
propriate that the International Biological Program
should encourage multidisciplinary studies on

- them without delay—studies that would provide in-

valuable baselines for subsequent im)estigation
of a variety of other populations.

Special attention should also be‘paid to bio-
logical adaptation of racial isolates:from indus-
trialized societies and migrant grotips moving
from one environment to another. Examination of
migrations by different racial groups that have
settled in the same or similar environments'is
desirable. Use of baseline studies from the origi-
nal environments would be particularly: valuable,

Regulation of Plant.and Animal Populations

Mechanisms are known, or suspected, which stabi-
lize populations of certain species in ways other
than by limitation ‘of nutrients or by predator and
disease depredation. ‘While these mechanisms may
not be directly applicable to man, knowledge o6f
them would permit biologists to view the human
population explosion in fuller perspective.

It would be helpful to know more about factors
determining population equilibria. Two approaches
hold promise: (1) ecological population analysis;
and (2) analysis of physiological mechanisms of
variation. The former includes: study ‘of reproduc-
tive rates and patterns, interorganismic ‘competi-~
tion, food chains, and predation, The latter deals
with biochemical and physiological variation and
mechanisms of feedbackinteraction between
organisms and the environment.



DYNAMICS OF ECOSYSTEMS

Man's activities are upsetting natural conditions .
in'many parts of the world. ‘They are changing all
of thie world's biotic communities and have altered
much of the earth's ‘surface.” Many of these changes
are not well understood, and'basic information is
needed if natural resources are to be more effec-
tively and efficiently managed.. :

It is most urgent that studies be undertaken
leading to'a-clear definition of existing conditions,

- to an tnderstanding of the hanisms and proces-
“ges that control the-various components of an eco-
system; ‘and to a better comprehension of the :
interactions among the components of these eco-: *
systems. Emphasis shoild be placed on primary
productivity and its meaning for man, on trophic
structure, energy-flow pathways(food chains),
limiting factors, interactions of species, biogeo-

hemical cycling, speci diversity, and other
attributes that interact to regulate and control the
structure and function of communities.

Terresﬁ'i}ﬂ and’ Ereshwalér Ecojsy stems

The program will not be restricted to natural

“ areas, but will'include comparison of ecosystemic
pr ses in envi ts under various degrees,
of cqntrol,l‘{y‘ an. Ecological succession should

. serveas:a background in which the general objec-
.tives can be pursued. The principles of succession
‘are central to.the growing difficulties in the rela-
tion between‘man’and nature; yet very few of the”

. generally accepted ideas concerning ‘succession
have béen tested experimentally or related to
whole landscapes. as they.exist at any one tinte.

' Solution of the basic problems of productivity
requires investlgatiohsﬂon a'broad front and-at’"

_ yarious levels of complexity, including laboratory
studies of individual species; studies of species -
and populations in their natural habitat, studies of

.‘éommunities of organisms in a restricted habitat
of environment, and multidisciplinary studies of . .
complex etosystems. © :

Knowledge of the population structure of the in-

* dividual‘species, ithe ways in which they. interact,
and the extent to ‘which thesé communities, aquatic
or terrestrial, ¢an, be manipulated will lead not '
only to the development of a new.level of ecological
theory but also to practical increases in productiv-
ity. i . :

INTERNATIONAL BIOLOGICAL PROGRAM

Marine Ecosystems

An 1ntgrd1§cipiinary study of a representative
Marine ecosystem seems long overdue. Before

“ we can hope to understand relevant processes

and to predict the result of changes in the natural i
environment, we must assess not only the orga-
nisms and their population density but-also (1) the
relation between one species and another, and (2)
the effects of seagonal .changes, fluctuations in

_ chemical factors, exchange between the water and

bottom sediments, and other variables.

An ecosystem approach is necessary because
a number' of problems confronting biologists re-
late not just to individual organisms or-a single
speciés but to an entire complex of societies and
communities of organisms. In-the marine environ-
ment, physical, chemlcal,,anc‘l',géoipgical processes
and conditions-may 'a.ffei:t, even control, the ulti-
mate success of organisms and of populations. A
complete ecosystem study requires the coopera-
tive effort of many specialists.

Analyses are most likely to be successful
where the life cycles of the dominant organisms
are ‘short and the number of trophic levels few,

. for duration and frequency of field observations

are thus reduced. However, since the structure
of a biotic.community is determined more by the
history of efivironmental conditions than by cir-
cumstances at a given time and place, observa-
tions must be continued long enough to provide
just such a history. For a major ecosystem; this
implies a series of observations continuing for
some years.: ,Ob'se'rvatloi\s will require enlighten-
ed insights, into causal relationships, insights

‘ that can perhaps bo best developed through inten-

sive studies of selected processes and m.echanisms, !
in both field and laboratory. - :

The diversity and multiplicity of observations
needed make it clear why the ecosystem: approach

“has ’B_‘gen:vapplied“tb marine comniunities imper- "

" fectly and infrequently. No {ndividiial possesses all

the abilities and interests: required. Only by a co-
ordinated attack can we hope to-solve ‘some of our’
‘major problems (e.g., marine pollution) or to in-
crease productivity by deliberate modification of
the seal

Modification of the Environment

Eutrophication—an Example of Unplanned Modifica-
tion, Eutrophication of natural waters is an ex-
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% ample of man's unplanmed and often detnmentai
- modification of the environment. This excessive -

~ fertilization, a serious problem in, lakes,

“and estuaries pr &

_nutnents commonly' limits biologi
“ inereasing the:'supply; “ag by additi
wastes to natural water

hanged environment Species
of ‘plants most - likely ‘tg‘: survive in highly pbl-
;Iuted areas are Ire

; mechanisms Is it ‘simply ‘the 'resu’lt of the higher

concentrations of nutriénts; or is it due to changes .

in the proportions: of elements ?-Would additjon -
of’ frace elements or esse 1 organic compounds
maintain the normal commu ity at a higher lével?
" ‘Can'biologists and physiologists achieve the :
‘understanding of eutrophication needed to increase
ields of useful organisms and ‘minimize the -
abundance of the undesirable ones ? Plarinied:
£ fertilization of an ecosystem might well tead to
‘this understanding, or at least establieh the S
limits of fertilization above hich ; destrable
effects predOmmat

ment. The study-of marin
ooane descnpt.ian has not

4n‘harrdly: expe’(f
“for the identiﬂcatiun -and urd

i reducnon of compeuto
Ll source organisms;’ ‘the ‘de )
. reefs; the modification £t mperature Wwith:
4 waters fmm powerplant cooling systems, th
addition of. hutnéms ‘from:deeper waters or other
sources,” and the use b pollutants:; as tertili;
Lo In some instances an ebosystem or some P tt
of ¢ one may sxmulatéd and then sub;ected to' a

- certaih that a'm

: system. .

ganlsmeenvimnment interaction in: tefms df the
" feedback

: regulated Dby subst

" of adaptability'of na
step mxght, be to tes

g behavioral varimions oi the same or. related

230

'series of experimental changes, bu : thts nay
‘be cos 1

7 dictive mformqtion for dea.lmg

‘fenvn‘onment and n their in ractions, Adaptive
physmlogic dxfferen‘ s fall  two chtegories‘

Resistance; which m related to toleranoe of: environ-:v
mental extremes by whole organisms, tissues or.
enzymes and must.be correlated with t.he natural
; limits of the spec:es

Capacny, which mﬁts normaﬂ activity in an
- “altered but tolerable environmental® range
Both are ! xneosta c in permitfing surviva.l and
reproduc n m an altex'ed envlronment d ¢

Cooperattve programs involving: ol
ecologists, bluchemists, and genetlci
sential to “&.n understanding of.
basia of adaptation ‘The:goa

adaptation in’ respe

1
erent regions for.their adaptive caﬁacity Next,
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‘in each com=-""
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' should be studie
female, and m

avoxd others
ing and mappmg entx .
all l;fe- tages, along w,h eugniilcant propertxe

. gS ecies of Expa.ndinv Range; eluding Those Dis-
© persed Ez Man,- Some of the re wsmopolitan ;

ax‘Ling; gertam cockraaches, 55 Ada‘ptébjllty\
(such as G bu@i@ bracken, : /ment’al Stres

els, aid dlssolved-
_may be relatlvely

' stable or may _ speetiic reaction ‘of a crop plant o "gi |
marine and est rine. organisms ccur, both with ;specles We should determine the extent to whwh




N

. INTERNATIO

intra- and inter-specific f:cukici(iés :encountered .

- in.the laboratory obtain urider natural conditions;

- 'Human Adapability to'EhvirOﬁhéntai Sfr@éé‘

urable.co

Stx’egs'e'é may‘befclevﬁ'ne,d:aslimi‘sé cb,ndi,‘tl'ong' which.

impose: . .upon: individuals

and populations. They xhay lnvhl\vé both stimulus

deficiencies and excesses. They are speeific to.

" tion on stress resistanqé‘iis_yex‘y poo.

- between nutrition and thermal regulat

b,

Exertion—metabolic; respirat
adjustments of subjects to a stand

‘the

stood; $pecifi investigations of the relations
between nutrition ‘and disease resistance; anc

proces
ses, should beundertaken and should emphiasize

 individuals, ‘and are recc ble by behavio

* physiologic, morphologic, and, ultimately, genetic.
"characteristics. An inventory of stresses signifi-
cant to historical a.nd,current,phenotypicadapta—
tions and selection in man includes an array of
physical, nutritional, disease, and behavioral

factors. *

Stresses in Growth and Development. The in-
adequacy of our knowledge of developmental and
environmental factors creates,an urgent need

- for research in the following areas:

ral, ..

€ 1y distinct Properties. Studies of thi
kind would be most valuable if divecte

young children. o :

Similarly, adjustments ‘to undern;

be examined. By morphological; behs
biochemical changes; hitman populations and
individuals have been able to su
circumstances that would be con:

d iha
by most criteria—such ‘groups or individualg mi}
almost be said to have adapted to undernutrition.
But the consequences of this adaptation are not
well known and’a critical worldwide determination

‘Barly (prenatal to young child) human devel
in relation to environmental stress

Physical as related to behavioral devel
Adaptive aspects of child development
Formation and éhronological develbpmenfc of
physlological adjustment to heat, cold, hypoxia,
and physical exertion {

These studies would be particularly valuable if
they compared genetically distinct populations and

if longitudinal as well as cross-sectional investi- .

gations were included. L ¢

Stresses Related to Climate. Among the ‘research.
areas of-importance here, four seem to merit
special attentjon: (S 1 o

Cold toleiance—coriiparative studies of wholé-body

cooling, metabolic adjustments to standard cold
stresses;, and local vascular adjustments to cold
Heat tolerance—comparative studies. of body
: temperature and regulatory responses,of limited
numbers:of subjects under standard work-heat,
stress (or regulatory responses of larger groups
of subjects performing standard work under field
conditions in hot climates) .

High altitude—examinations of blood, body fluids, -
metabolism, respiratory function, and circulatory-
responses of subjects under basal conditions and
in“standard work tests 7

Intensity of infection and differe

" nutrition, and dther factors ‘could be advah;agéouslyf

susceptibility—e.g.; data on exp

is al as'a basis for predicting the outcome '

of particular nutritional regimens. Such a study .
should considér the norms for sex, age, and re-
lated factors, and should be correlated with evalua- o
tions of human physiological response in differing ©

- situations ‘and locatidn's,?; o

Disease Stresses. Disease acts as
natural selection. ‘Among the maladie s .
profitably be studied inthis context are tuberculo=
sis, maldria, syphilis, Hanson's d ase, Chagas'
disease, trypanosomiasis; trich , and:
schistosomiasis. Emphasis should be placedon -
dl'epidemiology
in selected populations.: Related data on genetics,

accumulated. - oo

A second concern s with ove
patterns within selected populati
Wwould be to-gain information reg:

Indicated by titers of antibodies 4l data

activity to disease as indicated

clinical illness." T s S
Allergic diseases represent a third area tobe

emphasized. Of particular concern is the extent

to which these diseases stem fro ndustrializa: -

tion, from manipulation of the ‘ecosystein, and even

from préventive: and therapeutic medical practices.

In a sense, allergic diseases are failures of adapta- =

tion and thus highly relevant to the' question of

human adaptability, - i el




budgets related to ,sre;qlttg,.—acﬂvlttes§~ ¢
4 skills involved in various activitie

“The International Biological Program will.make
it possible to assemble data from widely scattered
sources to an extent not hitherto feasible.. In'
several sample areas, this seems an espectally-

-promising:approach.

: ’Div‘ersity"oi'the,Wdrld,'s Blota:

 Ecosy s are composed: of many species of

- animals and plants, each uniquely adapted to its”
“environment and all to.a greater orlesser ex-:
tent dependent upon one another. f
even within a gi cosystem, te

posed of a som ifferent assemblage of -
species. Many: of these species.are ‘highly local-:
ized, Much interest and importance attach to the
- ‘gystematics and hﬂOggegm,iphy‘,of the diversity of
3 sstigations t 1 contribute:datz
orld's biota are.-to

T d of knowledge on the biota

- of islands, particularly small islands, and of * :
¢aves. To what extent is'this also true of local-

 “izéd biota, particular lemics, on continental : :
areas? What are the distribution patterns of 3
given species ? How many species in agiven
fauna or flora are widespread, how many. are:of .
limited range, and how many are extremely -

What difference is there between .. [+ -

‘organisms with respect to localization -

cies ? Answers to these questions are to

be hadby-the often tedious -assembly of large:

masses of information on a wide geographic scale.

“There is a dea;

 animals ? What siological
- creasing s mospheric nitrogen oxides; or other

‘measurements should be made
ach locality, ..

. Airborne Organisms:

compounds ?*What are the turnover rates of

* carbon dioxide; oxygen, water, methane, cyanogen,

and other compounds in the natural cyclesof. ' °

.- carbon, nitrogen, oxygen, hydrogen, and so on.?;

+ The International Biological Program provideés. -
“an especially favorable o .

- cooperative measurem

portunity ‘for making
€ “on a.worldwide basis.

The microclimates of plants and animals: should
be studied in relation to-local and seasonal varia='
tions in carbon dioxide and other consitutents; .
since these microclimates differ with vegetation
type. The macrocomposition of the earth's.bio-
sphere needs also to be examined as it relates .
to oxygen, carbon dioxide, water, nitrogen, and
temperature. For these latter studies; all

& with comparable

techniques over the:entire globe,-and should make
possible estimates of changes taking place within
a human lifetime rather than over geologic periods.

The' composition.and-distribution of biological -
material in the atmpsphere are not well-under-
stood. It-should be most rewarding to study-the =
origin; distribution, andeffects.on other species - :
of these subgtances. . o .hoonio

. For example; it would be highly désirableto

" investigate and learn the origins of plant pathogens,

to measure and; assess the spore load simultaneously
in selected sites arourid.the world, ‘and to determine

' their significance to world food and crop produc- . .

tion.

PRESERVATION OF NATURAL ECOSYSTEMS

Substantial scientific and practical gains can be
realized by preserving samples of typical environ-
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.ments, both those relatively little disturbed by
man and those that have been appreciably modi-
. fied by’his activities, - These environments pro
vide natural laboratorie s for the long-térm ;
study of ecosystems and their inherent biological
productivity. Preserved areas, if available for
long-term: scientific-use, serve ag yardsticks for
policy decisions on use, protection;-and manage-
i ment of comparable.areas of land or ‘water. They
. furnish basiciguides to national resource mianage-
ment and land capability ‘evaluations, “Relatively -
-undisturbed ireas are ‘sources. of valuable ani- .
mals for use in experimental medicine, and they
serve as reservoirs of genetic plant material -
of potential economic value in agriculture and -
medicine. : ¢ : g

There is as yet rio'fully effectiveé scheme for

definition; delimitation, and designation. of major
. ecosystems, but a registry for U.S:and contig- ;-
" uous areas is'urgently ‘needed.: As for existing
reserves, it is safe to say that despite the ef-
forts:of the' Department of the ‘Interior; the
Department of Agriculture, the Nature Conser-
vancy, and other grotips, ‘much more:information
- is essential. For exambple, ‘supplementary data
are needed on who owns the areas in question,
What use is permitted, and whether there have
been-éarlier studies of a seientific nature,

New reserves are surely neéded if the system
is to'include adequate samples of 4ch major eco-
system,-anda system of priorities must be set!

Up for-the'establishment of these new reserves.

Because natural areas are established for a
variety of purposes, techniques. adopted for
management of a particular-unit will depend upon
the objectives for which it was ‘set aside. Clearly,
an area established to. perpetuate s particular
ecosystem or special biological entity would re-
quire one kind of management and‘an area intend-
ed for research involving manipulation of the : : :
components of the 'system would:require another.
Again, an area designated for preservation or .+
restoration of a. selected: successional stage would:
require one kind“bf‘management»and~an area
where natural processes are allowed to continve :«

. Without hifidrance would require another. In".

most cages; data are presently inadequateto in-

“.sure that'the objectives Sought' cani be' success- i+
fully attained.; It'would be'most shortsighted to

: concentrate only on'setting-aside natural areas -
and then'nieglect the studies needed to ingure -
attainment of the established goals.

. Ing volume due to low base status,
~and’ aluminun toxieity. Basic physio

LIMITATIONS OF PRIMARY PRODUCTION

A major goal is to assess the precise extent of =~ .
the chief impediments to production processe

It is not precisely known why 4 rain forest mg
contain islands of drought or why 4 sért may:
contain islands of arable land, Appratsing the
hemispheric extent of these areas requires com-
parable:maps of rainfall, radiation, soils, and
frost. The maps should show the probabilities:

or frequendies of those quantities needed to in-

- sure dependablé production. The efforts of =

organizations, such as the World Meteorological
Organization, that. are capable of organizing
fundamerital surveys would be of benefit. . .

Another goal is to find ways of raising the -
upper limits of photosynthesis. The assemblage:
of nationalities, disciplines, and agricultural
écosystenis'that will exist under the ISP may
reveal fiew Ways of removing ‘such limitations as
drought, sofl fertility, and ¢bld. The prospects - -
of discovery would be enhanced if a number of '
scientists could be brought togather for study = -
of one or more ecosystems unlike.the well-known
ones. characteri‘ét‘ic of Temperate Zone agricul- =
ture. o3 g R i !

. . 'There is urgent need for better uniderstanding

of drqught tolerance of basic crops in the Westem
Hemisphere, Almost all established crop areas
at times receive 'suboptimal amounts of precipita’
tion. Study of the physiology of plants under
water stress is a prerequisite to an understanding
of water economy and drought tolerance. :

Also needed in the Western Hemisphereis a
thorough study of the éffects of temperature on
the physiology of plants. v v

A problém particularly relevant to plants
growing on 'soils of the tropical areas of thé ' SR
Western Hemisphere relates to restricted roots. i
il acidity;
logical "
-root rhizosphere inter-

et

studiés of root growth
‘action are negded.

Nitrogen 15 often the elefient limiting primary

. production, yet the atmosphere.containg:a vast '

reservoiriof €his element. 'To tmproye

The émdlesfshmﬂld give attention to'great world’ " .
. 8oil groups’ and climates and to the Tropics, the

.. Arctic zone, and the hydrosphere.
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~ standardization of methods. and';he cobidination ot 'Nutrttiéualkequireiﬁ i
' studies with those of other’ natlonal programs are Ci e S
partmularly de‘ irabl : i £ .

" ‘ment, level of. activity,
~low- nutxjént intake: But’ ‘the pree:se rol
" factorg in determming the nutritional require-‘ Kok
 ments ofa given prnlatio is poorl understood
a.nd an exténsive research mgram n this re:
is' hlghly desirable.
‘Thus far’ efforts have Ended to center on’
créasihg fogd supply ‘ag such; but one: how sees
“‘growin, interest in such crucial issues as
‘¢arbon-nitrogen r , protein level, and amino
. acid conten Broad tudies of the fundamental
" roleof tatty acids, oth saturated and unsaturated;:
© " in the total nutritibn e humans living under
. differing enviro conditions and st1
arg needed ;

xatio ;
distribution of mtrogen f!xers in adequately desaribed
. habitatsi e A f

Improvement of Nutntion

The need m match iood production to' the demands i
of the world's expandi,ng population is well | estab=
lished. A" paz*aue need is to make | mm‘e effective
use of our: capacity to.meet establ‘lshed nutritional
- .requirements; The diet: of atileast. half the, world's
: populatmn lacks' sufﬂ.cient high= quallty protein.
Investigations of protein supply should be under-; -
4 taken. They should include agsessment of pro—
T tein utilization; amino ‘acid balance, and the’ .
i COmpuauon of methods qurrently in use f"r ““e i potential usefulness:of ish and other, materials
 study.and evaluation of nitrogen fixation,, and a fLa
' oritical -analysis. oi the limitations of thos ethods s protein supplements. St‘udles of paturally, - -
ong the warld'a 5

: Culture collectiotis of the qsymbiotic m'
and the mainténance of a permanent collédti,on of it
root—nodule ‘bacteria

‘ oecurring: numtton 1 atresses,am
: population; of the source.of variability in nutri-:
i tionalxrequlremants, and of human nutritional: s -
addptability would; lenable us to estahlish bage- [

. lines: for predicting the consequences: partlcular
nutrient ‘regimens; and would enlarge: man 8 e
e abulty taimprovemutrition. . e

i 'Spacializ,e‘&'mst»’ ments for r@utine analyn

.., determinations’

ZNUTRITION

Th’e mability of peoples in many parts ‘of h& j
world to obtain adequial o'f6od makes clear that .. y .0 ] g
. it 1s necess: (1) to uniderstand n\miti,on and. .o ,yrecognized food sources if the’ Internatlorm Bio~ #
tation 1o other factors, including st - ?ogical Program is it equiately Tesponsiv
i alisfi= . tothe challenge of the exploding: ‘world population i
. for. =~ . 4nd foodneeds: Posblbiu‘ “include conversiom: . -
. of waste: materials, “exploitation: of marineisources,
optxmum use: of various biotas’ to enhahe 3 produc-.

ght
‘increasmg iood qual

ity and improving prese A=




tive processes, coordination of production with

nutrition needs and with processing procedures,
further exploration ‘of methods of preservation,

and evaluation of germ plasm banks.

“Methodology

“Application of the following criteria will aid in
developing standardized methods for planning
and carrying out nutritional research:
The methods should provide discriminating measures
of the effects of nutritional stress.

They should be amenable to field apbllcaﬁon on
representative stratified samples of populations
selected for study

They shoﬁld yield a maximum of fnformati'on with
minimum disturbance of the groups investigated.:

They should be tested and validated in institutions
already well equipped a.nd experienced in this w‘ork.

They should, whenever human voluntéers and ex-
perimentation are involved, be consistent with

“established codes. governing the use of human
subjects.

; USE AND MANAGEMENT OF BIOLOGICAL .
RESQURCES ; ; Y;

: B;ological Control.

The International Biological Program provides

‘an opportunity to promote ecological management

as a principal method of pest.control, with em=-
phasis on the use of predators, parasites, and
. pathogens: This method of. pest.control can suc-
V' ceed only through international cooperation, be-
cause the discovery and introduction of useful
.natural enemies of pests depend on collaborative
endeavor. Emphasis on ecological methods will
center about maximal use of natural enemies but
will include various forms of habitat management
or modification, use of resistant hosts, and other
genetically based techniques. Proposed research
should seek to establish approaches that will be
applicable internationally, and should be directed

to the solution of 'specific problems of broad con-

cern.
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Plant Gene Pools

By its very nature the process of accumulating
a plant gene pool is an international venturé and -
requires intercotintry cooperation to be éffective.
-"United States agriculture, with but little
resérvoir of native germ plasm, already is-greatly
indebted to outside sources. If effective ‘breeding
programs are to continue, the'flow of germ plasm:
must continue. Wild progeriitors of major‘crops, -
primitive populatlons, and wild relatives of crop
species provide a wealth of genetic material from
which to draw new quahtles of adaptation to tem-
perature, day length, nutrition, and resistance to
pests and diseases. Thus the United States needs. -
continuallyto procure, assess, and preserve gexm

,plasm for future incorporation into crop varieties.
. To this end there has been established a National -

Séed Storage Laboratory at Fort Collins, Col6:
The moré than 52,000 accessions now held there
are largely improved varieties, breeding liries,
and plant introductions.

There 15 additional specific need to locate,
describe, ahd preserve in-similar manner (1)~
important genetic marker colléctions; (2) liries: "
of partlcularly high-quality that might otherwise
be lost in the tendency to emphasize quantity pro--

~duction, and (3) other endangered materjals. Biol-

ogists are éncouraged to make collections avail-
able for'preservatlon, and the Agricultural Re-"
search Service, in cooperation with other agencies
and- biologmal societies, should document these

. private collections and bring them into the lahqra-

tory.- A working group on the preservation of

genetic stocks, to advise on the merits of individ- o

ual collections-and on techniques of : repropa—
gation, would be of benefit.

- Animal Gene Pools”

In view of the many' restrictions to movement of
such geneti¢ material as‘semen and ova from one
country to another, and the risks involved, com-
prehensive study of blood lines is being under-
taken as a means of initially fixing the location of
valuable stocks and providing a base for future
use of these resources. Seventeen countries have
expressed an interest and are participatmg in
this study. ° A
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: Food Handnng

~ ~Food has traditionally been appraised largely in':.
terms of production and consumption Less at- .

“tention has been devoted to. what happens in the
intervening period .This third dimension of the

food question involves primarily the control of . e

deterioration, wasgte, and other losses. We ‘need
i a‘goncetted, international effort to collect reli~
able, adequate data on losses. in. plant -and animal
products and to gain‘an.improved understanding
~of the ecological-conditions: governing the activi-
'ties of postharvest pests and diseases.
Food handling can algo-be construed to includef 3
" (1) making plant products acceptable to man's ..’
‘digestive processes; (2).removing deleterious;
'compdnents such as-antitrypsin factors, anti- ¥
b thiamins, and saponins; (3) supplementing. certa.in
commodities with constituents-otherwise missing,
and (4) eliminating nonedible portions. Nutritive "
changes in processing, nutritive improvements .. .
through fermentation, and amino acid.. supplementa-
“‘tion are.obvious broad areas of great interest.

‘Special attention- should perhaps be directed to

& Iermentation as a means of preservation hawing
marked potential: for use-in develop y
: where modern techmquea are unavailable or
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overly expensive The intricate interplay between
a succession of micro-organisms during conver-

" gion and preservation. of milk curd, bean-curd,

vegetabiea, wastes, etc., needs to e studied in
the field, possihlyv by mobiie bioteclmicai labora-

. tories.

Anoti'ier promising area would be the upgrad-
ing of sewage, which would permlt its recycling
back into food and feed. i :
EDUCATION AND MANpows'zg :

The manpower situation in ',thewge‘neral area Zo"f'

'eco‘lo'gica‘i biology is by no-means satisfactory.
- If the objectives of the International Biological

Program are to be achieved, it will be necessary

“to involve not. only experienced scientists but’

also graduate students who are directing their
careers toward human ecology, and high school
and college teachers. There will be a heavy
demand for biologists trained in the use of com-
puters and'in mathematical methods applicable

- to systems analysis, -If we are realistic, we must

recognize that the International Biological Pro- -

. gram will intensify present shortages We should
take steps to meet the situation promptly :
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The major problems to which the U. S l’nterna-
~tional Biologu:al Program ‘addresses itself are’
stated in'the preeeding section of this report.

. This section describes the ‘actions’ planned by
mmlttee a.nd 1ts subcommittees to

each subcommittee’

to. encourage the development of Fesearch pro-

jects. Participants will be asked to describe -

: prtsposed research speclfy the data that are to
be ‘acquired, a.nd agreée on the: mefhodologies*that
seem most’ likely to be successful These con-"
ferences and the reports of thelr proceedings

will enable’ seientists to (1) assess the relevance :
of théix current research to the theme of the -

al Prqgram (2) reorient

‘ “that research if they desire, and (3) propose new " -

essentiat projects

ENVIRONMENTAL pm‘(sronocv

L 'I‘he Environmental Physiology Subcbmmlttee
',plans ageries of working conferences to (1)
. develup spec‘lfic, detailed research programs; ”
i ments m methodeiogy‘

Vs‘appfepriate, :
red in cooperation with other sub-

PLAN OF ACTION .

A series of worklng conferences will be one of :_‘

the primary methods used by the subcommittees™ ‘ference is thé summer of 196 e

~'This confererice wﬁl’ examine in dept

= ,2‘47,,

. ‘'marine environments will be established. The

conference will be held at the Duke University -
Marine Biological Laborator Beaufort; N. c:
A plan for its organization has been drafted by
John' V’emberg (Duke) and' @arl Schlieper (Univer-
sity of Kiel). The Environmental Physiology Sub--
comniittee ‘representative’is add Prosser

: (University of Tllinois); the ‘Productivity of Marine‘ v
“ Communitiés representative is 'V

- Brock (Uni-
versity of” awa.ﬁ) The target da efor

phy’sipr(sgy of oiﬁnizgng;spe'ci*es

ology of* é'pemé's' curré‘ntls" expé‘nding

at Asilomar; Calif in 1964, It will'be devoted'
primarily to selection of specles‘ for study and of -

y measurements to be made, andfo develop!ng in=
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thﬁf agency . Te t'ttvely, it is plaxmed to Tiold ‘the’ o. Fenn will represent the, irwironmental Physi-
] where there is ‘much'inter- ology Subcommittee, and Dr. Frederick Sargent,

nts. T. H..Bullock and - 11 will provide liaigon with the Human Adaptabﬂ- ~
i]}ln represent the Environ- ity Suboommittee. o :

ents eccupry
and South Ameri

1 clude biologists fr
: ,continents The conference

ater, and nitrogen
temperature, and (2) =
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- PRODUCTION PROCESSES

In 1987 the Prodiiction Processes Subcommittee
will hold two symposia;: each of which will-be-
combined with-working conferences. The first’
sympostum will‘deal with physiological limita-

- tions 'on primary production under stresses of

--water and temperature variations, the ‘second’

: wul deal with nitrcgen balance

Y‘PRODUCTIV'ITY OF MAR[NE COMMUNITIES

The Subcommlttee ‘on Productlvity of Marine
Communities will hold five regional working
conferences. Marine biologists who, in replying
to questionnaires distributed by the subcommit-
tee, expressed interest in participating in the
IBP will be invited to attend. From these ses- '
sions will emerge specific plans of action, bud-

-gets, and proposals for reséarch: Programs de-
veloped at the conferences willibe reviewed by :
the subcommittee and by the U.S.'National Com=
mittee, and will then constitute the guidelines
for the national efforts in this area 6f the Inter-

' national Biological Program. The proposed
regions and suggested convenors are:

New. England States and Long Island—Bostwick
Ketchum

New York to Palm Beach, Fla.—Lionel A. Wal-
ford ) X

Southern Florida, Gulf States, and Puerto Rico—
‘D. E. Wohlschlag

Southern California and Hawaﬂ—F T. Haxo and
V. E. Brock

Northern Califomia, Oregon, Washington, and
Alaska—Dixy Lee Ray

Marine biologists have: expressed considerable
1nterest in- cooperative, interdisciplihary inves-
tigation of the:marine ecosystem and in planned
beneficial modification of the environment aimed
at isolating and-evaluating the factors and mech-
anisms that influence and-control marine produc-
tivity. These.studies will include evaluation of
hydrography and chemistry and examination of
each of the trophic levels. Cooperative efforts
of many 'specialists will be required.

For scientists interested in biogeographical
problems it ‘would be helpful to coordinate the
vessel programs of the coastal laboratories so
that each could concentrate its work in a rela-
tively small sector, thus avoiding overlapping
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and gaps in: the areas*studied and providing nearlyv
synoptic covenagé*(- Concomitant data on't tempera-
ture and salinity 5 it
water masses and to detsrmine the relation -
between the distribution and:the envt
characteristics.

In their efforts to describe the occuﬂ‘ence‘
and distribution of marine organisms,; system-

* atists and biogeographers have been‘hampered by-

inadequate support for working up and -maintain-
ing collections. These problems have been recogs:

© nized and steps to correct the deficiéncies are'

being taken

HUMAN ADAPTABILITY

The program of the »Human Adaptability Subcom-
mittee involves complex multidisciplinary in-
vestigations. Several working conferences will
be devoted to developing details of problem~

_oriented research projects. Scientists who have

indicated willingness and’ competence to particis
pate in planned research projects will be invited
to attend appropriate canferences Biologists are
encouraged to submit additional ideas and pro-..
jects. J

Regional Meetings

Five regional meetings are planned. Each meeting
will include two working conferences. The first
working conference will define the speciﬂc re-
search to be undertaken, decide on methods,
select populations to be studied, outline an ex-
perimental design, and establish working parties.
The working parties will (1) prepare details;. pro-
posals, and budgets and (2) prepare draft papers -
for consideration at the d conference. On’
the basis of the working parties' drafts, the
second conference will prepare an integrated
regional program and budget: :
The conferences will also give attention‘to
development of instrumentation suitable for use

in studies of human populations. Theywill suggest,‘ e

the size of populations appropriate to the nature
of each problem and give attention to details of
recording, storing, and processing information.
Provision will be made, where possible, for
storing human biological materials in central re-
positories.

Scientists from other countries wlll be included



nentlu s of 'granting

S tl\e gonteremesa ‘Repre

“hi an ada "ability, few are multidlscipunary to

e e envisioned; and féew have adopted

e standand :methodologies. The new. studies to:

5 defined will agsess the sources of variation in
. human; adaptabiuty and defirié:the adaptive: pm
ses by a battery:of accepted sta.ndardtzed

-proe”edure,s e i i

: M\midlsciplinary Conferences

Four multidiscipnnary working conierences are’
being: planned'
Human’ adaptability of. mi nts in Israel. Con-
venors: J; Magnes: (Israel), O. E: Edholm (U Ky
© and G. Mi Briggs (U:S.). The planning, pmimﬂarly

An rela;;on to nutrition, is bemg coordinated with the

b Study ‘of circumpolar soples. Cdnvenorl JOA
Hildes (Canadd) and/F."A. Milan (U.8.). W.'S.
Laughlin will be the representative of the Human
Adaptability Sub ittee.  An 1 con-
ference is projected ior the summer of 1967.

Ecology of migrant populations in the U.S. Demitri

.. B."Shimkin will be the representative of the Human *
Adaptability Subcommittee. A. M. Ostfeld has been
invited to e convenor. Two._working conferences
for 1967 were planned at nn orgmizational meeting
in November 1966, < &

~Prbblbms of adaptabmty among humn.n populmons
ding in high- : P. T,
-. Baker:(U.8,):: An organizatiortal meeting will be
.‘held in the spring of 1967 to develop, details for
_subseQuent worldng conferences :

s Other Conferences

g other working. confevences are bemg considered by
" the-subcommittee: These: iriclude gonferences on
(1) studies of primitive:peoples, (2):ecological

problems facing migrant racial and:hybrid: groups, -

and (3) socio-cultural aspects of health in: the
Pacific area, with:special reference to child de-
velopment in Southeast Asia.

5 ’Nuzrmrow

" The: Subtscmmtttee* an Ilse and:-M: agemi
3Biolagica1 Resoun il

- will include such’ ﬁopics & ndtrition] food science; - $

 Subcommittee on’ Use and. Mana,gement of BiologicaL 2
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:‘alpd se‘ieral worki

. rcerned with the carbon-nitrogen*—ratio nnd w'tth'__ S
4 rramino acid composition: 4

Another conference, scheduled lor M { tgan..
State University in 1967, will emphasize waste
and losses in food and féed. The 6-day session

biochemistry of food changes and preservation,
agricultural’ engineering, sofl ‘scienice’in relation
to food produc{ion, spoilage and‘preservation; ..
plant:di and.economic t "\gy, Ge(}rge-
Borgstrom;of Michigm State; will be the organizer.
.About 25 leaders:in.the field of biological con-
trol will be invited to 2 symposium workshop
schediiled for the University of California at

. 'Riverside, in 1967, under the direction of Carl.

Huffaker. Plans will be developed for research

- projects designed to establish and clarify funda- :

mental approaches.and principles. The forma-
tionof a world organization for blologlcal control
will also be dlscussed

- PRODUCTIVITY OF TERRESTRIAL AND FRESH-

WATER COMMUNITIES

Much of the efforts of the Terrestrial and Fresh-
water Productivity-Subcommittees will be focused
on intensive, multidisciplinary analyses ‘of eco-

systems.” Areas selected should be ones in which
interrelationships | between terrestrial and aquatic
communities’ can be inve gated—e g., drainage

basins. Where possible, the areas should include

“ both undisturbed:commurnities and communities.

importantly modified by human use. We: beliéve
that concerted efforts. should be made in'a limited
number of drainage basins representlng ecosystems
of the following kinds: Deciduous forest, western
conlferousfforest, grassland, desert, arctic, and
tropical. These 1d be suppl ted by
more restrloted investigatxens on related com-
‘munities. 3

-The need to understand ecosystems is so.vital

PRy 1

“that any ecological study addressed to IBP objec-

tives is encouraged. Two types of studles are
compl tary to the intensive investigations
under IBP sponsorship at selected locations or.
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centers: first, those paralleling special parts
of center-based programs; second, geographi-
cally extensive, independent studies yielding

synoptic-data for broad geographic comparisons:’ .

Studies which parallel parts of center-based
programs‘will ‘be pursued by collaborators at
“many locations and‘can contribute much to the
“overall objectives. Such studiés may deal with
_variants of the ecosyster components found in
the intensive’ study areas or they may be con-
cerned with'the responses of ecosystem compo-

_ nents’similar to those of the major study areas
but existing- under differént énvironmental con-
ditions. ‘These studies will be valuable provided
that the' methods are comparable and that the
data can’'be subjected to systems. analysis.

. The value of certain aspects of-ecosystem
analysis, particularly seasonal and successional
change and ‘productivity, is greatly increased by
a wide geographic coverage that includes inter-
national cooperation:: Studies of this fyge will
involve many independent obsérvers and must
follow standards (to be specified in manuals) so
that data obtained areé'strictly comparable. Ex=
amples of desirable: studies are:

Tlming of appearance and other events in life history
of easily observed and identified animals, both
aquatic and terrestrial

' Seasonal development of plants and animals with °
limited genetic variability and widely spread by man
Counts. or* wexghts of fruit or seed production made
throughout the range of several wide- ranging and
economically 1mportant species *

Harvesl 0[ pe'\k standmg erop of terrestrml and

: aquatlc ecosystems ¢
'Correlations of. seed yield w;l:h peak standmg ctbp
in ag\icultuml ecosystems

For the 1ntensive total system. studles,

‘measuretrients will| ‘be made of all'major com- .-~

_ ponents of the ecosy (s). Such ts
will: include gross production, regpiration; net

: f.f;production, secondary and: tertiary production;’

¢ mpos:ticm, excliange of matter with’

contiguous systems. soil and topographxc sethng

will be ‘given special attenﬁon :

- Examples of techniques to-be -used in measuring
components in¢lude’the use of isotopes: for tracing -
food chains and estlmatin rates of nttrient
cycling, remote imagery, such as aer:al photog-
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raphy, radar, sonar, and undérwater TV
biotelemétry; laboratory microecosystems; and
physical and chemical methods, such ‘as-chroma-:
tography, nuclear magnetic resonance, atomic
absorption, activation analysis; spectrophotom-
etry, calorimetry, and respiration chambers
with automatic gas analyzers.

Systems-analysis techniques will supplement

“‘more traditional methods of gathering informa-
.= tion.- The newer approach will be applied in at

least three '1mpo'rtant ways:
Examination of exming data on’ecosystem: proces-
ses by 'sensitivity analysis of certain:faetors.as
an aid in allocation"of resources t‘or integrated
gystem-studies :

Use of computer techniqnes for rapid drg,aniza(ion
and analysis of data derived from phases of total
system studies: that involve electromc recording
equlpment &

Analvsis and integration of results obtained from
studies desxg‘ned todevelop and test ecological
theory’
Because of shortages of biologists capable of
undertakingthe type of studies needed, training
is a major concern Three phases are essentlal, :

University pre- and post-doctoral programs that™ 8
require close cooperation between t}:e basic biologi-
cal and natural resources departments and those
responsible for training in'physics: chemistry,
mathemnhcs and computer Science

Spec)al msntutes for instruction -in mod n methods
for the pracu:mg ecologists s

Short courses-or symposia for: blologists wishing
to become-more familiar with recent advances -

At least three working conferences under the
sporisorship of the:Subcommittees on Terrestrial
and Freshwater Productivity will be: held during”
the winter and spring of 1987 to define:more
clearly:the work to be unidertaken in analyses of
total ecosystems and contributory ‘'studies. One
conference will onsider criteria to be used in

selecting sites for the total’ System studies. A"

second conference will outline pr;ocednres to

be used (1) in the eontributory studies, which
~will parallel parts of the total system: stnd:és

but-will be.: carried out in many locations under-
different.environmental conditions, and (2) in

~accumulating ‘synoptic.data on plant and ‘animal
‘development (phenology); fruit and:seed yields

of wide-ranging and economically important

‘species, ‘and harvest of peak standing; cmp of.

aquatic and terrestrial ecosystems. A third co_n- ;’ 2

: Ierence will be held May 18-19 following the
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Radioecology Symposxum at. Ann Arbor, Mich., " ral'areas on Fe&eriﬂ ‘lands #Sirice some ecosys-~ °

‘to plan appropnate systems ana.lyses for the , - .tems-extend beyond U.S. boundaries, Canada and

- total system studies and the contributing studies. Mexico will be invited to participate in. developing

; - and maintaining reglsters The subcommittee wtll
encourage and facilitate necessary expeditions
and surveys to acquire needed information. .

' {CONSERVATION OF ECOSYSTEMS =

Far too much of the:animal andpla Establishment of Reserves

~world is threatened with destructmn, ¢

';:\One of: the goals of the ; onserwation oﬂEc sy
Subcommittee will be to-establish within the U:S:

mdustriahzatmn of prevxously underdevetoped, 5

. countrigs, and mtensﬁicatlon f. agmculture, and its possessions a comprehen ive system of
- forestry, ;protected research reserves: The system ‘will.in-
‘exists in all parts of the world but is most-pro-; .- clude samples of all major aquatic and;terrestrial-
nounced in tropical. and subtropical areas; where ecosystems that are needed for present and future
recent changes in land use have been especially “research. Local specialists will be asked to assist
drastic. Only the. specmhst fully realizes how in locating, describing, and justifying the estab-
extraordinamly restricted are the ranges oi lishment of areas. The subcommittee will provide
many spectes : s : _information on the scientific basis for protection,”
ER Sy e advise.on practical steps'toward Jmplementatmn,
S e . = WL and, as appropriate, stimulate action to-accom- .
Registers of Ecosys(em's A plish it: Not all'needed reserves-can be established '

) at once: Consequently, a system of priorities, .. -
The Conservatwn of Ecosystems Subcommlttee ~“+ with appropriate criteria, must be set up: some—'

. proposes to encourage the establishment of a what as shown at the bottom of this page. .. . : &
cleannghouse for-collecting, collating, and Wherever possible, new areas will be located
disseminating extsting and new information on " on lands or waters already in public ownership.
the major aquatic and terrest al ecosystems of In other cases; efforts will be made to Jpersuade .

" the United States. These data be publxshed i appropriate pubhc or private organizatlons to

- the form of registers, wmch'w:ll include, for ch . invoke zoning restrict;ons, easements, or coye-

area, a basic descnption, a statement oi the p nants, or to purchase ‘the area. Efforts will be
pose for. which the area was established; a_sum- made to identify public and private sources of:
{ At ‘management, “and a : acqmsitlon funds. Once an area is designated,
list of facilitie ailable for research. The first . plans ‘will be drawn up for its protection and E
- of these rggisters 1s bemg prepared by a commit- - ‘rvmanagement The plans will specify the pur-
' posé for which it'is protect d and the use
~wh1ch it may best be put w

s Arens Affecte.d
hitat types immin ntly thi atene
reas rep ting uniqu habi@ait tyggs oF

presgnted m ex:stinm ,
habitat &ypes not 1nclude

mple, areas
ofhabitat types, or areas.
| 'icu}arly suitable-as
parable attribute. .

significance

<.+ having a long history of sound &
research facilities-beeduse of ease or g
< Areas ‘that are representative of other widfely»spre
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Use apd Mgnggement of Preserved Areas

The Conservation of Ecosystems Subcommittee
will prepare survey checksheets describing natu-
ral areas for.use by the Monks Wood data center.
Also, the subcommittee will sponsor the prepara-"
tion and publication of comprehensive ecological
surveys. of preserved natural areas in the: United
States. The cooperation of the Subcommittee on

; Systemahcs and Biogeography and the Ecological
Socxety of America will be sought to further this
program. To insure comparability of data and,
comprehenswe coverage, the subcommittee will
prepare appropnate handbooks on the ecologlcal -
and systematic aspects of:the surveys.

Certain conservation groups—e.g. % the Nature “

Conservancy—have already:begun.to develop in-
formation needed in negotiating for ownership of
reserves. These groups will be asked to assist
- in preparing and.distributing a compendium of
these "legal" guidelines to potential users.
Attention must also be directed to the means
..-by which areas can be most effectively protected
. against misuse and destruction ‘by private indi-
- viduals and organized groups. One or more
persons experienced in matters of this kind will
be commissioned to prepare a list of measures
needed to reduce damage to the minimum. The
information will be 1ncIuded ina management
handbook.
Finally, a program of continuing research
will be established to formulate specmc manage—
ment teéchniques.

SYSTEMATICS AND BIOGEOGRA PHY

‘Ttis essential to investigdte selected biotasof’

. major systematic and evolutlonary significance

currently threatened with destruction. Two such
studles are summarized here :

Hawaii- Project

The Hawaii Pro;ect will be a detaxled, long- term,
comprehensive investigation of the endemic and

invading biotas:of ‘the Hawaiian Archlpelago This -

‘group of islands supports one of the most critical
biotas in the world—critical, because of an ex-

ceptionally high level of endemism and the rapid-

ity with which it isidisappearing before the on-

83-275 O - 67 - 17
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slaught of man and of introduced animal and
plant species. Furthermore, these islands are an
outstanding natural laboratory for the study of
evolutionary processes, on which a considerable
background of previous work already exists. The
following features make the project highly -ap-
propriate to the International Biological Program:
(1) The project is feasible; (2).it can provide a
model of how to deal with endangered floras and *
faunas; (3) it is urgently needed; and(4) it will
serve to dramatize the scientific basis for pre-
serving ecosystems,

-Tropical Latin America

In many areas of Central Americé- and riorthern
South America, highly localized, endemic faunas

- and floras are being destroyed by man's activities.

This is particularly conspicuous. in‘the northern

:Andes. Colombia appears to offer. the. most

promising site for this study; sites most suitable
for comparisons at different altltudes and in the
different ranges of the Colombian cordillera will *
be selected in consultation with Colombian sci-
entists and others with knowledge of the area.

HUMAN RESOURCES

In recognition of critical shortages of trained man-
power in this country and of the need to assist
developing countries through education and train-
ing, the U.S. National Committee will—

'Encourage the representatives of Federal'agenciés on
the Interagency Coordinating Committee to- cel]aborate Y
on an undertaking to. (a) increase support for pre- -and
post-doctoral training in'this country; (b) identify
funds in each agency that cgh'be used in training sci-
entists in developing countries; (¢) encourage sci-
entists submxttmg proposals for research in foreign
countries to, plan on using students in these areas for
training; and'(d) support requests for travel funds
‘needed for participation in U.S./IBP activities,

Sponsor mtermsututmnal cooperanon so. that facultles
and facilities can be pooled and: exploxted particularly
where specialized resources in statisucal techniques;
systems analysis, ecologlcal managemenr. etc., aze
ava:lable
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APPENDIX

’GUIDEL!NES FOR PARTICIPATION IN THE INTERNATION’AL BIOLOGICAL PROGRAM

. 1. lndivldual scienusts, national societies, or other scientiﬁc gmups who wish to participate in the
IBP:should—
LA become thort)ughly familiar with the nature, obJectlves, and general scope of the IBP as outlined
herein, e
b, deﬁﬂe precisely the relation between the project they wtsh to propose and those objactives,
c. establi ‘that the projects will benefit through ‘international cooperatlon' and * £
d. submit the proposal to a grantmg agency and a copy to the Executive Secrstary, U.S. National
Committee, International Biological Program, Division of Biology and Agriculture, Nationﬁl Research
Council, ‘2101 Constitution Avenue, Washington, D.C. 20418."
2. U.S: sclentists are encouraged to review ongoing research in biology and’ determine projects that
would coritribute, to and benefit from inclusion in the IBP. Ideas; suggestlons, criticlsxns, and com- .
" merits ‘on the program should be sent to the’ IBP office (see 1-d above). ) :
3. The USNC/IBP. is hiot a granting agency; therefore, it can: ohly review. and evalnate proposals
fram the point of view. of, approprlazeness for the’IBP.
4. 'Proposals recomiménded by the USNC/IBP will: compete for funds wlth other propoéals. Final
judgment as to provision ‘of funds for a proposal rests with the granting agency: -
5. Proposals are to be prepared in accordanoe with guldeunes provided by granting agenc!es.

ORGANIZATION OF THE IBP-IN" THE UNiTED STATES

National Academy of Enqtneerng

‘ umnm Acadéihy of Sciences l

I“Nf onal Research Counc'i_l.J s

.| National. '} ;
i o) Academy -
= | Biometeo= e T i

i

| Committag on
|- Atmosphetic
_Sciences |

‘| Task force:
Blologlcal ;
Cofitrol
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AM STATEMEN

. A There is hlgh sc1ent1f1c value in preservlng samples of
ftyplcal envlronments, ‘both those: relatlvely little dlsturbed
“ by man: and those Shich he has materially modified. There is
a1%o decided practical value in applylng what is lesrned from
"the observation- and manlpulatlve study of such enVLronments.

Areas preserved for long»term sci nt1f1c use prov;de nat-
- for the udy of ecosystems in all their-var-
ino ding their 1nherent b1010g1ca1 pro--.
as or yardsticks for the
and’

~1ety and complex ty,
ivitys  They. cah serve‘:as check are
rotection, and management of comparable areas of 1and
. - They furnish basic: ‘data for the. development of- guldes

. to rational resource management, ‘such as land capability classi-
\’kflcatlons. gny relatively: undisturbed areas are the source of
_animals emploYed in experlmental medlcine, espec;ally the large
. primates. They are reservoirs of gen: tic ‘materials: whlch may

one day prove to be of economlc or medicinal value.“

i It should be empha51zed that thes Subcommlttee'on;Co o
;vatlon of Ecosyst ms is conderned with all types of ecosystems, -
~d a component of them. In- ome “eco-
domlnant'enVLrenmental ‘factor, as in a field
In. others he and his 1nf1uences arevrelatlve—’
~as ln the management of ecosystems devoted to. -
In‘stlll others ‘he is essen- 2]

5 Establlshment w1th1n th :
posse551ons of ‘a comphren31Ve rsysten of protected
,esearch reserves. This system Wlll 1nclude
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examples of ihﬁgnsively'managed{epok
of all important natural ecosystems E
. whi¢h willbe"available only for observation,
" others of which may be manipulated) ..  The natu-
. xal ecosystems will serve also as pools of gen
. tic material. T A o R R

2. . Deééripfi&ﬁ of the'eéolbgical»charactepisti¢§ s
of each of these‘reserved‘areas. e S

3. ~Appropriaﬁe management of these reserves.
4.\ 'Effective participation iﬁternationaliyg‘fiu.‘S:‘ 
biologists—in'aécomplishing the IBP goals. =
'PROGRAM.

To achieve thé,objegtives‘stated above the Subcommittee ;e%_
quires . the following activities: o ! i

A.  Criteria fof,Definition‘of Ma%ér_Ecoéyéte@sivu e

There is,.as yet, no- fully acceptable ‘scheme forrdefini-
tion, delimination, and designation of major ecosystems, nor
is it likely that such a scheme will be devised in time to
‘Serve the purpose ‘of the IBP. Hence, for U. S. use, it seems '
necessary to adapt such existing classifications as are al-
ready in use for‘desigpation,of cover ‘types and other diagnos-:
tic features of natural areas. . . s

e The, terminology used in the list of natural areas on' .
' Federal lands, the.legend in the Shantz and Zon Atlas of Ame .
- ‘can Agriculture, the system used in Kiichler's vegetation map of

‘the U.. S., the scheme usa@ybyAPfdject_AQuagAand]otheré may serve
as & base. i e G T D U IR T

The' Subcommittee will adopt and‘publishwforfIBP'use_g
wvisional scheme\includinq-neededmdgfinitions,, The;sqb¢6mm1t  b
will ‘Welcome constructive critiecjisms and'suggestions'leadinggto,‘wg
eventual establishment 6f a more definitive' and ‘scientific i
-schemes . A S o ; wSE AR O




. tion about various kinds of res
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“lationy

~major ecQSystems of the United
of ecosystems in the United Stat nd a jolnxng
Subcommittee proposes to- invite: pi ticipation of Caﬁada and.
Mexico in malntainzng a jOlnt reglster.'»

: Where needed to compléte knowledgé of the” array df ecosystem
‘types, the Subcommlttee will encourage and fac111tate necessary
1exped:.t:.ons and surveys.”fc;

tanﬁlal amounts of 1nforma-
7es in natural and, managed eco-
“on natural areas on Federal

Many groups haVe complled subs

systeMs. For ‘example,- 1nformat1
“dands is belng compiled by & committee of Ifiterior; Agrlculture,
and Defense; thé National Park Service maintaihs-a Natlonal Reng~
try of Natural: Tandmarksy - the, Nature Conservancy. has extensive
. “records of natural areas: oh pr-vate lands; a commission of -the
- AAAS compiled a list of areas kiiovn to be used for ecologlcal
‘research; 'a number' of states Have 1istihgs of areas within: their
boundaries; the Society of American Foresters has 10ng been con-
cerned w1th natural areas on forested areas.,f

o

i s Informat1on is" needed about owne
w,vprivate

and permitted use (ob
latio £ reserved areas for
- managed ecosystems in the: Unit
“ heeded on areas of meortance
" studies:
awarded some special statu ¥

g ; The reglster referred to
: area a’ descriptlon, ‘th Surpos

e Establishment of all addltlon
“accomplished at ‘one time.

such" areas may be' 1mposs1b1e’t
by

e*for establlshment, the pollcy

Consequently,

rship’ Federal, other publlc,'
gervation or e perlmental manlpu- i
research on natural ecos
ed” States. Information:
to science because‘of pre fous'
eserve, but. should be
déélgnatlo»fas ﬁscl\‘ re

in B above w:.i

ties available for re~,;”val5

al reserves needed cannot be
a system of prlorlties
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_must be established, along with dgitéria;for:thétptiétities,w
:jThefc;iteria:Will.in¢;ude”the"following{‘ b iy

1. Threat. Types of habitat areas immi-
itened by destructipnﬁpr: 
. - dam is factor is of utmost im-.
© . portance when combined with one or .
‘-more of the criteria that follow. . .

“.z,fvﬂugiggenéss;f'Areaé‘that repiéSent*a‘~
S :,uniqueshabitatﬁtype or' contain unique ..
~.species.. .o SL S

3 «;gzgiéalness;‘jAreas thatfa¥¢‘fépresen;
. tative of the common, widely distributed
and therefore important ecdéystéms.;h

b Rargtxqﬁ Aréasarepresenting‘xaré'habitaq
types;notgproteetédIqrginsufficiently e
. Protected by existing reserves. ;

~:5}‘,Jé§ﬁgletené§s;u5Aiéasiiepresénting‘a habi~
: dt type not included in the existing re- .. .
érve system; and neededrtq;insurejthatwthee;v;

. sys em~prdvidéskcomplete:govefage.ﬁh%

."6.. . Research Re irements. - Areas required |
~ to provide protectionﬂfor~examples of -
each habitat: type —= sufficiently. large .
- 9. numerous to- satisfy needs, for manipu- .-
I et latcry;reseArch.as~we11 as research based
. on observation. - . T e

i Other -Un sual Scientific Signigicance

“Areas deserving status of researc
.because of,someuunusual significaj
as: e T L

“oi@, o Areas that‘¢ontain‘a§particu1ar jux~4:Q5¢[
~.‘taposition~or‘combination'of~habitat'
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LT complete a reserv :
ples of all major ecosystem for presernt
’researchff irements, the aid of loc

Wherever poss;ble n
feady in public ownershlp.
not available in'public ownexs
sure permanent preservatlon b
public or private organizatio
_easements, covenants,: or ‘out ight

" funds. Once an area'i
,c0uraged to prepare plan
: and to speclf the purpose £

The . SpeC1al Commlttee for the IBP (SCIB
‘worldwide preparatlon of data he‘kv ts on'

‘ ion to preparlng chec she t
EcOSystem ubcommittee will support the exec
catlon of comprehen ive"ecological survey of

" the Subcommlttee wi
of Amerlca in organlzlng
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_with the Systematics and Biogeography  Subcommittee, the coope-
“ration .of ‘the ‘systematic societics in those parts‘of the program . ..
pertaining to faunas-and floras. , s Ty
2 Felilk N e A A iy % SRR R =
In order to-have comparability ‘and comprehensive coverage, .
there will be prepared appropriate-handbooks on the ecologieal -
and systematic 'aspects of :the surveys, including, where useful, y
pPreparation of.local faunas and :floras. . In addition, it is ex- S
pected that the completed surveys will result in a descriptive
 pamph1et‘of;each area. Gl ; i

G. . Reserved Area Protection and Mégagemeét 

To insure a minimum of legal complications,«maximhm;returns &
for funds expended, and protection against infringement by un-
. desirable interests, it is necessary’ that.acquisition of natural
areas be undertaken with full knowledge of appropriate legal
procedures. : F% e T D! RO e B

Certain conservation groups, includingvthe’Nature Conser—gk
“vaney, “have already initiated the development,of information

which should be taken into' consideration when negotiating for

,‘ownershipiof:natural reserves. ' The Conservation:of Ecosystems
. SBubcommittee proposes to ask one. or more ‘such groups to assist ..
in preparing :and distributing a compendium of "legal guidelines."

Similar attention must be directed to means by which natu-
ral areas or reserves can be most. ‘suitably protected.against
misuse and destruction by private individuals. and orgaqized'groups‘
'The degree:of security required will depend, of :course; upon the
. purpose for which the natural unit ‘has been reserved. The Sub-
. committee expects to commission one Or more persons experienced

“ in'such matters to prepare a compilation of measures needed- to
“insure: a Minimum,of:destructivéﬁactivitiesvin the various types”
of natural ‘areas.. ' It is anticdipated that the: \g .
tion will be'included in:a handbook for distri
concerned with establishment and management of ‘r

éserves.

H. Research’ on'Natural Area Management .

"Becausg-naturallareas,orwreserveS'may'be-establishea for a
variety of special purposes;: the managenment techniques applied

to a particular unit will depend upon the purpose for which that
unit was“established. Managementkapproaches suitable for re=
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k serves establf he to perpetuate~,/part1cular ecosystem or @
“gpecial blologlcal ‘entity would ‘be' different from bhose
able. for areas intended to ‘serve ‘as -sites’for manlpulatlve«
‘search on components of ‘an’ ecosystem similarly, -procedures
suitable for managlng areas de31gnated for |preéservation or re
storation of a: particular ‘succesgional stage would be: dlfferent
_from those -suitable" for units wherein: natural processes are to -
proceed without interferencekfrom'man s influence. ' a greater
numbér of instances, however, we do not know the “steps needed
to insure success:. ~Accordingly;’ the Conservation: of” Ecosystems
Subcommlttee recognlzes ‘the necessity of.a substantial and con-

‘Qtlnulng program ofﬁresearch to deVélop the requlsite informatlon.

i hylaboratory blology has led toa decline’
: terested in: descriptlve ecalogy But
,.the qoals of Con erva’ n: of: Ecosystems ~=''in fact, the goals i
of all the IBP == requlre Justthis kind of careful observatlon
and. recording. ' Until’ the universities change thelt curricula,
we shall be short of these people.,' 2 R

1. Teachers in: small colleges - even high- schools
¢ 4= who, though overworked, would benefit from . -
J-beihq out in the woods ‘in’" their spare time. -
Uiwithior without their’ ‘studeéntss they coul
’luable contributlons to’ the fund 0,

and homes.

“ﬂ2,4"Ablé‘§mateurs also ‘exis
! _worthy ‘conty butlons to bi 1ogi

3. Evén the profe551onals in laboratory sc1ehces may,
and often do, find great satlsfactlon in spares
time outdoor observatlon,»especlally if. they can ,~'
See how it «fits into a: ‘bigger patterni At present %
.,thls potentia _1s~mostly wasted R sy e

4?” Sl oThe Subcommlttee hopes to. flnd a means to channel this i
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: n imul PeGP
© 'such a fashion that their. observations ‘fit in.an or
_tern. of ‘knowledge. - Suqh~organizedUObsérvationwaulvW
‘a‘valuable. flow offih’OImation'pertine" to.our IBP:
" Equally important, It ‘would enable the volunteers?f
"1d”nﬁ1ty with an lmportant internatlon L pf : :

: . The ‘first. essentl s:a glea;
.€ing” framework 1ntoqwh1ch such. part-tlme ef ort

: ¢ As an example of a move. to brlng dercriptlve ecology back
“to-its proper place in th‘“educatlonal cture, the Conservatlon /
of - Ecosystems Subcommi. vites the proposedfa'lnt -Bmithsonjian-

N program in: daacrlptl,

arlous programs to a351st in the créat
of a world—wide system of r Y
Scientific basis for them lestablishment and management‘
cooperatlve work w111 Lnelude‘

‘ A331stance in the location and develop—"
'fment of multisectlonal field research
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c:t'ng researc i
on of articles, news. ‘releases, and
r publica—
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sourc
ok tre mankind.
,Research “in many: ar as is urgen ,y needed, but it 'igr ized
(_that only limited areas can be emphasized in he subcor ttee's pro-
gram. Research 1n the followxng area is proposed for i .
phasis: R . ; . '

l;nf:Expan51on of programs coneern;ng the preservatxon and;‘,:‘
utlllzatlon of plant. and anlmal genetlc stocks. o

2. 0pt1ma1 use of biota t prevent loss of rops or h

,fvested commodltles to. pests sects, weeds, dlseases, e
etc.) ‘and as’a. means of reduclng pollutlon (for example.,V
pestlcxdes) ;

3. Optlmal use of varlous types of blota (such‘;
organisms) to enhance productlve processes.

oordlnatlon of productxon w1th nutrltl n neeas and watt
-;processing procedures. ‘

se of mlcroorganlsms to make"usable,
e onable;, the pollutants thet human
':the envmronment. ; : :

villzatlon/adds to

isms! 1n the prepa-

: -»é.k Optlmal use. of mlcrobl g
o C y nsumption and utlllza—

.-;rat:.o_n of fOOdstuffs_
' tion of waste, ‘.7

i It 1s prOFOSed that the IBP engage 1n pro]ects to promote eco=
tllogical management as a prlnclpal"method of pest: control, with em~
_phasis: on the use of predators, parasmtes, and pathogens.,v

o he field of baolog;cal control is essentially one of 1nterna—
tional coopepatlon. Such cooperatlon makes posslble the dlscovery 3
¥ ! ' ! Ta o 4 L
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and 1ntroductlon«of natural enemxes f 'asts.

A pr1nc1pa1 goal w111 be the nding together o sever‘l ave—
" nues of ecologlcal management, cehtered around optlmal

ral enemies.of the pest organisms.:

ant hosts and other genetically based techniques;
in general. use of lures ‘and: repellents, :and comp
“ment. o :

ader écop‘ although it
- ‘will-adhere to. the unifyinq central cor ,Qf'thIMal utlllzatlon of
«biologlcal control gents.j‘“ : e

; g eir object1Ve the estab—.

- shment’ ‘and elucldatle of fundamental prlnclples of- blOlOQlcal .
““control ‘that will be of 1nternat10na1 value.g The follbwl

;’lﬂg programs are. proposed; i ; :

he organlzlng of an Internatlonal
gical Control to be-held at the!

‘fornia-at Riverside during 1967.
eaders w111 be: invited to: particlpate.

1. . The IBP prop
U0 Symposium on
. University of
About 25 worl

“for B OLOQLcal Cantro,q J
headquarters atia:. flxed 1ocathn a
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ires 1ntercountry cqépe
of germ plasm may be

th almost no na
and preserv

@rs of majoracrops, primiti
'crop specles form. a wealth of genetlc dlyer‘
-xsources ef adaptatlo Lor resistance to en

y wmth ‘other subcommlttees 1nteresue 5 :
‘\germ plasm-—namely, “the Subcommittees on Product1v1ty of Terrestrlal
b onservatlon of Ecosystems, i

TWO progects ‘propo:
road framew rk w1th1

:00111ns, Colorado.

veceived and dol umented'»'

~breeding lines, and pla [ 3

. to 1ocate, descr ;an preserve lmportam ge etlc marker'col o=
: ; y L em has g on.

uquantlty produdtlon, and other
odn danger of loss to future bl 1oglsts.
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The Subcommittee believes that blolpgists should be encouraged
to make such: collections available' for .preservation and’ that the
Agricultural. Research Service; in cooperation .with other- agencles

-7and biological socletles, should document such collections, and
£ undertake to brlng them into the NSSL as a phase of the IBP.

: There should 11kew1se be formed a worklng qroup on' he -
vation of genetmc‘stocks. - The group: would advise onﬂthe merit
lnd;V1dual COlleCtlonS and on technlques of repropag‘tion ;

ANIMAL GENE‘POOLS,;‘
Because of the many barrlers to movement’ of ‘apimal genetlc ma e-
rial from one ‘country to another, and the rlsks involved, an inter- -
~national” ‘study of blood is suggested as a means of 1dent1fy1ng the ;
location of: genetic material and providing’a base for future investi-
”gatlons on the use of these resources : f co o

Seventeen countrles ‘have ‘expressed an. 1nterest and are part' o
~pat1ng din such ai program ‘The Subcommittee is Proposing the develop~
i ini >center or:, centers for scientlsts of the- coopera—’

'THEﬁTHIRD'DIMENSION'OF EQOD

Food is usually appralsed in terms of production’ and 'onsumpe
tion.  Less attention is devoted to utlllzatlon procedurés, the v1-‘
“tal 1ntermed1ary dink. : This third dimension, of: food prlmarlly in~ -
volves ‘the contro of. deterloratlon, waste, and losses. i :

L. The sﬁbc mmit—ej\"'"
tee; is. prop san and sponsbrlng a special cevference for evi
= methods to- be applled Ln thls area: (see

fg

'”Thls thlrd dlmen51on of food also encompasses the tas,
plant products available. to man!' s gastrlc ‘system; .. removing delete—:, y
rious components (1ngred1ents) such as antitrypsin factors, antlth'a"‘
mins; .and :saponins;. supplementing some: commoditles Wit

‘tuents;i a elelnatlng nohedlble portlons -
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ted t rfermentatlon a
) s where m@d-

Speeial attention should: e~a1ree

- productivity
crlteria with both the quantlty ‘and quality-of -
So far, ‘quantity has largely been given pr
ritional needs. ~The ratio;: protel ;

iority over

- on Product"n Processes and
i task force to: develo

The Subeommittee is sponsoring the coniver
the: Waste and Losses

2) the penetr tior
«(3) the con yance of e
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‘spray
‘respéct will: be in-.
e developed by a task
Blological Resources’

] posxtlon as Well ‘as the 1nf1uence of fertlllzers, ‘irfigation;
materlals, ‘and - other- production factsrs 1n th
cluded. * The ‘program’ of this: symp051um i

force jointly appointed by Use and.Mahagem
and Productlon Processesf ubcommlttee

mTRIf'TI‘oN& E R

' The nutriﬁibn’program of th1s Subcommlttee ig env151ﬁned‘as be- 5

osely coordinated with- nutrltion aspects of “the Human - Adaptabi—k}

: 11ty, Productlon Processes, and Terrestrial Producthlty Subcommlttees;
The National Committee ‘of the International Union of Nutriti Sciences,
cooperating with the Internal Programs commlttee o) )

‘Research Council Food and Nutrition ‘Board, is assumlng res;

.- as'a working group: ‘of the Use ‘and: Managemen “of B ol@gléa

“Subcommittee.  Animal and human nutrltlon are vi
= in the total-progfém.;- : o

"“A. ¢ .The Subcommlttee propcses to- emphaslze 1nvestig
: . protein ‘supply, includitg Both quantlty ‘and quality 3
© will include amino acid<balance and protein utilization .-
“studies as well as “the use of: fish products as. proteln sup-
rplement. : . g

T B. The Subcommlttee encourages broad studles of the fundamental

: role of fatty acids, both ‘saturated and unsaturated, in’the
total nutrition of humans 11v1ng under dlfferent condltlons o
of env1ronment ‘and stress.;“” ’

c.” 'A ba51c riced” is for studles of the adaptatlo of o :lati
. to lévels of dletary ¢ ¢ 3
f;pormal

The relati ﬁship$ of nutrition to the 1nc1dence' 3 alsease
and parasitlsm isa major study area to be 1nc1uded‘1n the
" ‘nutrition programg ;
influence of ‘fact
,ence¢10d1ne requlrement as 1t pla

s, such. as gomtergens, which* a:
y & role 1n hyr01d def
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of countrxes

cal areas in Israel (Coop. U. M )

’xMethodol'gy worklng conference on the"cology.ff mants

E ’ An evaluatlon of N.
 fU 1ver51ty of. Mlssourl)

~1‘Internatlona1 Sympos1um on BlOlOglcal Co’ rol

= ,International Center‘for Blolcglc
__Traln ng. center for ecologlcal'management 1n pest
_‘,families of entomophageus insects of the WOrld
‘fcooPerating) e ;

i Development of soy~based fooés of

 INTERNATIONAL BIOLOGICAL PROGRAM

s appl cab/e in a wide
Spqnsored by USNC-IUMS.. (Dr
,ntY of Iowa, coordlnator)

Krehl, Un1ve»_

Adaptation of human populatlons from varlous geoqraph

‘food (Michigan State Unlversxty, various departments

Rk c. anlmal nutrlent requlrements ;
ituations. (Dr. w. H.;Pfander, i

side, Callfornla, 1967)

j”oneror; 4

Preparatlon and publlcatlon of 1ndexes of 1mportant . :
«(De Bach,

igh;pgtfitibg;yalﬁgfﬁ
(Dav1d Hand, orﬁell) o Sk S
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cnu ADDRESH: NAn:co
n.truons. ¢cuﬂv: 3 etoo

]EMY OF SCIENCES -

“the program :
) the prOposed u. s.‘eﬁfc t.
34 1966 at- wil

~PT program
nclude the

37follow1hg-;

ph Connell:
F. caoper -

aski g for nominations. ofHIBP study areas.v“
» he criteria to.be used for site. select {6}
for. mak1ng nOminatlons. This sqppleme
alnt meetlng of ‘the subcommxttees 1n Chlcago 1n

;o 4 i : They are from the Appendlx
wjto the report ent;oned in “the £ est sentence of this letter.
o fac111tate your'partlclpatlon in the Inter-

fl societles, or’ other

*hére;nﬂ o

(i“JJeG ves, and general scope of the IBP as outl n
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b deflne precisely the relat;on between the pro;ecf‘
they wish to propose and those objectlves,‘ k
E c. establish that the: rejects will beneflt through
'1nternat10nal cooperatlo :
ot . d. submit the proposal to a grantlng agency and a
"copyjto the Executive Secretary, U.S. National Committee,-
International Biological Program, Division of Blology-an
Agriculture, National Research: ‘Council, 2101 c0nst1tutlbn‘
:’Avenue, N. w., Washlngton. D C. 20418. =

2.~ U. S., ists are encouraged to rev1ew ong01ng” -
| search in biology ‘and. determine projects that would contribute
. to and.beneflt from inclusion in the IBP.  ‘Ideas, suggeSt ons, -
criticisms’: ‘and comments on the program should be sent t :

: IBP office (see l~_“ i

3 mhe :
~+ocan only-review and
. of: approprlatenes

4.‘ ProposaJSgrecommende . by the USNC/IBP Wlll compete foz
' funds with other: proposals. Final judgment as- to prov1sion of
" funds’ for a proposal rests with: the grantlng agency

5. Proposals are to be prepared in accordance w1th gulae—
llnes prov1ded by grantbng agencles.‘*

P 'Suhéépmigtg

i

P, Silliman

H. Whittaker
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i ’I‘he S~ COmm ttees qn Productiv1ty of Terrestr:.al CommunLtlesi .

“ ~and Productxvxty of Freshwater Communities have proposed the .
‘-study of whole ecologlc 1 systems. such as drainage basins and

: to be aced on rxelatmn 'among L

Immedlate goals xnclude the analysis oqu
,systems as’ energy flow, nutrlent chllng
~spatial patterns. interspecies - relation

. goals ‘include the*undeﬁstand ng

For these feasons,. each area se.lec:te .
\st be prov;ded withy . services ahd fac
llaborative, concurtent projec, g

study area, an y addltlonal materlal
;by the sponsor g ;
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- Each nomination will be evaluated by a task force consist-
ing: of (a) members of. the PF and PT Subcommittees, and (b). ad-
ditional scientists qualified ito evaluate proposals concerning
a given area. ' It is not anticipated that any one area will
satisfy all the ¢riteria listed below, but a proposed area
should satisfy enough criteria to assure the task force that
intensive ecosystem studies are feasible. : & B

Persons nominatingvstudy areas should consider the following
outline in preparing their proposals. If an .existing facility.®
is involved, distinction should be made between past accomplish=
ment, present activity, and' developments that may result from the
Proposed project. Include a statement concerning the relevance
of any proposed research to the objectives of ‘the Internatibnal
Biological Program. ' et

“Informal communication, prior to.the formal presentation of
© a nomination, is encouraged wherever it seems desirable. All -
members of the ‘PF and PT Subcommittees are available for such
consultation. 3

Qutline of CGriteria

I. Characteristics

Describe the characteristics of the' ecological system
and its surroundings which would make the site suitable
‘for intensive ecological study relating 1and and water.
Consider ‘the following:"
A. Size of available study. area(s) and surrounding
buffer' zones; ievidence of discrete drainage basin.

B.' Assessment of.study area from:standpoints of both. *
diversity and homogeneity of the biota,

C. - Geographic relation to widespread or local
community-types. e ? : R

D. ' Kind, degree, ‘ahd duration of man's'influsnces;
include historic 'and prehistoric influencesas
well asfcontemporary ones; include favorable
and unfavorable aspects of economic and legal
setting of the area. ;

E. Degree of:control, including
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. .ability to assess change (weather, human and:
“other disturbances): . . . ;
_feaslblllty of manlpulatlon ;
‘effectiveness and contlnulty of admlnlstratlve

M
o .control.

‘iII Attributes favorable for study

. -Summarize. Lnformetlon on the fallow1ng 1andscape
’features- %

A. “Meteorology

»cnydrology (lncludxng ground water)

C.  Geography and topography

D. Geology and geochemlstry
E. '50113
~F. Physical and chemical. limnology.:

G. Blotlc systems

III.,Prlor research }
; Summarlze exlstlng knowledge WIth respect to:
©A. Adequacy of taxonomic. coverage

B. .Avallabllxty of local specmallsts on.taxonomic groups

C. . Availablllty of reference collectlons

D. ’Records of paleOecology

g, Records of pOpulatlon hlstorles"

F. Avallablllty of data on blomass, productlon rates,
: and human. use..

L IV. Physicel.facilities i

Descrlptlcn of laboratorles, libraries, computer ser-
‘vices; transporation, -specialized laboratory and field
equlpment for ‘both terrestrlal and aquatic work, and
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living accommodétiqns.
V. Personnel
A. Scientific staff

1. Educational affiliations
2.. Research interests
3. ‘Pertinent professional experlence
4. 'Bibliography

B. Supporting staff

1 'Techn1cal help

2. Graduate ‘students

3. Administrative structure

4 Editorial and photographic serv1ces and .
graphlc arts.

VI. financial background
: A:' Current‘supportAfrom granting agencies”
B. Other éources*of~suppor£
C. 'Administration of research funds i
‘D. Maintenance -budget
INSTRUMENTATION

To: fulf;ll the ‘objectives of understandlng ecosystems at
- “ecological research sites, 1nstrumentat10n must be available to
‘" monitor a number of variables on a contlnulng basis. Continuous
measurement of some of these wvariables will‘be needed, while
‘others will be monitored on an intermittent schedule;: Likewise,
. some measurements will pertaln to populatxons, whlle others w111 :
be needed for studies of individual’ organisms.’ S

Varlables ‘to: be monltoreﬁ ‘can’be grouped lnto phy51cal,
chemical and biological. Specific- instrumentation for each-
variable will be /dictated by the characteristié¢s of the 51te
and the obje¢tives of the study. ' The accompanying outllne in="
dicates the variables which should be 1nstrumented

It is -important that measurements be ‘suitable’ for construCMAﬂf
ing blologlcal budgets or contribute to an understandlng of the ;
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structure or functlonlng of an ecosystem It is also essential
“that measurements be - compatlble with system analysxs. A number
~of methodology handbooks have been sponsored by the IBP. and
- should be consulted for guldance on achieving optimum: compara-
blllty These are briefly described in IBP NEWS issues. .Seven
issues have been: ‘prepared to date,,and may be ‘obtained by writ-
“4ing to the IBP Central Office, 7 Marylebone Road, London, N.W.1l.
IBP NEWS Numbers 3, 4 and 7 are partlcularly relevant

e is expected that a 1arge lnstrumentatlon program will be
requlred at each of the major research centers. Consequently it
is desirable that these measurements be recorded on punch’ or
a magnetlc ‘tape for direct computer analysis. Where possible, in-

'strumeéntation for theée contributory studies should provide ‘data
~ that are comparable w1th the data obtalned by the major research
centers. ;

outline of Variables
I. Phxeical measurements
A. Water budget

1. Precipitation

2. ‘Soil moisture gradient
B Evapotranspiration: = . o
: 4;‘ surface runoff and ground water

‘B. vRadlatlon budget

Li ,Solar and thermal radlatlon ‘
a. Incomlnq and out901ng.“ quantlty, quallty
b, D15tt1but10n~ spatlal, organlsm
/k,Ionlz;ng radiation X
5 Quantlty : s
’ b‘,. Spectra

4

c. Theét'fibw‘End}temperafufesf ‘.g G _;;g_

‘D. Currentsi| if/ rivefslblakes)f

3 tl._ Spatlal dlstrlbutlon
o Organism 3
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II. Chemical measurements
A.  Inorganic chemical budgets

1. Continual monitoring (condugtivity, 02, CO2)
2. Intermittent (anions, cations)

B. Organic chemical budgets
Carbon, nitrogen énd phosphoruskbudgets, and com-
pounds of known biological activity for which
monitoring techniques exist or can be developed.
III. Biological measurements
A. Spatial changes
1. Populations: remote sensing (e.g., sonar,
thermal detection, radar, photography)
2. Individuals: remote sensing (e.g., tele-
metry, photography) - ; et
B. = Temporal change
1. Phenology
2. Circadian

3. Succession (photography)

c. \Metabolism (individuals and populations)'

1. Photosynthesis

2. 'Respiration

3. .Water balance
4. Calorimetry

5

- Radioactive isotope tags’
D." Standing crop
1." Plants
2. Animals
3. 'Decomposers
E. Production, consumption, elimination
1. Plants

2. Animals
3. Decomposers

83-275 O - 67 - 19
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INTRODUCTION

The gravest problem facing man in a peaceful world is the establishment
of a teasonable ‘harmony between a stabilized world populatxon and the eavirons
mental resources upon which that populaLion depends.

Man, like other organisms, lives in and depends upon envifonment. That
'environment, it is increasingly clear, is’both'iinited end‘Vulnerasle; Mill-
lons of human beings at present exist with inadequate food: ‘Vast quantities.
of wastes reduce the quality of our environment.

Mankind is engaged in a program of self-defeat. Buman population increa-
ses at an unprecedented rate, and it has proved difficult to stabilize popula-
tion in those countries where stabllity is most needed. Technological power 4

“is altering environment at an increasing rate,' often in ways which are to

. man's disadvancage--etosion, occupation of prime farm land by housLng, atmo=
spheric pollution, and the widespread use of poisons intended for peste. The
product of increase in populatxon -and ineneaee in the technolegical power of
that population is an increase in rate of detrimental change in the environ-
ment on which man depends. :

‘Thete is no'present.reason.for confidence: that man wifl:eueceed in bring-
ing ebout a narmony between his population: and environment. . It does not seem
that Cechnology alone can produce a: 1ong-term solution. Technologicai progress
can: increase food produccion and 1mprove environmenCal conditions, but such
benefits ate only palliatives if populacion meanwhile increases. Tecnnological
expedients may. also produce unforeseen environmental detriment, ‘as in the case
of currently increasingly pollution problems. Solution ‘of the problems of man s
reletion to his envxronment is possible: only through difficult, 1ong-range de=~

cisions on limitation of both population and- the technological modification of
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environment;n Such, declsxons lle outside the province of an organization of
biologists, they are 1n the realm of national polxcy. There is much however,
"that biologlsts gan offer toward understandlng of how man's relatxon to- his
environment can be rendered stable, non-destructive, and rewarding
We Propose American particlpation in, an intensxve 1nternat10na1 study of
man s relation ‘to envxronment The»concept of ecosystems should be central to’
this study: Management of environment is best approached through study of pro-
'ductivity, cycling of nutrients, and successional processes withln ecosystems.
"Pollution results from the processes of: transfer, chemical transformation, and
biological concentratxon of materials in ecosystems. ‘Man hlmself 1s a part of
most ecosystems, and thus exerts a considerable Lnfluence upon their dynamics.
Present ecologrcal understanding has developed from study of particular, limi-
ted communities and ecosystems, Cooperative studies of larger-scale ecosystems
are needed before existing theory can be applied to their management.
One purpose of the IBP is to develop:a more profound understanding of eco-
systems and by this means clarlfy the possxbllities of wlse long-term ut111za-
tion. Thus, biologists may effectively contribute to the broader policy decis

"sions on man's future.
GENERAL OBJECTIVES : : =

The PF and PT. subcommlttees jointly propose the study and comparison of
'71arge systems such: as drainage basxns and ‘landscapes through team effort.
Foteign scient1sts w111 ‘be urged to participate in these' Amerlcan studies where
possible.‘rc
The program will consist chiefly of intensive studies on the varlous com=

:ponents of a few selected areas but will be broadened by contributory work
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from other areas.  The program willbpermit a comparison of data frombsimilar
and contrasting climatic regions both here and abroad. Such comparison &ill”t
,make possible an unprecedentedly broad evaluation of ‘the 1nteract10ns among
the components of these ecosystems;
An' understanding of the ways in which- such large’ ecosistems’operate; and
the extent to which they can be manipulated will lead 'to the development of a
"new 1evel of ecological theory Emphasis will be placed on. pr1mary producti=
vity and its meaning for man on trophic structure, energy—flow pathways (food
chains) 1imiting factors, Lnteractions of species, biogeochemical cycling,
species diversity, and other attributes which interact to regulate the struc-
ture and function of communities. e :
»The program~is not to be restricted to natural areas; it will strive to
compa:e ecosystemic proéesses in environmenits under various degrees of control
'by man. Ecological succession’ should serve as a background in which thé genm- '
‘eral objectives can be pursued The principles of succesaion are central to
the growing difficulties in the relatlon between man and nature; yet very few
of the generally accepted ideas concerning succession have been tested experi-
mentally or related to whole landscapes as they exist at any one time.
Cbordinated studies are to be undertaken within several of the major'

ubiotic areas (or terrestrial ecosystems) of the United States. Entire drain—

'fage basins will be used for simultaneous study of terrestrial and. aquatic en-

',vironments. Aquatic and terrestrial components ‘of ecosystemslmust be studied

"together because they have strong, mmtual 1nteractionst
The ‘program will seek to{achieve its objective--better understanding of

“'complete ecosystems--through the catalysis of new’ concepts. These are neéded 2

_to make’possible ‘an evaluation ‘of man's dual role as a manipulator of and ‘a2

‘functional component in, ecosystems.
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Two najor steps which lead _toward this broad obJective are:
1. Development of a theory of ecosystems based on relatively small
scale leboretory and fieId studies. True, the elements of such
a- theory already exist but requite reassessment, refinement,
and exploration. : '

Extension of this ecosystem theory, once developed to 1arge-

e

scale natural systems. Naturel systems are, of couree, com-

'fposed of interacting snbsystem}' which present problems of

‘»s ale and of organization., These. prnhlems can best be att-

A

kacked by testing idees developed relatlve to this higher

level of complexity against the results of well organized
iwnfield activities. i :

To the extent that efforts to thus integrate t eory and observation are V'

.successful, they will provide perspective for the already extensive experience
tin landscape msnagement and may indeed lead to alternative possibilities for

£ that management\ The results should make possible metoved polic es for‘

esource use and ecological zoning.
G .

Intetnational efforts to expedite this procedure includet y

Kthe IBP and related sclences.
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PROGRAM

Intensive Drainage Basin Studxes

The study of drainage basins as. ecosystems offers possibilities for inte- :

grated tesearch which have been neglected or viewad ‘too narrowly, deSp1Ce t

'relevance to man s use of his environment. We have recommended therefore,

: that much of che effort ‘of the Terrestrisl end Fresbwater Producti i

,of the IBP be focused on intensive, multidisciplinary analyses
_Study areas will be sel_’ v

.aquacic communities can’

urbed communities and communities highly modxfied hy human'use.

We recommend that concentrated efforts be made ln a 1imited number of

.}’

Vsites reptesenting the following ecosystems. dec1duous forests, we te:n coni—

ferous forests, grasslands, deserts, arctic tundrs, and troplcal forests
1;cooperation with Latin Ameticsn groups)
terestS'shou

e contr1bution

ff‘ed communi fes at other 1ocations s

‘background svudies completed or in progress chere, should be broughn to ;he
attenCLon of the Chairman ‘of the PT or PF- subcommittee.

'4 Final selection of major 81tes should be made by a taski orce,Qwhioh
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“should include the following: The Project:Coordinstor3 an animal ecologist,
s plant ecologist a limnologist -a geologist a. hydrologist, a. meteorologist;
The task force will consider potential cooperation of research centers, trsin-‘
ing. centers, information centers, and non~U. s. collaborators;“the inherent ii
ecological interest of each ares, -and ownership and‘mensgenent problems of

each area. .
I

Contributing Studies

’ The vital: need for, understanding of ecosystems is such thst any ecologi~
‘ cal study addressed to IBP objectives is encouraged. Two . types of studies are
complementary tothe intensive. investigstions under. IBP sponsorship at select-
ed locations or centers: first, those. peralleling special parts of- center-'
based programs second, geographically extensive studies yielding synoptic
'dsts for, broad geographic comparisons.~
Studies which parallel psrts of center-based programs will be pursued by
_collaborators at many 1ocations and can conttibute much to. the overall objec-
tives. Such- studies may deal with variants of the ecosystem components found
in the intensive study areas or they may be. concerned with the responses of '
'_ecosystem components similar to those ‘of. the major study areas but existing
under different environmental conditions. ‘These studies will contribute

‘grestly, provxded that methods used are comparable snd that the dsts can. ben

used in systems analysis.

The vslue of certain aspects of ecosystem analysis, particularly seasonal

i and’ successional change and productivity, is greatly. increased by a wide 5eo~ e
graphic coverage that includes international cooperation. Studies of this

type will involve manysindEpendent observers and’ must £ollow standards (to be

specified in manuals) so that data obtained are strictly comparable. Examples )

_ of desirable studies are~
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(1) timing of%“appeara’nce~a§iavoth‘et events in Life history of

’ “easily observéd and ldentlfled animals,
T (2)-ﬂd§tes of emergence, colorlng end dropping of leaves for

ﬁplants with limited genet1c variabllity and widely spread

by man, su as ginkgo and: metasaq oia,
ﬁ(i)"counts or weights of frult or seed production made thr0ugﬁ-;r
out the range‘of-several wide-rang1ng and economlcally 1m-

portant specles 5

) ‘harvest of peak standing crop’ of native grassla d“ﬁee:'ekQ

1st1ng weathet statlons~rand
(5),‘correlations of seeﬂ yield with peak standing crop in agtl-
“cultural” eCOSystems are needed.

Both the PF and PT subcommittees endorse the general objectives of. the
dnternational committees and recognize as a’ relevant patt of the Ametican pto- _n'
gram those conttlbutxﬁg studies that relate dlrectly to the specific programs
of other countrles. The 1nternational PF- program lncludes studies reletiug to

eutrophlcation, prImary and secondary productlon, flSh productioﬁ, the chemi-:'

~cal envxronmeht produccion in man-made" lakes, and productioﬂ under env1rcnﬂ

n~mental extremes. - The interﬂationel ET program anludes ecosystem processes

of primary and’ eecondary productivity, the dynamxcs of decomposers, and the ”fw"

interactions of+ climate, soil, and* the: meact of man in ecosystems“f ;

The. ob;ectlves of IBP in attracting widespread interest to human-oriented

ecology can be enchanced by the: part1c1pation of high-school and college tea—v

: chers“whose share in IBP would later be reflected in the Ldeas and attltu&es

“whxch they engender ‘in their students.. This work: could be coordlna:ed thh

,the Conservation seccion s effort

n deécflblng the propertles of interestingkf‘

"»;communlt;es.‘
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Methods . . e s o A #Vl'l‘~‘ iy

.. General

Biologists are sensitive o the need for encouraging advanced and imag na-

of publlcations will elaborate the pOSSlbllltleS for and limitations of tech—

;niques*

(1) published books of general reference value,i

(2) handbooks of the international sections of IBP, and

(3) supplementary reports of the U. S. national commit ee

on new techniques.

For . intensive total system studies, measurements w111 be made‘to all major

'components of the ecosystem.‘ Measurements should 1nc1ude gross production, re-

spiration, _net production, secondary and tertiary production, rates of decom—
pos1t10n, exchange of matter thh contiguous systems, 5011 ‘and topographic set-t
tnngs, ‘and microclimatic and macroclimatic variables. Energy flow, nutrlent 5

cycling, and production will be investigated on'a seesonal baSLS. Spatial and

temporal variation in selected populations should be glven special attention.

Examples of techniques for the above measurement include the use of‘iso—

topes for trac1ng food chains and estimatlng rates of nut 1ent cycling, Te-.

mote sensing with such ‘tools as aerLal photography, infrared sca ing, raﬂar, £

“,,‘,

sonar, and underwater TV biotelemetry, laboratory microecosystems, and phy-

- sical and chemicai methods, such as chromatographic techniques, nuclear mag-
’netic resonance, atomic absorption, activation analysxs, spectrophotometry, ;
calorimetry, nitrogen analyzers, and resplratlon chambers with automatic gae i
analyzers., Contrihuting studies could involve one, several, or many of the

“these techniques at locatlons other than those chosen for Lntensive study



Procurement of synoptic data on an extensive basis will requite thoughtful

stendardization of obsetvations and othet simple techniques.

systems. 3 y of these methods and tools have direct applications in analyz-

1ng complex biological systems, and especlally ecosystems.k Systems enalysis

ot entionel field

Systems analysis shOul"be applied to IBP studies in at least thtee maj-”

”“or weys-'

(1) An early step wilL involve developmeut of method

éata on ecosystem processes 1n ‘a sensitivity anelysis .

aimeﬂ'to;reveal the ‘relative importance of cért actors,
this analysis will aid in allocation “of tesourceés’ for research

i;activities in integrated ecosystem studies.

(2) computer techniques will permit rapid organization ahd analy-

"sis of data derived in total- ‘tem studies, esp ‘ia11y thoee i

phases involving intensive use: of recording, quipment.

h‘matical mezhod in systems analysis.' when possible, systems analysts should beia
fmembers of eech 1nterdisciplinary team The IBP should make available systems
;ahalysts to consult wtth tnvestigetots worklng on single processes or ccmpon-
ents or synoptie date to insure that the date obtained can be utilized in com=

posite analyses.
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Information (enters

The IBP goal of synthesis‘of man's understanding of ecosystem relations

requires one

Training

Since there is a shortage of biologists capable of undertaking the. type
ofsstudies proposed,” training 1s‘a major need. The objectives of IBP in gen=

eral and-the study of terrestrial and aquatic environments in pa:ticglgr, cut

1.

or more information centers for these purposes:
“To stqfe‘ptimkfy»dsta and derived variabhés,‘fot;analvseav}
beyond those to be expected at individual research sites.

.To diqtribuﬁevpphpute: programs and primary data to indi=-

viduals or other centers.

To coordinate basic descriptions and groupings of terres-

. trial and freshwater systems.

To facilitate comparisons between ecosystems and between

parts of the world in a total-system context (e.g..sumnr i

arizing tables expressing rates of transfer of energy,

nitrogen, and,other:glements),

To aid IBP planning and activities by storing curreat in-

formation on the work of scientists as it is gathered by

project directors,
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across tradi;ional academic boundaries,. Outstanding ecologisxq will be en;duu

raged to apply for funds to devélép prograQS‘tq-tra;n ecologists who are well .

trained in a specialty, but are also able to deal with the larger problems. of

man and the landscape.
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,;:Thfée phases of traihiﬁg are acknowledged: (1) the universityfp:edbctoral
“and poét&gétgfal”bfég;ams which requiré close cooperation bétween the basic¢ bio-
logical‘and'natural resource departments and sound basic ‘training in physical,

"ma:hem&tj&éli éﬁd‘dompﬁter'scieﬂees;:(Z);stciél'inétitutes“}or instruction in
modern meihoﬂs*f&r‘thé”ﬁraécicing EColbéists;'and (3)'shorf cdurbe; or workshops
‘for biologists desiring familiarity with récent ‘advances, 'Whete*pbssible,

; ihgse training,programs should enédurage‘the'paiticipatien of people from other

countries.

ADMINISTRATION

For sucéessful “devélopment of ‘the-intensive research sites, and for coor-
dination of the contributidg‘étudies,'sOme stimulation; assistancé, and admini-
strative direction will be necessary.‘ We“suggest' that this be accomplished
with a Program Director; a‘Program Coordinator; and an Advisory Committee.

L. The Prqgram Diréctor and‘Advisory Committee will be appointed through
the coﬁturrence of the PF and PT subcommittees on sﬁitable candidates. The
‘Advisory Committee may also include representatives selected from the appropri-
:aﬁe federal agencies. -Liaison members from other IBP subcommittees should coi;
laborate’in’the ‘planning. i,

“2:" ‘The Program'Director-will be“a reputable ecologist.whO‘willrbe asgis="
ted By"a;P:ogrSﬁ Coordinator in handling most:of the work of cgotdin;ting the
‘s;@dies”éncé they are'tndeérway. 'Thé Coordinator will be appointed by the Pro-
e gram' Dfiire‘c‘tbr“ with the’approval of the Advisory Committee. .’

¥3 Selection of areas’'for:study has been described in the section on:
.ﬁIntensive Studies."

4. The Program Coordinator and Advisory Committee will assist_the Pro-
;gram‘Director in the organization, initiation, development, and execution of

comprehensive ecosystem studies. These duties will include:
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Development of detalled programs’ and aiding with project

’./proposals.
'Reviewing progress of current. programs .and identifying

';areas needlng further research.v

Informing thg scientific,commﬁnity of progress in the

- programs, particularly on methods being used.

Assisting in attracting investigators to the program.

" Assisting in the development of training programs.-

Assistlng in developlng budgets and in obtainlng support

- for the program,
- Malntaining close communlcatlon and cooperatxon with

L«relevant programs in other countries.
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PROGRAM STATEMENT
.OF THE

SUBCOMMITTEE ON PRODUCTION PROCESSES.

POLICY

The clear nece831ty of matching food productlon to the
- needs of the world's population requires an accurate know-
= ledge of the factors limiting primary production in the var-
'~ ious regions and environments of the globe. It is the re-
spon51b111ty of the Subcommittee on Production Processes to
help assess those limitations and then encourage studies of
how they can be managed by man.
]
Among the more spec1f1c goals of this subcommittee are:

1. ‘To 1dent1fy the environmental factors that llmlt
"~ “production of plant materlals, partlcularly food-
stuffs.

2. -To encourage and coordinate research on the nature
- of the phy51ologlca1 responses of plants to the
stresses introduced by these llmltatlons.

‘This should provxde a natural ba&is for manipulation of the
environmental and biological factors 1nvolved in plant pro-
ductlon.,

- We shoulé conduct our 1nvestlgatlons of env1ronmental

tors on the sites where they are critical, usxng an inter-

tional team approach w1th 1ocal ‘and visiting sciéntists

; worklng together. Concomltantly with field studies, labora-‘
tory and model studles are to be encouraged

OPERATIONAL’

Recognlzlng the limitations of tlme, funds, and per=-
sonnel, the subcommittee feels that most can be gained by
encouraging 1mmed1ate studles on problems of a specific
~ nature. Momentum gained ‘in the specific studies will even-
ktually lead to more general and broader treatments.

1;,f For example, there is an urgent need for better under-
standing of the drought tolerance of basic crops in
the Western Hem;sphere. Almost all establlshed crop
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areas perlodlcally receive suboptlmal amounts of preci-
pitation. -Study of physiology of plants under water-
stress is a prerequisite to an understandlng of ‘water
economy. :and drought tolerance. :

“Also needed in the Western Hemlsphere is a study of the
effects of temperature on the physiology of plants. Such
a study is an understanding of frost resistance and of
the growth limitations imposed by temperature thresholds.

A third speclflc ‘problem, particularly relevant té plants
growing on soils of the tropical areas of the Western
Hemisphere, relates to restricted rooting volume due to
low base status, -soil acidity, and aluminum toxicity.
Basic physiological studies: of root growth-root rhizo-
sphere interaction are needed.

Nltrogen often is the element that llmlts primary produc—
tion, yet the atmosphere contains a vast reservoir of this
element in a form utilizable by only certain systems. As
part of the IBP program,.it is essential to encourage per-

- tinent research bearing on the problems of nitrogen fixa-

tion. In partic¢ular, it is essential to have these aims:

a. To assess quantitatively the magnitude of nit-

A rogen on both a regional- and a world-wide. .
basis. The studies should give attention
to great world soil groups and climates and
to the evaluation of fixation in the hydro-
sphere.  Standardization of: methods and: the
coordination of studies with those of other
national programs-are particularly desirable.

b. To determine the factors that influence fix-
ation and- limit its rate and magnitude.
Special attention should be given to the role
of nitrogen fixation in llmltlng primary pro-
duction.

‘c. To evaluate the potential for nitrogen fixa-
tion in 1nadequately investigated areas (e.g.,
~in the Tropics, in the Arctic zone, and:-in.
hydrosphere) . : ; :

dl To determlne the dlstrlbutlon of the: organ—

“‘isms or symbiotic associations which bring
about the fixation of nitrogen. The: studies

83-275 0 - 67 - 20
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should pay - partlcular attention to the
© identity and ‘distribution of ‘as yet un=
irecognlzed oxganisms capab e of fixation: - . -
,.as well as to the distribution of nitro-. . . =
. gen fixers 1n adequately descrlbed habi-
~tats. : -

e To 1nvestlgate the nltrogen budget and
‘nitrogen cycle, with particular emphasis
_on nitrogen gains and losses, as related
. to: prlmary production.

Lf. 0 To study the systematics of nltrogen—f1x1ng
f,:organlsms, ‘encouraging the introduction of
:modern ‘taxonomic methods to. the xnvestlgatlons.

. ..g. To encourage further work to. deflne the blo—
- chemical mechanlsm of nitrogen flxatlon and
the physiological processes assoc;ated with

the. reaction.

To accompllsh the foregoxng aims, certaln 1mmed1ate actions
are necessary: Rl .

1. ,Encouraglng the development of culture collectlons
of the asymblotlc nitrogen fixers and making. arrange-:
ments for the maintenance of a permanent collection
' of root-nodule bacterla. :

2. Supportlng the preparatlon and publlcatlon of
'fa;f a compllatlon of methods currently in

use..for the study and evaluatlon of
nitrqgen flxation, and B :

- crltlcal analysxs of the llmltatlons
_iof those methods. = -

:Attentlon will be glven to methods for nltrogen ana= -

lysis and for isotope ratio determination as well as.

“to: microblologlcal procedures and the methods of sys—
matlcs. e 4 ;

23, Prov1d1ng means” for the use of avallable speclallzed
. instruments‘ (e.g., mass spectrometers) in. the accom=
tpllshment of routine. analytical determinations
“ through- support of custom analyses on a modest .
charge basis.
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In focusing on these specific problems, the subcommittee
is fully aware of -the need to assess the precise extent of the .
chief impediments-to production processes. For example, a
~rain forest may contain 1s1ands of “drought; ‘a desert may con-

“tain-islands of ‘arable land. ‘‘Appraising the hemispheric extent

of these areas requires hemlspheric maps of rainfall, radia-
tion, soils, . and frost. = The maps must show the probabilities

303

or frequencies ‘of quantltles needed to appraise the dependabi-

lity of .production. “This Subcommittee endorses, therefore,
‘the efforts of those organlzatlons, such-as ‘the World Meteoro- °
‘logy Organization, that have mission and capablllty of organlz—
1ng these fundamental surveys.

5 > The Subcommlttee also sees'the need for investigations .-
often by international, interdlsclpllnary teams = that mlght ot
.reveal ways of removing limitations upon photOSynth951s of

- -food. Unquestlonably many 1nvest1gatlons can contribute to
this, but the Subcommittee. endorses those that take advantage

~of this rare opportunity of ‘internationality. New combina- .

“tions of nationalities, disciplines, and agricultural ecosys-
tems may reveal new ways of removing sych limitations as

sdrought, soil fertility, -and cold. It seems that the prospects

- of discovery would be particularly good if several scientists ’

could be brought together for study of an ecosystem unlike
“‘the well-known'ones of Temperate Zone agriculture. - Several
months of on-the-spot “study ‘would be followed by labdratory
. research at home bases.’ Several studies of this kind could
be carried out during the life of the IBP.

PROCEDURE -

To advance research in the four problems deslgnated the
‘Subcommittee will: hold two symposia with working conferences
sduring 1967. The first will deal with physlologlcal 11m1ta-‘
~tions on primary production under conditions of water and

“temperature stress; the second will deal with nltrogen balance: -

. About thirty-scientists will be brought together from
~ throughout the Hemlsphere. First the state of knowledge w1ll
be presented in the symposia, then the goals and review pro-

‘ " cedure of proposals will be advanced, and finally, the con-

-~ ferees w111 be invited to join in research.

Further, the four goals and- procedure  for rev1ew w111 be
announced through publlcatlon., ;

Proposals for tralnlng graduate students and others are
invited for review. The Subcommittee will examine each pro-
posal for pertinence to the four problems. Each proposal
judged to be pertinent and scientifically sound will be for-
warded, with the Subcommittee's endorsement, to ‘the fundlng
agency de51gnated by the person making the proposal.
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| PROGRAM STATEMENT

The mariné: program f,the Internatrv :
program has among ‘jts objectives the support of studres which =
will improve our understanding’ of the ecosystem as a whole,
and provide an evaluation of its responses to modlflcatlons
_of the env1ronment. Because of man's increasrng 1nteract1on
with his environment, it 'is urgent that marine: Yiologists
undertake, on a global scale, studies which will produce a -
clear definition of existing conditions, and an understanding
“of the mechanisms and processes whlch control the distribu-
tion, survrval and aevelopment of natural populations.‘

The rapxdly increasrng human populatron and the great
- technological developments ‘of this century have modlfled the
,natural environment in many ways. One ‘of the most’ lnjurlous
-~ of man s‘actxvrtles is the 1ntroduct10n of pollutants. into
the air. and water. ‘In the marlne ‘environment man's influence
has been greatest ‘in the ‘estuaries and the- near-Shore Coastal -
waters. Even far “from land, however, such pollutants as fall-
out, radroisatopes, lead and the organic residues of pesticides
and detergents have been detected. Increasing pollution is a_
byproduct of Lndustrial and mun1cipa1 progress and ‘is perhaps
unavoidable in’ our affluent society. It is necessary to dispose
of wastes; but, as practlced today, . waste. disposal has depleted
‘many natural populatxons and destroyed the recrea ional poten-
“tial of waterways ‘which a few years ago. were amon “the most ™
‘beautiful in the world." ‘Unfortunately, biologist is
unable‘to predrct the specific effects. of proposed modlfmca—‘
‘elopments. There 1s"rgent need to develop

; Another lmportant reaSon for seeklng a better under tanalng;‘b
-of the marine envirenment is the growing’ need to eXplOlt more
~,effect1vely the protein resources: of the sea. There are many

. questions.to be answered: Can, local stocks of food organlsms

be maintained while 1ndustr1a1 and commercial actrv;t;es in
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" inshore and shallow waters are developed? Can fLShlng
pressures be increased? Can edible but ‘presently not mar-
keted forms take up the slack? Can'we turn from being -

_merely a predator to. becomlng %knowledgeable‘steward of'i'ﬂuf
“the riches of our waters° Al R L T T

&

At 1east half ‘the world's people 1ack suf£1c1ent animal
‘proteln in their diet. The production ‘of carbohydrates on
the 1and has been greatly anreased and can be further in-
creased to provide sufficient calories for human heeds. The"
1mportance of the sea is in prov;dlng anlmal protein, i
sea is already supplylng a major share of the prote > i
by many people in the world and is an obvxous source for ad- |
ditional supplles.. Fundamental knowledge of the ocean and’
its biota is necessary 'n order to use our marlne resources
w13e1y. .

The Committee feels that a new approach to the problems,k e
of conservation is needed. In general, ‘conservationists ;
have dealt with problems of malntalnlng productivity of
- fishery resources with a negative rather than a pOSlthe

phllosophy The emphaSLS has been on llmltlng the 0

vorganlsms cannot be anreased beyond a po;nt‘establlshed by
natural condltlons

It 1s tlme for a ’OSLt;ve, actlve approach- What can we /H‘_f‘
do (not what must we stop doing) to increase productlon of . . :
seafoods? : We should cultivate the sea with the same attltude o

purview of the I
_ tion whlch w111
 becomes avallable,' hat the i
should be as lmmedlate as the socxo~econom1c sxtuatlon w1 1
“'permlt !




308 . INTERNATIONAL BIOLOGICAL PROGRAM

e;THE paoGgAM3 -

The solutlon of these ba51c ma
; 1nvestrgatlons on a broad ‘front, at v ¢
~plexity. These will ‘include laboratory studlés of the responses[’~
of individual species to- controlled variations®in their :
“vironment,’ studies of species and populatlkns ln t
habitat, studles of communities of organ\k'
habitat ‘or env1ornment and Lnterdlsclpllnary studies '
ecosystem This report emphasizes the more complex problems,
because the solutions are ‘beyond the resources ‘of a single
f,5c1entlst or even of existing groups of sc1entmsts. Clearly,
“ however, understanding will also require contln ing studies- of ©
- single. spec1es, populatlons, ‘and communxtles both 1n the 1abdra—-
tory and in the field. The intent of the propoSed program is.
- to offer individual scientists an opportunity to cooperate w1th'”
- others in various ways in order to provide a more comprehensive
understandlng of the lnteractlons ‘of the multltude of processes
_ whlch control. the product1v1ty of ‘the sea. : ‘ ‘

Ecosxstem Analzs;s

Nature is too complex ‘for a plecemeal attack and
time is prOplthuS for an lnterdlsCLpllnary study of . ~mafihe‘_ :
‘ecosystem so that all parts may be analyzed. The analysis .
must include evaluation. of.‘ (1) The organisms present and g

< their populatlon density, (2) the relation between one - species
‘and another, and (3) the effects of currents, seasonal changes, ©
changes ‘in the chemistry of the water, exchanges between the
water and the sedlments on the bottom, and other v‘ >

. geological proc
- times control--the success of organlsms )
" A complete study of an ecosystem requires: the cooper
i;of many sPeclallsts each - contrlbutlng his partlcular 1ns;ght
to ‘the composite description: ‘of the system as a whole. The L
Marine Productivity Subcommittee hopes to brlng‘together inter- ’_
ested U. S. scientists ‘and to provide them the ogportunity to.
: part101pate in cooperatlve and coordlnated ecosystem studles.,
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‘Ecosystem analysis is most likely to be successful
~where the life cycles of the dominant organisms are short:
~and the number of trophic levels is small. These determine

the required duratlon and frequency -of field observations.

In addition, since the structure of a biotic community is
determined more by the history of environmental conditions
than by the existing conditions at a given time and place, ..
observations must be continued long enough to provide such: .

a history. For a major ecosystem, this implies a continuing
series of observations for years. The nature of the observa-
tions to be 'made will require enlightened insights into causal
relationships, insights that perhaps can best be developed :
through intensive studies of selected processes and mechanisms:
both in the field and in the laboratory.

' The variety. of necessary observations makes obvious the
reasons why the ecosystem approach has been applied imper- .:
fectly and on rare occasions: to marine communities. . Since’
no individual can-encompass all of the abilities, dinterests
and techniques required, a coordinated attack is needed in-
the effort to 'solve some of the major marine problems of pol-
lution, fisheries management, and. the dellberate modlflcatlon
of the sea to increase marine resources. ;

Modification of»the Env1ronment

The study of marine ecology by observation and description
has not provided an adequate understanding of marine ecosystems.
To improve . our ability to predict the effects of modifications
of the environment, we must analyze ‘ecological processes -in
stressed and unstressed ecosystems.. It seems unlikely that an
ecosystem would be stressed appropriately by chance. The de-
liberate modification of an ecosyStem as a research tool appears
necessary.

In some instances an.ecosystem or a portion of one may be
simulated and subjected to a series of experimental changes.
This may be both costly: and time consuming because of the: size
of the required simulation and the time needed for meaningful .
responses. Miniaturization of an: ecosystem in space or'time
may provide useful preliminary information, but: one cannot ‘be
sure that it will provide information: on which.one may. base
predictions of the responses of a full-scale system. Deliberate
manipulation of an ecosystemis potentlally a powerful research
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tool and may prov1de understandlng of ways ‘to increase
significantly the value of an ecosystem to man. Possxble
manipulations include: ‘the 'selective reduction of competltors

~# _and predators of .resource organisms, the development of

- artificial reefs, ‘the:modification of. temperature: with the
‘coollng waters .of power plants, the addition of nutrients

from deeper water ‘or other sources, and the fertilization

of the env;ronment with pollutants. :

Eutrophlcatlon of natural waters is an example of man s
unplanned and detrimental modification of the .environment.
This type of overfertilization, ‘a. serious. problem in many..:

- estuaries, presents.a challenge and an opportunity +to ‘marine
ecologists, since lack of .essential . ‘nutrients commonly limits
biological productivity. . Incre351ng the supply of nutrients
by adding Sewage wastes to;natural waters-has the potential:
of ‘increasing biological pkoduct1v1ty in ways useful to man.
Generally, however, the community structure is changed with
fewer species able to-survive and grow in the changed environ- °
ment.  The species of plants which are most likely to survive
in highly polluted areas are. frequently those :which ‘are least
suitable as food for the. higher trophic levels. :Examples of
this phenomenon are. numerous, -but: biologists do not. understand
the causal mechanisms. Is it simply the result of the higher

- Concentrations of the nutrients, or because of changes in ‘the
proportions of elements? Would addition of trace elements
or essential organic compounds!maintain -the normal community
at a higher level? :Can biologists and physiologists' achieve

. the understanding of eutrophication needed to 1ncrease ithe
yield - of useful organisms:and reduce ‘the yleld of the. undesir-
able ones? ‘Planned fertilization ‘of: an ecosystem might lead
to:this understanding, or at least: establish the limits of
fertilization above which undeslrable effects predamlnate.

Distribution and-Abiundance

Organisms.in the sea, like those on land, are spottily
distributed .in space and’ time. . Patterns of distribution and
behavior vary with age.' For example, species that are sessile -
as ‘adults are frequently pelagic during larval stages, and .
mobile species that concentrate near shore durxng Juvenile
stages move into deeper: water and migrate successively longer
distances. as.they grow older. Why and: how'do marine Species
concentrate in certain places and avoid others? ( Finding the '
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answer calls for- surveylng and mapplng, iR quantltatlve

terms, entire distributions of ‘species. at all life- stages,’ =

along thh significant properties of the environment. This
necessitates simultaneous, systematic collections of data

and material at frequent lntervals to demonstrate the shapes
~and llmltS of dlstrlbutlon. :

‘ For scientists lnterested in blogeographlcal problems,
_© it would be helpful to coordinate the vessel programs of
" the coastal: laboratories so that each could contentrate its
,tfwork in a relatively»small sector, thus avoiding- overlapplng
and gaps -in.the ‘areas. studied and providing nearly- -synoptic
‘coverage. - ‘Concomitant:data on temperature -and salinity should
_ be recorded: to identify water. masses and to:determine: the -
.i relationshlp betWeen ‘the dlstrlbutlon and the env1ronmenta1
characterlstlcs. el e :

- ~In theLr efforts to: descrlbe the dmstrlbutxen and
;‘abundance of ‘marine érganlsms, ‘systematists ‘#nd biogeographers:

. .have been hampéred by inadequate support for working up :and
“‘maintaining collections.: ‘8teps. to correct:the: deficiencies.
.. .are being taken, ‘but there continues to. be a need: fer ‘more:,
k‘preClSe definitlon of marine ‘populations by serologlcal -and
’oth‘r blochemlca« nd physiological technlques, 80| of wh;ch
Vol e laboratory cultures or experlments. 5 s

B ¢ ‘E‘gmri:iomr; COORERA! o8

’1ngytechniques. Pro;ects whi
cooperatlve effort will. ine E
estuarles that are unpolluted and

- descript
. ‘America in ant1cxpation of a sea—level ‘canal; studles of ¢
,ditlons 1ead1ng to red tlde outbreaks and’ assessment of the
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e consequences of these outbreaks in varlous parts of ‘the" ; =
.. world; apd 1 pxoduct;v;ty ang. ecologlcal role of benthic . -
”‘marlqe algae along =ferent coasts. o

sk

IMPLEME \ NTATioN OF PROGRAMV l

The proposed program, descrlbed above, was: drafted by
thls Subcomm ittee’ g :

1ncorporates many of the

Th ‘program-will be

5] | rklng—gro
e,seientlsts ‘who have expressed ‘an’
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parts of the marine environment.  The: latter subject, which = ¢
was hot 1nc1uded in the questionnaire, has been 1ncorporated
_into the program proposed: in ‘this report. The individual =
studiés of “the mechanisms: or processes, will be vital for*the e
development of 1n81ghts and ‘of: the understandlng of the marlnei
ecosystem. : ¢ ;- ,

In addition'to“replying to the questionnaire, many of
the scientists wrote very thoughtful letters which ‘have ‘in- '
‘cluded a number of suggestions for the further development
of the International’ Blologlcal Program. It 'should be empha-
sized that the character of the final program will ultimately:
be determined by the scientists who'are partzcxpatlng in it.
‘The objectives of the National Committee are to ‘encourage -
resedrch and education ‘in the field of marine biology and- to
provide the opportunlty for cooperative. effort. “Your ‘active -
collaboration in the further development of the program is -
earnestly solicited.  You are urged to pass on this repoxt ’
and other 1nformatlon about IBP to your colleagues:and students
who may be interested in the program.

It is ‘apparent that the coastal regions  of the United
States are so diverse ‘that it would be ‘Unrealistic to attempt
to develop a single marine program for the entire country.
Five regional ad hoc planning committees Have: been establlshed
as follows: : :

Reglon . Convener

“ North Atlantlc -;-~f—--f‘s. H. Retchum
Mld*Atlantlc‘-~-~~¥+~f---L; A. Walford

South Atlantlc and : e
Gulf Coast =-t-z--=ssooiD. E. Wohlschlag

South Pac;flc and e btertentrt ﬁ.‘T;'Haxd>jt
e Hawali el =22V, E.* Brock

e North'Pacifid‘and st eEL
' Alaska =e-----oo-sosiooUD. L. Ray
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Reglonai meet;ngs are: to be held~to determine liow the

¢ - the -area want: to: develop the ;program. = As . a
‘start, those gcientists who, 4in response to the: questxonna1re,~1
'lndlcatedllnterest in. part;c;patxng ln cooperatzve, inter=- - :

iprOposed act;v;tles, in01ud1ng budgets
‘.lnltiatloneof the research.v ¢ :

Ind1v1dua1 sc;entlsts may part;clpat” e U
a variety of ways.  The U. 8. National Commlttee of the IBP b
has agreed to review and evaluate proposals from: the point of
view of appropriateness for the IBP. A proposal: may be sub«
mitted directly to a granting agency by the. originator and a ... .
copy to the IBP offlce,‘D1v151on of Biology & Agriculture, ‘NAS~—
NRC. A proposal recommended or accepted by the USNC-IBP will.
compete with other proposals. for available funds, and final
Judgment for support of. the proposal rests with the grantlng
agency. - b :

S ' Those scientists desiring to participate in the: program .’
- should write to the appropriate regional convener. If the:
 intent is to part1c1pate in:the regional ad hoc plannlng

.. meetings,. this communication should be prompt, since the meet-
ings ‘will be scheduled during January 1967. As indicated ;
above, those who have already expressed ‘their interest in the :
proposed cooperative studies will be sent announcements of

: ‘ the meetlng. Funds will be available to’ pay travel expénses
7. for some of the participants at these worklng-gnoup sessions.

If you want to attend ‘and will need financial support for’ your
~“travel, you 'should wrxte to the convener, even 1f you have
’”reSPOnded prev1ously. g

i ' The programs of research developed by the reg;on cad hoc~
‘commlttees ‘will be reviewed by this Subcommittee and, 1f

Vy;approved will constltute ‘the “central: theme of the program.’

-WOrthy proposals designed to fit into or cooperate with one “ ;
:oof the regional programs will be given the hlghest ratings for e
’eAapproprlateness to . the IBP objectives.r"! . L

: Many scientlsts want to partl 1pate in the "Supp f
s InVeStlgatlonS“ of ‘the IBP program. Some of these.may be vital
'w'to the development of the program, even if they are ¢onducted
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independently ‘of any regional program. : For. inclusion in
the IBP, proposals: for these studies: should ‘dlso be submitted
to the IBP for review. This may be done for research pro-
grams which are in progress:and already funded, or at the
same time the proposal is'submitted to ‘the granting agency,
or prior to.submission to a granting agency, and is especially
desirable if the originator would appreciate the comments and
~advice of the committee members. The proposals should be
prepared in accordance with the ‘guidelines provided by the
granting agencies. The review will be based both on quallty
and on the approprlateness to the IBP.
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PROGRAM STATEMENT

OF THE o
SUBCOMMITTEE ON HUMAN ADAPTABILITY

The evolutionary success of the human species is based on ‘genetic,
‘morphologic, physiologic, and behavioral variation. The processes and
" ‘mechanisms of human adaptability are the special concern of this Sub-
committee., The term "adaptability" is here used in ‘Sseveral senses, in-
‘cluding the adaptability of populations and individuals and genetic

and phenotypic adaptability.

“ Human adaptability has multiple bases, with consequences for hu-
fian “survival. However; neither the distribution nor the sources of
man's variability have been rigorously measured. The International
Biological Program presents a;unique opportunity for determining the
relative importance of these aspects of variability, and of establish-
‘ing'uﬁdérlying‘mechanismSVOn the basis of closely comparable studies
of different groups--groups having coritrasting genetic, social, nutri-
tional, and climatic backgrounds. :

THE 'DYNAMICS OF HUMAN POPULATrst

The rangé of human ‘populations available for this type of inves-

! tigation should provide the IBP with possibilities for thoroughly asses-
sing sources of variability. ' At one extreme ‘are  few surviving examples
of hunting-gathering and incipient agricultural populations, which re-
present what were the norms of adaptation until relatively recent times.

At the otherfextreme_are diverse industrialized populations.

. .Some ofithe primitive groups--e.g., the South African bushman,

. the’Australian aborigines, the Eskimos, cértain ‘tribes of Central and
South American Indians--aré disappearing rapidly, culturally if not
biologically. ;BP'sEudiés of these groups would provide invaluable

baselines fér-investigations‘of a variety of other populations that

exhibit significant contrasts in genetic background, habitat, and cul-
ture. 'Many of “the primitive popiilations have limited resources and-
have, thereéfore, been' exercising control of population size for cen-
turies. Thus, the study of primitive populations will' shed light on
processes by which populations control-their sizes, The study of

such groups is .not only extremely timely, but because of their loca-

tion, may provide unusual opportunities for international cooperation.




- INTERNATIONAL - BIOLOGICAL: PROGRAM 319

/. Special attention should be paid to biological adaptation-of
»raclal lsolates of dndustrialized societies and migrant. groups mov-
1ng from one environment to another.  Studies of short-term and long-
term. migrations by dlfferent racial groups to similar environments
are ‘desirable.  The studies should include baseline 'studies in the
original environments and comparative measurements in the new loca-
tion; such. measurements jon:the same 1nd1v1duals would be partlcularly
valuable. i .

! Careful descr;ptlons of LnleLdual mlcro~env1ronments and actual
behavior need to be included in all population studies.’ And, before.
any study is chosen as an IBP project, consideration should be glven
' to-whether it would provide opportunity for international :cooperation
and for making international comparisons. . The subcommittee antici-
pates that studies will focus on three areas--population genetics;
adaptation to stress; and morphology,.growth, and aging.

POPULATION GENETICS

Mankind possesses great diversity both within and between popu-
lations. This diversity has been the basis of both the evolutionary
success and many of the present problems of the species.

It is obvious that long-term changes in the human population
have occurred and that the environment of man is changing rapidly
both physically and culturally. Description and explanation of the
underlying processes of change are essential to understanding popu-
lation dynamics. Whereas individuals succumb to.critical changes in
environment, populations adapt, natural selection.being the principal
process leading to this adaptation. .

A partial iisting of for¢es and processes entering into popula-
tion dynamics follows, each of which is a problem for IBP research:

1. 'Mating choices and patterns, lncludlng inbreeding, outbreed-
ing and assortative mating.

. 2.  Fertility.

3. 'Fetal wastage.

4. . Postnatal natural selection.

5. . Fluctuation and- disappearance of populations.

6. Hybridization between populations.

7. . Behavior genetics.

8. Genetic drift and founder's principle.
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s Of cruc1al relevance are:the processes determlnlng transm1551on
of genetlc materlal from one- generatlcn to the next.‘?" e

: ADAPTATION TO STRES

Stresses may be deflned as those conditlons ‘whic¢h' impose measur-

" able consequences upon. individuals and- ‘populations. = Stresses involve
both stimulus deficiencies and’ excesses, are specific to ‘individuals,

and ‘are recognizable by behavioral,” physicloglcal, morphologlcal, and

*‘ultlmately, genet;c manlfestatlons.

An 1nventory of stresses SLgnlflcant to hlstorlcal ‘and current
phenotypical ‘adaptation and selection in man includes large numbers
of physical, nutritional, disease, and behavioral factors. Studies

of interest to the Subcommittee on Human Adaptability encompass vir-

tually all, although in some areas,. such as noise, work to date has
been initiated only in limited ways. Studies 'of the following areas
are proposed: e : ;

1. "Environmental Stresses

a. Cold tolerance

‘Comparative studies of whole body cooling and meta-
bolic adjustments to standard cold stresses, local
vascular adjustments to:.cold, and cold pressor tests.

b. Heat tolerance

Comparative studies of temperature, regulatory res-
ponses of limited numbers of subjects under stand-
ard work-heat stress, and of larger groups of sub- .
jects performing standard work (marching) under field
conditions in hot climates, with standardized sub-—
jects serving as controls. s

c. High altitudes

Comparative studies of hematology, body fluid com-
ponents, metabolism, respiratory function, and cir-
culatory responses of subjects under basal conditions
and in standard work tests.
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’;wdrkingfcapaéiﬁy‘;:, ;;‘

.;Metabollc, resplratory, and clrculatory adjustments,f
~of .subjects to a standard aerobic. work test, and to s
strenuous work tests designed to determlne both aero- i
1c’and anaeroblc capacitles. : g : S

Research in human nutrltlon is cr1t1cal to any under-“b‘c

; standing of other aspects of human adaptatlon and to human
i welfare. generally L ; .

Cae s ;Nutrltlonal requlrements'

These -are. modlfled by a varlety Qf 1nd1v1dual charac— ,'
. teristics,. such as genetic endowment, age, weight, and
'sex,_the physical environment; and by activity levels. |
The role of these factors in determining the. nutr1t10na1~

requirements of a partlcular population is poorly under~;

. stood, and an ‘extensive. research pragram in this area
}1s hlghly de51rable. ; : i

g :b.,' '~Nutr.1t10n and stress reamstance

_ The role of nutrltlonal hlstory in determlnlng the

. stress resistance of a population is very poorly under—

. stood: Research should- include specific 1nvestlgatlons

- of: the ‘relations between nutrltlon and disease resis- -
tance, and:;between nutrition and thermal regulatory :
processes.f These investlgatlons should take advantage
of the breadth of the IBP’ by emphasizing genetically
dlStlnct populations. They would be: most Valuable4“‘
when dlrected toward young chlldren.;, e

~‘Ad3ustments to under—nutrltlon

By morphologlcal, behav1oral, phy31ologlcal, and blo—f,
chemical changes, human populations and individuals
are able to survive in nutritional circumstances whlch
by most criteria are considered ‘inadequate. . Such
groups and individuals may be considered adapted to
~undernutrition. The consequences of the adaptations
are not 'well known and a crltlcal ‘world-wide problem
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-»zirsgivdlse&s
- ‘Amohg, the diseases: tha
,context ‘are tube losis, mal , syphilis,
‘son's: dxsease, ‘Chagas' ase ypaﬂosOmiasis,
trichinosis, schistoso &, and other helminthi-- . . =
‘oses. Investigations of these diseases, within = .. - = '}
the framework: of ‘the’ ‘Human. Adaptability program, : o
-should be multidlscipllnary, emphasizing inten- -
sity of: infection. and differential epxdemology in
" selected populatlons.,i

"Among the related material etaccumulated on.
these" 1ntensively studxed populations are genetic

populations: - 3 i
tive should:be to gain 'nformatlon regardlng dif-
ferential sus eptlblllty——e‘g., data on exposure
Ean - to disease ‘as-indicated by titers of antibodies
O ‘and data on réactivity ‘to: ‘disease as 1nd1cated by
‘ el iR development of cllnlcal 111neSS. :

i',Thlrd, ‘the allerglc dlseases.» These condltlons
" }are in many 1nstances consequences of civ1llza-‘
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tion, manipulation of the ecosystem, and even
preventive and therapeutic practice. In a
sense, allergic diseases ‘are due to failures
of adaptation. Thus, intensive 1nvest1gatlons
of these conditions are most relevant to the
~Human Adaptability program.

4, Biological Conseggences of Human Activity

The human activity cycles have been discovered to de-
part markedly from idealized accounts. We have virtually
no observed -and quantified information on other than limited
groups within western societies. Therefore, the Human Adapt-
ability program will include studies of:

a. Activity cycles in peoples of different cultures.

b. Human energy costs of specific activities.

c. The skills involved in various activities, such.
as ecological exploitations, hunting, running,
and burden bearing.

These studies 'should be designed to provide information on’
the consequences of these activities to both the individual
and the population.

MORPHOLOGY‘ GROWTH, AND AGING

- Data on morphology, physical growth, and .aging w111 be collected
. in the context of other studies on human adaptability. However, our
knowledge of the relation between developmental and -environmental
factors is so inadequate that special studies are also recommended.
Suitable topics 1nclude'

1. Early (perinatal to young child) -human development in
- relation to environmental stress.
2. The relation. between physical and behavioral development.
3. The adaptive aspects of child development.
4, Man's physiological ‘adjustments to such stresses as heat,
cold, hypoxia and work. . :

These studies would be particularly valuable if they would com-
pare genetically distinct populations.  Longitudinal studies should
be favored over cross-sectional ones, although both are necessary.
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_ DROGRAM PLANNING
.. The elements of program planning are:

1. . Statemént of specific questions within a hypothetical
context. : S : .

KEN Selection of appropriate technical methodology.

. Selection of appropriate human populations.

. Site selection.

. . Construction of experimental design.

.~ Development of logistics, instrumentation,. and training.

e wN

. . Because the Human Adaptability program envisages undertaking
complex multidisciplinary investigations; the Human Adaptability
Subcommittee will convene several carefully structured planning con-
ferences to elaborate details of problem-oriented research projects,
typologically and regionally. At the same time, the Subcommittee
gncourages,interdisciplinary groups to come forward with.additional
ideas and program projects consistent with the objectives of the IBP.

' REGIONAL PLANNING CENTERS

Planning should be undertaken by interdisciplinary groups com-
posed of individuals who will ultimately engage in the research.
Potential groups within the U. S. should be identified and funded.
Such groups presumably would be centered at academic institutions
having a nucleus of competent biologists and appropriate facilities.
" . The biologists of these centers: should bring into the advanced plan-
ning the facilities of those institutions located in the vicinity of
the centers. The biolegists involved in this phase of development
of ‘IBP. should be selected according to their willingness and compet-
_ ence to contribute and not according to their relation to a particu-
_ lar section of IBP, for the aim would be to develop 'a program of re-
search consistent with the objectives of the IBP. .

CONFERENCES

At a regional center a group will be established which will take
the initiative in organizing conferences and in seeing that detailed
planning is accomplished. The participants in these regional confer-
ences should be persons who are likely to participate actively in the

research under discussion: ; i
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‘At least: two conferernces w1ll be necessary. ‘The purpose of the
first conference will be to- state the: specific questlons that should
be studied, decide on methods, select populations for study, outllne
experlmental design,  and create working partles»to develop details
and budgets. These partles will prepare working papers for the: large
group prlor to. the second, conference. ‘At the second conference the =
detailed plannlng will be completed - With the deVelopment of an:inte-
grated program and a comprehensive budget., Selected foreign scien~
tists should be included in these conferences; ‘their presence is
necessary for coordination and collaborataon. Representatives of
grantlhg agencles should be: 1nv1ted to attend as; observers. -

; mzmono& ey :

S Although many i vestlgatlons now in progress relate to the qu -
‘tions raised: by the IBP human adaptablllty‘program, few have the
scope here envisioned and few have adopted ‘a standard methodology
for assessing human adaptability. “In this program,. new mulitdiscip-
linary studies will be carried Out. They will assess the sources of .
variation in human adaptability and determine the adaptative processes
by .a battery of agreed upon standardlzed procedures. ;

: Several requlrements must’ be applled to selectlon of methods o
for condUCting ‘the studles. : : E . .

Flrst, the methods should prov1de dlscrlmlnatory
the blologlcal and env1ronmenta1 factors relatlng ‘to. hu

Second,wthe methods should be capable of fleld app' cytlon on
representatlve stratlfled samples of the: populatlons selected Eor
‘kstudy o . i s v

Well equlpped and experlenced in: thls work. The de led»findln
~and’ recommendatlons of ‘the study groups w1ll be publlshed foi h
~_ttguidance of IBP and other 1nvestlgators. L

: Among the methodS'that must be standardlzed £ hion
those:: concerned w1th the evaluatlon of worklng capacity; phy51ol
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: reactions to: heat, cold, and . altltuds, nutrltlonal statis,fand other,,;
relevant démograp-lc, genet:c, medical, ‘and: behavaora actors D

,'that serious consldaratlo
s lnstrumentatlcn.A Equally“
- 1ogist1cs. :

Ik is essentla; for understandlhg human adaptabllxty that .

:be more experimentation on human volunteers. ' Wherever human experi-:
‘ mentation is the method: chosen, the, projects must be consistent with E
the ethical codes governlng ~the experlmental use of human subjects L
X Declaration of Helsinki. - ‘Recommendations g iding’ &éctors in -
.¢linical. research adopted by the World Medlcal ASsoclation 1n 1964, =
populationAgenetics in primitlve gro;ps ;
tated-in

The detalls of each - i
y‘aspe¢ts ‘of dinterestito. the everal reg' nal group
,pulatxons ‘chosen ‘for study should be approprisz

f eadch problem. : Site selectlon should be made in colla—

vdexalls of recordiﬁg observat1ans ‘and
{ e’ made

: ”nly seasoned investhators but
alsa graduate students aspurin to ecome. human bmologa&ts o human
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‘ecologistét5

K action .

Graduate educatlon and advanced research trainlng under the IBP'must,;f
~therefore; ‘integrated into other programs to enlarge the man :
Pool of “envirotmental health scientists." It is ed
instltutional'cooperatlon be,ut;llzed S0 that fac

«movements of'students, for in thisiway they could 3
unique facilities: and. speclallzed talents avaalable“‘
: 1ona1 centers.‘; e e

Investigations of human adaptabl y
here are already being considered by various groups. in-‘the -8 :
will be developed: and submltted to Federal agencies for support,w,eth—f‘
er or ‘not there is an IBP..  USNC-IBP will- encourage and support these

“investigations, will provide for appropriate-liaison with other: na-
tional groups, and will seek funds for: the ‘planning and conduct of
the investigations. The purpose of these efforts is to lnsure max;-
mum coordlnatlon of 1nvestlgat1ons of human adaptablllty :

The Human Adaptablllty subcommlttee will ‘review each ropo
(submltted to it w1th a view to makmng twb determinations.

1. Relevance of the proposal to IBP, and g
2, .- posse531on of sclentlflc merit-of a high order..

PROGRAM_ PROGRESS ;

The Human Adaptabllity subcommlttee has 1nst1tuted several pro~f'
~ject~plann1ng conferences. 3

fl. ! Human Adaptablllty 1n Israel convenors- J Magnes ;
“(Israel), O. E. Edholm (U. K.), and G. M. Briggs (U. S. )
The plannlng is being coordinated with Use and Manage» :
ment of Blologxcal Resources Subcommlttee. - 5 ;

"2, A study of C1rcumpolar peoples. COnvenors-J;J. A.~d‘»:v
Hlldes (Canada) and F. A. Milan (u. S ) g 4

3. kEcology of migrant populatlons in the mldwestern U. S.
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Members of Human Adaptablllty have also part1c1 ated in inter-
“natlenal cenferences 'on methodology-and on’ the™ 1dent1f1catlon of
major problems:of human ‘adaptability. publications have resulted
from these conferences and are 1mportant references.

Binioay G Himan: Adaptabllltvpby P. . Baker (eaitea by J. S.
_Welner), was publ;shed by oxford Unlversity Press in- 1966.

COnference on Methodoloqv in Human Adaptabllltv (cenference
‘he18 in Ryoto,: Japan, in 1965) is to be publlshed by the Japanese
: .‘_ty'for the Prometion Jof Science. aff.‘:‘ v{

Conference on Hum uman Adgptabllltv (conference held in Warsaw in.
)) lS to be publlshed by the Polish’ Academy of Sclences.,hf,‘ .
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'k31de' tions: ,n all’ oqrams of the International Bio
= “The ubcommittee on Systematlcs and Bloqeography (SB)

-concerned w: the systematics and biogeography of" organisms,
'fing their ecological, sPatlal, and: temporal dlstrlb tion, on land, in

ﬁfresh water, and 1n the ocean.‘ “The Subcommittee: ‘is interested in o

11 céntribute to understandlng of the ‘evolu-
ydap ation of the, mponents: ‘of the world's biota, as well ;
= es that are themselves ‘undergoing changes. . In.addi-.
;vthe Subcommlttee can pa 1c‘pét G

: sider a wide -
ograph;g studxes]within;

‘for ‘expanding ltS u :
ariety of proposals for systematlc nd blo

2 : > - rily rest - ar :

es of»many species of aﬂimals and p .. It is the respons bi- "

llty ‘of the pres t'genératlon to carry out: idétailed research on the .
Kendangered biotas and to preserve documented voucher material.; :

o We propo to undertake a few interdlsc;pllnary studLes which
'w1ll requxt : jternatlonal cooperatlon.f~They will ‘deal with selected '
otas of major . systematic and ‘evolutionary" s;gnlflcance, partlcularly

those in lmmanent danger of destruct1on."; : AT A N Sy

For the orqanlzatzon and conduct of: each such major pro:ect the

bl
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..Subcommittee will: select a: dlrector, aided 1f necessary by a full-'

time coordinator, -and will appoint a:task force.

duty of the:director and the task force, under the continuing
geéneral supervision of the Subcommittee to: e

a.

£.

Evaluate the suitability of the potential

sites for the study and aid in making the

~final selection.

Find competent experts in the U.:S. and

other countries.

Prepare thefproposaliand apply for funds.

"Involve graduate trainees in systematic

biology and ecology.
Consult and cooperate with groups within and
outside of the IBP.

Facilitate the publication of results.

It will be the

After the program is under way the Subcommittee on Systematics and
Biogeography will retain an advisory role. -

DESCRIPTION OF 'TWO PLANNED PROJECTS

Two such progects are belng planned at thls tlme.

The Hawaii Proiect

The Subcommittee has approved this as its first major under-
taking. - The subcommittee on Conservation of Ecosystems is prepared

to participate.

The Hawaii Project will be a: detailed, long-term,

comprehensive investigation of the endemic and: invading biotas of

Hawaii.  This group of idislands supports one of the most critical

biotas 'in the world <~ critical because of its exceptionally high
endemism and the rapidity with which it is disappearing before the
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onslaught of man'and introduced species of plants:and animals. ‘These
islands are outstanding as a‘natural laboratory for the study: of
evolutionary. processes-» an consxderable background of prev10us work
already exists.. . ‘ T o

"The §roject has' the folléwing features:
a. It is feasible;’

b. it can provide a model of what can be accomplished
in relation to endangered floras and faunas;

c. the urgéncy is great; and

d. it will dramatize ‘the scientific basis for the
preservation of ecosystems:

The proposed research will call for participation of-the
Bernice P. Bishop Museum, the University of Hawaii, the U. S. Armed
Forces, and various organizations, universities and museums in the
mainland United States and in Europe. Competent experts will be
sought from all parts of the world. -Federal agencies, including the
Department of the Interior and the Natlonal Science Foundation, will
be asked to cooperate.

Study in Tropical Latin America

The Subcommittee has approved the selection of tropical: Latin
America for a second major.investigation. Many areas in:central and
northern South America have highly localized and endemic faunas and
floras which are currently being destroyed by activities formented
by the human population explosion... This‘is ‘particularly conspicuous
in the northern Andes. Colombia has been tentatively agreed upon as
the most appropriate ‘country‘in which-to make this study. The
actual selection of sites which would be most suitable for compara-

~tive 'studies at different altitudes and in the three’different ranges
of the Colombian cordillera should be made in consultatlon with
Colombian and other- experts.

This project would dlffer from the Hawaiian -one by belng even
more international in character 'and depending in large measure upon
the cooperation of Colombian scieéntists and the good will and assistance
of the Colombian government. :Two special advantages are offered by:
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~ai The tradition of cooperation. between Colombian
and U. S. scientists.

b. . The probable interest of Venezuelan biologists
in undertaking coordinated projects. ¢

This project could be instituted by bringing together a working
group of botanists, entomologists, and other zoologists who are:
anxious to undertake ‘this kind of research. This should be an intre-
national group which could itself-act to encourage, investigations
and evaluate spontaneously generated proposals. Until a number of

- individual ‘or cooperative projects are under way, a resident dlrector
would probably not be needed.

INDIVIDUAL OR GROUP PROJECTS

The Subcommittee will evaluate proposals submitted by
individuals and groups and make recommendations concerning them to
the U. S. National Committee. It also will call the attention of
biologists, through publication and correspondence, to the need for
certain studies, in the expectation that proposals will materialize.

Examples of individually proposed projects which have already
been given SB approval for inclusion in the USNC/IBP program are:

1.  Preliminary identification manual for African mammals
(H. Setzer, Smithsonian Institution, .and W. Meester;,
University of Pretoria, South Africa)

2. A distributional ‘and microevolutionary study of birds
of the isolated forests of western Uganda (H. Fried-
mann, Los Angeles County Museum)

3. Studies of aquat;c biota and ecology of the. endangered
Cuatro Ciénegas Basin in Coahuila, Mexico (W. L.
‘Minckley, Arizona State University)

4. . Catalog of Neotropical Squamata (J. A. Peters,,Smi£h~
¢ sonian Institution).

Other proposals are under consideration.

83-275 O - 67 - 22
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THE TRAINING OF STUDENTS

- 'The shortage of competeént systématists is‘critical and the pro- -
posed IBP activities will accentuate this need. Many - of ‘the contem-
plated Subcommittee on Systematics and Biogeography projects seem
ideally suited for the advanced training:of students in this area,
particularly in field work, which is an ‘indispensable part of the"
training of systematists. The Subcommittee recommends: that the
funding ‘agencies give sympathetic attention toapplications for pre=
and post-doctoral’ support and to requests for travel -funds for
participation in SB-sponsored studies. We strongly urge the develop-
ment of mechanisms for the participation of foreign students in such
projects. i

To accomplish such training, we recommend that use be made of
‘programs such as those of the Organization for Tropical Studies and
the proposed Smithsonian-Pan American Union project for training
systematists and ecologists. ? A =

'WORKSHOPS AND CONFERENCES
Planning Conference on the Hawaii Project

This conference will be held in. Honolulu on 21 =23 March, 1967
to plan the project organization and program, in’consultation with
local authorities and biologists. -The personnel:involved, .arrange-
ments, and proposed budget are being worked “out by a joint Systematics
and Biogeography - Conservation of Ecosystems Planning Committee and

will be submitted” shortly. Bpe ‘
Workshop on Endemism and Extinction '

The Subcommittees on Systematics and Biogeography and Conserva-
tion of Ecosysteins are jointly planning a workshop leadingto the
publication of a treatise on endemism and extinction which will serve
as a guide to §ystématists,_ecologists, and conservationists in
planning scientific investigations and conservation measures. -This
work will survey the present state of knowlédge- and theory on these
subjects, 1list information sources, and point out specific problems
and situations which need attention. Planning by a joint committee
of Systematics and Biogeography and Conservation of Ecosystems is
under way, and the workshop will be held in 1968.
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PARTICIPATI@N IN ECOSYSTEM STUDIESLi

‘ The work -of- the Subcommittee broadly overlaps that of other

and: Product1v1ty of Marlne Communltles. Sofme aspects of ‘the ,,;
ant1c1pated cooperation w1th these grouPs 1nc1dde the follow1ng~

; The reliability of product1v1ty Studles and other‘,
“studies of ecosystems “depends. on‘ the ‘correc “identifl~ o
cation of the component animal and plant ‘species: i
Systematics and Biogeography regards as one of its
functions the giving of. advice and information con- :
cerning persons who may be able to provide ideﬁtlfi-_l
cations or to part1c1pate in field studles. ‘Unfortu- U
nately, identification is- 1mposs;b1e for ‘many groups .

of organisms in many parts of the world, owing to lack
of knowledge and shortage of quallfled taxonomlsts.

Where the biota is poorly known taxonomlcally,
as it is in most areas in the troplcs, ecologlsts
should single out key speciés in the productivity
. chains and limit their identification demands to. these
" species, Dominant animals and plants can usually be,
identified.

The interests. of ecologists and taxonomists
. ‘largely coincide in the making 'of exhaustive inven-
. tories, whether of ecological sites or of localitie
“~where - the biota is doomed to obllteratlon by human MR
activxtles. .

il Site Selection

Systematlsts expect to part1c1pate in the selec
tion of sites for maJor ecoaystem studies, to lnaure
involvement of qualified systematists. and to effect
maxlmum accuracy in identification.

3. Kezsrand Manuals

. Systematics and Biogeography will encourage the
preparation of keys and manuals, and lists of animal -
and plant species that will be useful to blOlOngtS

" working on various phases 'of the IBP program.
Examples of such manuals:are those on African mammals
and ‘on tropical American snakes and lizards, mentloned
above.
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PROGRAM STATEMENT
 oFR THE

:sUBcomMiTTEE‘oN ENVIRONMENTAL PHYSIOLOGY

R Thé Subcommittee on Environmental. Physiology (EP) was

| c¢reated by the U.S. National committee of the Intérnational
Biological Program (USNC/IBP) to extend the emphasis on
‘physiological mechanisms relevant. to productivity and adapt-
ability to organismsiother than man.  The program envisioned
‘is directed toward understanding of urgent human problems.

Environmental physiology is construed broadly; it is in-
_terdisciplinary in techniques and conbines viewpoints of -eco- :
logy, evolution, and physiology. Indeed, most of the IBP
subcommittees deal with environmental physiology. _But other
subcommittees are likely to overlook certain broad problems E
when the: prime focus is on productivity in specific environ-'
ments.

Investigations of productivity may legitimately be con-
cerned with production and control of organic diversity as
well as with quantities of organic matter. Moreover, human
adaptability problems can be considerably illuminated by
‘studies of the reactions to environmental factors by plants
and animals. With clése liaison and cooperation with other -

- committees, we hope to £i1l "in such gaps and foster inter-
area communication. -

It is important that a variety of instrumental resources
be utilized for implementing the following program, and per-
sons. interested in such resources should be a part of the IBP;
. examples are remote sensing devices, mobile laboratories, and
‘instruments ‘developed for biosatelliteés. Also, the training
of environmental physiologists should receive prominent atten-
tion by the IBP. ' : :

PHYSIOIDGICAL‘FACTORS THAT STABILIZE‘AND MODIFY'POPULATIONS

Present work in the physiology of population dynamics is"
mostly of laboratory nature. This must continueé and expand,
but it should be supplemented with physiologically oriented
field studies in selected situations. Many, if not most, bio-
logical populations are subject to abiotic and biotic control,
including control by predators and disease. The important
question for human welfare is whether man, by wise exercise
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of his 1nte111gence, can stabilize his populatlon without un=

. dernutrltlon, starvation, and dlsease.; Mechanisms are known
or suspected by which populations of certain® spec;es are sta-
bilized in ways other than 11m1tation of nutrients or attrltlon
by predators.’ Although such'. llmltatlons may not e appllcable'
“to man, -a knowledge of them permits blologlsts to V1ew “the hu- =
man populatlon eprOSLon ‘in- better perspectlve.,]

Human Pogulatlons o

It is not certaln how soon or how successfully human be—
‘ings of different races can adjust the blrth rate to ‘the food -
supply and other factors so as to av01d serlous undernutrltlon
or starvation. {An increase in food supply in an’ undernourlshed
population may. result in an 1nbrease in the size of the popula-‘”
tion, perhaps to an unde51rab1e extent. ‘Unless more food )
eventually results. in a hlgher 1evel of. well—belng for the
population as a. whole,“lt will have served little useful pur
pose. A ‘study of different. human populatlons from this point
of view, perhaps in collaboration with World Health Organlza-
tion and the Subcommittee on Human Adaptablllty (1BP) would
be useful. - Factors to be considered in such a study include
fecundlty, fertlllty, fetal wastage, placental propertles,
age span of reproductlon,_1nte111gence, and cultural 1evel

Human well-belng and behav10r as well as quallty and slze
“of human populations depend not only on food supply but also
on other ‘environmental. factors. Research on these: facto‘
needed at phy51ologlca1, psych01091cal, and soc1ologlca1

‘Factors Determlnlng,Population Equlllbria and the JCOQeoqréphic‘o
'leferentlatlonqof Poj ula‘ s . B S e

1those used in systematlc descrlptl ns . Many of these char-"
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Uacters 1nvolve phy51olog1ca1 adaptatlon to the env1ronment“ .
~Understand1ng of the pro-
8 cess of- speélatlon hlnges on. knowledge of these characters.

Two methodologles need to be applled\ﬁo an understandlng
of populatlon equilibria ‘and’ d;fferentlatlon. s eCQlOgl“f
~cal population: analys1sand the. other is analysls oz.phy51olo—
“'gical mechanisms of’ variation. The former includes ﬂy of
; reproductlve ‘rates and patterns, 1nter-organ1smlc c i
food chains, and predation.. ‘The. 1atter includes
- and phys;ologlcal variations and mechanlsms of feedback lnter«‘

kfactlon between organlsms and the;r env1ronment. ;

There qs urgent need to. apply tests for bot
and capac1ty adaptatlons to populatlons of anima
of the 'same or related species from. dlfferent reglons.d In -
addition, behav1oral variations of the ‘same. or related spec1es
must be identified. Such. ‘studies may- reveal populatlon dif-
ferentiation and 1ncrease our understandlng of adaptabillty
of natural populatlons. ;

; : Phy51ologlcal varlatlon ‘is of t" sorts - genot'xw
envlronmentally induced within genet;o lel . The two sorts
"can be separated by acclimation in nature or in the laboratory.4
‘Adaptatlon in the field is not necessarlly the same as that 1n
the laboratory. : :

are’ accepted by workers in dlfferent 1ocations. MeasurementS‘
;of stresses of temperature, sallnlty, specific 1ons, photo—'v
“;perlod avall ple oxygen, and nutrlen re best known.  Rel

k 1nclude house mou S
1;ng,‘certa1n cockr h s, toads, cult
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vated fish (such as Gambu51a), Pteridium .
aquilinum (bracken fern), and members of
the Compositae and Graminae." A recent
international symposium considered. many .
aspécts and species' (see Genetics of . . e
Colonizing Species, published by the Aca-
demy Press in 1965; edited by H. G. Baker
and G.L. Stebbins). A working conference .
is recommended to select ‘'species for study

-and to plan investigations ‘of why certain

species have spread more widely than others.

Polar and .alpine species of plants and
animals. International cooperation:could
broaden the base for studies of. -widespread
high-latitude and high-altitude species.

Tropical species. An active program con-
ducted in cooperation with stations and
organizations in the American tropics is
particularly recommended. It should in-
clude and effort to understand the enor-
mus. diversity of species in the tropics

‘and their often relatively small popula—

tions.and narrow ranges.

Estuarine and marine species. Limiting
factors, ‘isolating mechanisms, and physio-
logical adaptations for marine species are
poorly known. ' Many estuarine plants and
animals occur in gradients of salinity,
temperature, and dissolved oxygen which may
be relatively stable or may vary tidally.
Some marine and estuarine organisms occur
with: or without species replacement over
geographic ranges where environmental ‘gra-
dients are marked. - Comparison of indivi= .
duals from populations of the same or re-
lated species in different locations may
elucidate physiological factors in dlstrl—
bution, .abundance,  and speciation.

Measurements of adaptive functions should
be made in many places. They should be
made on populations of special advantage
which ‘should be chosen after a working
conference.

Sl
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5. n’Désért'sgecies.',Much physiologica1 work
""" . has been carried out on succulent species
 from ‘arid regions; more work is needed on .
_ ‘nonsucculent plants: of the seérts, some '
- of which are of considerable interest to
e : , R v

6. Preshwater species. - Cooperative projects
with the Subcommittee on-Productivity' of
Freshwater Communities (IBP) ron' jointly
selected species would bring together. phy-
siological and ecosystem approaches on an
international scale. That Subcommittee:.is
planning ‘an.intensive ecological survey of
selected drainage basins. These studies
should provide’physical«and.biological
data which will be useful for physiological
research on aguatic communities.

PHYSIOLOGICAL MECHANISMS OF ADA?TATION’

Productivity in different environments depends not only -
~on the flow of energy, food, and. water but also on adaptabi-
lity of organisms to these environments and on'the reactions
to one another of different species. :

selected communities and species should be intensivély

studied. The understanding of communities and.of theéir pro-
duction of organic'matter: demands 'study of the physiological
bases of adaptability in relation to the specific ecological
niche of each constituent organism. Research on physiological
mechanisms of  adaptation overlaps with studiesvof population

-~ differentiation, but-the approaches are different in that
studies of mechanisms of adaptation are concerned with detailed
" physiology ahd Biochemistry of single species and include cel-
lular and molécular measurements; they need not be comparative
and need not .include-ecology or population dynamics.

Physiological differences which are adaptive can best be
identified by stress tests; :They are in two categories. Re-
sistance adaptations are related to environmental extremes
and their tolerance by whole organisms, tissues, or enzymes,
and these must be correlated with the natural limits of species.
Capacity adaptations permit normal activity in an altered but
tolerable environmental range. Both are homeostatic in permit-
ting survival and reproduction in an altered environment.
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Thls 1nvolves cooperatlve pro@rams between phy51ologxsts,:
‘ecologlsts, ‘biochemists; anﬁ genet1c13ts. “The 'goaliis to’ uh=
derstand organism-environm n ractlon in térms of the feed—"
back controls which are op i
3'The prlnc1ples of metabollc adaptatlon in respect to enzyme
synthesis as requlated besubstrate and- products have: bee
. died, espec1ally for microorganisms Application’ of ‘thége
ciples to regulatlon by phy31cal factors in € e“environment
such as temperature, sallnlty, and oxygen, ie

"An example may be taken from phenatyﬁ l1c cempen-v~
sations to temperature in ‘some plants,. mlcroorganlsms, and poi-
kilothermic: animals. - After initial shift from. one “temperatu
to another, changes in metabolic rates occur ‘which correspond

compensate- for ithe -teémperature alterations by a ety of bio~:
chemical changes, these include 'alterations in lipid composi-
tion, in abundance of cértain isozymes,“and in empha515 ‘on-al-:
“ternate ‘metabolic ‘pathways.  In: ‘orders that the organlsm can be
adaptediin-its entlrety, ‘many differént proteins may ‘be 1nvol- o
ved. . Changes can .ocecur.-on w1th1n ‘the limits. i oy - the
”,ﬂgenotype. However, -those organisms having genotypes~w
‘*tenSLve : pac1ty for synthetic variations m be expected. to
“differ in their ecogebgraphlc limits from erganiSms with 1ess
‘metabolic adaptabillty. Some ‘of the env1ronmental control”
_may be directly at the cellular level,‘some of 4t 1nd1rect1y
k;by hormonal or‘nervous 1ntermed1atlon.‘ The metabollc ‘mechan=:
‘isms of temperature-ada
. ‘much study. £ : <

t ﬁheforganlsmlc vel, these
include varled mefhod ;for-’ater exclu31on or 5 rentlon, and
mechanlsms for activ d
At the cellular vel patterns vary from
osmotic range to: functlonlng'only within® narrow osmé ¥
“donic limits.  The- identification of mechansims of active
transport is essentlal for an understandlng ‘of adaptation of
plants and animals to env1ronments whleh differ in respect to
water and ions. Vo b

Responses -and SurV1val in Extreme Env1ronments

Extremes ‘of: heat, arldlty, radlatlon, oxygen, sallnlty,
pressure, graV1ty, and .other factors have a. relevance forthe



IBP. They Timit dlstrlbutlon and.

vary widely in ablllty to respond
conditions.: Certaln klnds of .
'ten51ve1y studied in medﬁcal,

. ing rates ¢ )
" 'Responses
‘availablef
tivityvin

: 1ting inﬁormatlon about naturally Qccurrlng antl— o
blotlas in ‘highey : 1s for expanded e

‘feffort since they may play a SLgnlflcant role in ‘the determina-

e and: compos;t;on Of~blOth communltles.u_ ‘

F;wh;ch pfévent; ee
parent plant.as. lo
- of the 1nfe$tatLon

oratory are effectlve under natural~cond1t10ns.’;'

Recent studles have called attentlon to..a new method of
insect control in which analogues of certain of the ‘insect -
hormones are used.' In particular, the juvenlle hormone -con-
stitutes a weak spot in the physiological armor of insects o i
“which opens them to attack by agents which.are nontoxic ‘and
phy51ologlcally <inert for other: forms of life. In the evo- .
klutlon of evergreen trees, substances have appeared -and. have
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,been<ret@¢ned;whichwp;étéctfthe[;;égs from insect attack. Fo
“example;nthé~balsam~fir (Abies balsamae) has been shown to
cbntain,anreXtremely1aCtiVe‘aﬁalpgué of the juvenile' hormone
of one family of insects -—‘the‘Pyrrhocéridae“—-'and~hasfthgreb
achieved full and ‘complete protectioh”frbmkalliPerhocorid'inv
sects. - Extracts;Of’this”terpenoid~material~have been found to -
be fully effective in human control of a.number of serious

' ‘Pyrrhocorid pestsA;Such[aS¢thé4infaﬁous'red;cotto‘ stainérs -
(Dysdercus sp.). & .- G T

These findings direét“attehtion“to:thefpdssibiiity that
analogues of the juvenilé hormone of numerous -other insect
pests are to be found among the tens of thousands of terpeﬁoi
materials. which a wide range of plants: synthesize, ‘Other ef-
fects of these substances‘may:include,allelopathy'(above);
mation of atmospheric haze and rain nuclei over coniferous
forests and deserts, and alteratiohs in soil‘sﬁrﬁctute.

As a first step in this direction, we recommend a confe-
rence of ‘experts to outline a practical approach' to limited
aspects of the problem. This group should ‘in¢lude not only
entomologists and botanists but ‘also experts on the. chemistry
of terpenes and other natural\products;obtainéd from: the gym- .
nosperms. . Thé group could well ‘consider a wide'range of ‘other
plants and other target species. i L P T

CHANGES IN THE BIOSPHERE DUE TO HUMAN ACTIVITY

. There-was little or ‘no. free oxygen in the original atmo- .
sphere, and its present existence in large quantitites is be-
lieved to be due in large part to the development of living
organisms. At present the liberation of 05 by pPlant photosyn-
thesis tends to be nearly balanced by the removal of 0, and
production of €0, by animals. However, cO, is increasing in
concehtration in the .atmosphere at a significant ‘rate.- This 5
probably results in large part from combustion of fossil fuels -
but it may result in 'some degree from oxidation of soil. humus
or from other biological .changes. The biological effects of -
increasing atmospheric C0». are not knoWn,~though_itfpresumably
stimulates some plant growthg,,LtﬁalSo'affgcts the radiation
balance ‘of the: earth and conéequent1y~thevaveragé temperature
of the air and the‘upper~layers»of the ocean, but the magni-
tude of these possible temperature changes is unknown. e g

The increase of atmospheric CQQ must be causing a slightv
decrease in oxygen content. - Does this,have any effect on the .
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oped: certain: antioxidant defense
- whether more or less defense of
the future. .Is the human life span possibly limite
by the-balance between oxygen poisonin
ses? Conversely; wha is’ the relation
adaptations of some ‘organi
Auctivity in certain habitats?

.  ‘Our. present oxygen;supply”presumably,cameifrom‘photosyn-
thetic: activity in which the ultimate oxygen' source was water. -
:Is the: xygen. content of ‘the atmosphere continuing to increase?
_Is the earth losing more protons than it:is gaining from the

- sun or from cosmic. rays? . Is the total free water supply in.a . o0
©  true steady state or is it increasing from volcanic gases and . . .-
. springs? : e e s . S T

: ‘The cbﬁpasiﬁioﬁ of»the»aémbspheré'depends On;both'biolb4
‘gical and nonbiological factors, and for this it is necessary
fbr.biologist§~tofwbrk with;geochemistg,and‘geophysicists.

- What are ‘the effects on:the earth's atmosphere of industria- -

Jization ‘with its accompanying increase in combustion of ceal '
and oil and production of carbon dioxide? - What are the biolo-
gical effects of increasing nitrogen oxides from internal com--
pustion engines? Is population growth ﬁecessarily’;imited by
‘some environmental factors such aSﬁthe’sﬁﬁply‘of'water,'fixéd:;'
nitrogen, oxygen, or trace minerals?  Can we account gquantita-
tively for all the carbdﬁ}éfiqina&lyypreseﬂﬁiaS’CH4?énd CN, - -
- and now existing as CO or in the form of ‘oil or wood or other ' =
organic compounds? “What are the turhover ratés of all these
compounds‘in the cycles of C, Np, 02;°H2, etc? Lol

Two' appfoaches aré necessary: e "microclimates’
of plants and ‘animals should be studied i r
and seasonal variations in C0p and oth
tuents. ' The microclimates are differe
rent kinds of vegetation but also for ‘ .
*.single plant or animali (2) . The mac mposition 6f ‘the bio= =

sphere;of‘the eafth‘withffespéétYtbgnzf'»02, water, tempera-
‘ture, and nitrogen should beﬂstudied;v*MeasureméhtS‘shbuia,bE"
made with comparab1e techniques‘inpmanyfpartSvof,the‘WOrid.
Tnformation is needed to permit estim tes of changes within
"3 human generation rather than over geological ages. . For at-
mospheric composition,:the*measufémentS’made by weather agen—

cies are useful but are:limited in numbers and locations of

ferent parts of &
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stations, in kinds of measurement;yandfin‘not:taking,accouﬂtf :

of biotic -variations. - e . A e G Pt
It is recommended that the USNC of IBP establish a work-

ing committee to .collaborate with the Committee of Atmospheric

Sciences in the National Aéademykdf‘Séiences.

- PROPOSED WORKING CONFERENCES

) i . el . - v 2
The Subcommittee on. Environmental Physiology sees its :
role in the IBP as primarily one of catalysis: of research in
certain . areas of environmental physiology. A series of work-.
ing. conferences is proposed. It is expected that these will
be partly. substantive and partly of a planning nature. The
planning aspect: of each -conference will'inélude“jl)*métho@b*‘
logy, (2) research program, and (3) stimulation of ividuals
and organizatibnsito.cbllabérafé;~‘To insure -liaison, each -
conference will have the active participation of at least one
~member of ‘the Subcommittee. ' Some of the conférences are ine s
tended to be .jointly sponsored with other subcommittees.  In-
other cases, other subcommittees have offered encouragement .
and assistance although they ‘are not cosponsors.. s

thsioloqid&i~Ahaleis~o£;ﬂ§riné“ nd

.= A working conference is proposed to deal Withlphysio-ecoé
“logical resistance and performance adaptations of marine and
- estuarine speciésktd‘geographiéal'ébiQ;if’gndnbioﬁiCﬁéﬁVirOh—”

mental factors (temperature, light, hydrostatic pressure, -

streaming velocity, kind of substratum, food and salinity).
It:-is anticipated that a research program on the analysis of
~physiological adaptation in populations from a wide '
‘marine environmerits will be established. The confe
be international and would be held’ ]
Laboratory in Beaufort, N. C. A ‘plan for its
been presented by John Vernberg ‘(Duke Universi
. Schlieper (University of Kiel). e St

‘tive is C. L. Pros

“the summer of 1967.

Physiology

| It is proposed to examine in depth the physiology of spe
cies of eﬁpanding‘range; including some dispersed by man.’
Some of ‘these are cosmopolitan and others are mére]iestriqte
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- For purposes of comparlson, some spec1 s will, be chosen whose
‘ranges: appear not to be e pandlng. h ‘erenc
should be concerned with selection of species for study an o
‘of meéasurements to be made, as well as with lnternat onal co-

' operation inumakiﬁq,field and, lab raeory studles” vas;bly L
it could be held in ‘connection L
A& M Un1vers1ty, in 1967.  (This nference can: be con51dered g
as a successor to a.recent 1nternatlonal conference on the
“genetics of colonlzlng spec;es held at - Asllomar, Callfornla

in 1964 )

A w0rk1ng conference o ;nv1 onmental extremes is p‘oposed.Q
In general, it w111 be concerned W1th phys;ologlcal bases for .
“tolerance of env1ronmenta1 extremes by plants, mlcroorganlsms,
and anlmals.:3 -ations. to extreme temperatures; to ‘hypoxia,
ﬂhlgh salinity, a ty, .and. other factors will be considered, -
and plans. for ecophys1olog1cal experlments will be suggested. ;
It is ant1c1pated that: this conference w1ll be cosponsored by
NASA and that the ‘organizer: w111 be Dr. Da e;Jenklns. A pre- .
~j11m1nary conference on this topic was. held. n San Dlego in the. ..
autumn of 1965. - It is hoped that the proposed conference can ..
"' ‘be held in Israel, where there is much interest in extreme en-
'\;‘v1ronments., ‘Subcommittee re ‘sentatlves are T &H.'Bullock
hmldt-Nléisen.,  '

.Organlsms, Wlth Emghasms on
. f Plants by Other Plants'

,‘nd aﬁpllcetlons.ﬁN1‘H
n‘relatlon ‘to natural and b

y PYOC vity of: Terrestrlal Communltles.

,’ 'hoped that. the,orqanizers will be E. E. Knlpllﬂg (Uspa)
- and’ Cornelius Muller (University of Cal for a Barbéra).u,
S oDr. Carroll williams of Environmental Physio ogy :

flvely in ‘1ved in planning this conference. There. is consmder«
gency’ for th;s proposal, and the meetlng should be held

n as. possible, : Sl oy

Its“
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Biometeorology in: Relation To Productivity

- A working conference is proposed to deal with the methods
of data collection, the nature of critical measurements, and
the planning for data-collecting service. Two approaches are
needed: ' (1) analysis of the over-all balance of CO0p, 05, H50,
N5 and temperature of the atmosphere in relation to long-term
trends and their biological consequences, and (2) analysis of
the microclimates of plants and animals in relation to their
physiology. Physical scientists and biologists are expected
to pool their techniques and interests in a research plan. It
is ‘anticipated that a close collaboration will be established .
between Environmental Physiology and a joint Biometeorological
Panel of the IBP and the Committee on Atmospheric Sciences of
the National Academy of Sciences. Liaison will be maintained
by Dr. F. Sargent of Human Adaptability. The Subcommittee
representative is Dr. Wallace O. Fenn. An appropriate organi-
zer of this conference would be David Gates (Missouri Botani-
cal Garden). :

Other Conferences That Are Anticipated But Not Planned in Detail

Physiological factors in human fertility

A conference dealing with the physiology of reproduction
as opposed to the demographic aspects of the subject is pro-
posed. Consideration will be given to fecundity, fertility,
fetal wastage, placental properties, age span of reproduction,
intelligence, cultural level, and related parameters. Programs
of research are to be formulated. This conference is to be
jointly sponsored with Human Adaptability. The Environmental
Physiology representatives are W, O, Fenn and T. Dobzhansky.

Extrapolations from the dynamics of animal populations
to_human populations.

This conference would examine the biological and physical
limitations on the growth and regulation of natural and arti-
ficial populations of animals. The question of whether prin-
ciples derived from such studies can be applied to man will
be of prime concern. Plans for observations that might provide
critical data will be made. ' It is pProposed that this confer-
ence be sponsored jointly by Human Adaptability and Systematics
and Biogeography. It is suggested that Thomas Park assist in
organizing this conference.

83-275 O ~ 67 - 23
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A ConTRIBUTION Towamp A WorLo 'PROGRAM IN TROPIOAL BIOLOGY

", Helmut K. Buechner and. F. Raymond Fosberg, Office of Beblogy, Smithsonian’
L W Institution, Washington, D.C. s e
- By comparison with North Temperate Zones, knowledge of biology in the tropics
is in an incipient stage; yet this region ‘seemns to hold greater promise for the.
~‘emergence of new biological principles and ‘concepts than any other.- With 'this
thought in mind, 60 scientists from the United States and Latin America met
for a Conference on Tropical Biology,* ‘in Panama 10-12 November 1966, and
- urged the Smithsonian: Institution to use its unique attributes to lead in 'the
~development of a world program in'tropical biology. Such a program is relevant
to the International Biological Program themé of broadening the' productivity
base for human populations. In- 1965 approximately- 1.1 billion  people (% of-

- the world population) made their homes in about 70_sovereign nations in the -
- world’s' . tropics. “Despite the ‘natural richnes§ in variety of species and the

. temporal changes

high rate of conversion of solar energy to ‘plant and animal’ life, tropical €co- -

systems (living. communities, ‘including man, and their total énvironments con: =

-8idered as functional wholes) are‘readily destroyed through overexploitation by
: ost ‘tropical ecosystems is now a world concern, since

Kenya and bedrock washing of stéep mountdin slopes denudéd of - tropical

human populations i

urgent world problém today is

man secietiés ‘and

ost tropical ecosyst

the world ; ‘theref
: f

nding
st ur

al ‘environments must: be approached ‘through studi
Tucture, efiergy conversion, eycling of nutrients; i

) 25in ‘écosystems altered by man with
-the application of temperate-zone %mcep y

C:

hére in the world,

' matural and behay

-GOrpo IS
i withinthe United
leveloping e cooperative program of research and
the biology of the world’s tropics: Such an interinstitutional, multi--
( effort is basic to.a world pro aimed at achieving rational
- *¥Supported by 8. grant from the Air Force Office of Scientif

. Research.

in Beuador {llustrate the deterioration of environments under the pressure ©

must
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" tropieal natural resources, The Smithsonian’s role would be principally to catalyze

~ the program and help coordinate worldwide- activities. It ‘was noted that by -
_virtue of its vast collections the Smithsonian Institution already has the potential

_capacity for identification of plants and animals that form the components of .

. tropical ecogystems, but-a realistic increase in the ‘staff of ‘scientists and support- -
- ing help would be required for.an expanded world program in tropical biology.
. Extensive educational programs in eooperation with universities are needed to:
- train young scientists in the systematics of tropical organisms at the Smithsonian.
. In addition to the systematic base that already existy, the Smithsonian Institution
- ig currently evolving'a comprehensive program in ecology. However, this program
“is at‘its inception; having started 1 July 1965. The capability for sophisticated -
- research is the ecology of tropical ecosystems will require additional staff and
" financial resources. It was recommended that the Smithsonian serve as a foeal
~point for the many ‘different organizations that must’ cooperate effectively if a
world program in tropical biology is to gucceed in achieving harmony between -
- human societies and their tropical environments. .- :

‘he Conference was held in Panama because this is one of the most exciting
pical areas of the world and because the Smithsonian Tropical Research In-
tute (STRI) is located there, Formerly known as the Canal Zone Biological
Area; STRI is responsible for maintaining Barro Golorado Island in Gatun Lake

S iological preserve. The research progra is. concerned with: principles of
[ tion, behavior, and ecology in tropical ecosystems. Recent emphasis, under

‘the directorship of Martin H. Moynihan, has been on comparative behavior of
* primates, the evolution of interspecific relations; the significance of social signal
 gystems, social organization. and behavior of tropical birds, and isolating mecha-

n

* nismy-in marine fishies. STRI provides a strategically: located ‘base from which to
' develop programs of biological research in the New World tropics, - - ;

nama is of special significance to mari e biology because nowhere else in -
’ e c I'e ecoyys - world’s two largest oceans within a
; a bridge anda bar: -
) ga s Pandma a significint area in which to
processes. Thé planned construction of a sea-level intéroceanic
1us: i1 e potentialities for an effective pro-

of th

Brazil (Philip §. Humphrey), th

T yer), research programs at the Smith:
‘Martin“H. Moynihan), tropical oteanog-
Smithsonian: activities in the tropics in

nection with the International Biological Program: (F."Raymond Fosberg).
edi ¢ “Dillon Ripley, Secretary of the Smithsonian Insti- -

‘ ‘Tropical’ Research Institi
taphy (Giles W. Mead), and prop

discussions §

he keynote speech that appears in the following a icle. On the
/6 ‘second ‘day, participants visited various -biological facilities,

yesearch Tower, the University of Panam _Gorgas Mémorial
o Colorado Island, the: Navy Pipeline- Area; and the marine
ta Point ] mador. Panel discissions on ‘ecology,
logy; tropical- botany, mammalogy ‘and
ntomology held during the afternoon and

graphy and limhology, an
thology, réptiles and fishes, and e

el ~ tions and recommendations were presented at a final plenary session.

evening of the sceond day resulted in reports given the following day. Resolu- .
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_ Résumés of the panel reports are- presented here in the belief that they rep-
resent digests of imp(;rtant thoughts that emerged at the Conference; o e

~ Hoology (moderated by H. K. Beuchmer) . e
Under the impact of ‘exploding human populations; tropical ecosystems are

rapidly disappearing. From a theoretical point of view we are‘in a position

of needing to discover biological principles and concepts that can emerge only

rom studying existing tropical ecosystéms‘before‘,,they‘disalppear.mea prac-

tical viewpoint there are. compelling economic -and social reasons for studying
tropical ecosystems to achieve harmonious adjustments between human societies
and the tropical systems in which they live. This is of importance not.only to the
tropical countries involved, but also to temperatezone countries whose econo-

. mies will suffer from increased demands of growing’ populations in tropical

. nations. As the high-energy tropical ecosystems ‘deteriorate, more ‘and ‘more
économic assistance will be required from ‘countries with the ‘more limjted
resources of the comparatively low-energy temperate ecosystems, i

Although the panel recommended a concentration of effort in Panama, it rec-
ognized the importance of an extensive world program involving selected sites
of a wide variety to advance knowledge through  comparisons of tropical eco-
systems. The panel recommended Barro Colorado Island, ‘the Navy Pipeline
Area, and the Darien Area as sites in Panama for a concentration of activity
designed to understand the structure and functioning of humid, lowland tropical
ecosystems, Moving out from these centers of concentrated effort, additional
studies of a specific, but less comprehensive, nature were recommended for other
parts of Panama and neighboring countries. These recommendations were predi-
cated on the assumption that Panama and neighboring countries ‘would welcome
the proposed studies and cooperate actively in the program. bl e

The panel discussed the need for a foundation in systematics for ecological
studies. It was suggested that consideration be given to developing a Terres-
trial Sorting Center, comparable to that of the existing Smithsonian Oceano-
graphic Sorting Center. It was also suggested that task forces be - developed
" with teams of professional and subprofessional. personnel to earry out ex-
" peditions to ‘selected:sites to develop the necegsary knowledge of the systematics
of the flora and fauna as a basis for ecological studies. . S

‘The panel recommended that the Cape Thompson study in'Alaska; which was
carried out by the U.S. Atomic Energy Commission in preparation for the pro-

posed harbor development using atomic explosives, become a model for studies

+ required in connection with the sea-level canal. This study demonstrated: a basic
"~ approach to the study of whole ecosystems, starting with geology, hydrology, soils,
' and climatology on the physical side of .the system and extending through flora

and vegetation, fauna and animal ‘population studies, and anthropology.. Sophisti-

- cated ecosystem ecology studies involving mineral cycling and- energy conversion : al
extend well beyond the baseline studies illustrated by the Cape Thompson report.

: Interinstitutional cooperation between universities in the United States and
in ‘tropical countries‘,“national‘laboratorie,s, ‘government agencies, and corpora-
tions' was considered by the panel to ‘be essential to obtain sufficient. talent
for the study. - i G R o iy Glernan
. Oceanography and Limnology (moderated by I.I‘E‘.»‘qulen) e .
The panel concluded. that a. long-term study of marine organisms on both:
sides of the isthmus is necessary and of urgent priority. The most desirable
geographic extent of the study was not established, but the initial studies should

extend from the bulges of South America to the Yucutan Peninsula on the east

and to the Mexican coast on the west.and for about 800 miles.to sea.

“The following were advanced as reasons for the study : L
1. This would be an ‘ideal _experiment, consisting of the .mixing _of ‘two
mature ecosystems with the jolt of introduction of exotic elements. : :

» <

2. :Recombining . of many biotic species that have not been ‘ixed since the

‘ Pliocene offers a 1 in 5 million chance to learn about evolution. This (wo’uld" be

a.chance to see evolution and to participate init. . . i i
3. The study of the effects of major construction on marine organisms would -
assist in the development of a. prediction capability, useful in future ‘planning.

- The experiment would permit hypotheses to be tested and reﬂgemggt of st,ud,yj ey

techniques to be -developed.
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4 The advaneement; in learning grobabl’ya
i from landing a man on the moon with. at least equally val
.- The study:-could contribute to. the harvesting of food fr e sea. :
" .b. The study would be a demonstration of ecosystem ies which- are needed :
to understand the general biology of the ocean, Caretully designed projects would
t series of various shallpw to dee ter ecosystems
to : ;

;would be as '_great as that commg
nable bechnical fallout

,ward a better equilibrium of effor
ine ical species exists, We can onl
eir gmﬁca.nc for world abphcation by

to.an unde ‘nding of: many manne pr esse ]
to the -tropics. Highly complex marine ~ecosystems could be id
pursuit of studies in biological principles, as well as for managem: i
8. The study would make a useful contribution to the International B 10gi
Program. Concentrated study in the area proposed and its application to marine
~productivity are of & nature utha alre! &dy a part of the Inl;erna‘twnal Biological'
?Program. s
9. A special by-pr ;
m1d-American ocean. :Marine:ﬁsh lture islstill ina prmutxve ge "
- 10. An obligation. ‘exists ‘to.our: scientific posterity to assembl baﬁe;line in- L
formation for future evaluation of the biogeographie, biotic, and ¢ o
sequences. of the .canal construction.. ‘We collected materia berfore the
‘nuclear experiments and this has been valuable as a ‘baseline to note chan

"It is urgent that samples be collected from t.he waters that Would be affee t _‘ Y

© aspects of tropical plant ‘communities.

the transisthmian canal. :
11. A possibility exists of modlfying _the presentmtuatmn w1th regard to
seasonal upwelling and. 1ts accompanying biological prot tivi‘ty is must be
“studied. Upwelling areas 4 ntimpabed to T v
continued through the canal her 1
effects could appear..

Tropwwz Botany (modemted lm F kR Fosbery) {
' Tyopical botany comprises 0s6 aspects of botany tha
in the tropics; as contrasted ose which are generally Sig !
of the climatic zone of the e Omitted from.this conte: ti,awere
of botany that may be ‘invegstlgateﬂ ‘without refer to the’ gfeograp
o are strictly nontropical in their regioml intere&t
The' bmad fields of ‘investigi c;m ‘that

estigations in tropical &yi ematde ‘botany
: & ‘olution of‘tr
€0,

pa:
Monog‘i;&fshic
“olassifieation, as well 48 understandi
t(both phanerogamic ‘and: eryptogam:
. 2. Systematic anatomy and palynology of
3. Tropical paleobiotany and paleopa?iyn«ot
"4, Tropical florvistic work,. I@admg 1
sions to plant geography. < - 4
B, Autecology and phenology of tmpical pla ‘
6 Studies of adaptive features, ecological nabomy,
't al plants.
ysis<of tropical v*egetation, and its ehorology S
1 plant communitles to environment factm‘s and‘ pat- i

tems ; i
=9, Dynamlcs, uﬁﬁzat[on of - resources, preductivity, a:‘)

~ .~ 10.. Cytoecology of ‘tropical plants - (relatim of ehmmosome
figuration, as well as other cytological features, ‘to env’ironme
.11, Tropi mobotany -and archeological botany:.
Proposed acti ities in ‘tropical botany regarded- as of special or’ mmediate
ce opurgency (some of: which are dlready imtiated and'in’ progress) :
wet Monographic studies of tropical plant groups; bo! both those which form parts
of I?ime Flora Neotropica and some of neglected gro 8 ] of the
tro cs. i
2. Floristic’ investigations, resulfing in rthe prepara‘
‘ecological*ﬂorasu A




© b Intensive emergency and

. data on threatened tropical areas

6. General botanical ‘explorati
~ inknowledge and materfal, o 0t B i
7. Botanical aspects of IBP site dévelopment. This involy s the following types
-of specific activities. . e T e R R T
W a. Physiognomic, or structural-functional, - description of vegetation in

. . general areas. i S e B

- little-known tropical areas to fill gaps

b. Detailed sampling and analyses of vegetation of preserved areas, es-

. tablishment of permanent plots-and photo-points, and-marking of ‘specific. -
S o trees. - 0 BE T
. ¢ Phenological studjes. =~ 0 oS o A
~d. Annotated check-lists of “ecological  flords, with keys to genera and
. species. i o iy e
e. Special keys to idex_ltify‘ fruits, seedlings, and other ibemquf ecological :

interest, . . ‘ f ¢ : : s D e
8. Small fleld conferences. It was suggested that small field-trip type confer-
ences of 5-10 carefully selected participants interes d in a particular problém,
.ecosystem, or methodology, would be productive. Thege would be cond
the field, in the areas where the subjects he coriferences were well illusi
The ‘objectives would be mutual stimulation and generation of new idess
" ‘proaches; and methods. An example of such a coniference might be one on metl
of exploring the canopy of thetropical forest, = = - R B S R e
-~ 9.70f special pertinence to Pandma and the proposed seéa-level canal investi-
‘gation, the panel recommended giving every support and encouragement to ‘the.
-carrying to a successful conclusion the “Missouri Botanical Garden’s Flora of
Panama,” now estimated to be.about 55% finished. Five volumes. and 8,000 pages
have already appeared. Activities ancillary to this, and to the work of the
Smithsonian . Tropical Research Institute (STRI), would be the preparation
of a new ecological flora of Barro Colorado Island and adjacent mainland areas
under  STRI .control. : e T
U For:this, ¢ooperation between the Smithsonian, Missouri Botanical Garden,
niversity n

ity of Panama, Army Tropic Test Center, and as many other organizations
" .as.could beinterested’in participation, should beencouraged and supported. .

: h great satisfaction, ‘the panel received the informatio hat a bilateral.
ative arrangement iy being set-up for botanical work in Panama between
DUniversity. of Panama and the Missouri.Botanical. Garden, 'This is in.line
| 'a Técomme: ﬁe’l-tion;,'made,by the UNESCO visiting committee for Tropieal

' Herbaria, and will certainly be A /matter of great satis action to. that.com- . -

- mittee and its parent organization, too. :

Of the proposed activities listed, the panel found it ,diﬂié‘ultf.tqjs,elect,ﬁh‘ to o

.which’ priorities could be assigned. Because the selection ‘and. development of -
. IBP sites necessarily must be done in time for their use by the IBP, this activity
;ghould be initiated promptly, The exploration of threatened tropical areas also
- must be viewed with more than ‘easual,urgeqcy,‘? as the areas-are likely to he -

changed and vital information lost; Likewise, "the exploration of little-known

regions is more than ordinarily urgent, as it may well yield. data essential to’
‘otheraspects of the program. . = R Pt S R

. The panel concluded. its report by pointing 6ut that the urgent problems and
. needs in' tropical botany are so great and widespread that they will require the

participation and earnest efforts of all institutions with interests or capabilities
- in this field. It is suggested that the Smithsonian Institution;in addition to such
gfforts in tropical botany as its present and anticipated staff are able tomake; use
its prestige and experience to help secure support for'the efforts and participation
.of ‘any other qualified institution that needs such ‘suppert to engage.in the above
listed activities in tropical botany.: AT e A T S e g i
Ornithology and Mammalogy (moderdted by P, 8. H wmphreyy .

In certain tropical areas of the world a critical need exists for ger‘léral_bcoilee-

) ti’ons. of birds and mammals to clarify important details of distribution and
classification. Some of this work is already underway in relation:to epidemiologi-
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surveys in Southeast Asia, thg lower Amazon, Venezuela, Africa; and else-
For various tropical regions indentification manuals for field ecologists
and epidemiologists are required to facilitate field w rk, encourage collections, -
‘and promote solutions to taxonomic and z@ogeagraphi%ptoblems.~'

In Panama, largely through the field work of tmore and Charles O.

‘Handley, Jr., the classification of birds and mammals has een nearly completed, -
‘Handley’s book on the mammals of Panama, which includes keys, chorology, and
ecological information, is expected to be published in 1968, Similar works are not.

available for most countries in the tropics. Wetmore’s first volume on the birds of
Panama has been published and two more volumes are fortheoming A field guide .

~ as- a. supplement to Wetmore’s important  work 1is needed ‘to facilitate’ field. = o

identification. ) . : ; g :
" In the last décade increased emphasis has been placed on ecological studies of
tropical birds and mammals in relation to problems of public health. Most of this
“ ‘interest has concerned birds and mammals as reservoirs for arthropod-borne -
. viruses and other diseases, and as hosts for various ectoparasite vectors of dis-
ease. There is a paucity of knowledge concerning population .dynamics, reproduc-
tive cycles, predator-prey relationships, food chains, and life histories..

A critical shortage of trained mammalogists and ‘ornithologists exists in the

i tropical areas of the world.. Ultimately, basic work in' these fields must be under-

‘"be based. .

. taken by citizens of the countries involved, not by visiting scientists. Develop-
ment of scientific manpower resources in tropical countries of the New World can
be ‘encouraged through .collaborative programs involving the Organization . of

American- States, .the “Smithgonian Institution, the Organization. of Tropical
Studies, and yarious regional educational institutions. SE s
" Future ecological surveys in‘tropical regions should be planned; at least in part,
to indlude site developments, interdisciplinary collaboration, reasonable standard- -
ization of techniques for collecting field data, improved. processing of specimens
and automatic data. processing. e P i el
‘Reptiles and Fishes (moderated-by J. 4, Peters) -« s e
" A world program in tropical biology should be based on the following state-
mentsof organization. ; VA : i
%1, There should be ;
the biota of the tropics, upon which further accumulation of knowledge mv

a continuous; thorough assessment of the composition of
st

12, There should be a_ continu focus on those problems in J
" most likely to be solved by carrying on their investigation in he tr
8. There should be an increase in the encouragement o the' talen
and incipient scholars originating in the ‘countriey withi: e tro
training grants, scholarships, fellowships, and grahts-in-aid; for ‘Tese
! 'The ‘panel recommended the ‘dev opment and. maintendnce of ne
. in the tropics to perpetuate and preser abitats and. species.

. would facilitate ‘comparative investigations throughout : So
Amdprien - oo REEI L RIER L B D e e T B
.i'.(Jonsiderations should be given to. the establishment of supported chairs in: -
‘Latin American universities to encourage the development of ‘
‘time, opportunity, and finances to cdrry on research and ‘graduate instruction

in tropical biology. The deter:

‘ , ] ation of the occupant of the chair should be

‘under - complete control of the un Versity concerned, and it was recommended
that the occupant be preferably a citizen of that country. e
Entoniology (moderated by W. D. Duckworth). ... . . b ot

" The enormous diversity of insects is such that entomologists have a severe .
- problem in systematics, thus making it difficult to coordinate'with and to eollabo- -
rate with more diverse and advanced studies in the tropics all over the world.
Programs involying specific type-site studies in various ecological habitats of
the tropics seem to'be the most desirable way to develop cooperative ‘programs.
Large numbers of entomologists are already at work in the tropics, many of
whom are located in. mission-oriented ‘operations related to health and agricul-
ture, yet the manpower resources in entomology are seriously inadequate for
the task ahead. Insufficient effort has been-made to identify entomologists, their
places of activity, and their research work as a basis for coordinating programs
and “collecting information into a useful whole for all persons interested in
tropical habitats. : S :

£ scholars with the
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With respect to Panama the panel regarded the program ‘and facilities of the

- Smithsonian Tropical Research Institute; and the sites available to it, as ade- .
- quate in meeting requirements for entomological studies in depth in the lowland

‘"humid tropics of Central America. A concentration. of effort should be place
where data can be accumulated in‘an orderly fashion over long perio
such as Barro Colorado Island, and where short-ra,nge mlssion-oriente
.can be introduced as opportunitles present themselves. = -

There is a manpower potential in almost every cotmtry m the tropics, and

any effort to develop studies in- the tropics should be coordinated with local

people and local institutions.

- Currently, the Smithsonian Institution is cooperating w1th the U.8. Army in.
a project on mosquitos in Southeast Asia. Systematists working in Washington -
are directly coordinated with a series of biological laboratories in Southeast
Asia where ecological studies on mosquitos and’ other insects are underway
Similar cogperatlve arrangements could be established in other tropucal areas
'of the world. -

Anthropology (modemted by R.B. Woodbury) i ;
‘Since anthropology is the study of patterned human behavior both in 1ts

widest variations: and in its central tendencies, and since the 11ving groups of '

mankind are anthropology’s laboratory, therefore every human group is of -
potential scientific importance as showing particular cultural adaptations to a
specific physical and biotic environment. i
From the fact of man’s worldwide present- day ecologlcal dommance, it follows
that the study of tropical biology must take human activities into consideration.

‘This is especially true where man is manipulating the environment by means

of major engineering projects. Such projects present to the scientific community
great opportunities and heavy respons1b1hties Because these projects so greatly
accelerate rates of change, they give the opportunity to make extensive baseline
studies followed immediately by analysis of subsequent drastic modifications
on a scale previously rarely available. Such studies will make fundamental con-
tributions to knowledge, and therefore deserve the application ‘of our best
intellectual resources. Observation and analysis of changes, however, are insuf-
ficient without accepting the responsibility to apply scientific insights to the
- task of selecting among alternative courses of action 1n view of their expectable
total impact on the environment in which we live, .
Anthropology’s role within such interdisciplinary studies is not only to record
and analyze the changes that occur, but to assist the responsible agencies in
formulating, executing, and evaluating programs for the human occupants of
the areas affected. These programs often involve relocation of: large numbers of
‘people and their adaptation to new habitats and new socioeconomic patterns.
For example, in Africa the Kariba Dam. project required the relocation of 50,000
people, the Aswan High Dam project of over 100,000 people, and the Volta scheme

of some 75,000. In such projects the potential contributions of social scierce

and indeed of all the sciences to. the 1mmense human problems’ created have not
always been used to full advantage.

In eastern Panama there now exists an opportumty ‘to greatly improve. the
effective application of -anthropological techniques to  situations -of enforced:
drastic change: Three enginéering programs have been initiated ‘which will dras-
tically alter the lives of nearly 30,000 people of the region. These are first the
Pan-American Highway, second the Bayano Dam, and third the examination of
possible routes for a sea-level canal. Rates of cultural change among the local

population are increased as soon as surveys for ‘engineering studies begin, and

long before actual construction. This area contains two quite separate Indian =

groups, a large and rapidly growing Negro or mestizo group, and a- smaller
number of recent white settlers. All of these ethnic segments live in small and
widely dispersed communities. Anthropological studies have already been‘suc-
cessfully begun as reported at this Conference by Rema Torres de Arauz. The
study of the four cultural groups in this area should serve as a model for such
investigations everywhere, thus it should include the collection during baseline
and subsequent studies of the following topics for each cultural group and in
each major geographic subdivision of the area.

1. Demography and demographic trends.

2. Systems or resource exploitation, both current and past. This would 1nclude
archeological surveys and studies, nutritional and medical studies, and also the
usual land-use analyses :
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. studies to- understand the nature of

s Social -contacts with other groups and -
aIternatives among which ehoices must be

a ) ) q 10
makes cooperation among national and international agencies: ‘essential. Tt s
- especially important: that every investigation effectively involve educational
and research institutions in the: host country and that it bear in mind the develop-
~ment goal of théicountry involved. -
‘Man has been changing the face: of the earth from h1s earliest beginnings, but
: fthe immensity and the rapidity of the changes being made at the present provide
‘botb -an unparalleled opportunity for: large-scale: research during the course of
‘these changes and a new major responsibility to apply our best saentiﬁc mslghts
and understanding to: the direetion of these changes R

RESOLUTIONS ‘

The full text of-all resolutions is presented here as a_summary of signiﬂcant
conclusions of the Conference: The conferees resolved :.

1. That the participants in the Smithsonian Conference on Tropical Biology
urge the development of a worldwide tropical biology program, mcluding initially
inventories and. surveys such as those required in connection with the construc-
tion of a sea-level canal and the Bayano Dam. -

_2. That the Smithsonian Institution, with ‘appropriate advice from a body of
recognized scientists from various countnes, should : E

a. Seek funds immediately for a marine program in the ‘Caribbean and -

: in the Pacific Ocean. adjacent to the Isthmus of Panama. :

- b. Seek fumiing for world-wide surveys of terrestrial and fresh-water
. environments. “
co G Seek : funding for mtensive ecologlcal studles in the tropics, imtially in

s Panama -
) 3 That the. Smlthsoman Institution seek the advice of foundations and federal
granting agencies, such as the National Science Foundation ‘and the National
TInstitutes of Health, in esr,abllshmg policies governing the distribution of ﬁnan-
. ‘cial support;
© 4, That administrators of museums, and ‘other mstltutlons which mamtain

' ~ systematic collections, ant,ieipate the large increases of such collections that will

: result from; ny successful tropical ‘biology program, that they- accept the, re-
storing andprotect:ing: them ‘adequately, ’ ‘and that they provide:
£ her saenti who need to consult

chairs of tropical biology
‘ment of Scholars with thi €, oprportunity, and finances to carry on research
7 and’ graduate mstruction in areas of interest to the Smithsonian’ Institution,
the filling of the chairs to be under control of the universities concerhed ; it is
recommended that the ehalrs be occupied by a citizén of the country in 'which the
university is located as often as possible and practical. .
6. That investigatory obtaining grants and contracts for research in tropieal

tioned ’must be sufﬁciently compre‘- ~

nivetsities in the tropics to encourage thev develop- g

: blology and. ‘anthropology ‘include, where' appropriate, requests for funds to .

‘anced training of students.to. increase the number of qualiﬁed
scienl‘:ists concerned with science in the tropics. :
‘7. 'That collaboration between scientists of the U IS and those of host countries
mclude :
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rb. Development of research programs th ough’ g ern n,
‘nas well as directly ‘with research organizations in the h
~ic. Publication of at least preliminary:re r i
seientific. ;loumals, in the host countrys language when a
feg?ﬂﬁle. : :

1ama, e ropical Biolbgy, the 'Smlthsonian,_ ke
Institutlon is revising and expanding 1ts Task Force Report: as a statement of -
. ‘need, opportunities, .and reagons for a world program in the biology of the :
tog her with suggestions for 1mplement P . This -

will. esign “program. th

world outhok far the sttudy of tromcaI ecosystems he results’of - the anama
- Conference clearly ‘indicate the rprlority that shou : ; “Central
- American’ troplcs because of ‘the . umque research
'planned constructmn of the sea-level cana There.

- focused on the engineering fea i«' ¥, incl
. view studies relevant to radi 1ogical safety in the venft‘ a
: ate: er rpresent worle

 We ‘have always
thlS includes. our |

ied immediatel who bring o
of the eomplicaf;ed patbems and proc sses to b :

*An. address glven at the Panama Conference on '.l}ropiegl
November 1966. e . ; g
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and, there a:e~ t] !
[ parts of thi WOﬂd and the diﬁ‘éren

-he ; , tl
. collect and study plants e :
“« covered right around him at home in ‘New Emgland. The other
~ could not see why the first wasted his time on thess «Htﬂvia
~the tropics’ there we W to-
" of course, even: someti“ coex}

: 'fascl,aﬁion of. {
; _poorly supported
Smithsonian, h;;j

efforts £

i a short exposure to tropics
) lrkely Dbe satisfied until he has had a chance to»ggo baek
‘thlese incredible £ore sts with theiz' mnumemble kinds




INT‘ERNATIONAL BIOLOGICAL P’.ROGRAM (e

The tropics are where the rieh harvasts are, and scierice is not" cOnscious of
national boundaries. Because the Smithsonian has a backlog of tropical experi-
- ence it may be well enough qualified to help stimulate the growth of indigenous

. science in‘tropical areas and to guide and assist other temperate institutions and *

" widespread -over what 'is now the temperate zone d

individuals to take their first steps, or to develop their research interest m the
tropics, as'well as to broaden and intensify its own work there. - e
- - By bringing together the conclusions of paleontology, especlally paleoecology
- and paleobotany, and the data of present-day bwgeography, ‘we are reasonably
. Certain that at least before the mid-Tertiary Period tropical conditions extended

over the larger part of the earth. The differentiation of the main groups—

families and even genera—of ‘organisms took place under these conditions. Some-
thing at least resembling the great tropical vegetation formations, the rain forest,

the monsoon forest, and perhaps even the: savannd, must have been much more =

g those earlier epochs. e

- Many of our best biogeographers consider the lowland rain forest;'or Urwald,

of the ‘tropics to be the oldest of all existing vegetation formations and to: have ’

been the great reservoir from which emerged, or were differentiated, the faunas ==

and floras of the present temperate and montane regions of the world. The
present richness and diversity of tropical bmtas, as well as the foss1l record lend
good support to this theory. e
~ Some of the most fascinating: problems of biology ‘are those of the evolutmn. :
and spread of the groups of plants and animals, and the communities they
make up, over the earth. This applies equally to those of land and sea. Although
“we know much about the evolution of subspeeific entities and can even experi-
ment on it, this is not true of the larger groups of plants and: animals. These

must be studied by observatmn and comparison of the plants and animals in ;
their natural habitats and in our museums. Since the cradle of the phenomena: -~
. We aré interested in is in the tropics, or in areas that were once tropical, it seems

clear that a great amount of work must: center m the tropics it we are to
arrive at any adequate understanding ‘ e
The enormous diversity ‘of organisms in the tmples has been known for a

long time. Some biologists have speculated on why this diversity exists, but - :

0 far their suggestions are only guesses. Recent findings and deducnons are
giving leads; and the whole ‘subject of ‘availability of resources and diversity
of riches, as well as the enormous amounts of time avallable in the hlstory of
‘a‘tropical biota, are fertile fields for investigation. At

To the ecologist, this great diversity of faunas and ﬂoras is the basis of o
the richest and most complex ecosystems in the world, as ‘well as those which
-are least known. In at least the wet tropical ecosystems condltions are extremely
- favorable to life. Hence, the usual and obvious ‘adaptations to severe physical

*environment and less common, but the more subtle; adaptations to living: with

other organisms are outstandmg Competition ig rigorous ahd takes multitudi-
- nous forms. The struggle here is most intense among the components of the
biota rather than between them' and their nonilving environment. Incidentally,
under modern, civilized circumstances, this is, in a ‘way, the situation in which -
human beings find themselves; the adverse physmal aspects of theu‘ environ-
. ments have largely been amehorated The struggle is now between human beings
rather than against a hostlle envmonment Even more 1s this so in the tropxcs :
than in cooler zones.
. - Both as a matter of mtense scientiﬁc interest and as one of practmal con-
cern, it seems essential that we develop some understandmg of such ecosystems.

.~ As scientists, we are not able to ignore the fascination of these problems. As .. =

- practical people, concerned with the continued existence of man as a part of
these ecosystems, we cannot afford to neglect them. :
In the past, resources have been so abundant, human commumtxes have been

scattered and relatively few and. isolated, that mistakes were not too likely to.

result in disasters. This period is passing rapidly Man is so filling up the world

' that errors are too likely to produce chain reactions. We now must know what'

. we are doing before we do it. A thorough understandmg of the tropics, as Well‘ !

as the rest of the world, is a necessity.
The final and, to me, the most urgent consideration is one that follows from
our filling up the world. Most of the fascinating things that draw us to the

tropics are vanishing with a-rapidity never before even-imagined. The tropical = -

forest is falling before the combination of superior tools and too-many people
more rapxdly and more ﬁnally than before any forest ﬁre or other natural&




i whoallowed: this’tohappen. -

' endemic scientists are already.at work
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calamity. Already, many plants and ‘animal- species have vanished before'they‘ o RN
were: even diseovered.: Far more are doomed in spite. of anythmg .we(c - do:

. Even such loss is an impoverishment of the world. - Mosf
" as in other parts of the world, do-‘not realize that' this. i ,
' not grasp- its significance anyhow. As. scientists, we-are in-a poaitwn to appre-- -
ciate this in a way that will be generally grasped by humamty when it 0

. late, and the world will haye lost much of its savor and:interest.
" -ably more enlightened deseandam:s w111 look ack with’ bitterness

- Knowledge and understanding such
. them serious responsibilities. Because. of our mterest and 'w
““society has given us more than ordinary opportunities and pr
have enjoyed far riche es than most men. T feel tha,‘ we owe to humanity, o
; orts to bequeath b still interesting and varied
© world: A world with. ull range of fascinating. phenom a that we are privil-
eged to see now, nather han, a dreary waste of landscape from which all diversity
: na; v »:inﬂuence & agneulturist or the

'belargély a matter of paleontology. L . :
As a' closin; mark, I should point (mrt that tha sucoess of long-range research :

on tmpical ecosystems: depends on accomplishments: by local scientists here at

home in the tropics. Scientists fro1
tal research essential for the mana
‘effective collaboration with ‘colléague;

Qad cannot carry out alnnes the fundamen-

B g.nd support: from thi [ ,peraste-mg colleagues, n partxcular, they need help'“"
.-through. foreign-aid grams- in creating oportunities for: careers in research
: and management of;t pica écosystems, Without oppertumties forlgcal scientists

a given t, oplcal country, the world programin.
L 6 ; 11y 1

h you is that: :
hasize thy deVelopment -of local eompetence m research,
educ'atmn, and public service. w1thin each tropieal country. S :

y. The most important e




[From Missouri ﬁotaqlé@l Garden Bulletin, Vo

David M. Gates, Director, Missouri B

. ‘The tempers and tempests of conservation have ‘surged across the n atter of

- saving the landscape from the pressures of an:exploding population. Tt s ‘self: .
evident that certain representative large tracts of native H tat must be pre-
served and protected against encroachment and exploitation by man. Much less:
self ‘evident are the reasons for setting aside large ‘reserves. Many people of ‘the '
Christian world operaté with the doctrine that nature serves ‘man; that nature
and- native habitats are for man’s use; and they do not 100k on man as % part
of nature. This immediately forces the issue concerning the reasons'for sefting
aside natural reserves; it'ig a reason of use, The matter of use meang different

' things to different people.'T6 many, a piece of native 1 ndscape, is for floating,

. or:camping; motor boating or hiking ; sailing or horseba
.. ‘picnicking. To:some: it'is a place where rare birds; a

~or'a remarkable: geological or topographical feature of the'earth’s s
" ‘Oonservation; ‘the ided of+having plants-and animals of pieces i
is'a‘tangible and emotional experience in'which the consequences

are seen before us and are-walked upon and touched ds 'we reach ‘o
tangible but enormously essential to all of mankind is the use of the fand ape
for understanding the natural history of the planet éarth, ' How many of us
realize that unless something is done soon, future generations may be denied
forever the opportunity to understand the evolutionary ‘and ‘ecological genesis
of ‘the planet on.which we-live? We have beeén denied by our own actions and
.by ‘the actions of those who preceded us, the ‘opportunity to understand many
things: concerning our natural énvironment, of our changing environment, or
of the immediate past history of the earth’s surface. thout history and ‘with-:
out an. understanding of the physicdl and biological evolution ‘of the world
around us mankind is susceptible to the catastrophic:impact of his actions on
isownhabitat. s 5 5 1 S HRNE 3 \ f ',‘ 3 ‘;’ b
-~ Man is an intimate part'of nature, not one who is above or removed. from .
nature nor designed to exploit and use nature; but man’dnd nature are one and

the:same thing. Who :among us would advise that we build: 4 ‘bridge across' the

Mississippi ‘without employing theé engineer who understands ‘the principles.
of bridge construction? Someone did just this many years ago at Tacoma, Wash:

ington, and the bridge collapsed in'a high wind. Who among us wold deny’ that

we must understand and give dttention to every last detail in the construction
of a jet aireraft for.safe passage? Yet someone made just this mistake a decade
ago when' the British .Comets (pioneering jét passenger travel) exploded in

flight.- Then why miust we persist, as a civilized, modern nation, to live and

expand .and to involve ourselves more and more critically with our environ-
‘ment without a strong program to understand the world in:which we live? By

understanding I do not mean simply to describe the physical and living world =

around us, but describing it is the first step in the process of understanding. We
are’currently collecting and recording the organisms from the world’s habitats:
at a'reasonable rate; but the rate must increawse, particularly for tropical regions.
However, our efforts to understand ‘the intricacies of the natural habitats of
the world are shocking little at a time when man’s need for this understanding
is'becoming despetrate. ! : FEON T i R e
" It'is a’fine thing to ‘conserve natural habitats—the Grand Canyon, the Red- -
woods; the native prairie, the Great Smokies and many others—but in addition
we' must: marshal our forces for understanding them. The collecting of knowl-
edge and the pursuit of understanding is not as tangible ag redwoods; rivers;
mountains and canyons, but it is every bit as essential, All the saving of natural -
habitats will be to little avail if we do not strive for a vigorous program in the
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h‘reatened Wlth a running down of the envi&'anmental main- Gt
ng : er increasing degeneracy, ‘of an overcrowded, polluted and .

S plundered planet containing only small remnants of its former natural beauties, - -

* and these badly disturbed. While we are vastly improving our technology, our: - _

s ,communicatxons, our bridge bmlding, our. transportation, our abxhty to explore

/ grasp the single most crltical opportu:mty mankind w111 ever e
. tunity to understand ‘the natural history of the earth. “We will be starry eyed
- and impressed with our own technological achievements in the vastness of space
. and the intimdcies of ‘the atomie nucleus while we lose foreverth opportunity to
i consciously ‘and intelligently plan the future of mankind as an’ timate, dynamic
part. of nature.. Mankind cannot afford to continue its attitude tnward natural
history, of understanding too little and too late. .
Asa nation we are strong in: scientific research and in: becoming strong we have
;made conscious decisions at high government levels concerning ‘rescarch pro-. .
grams, We have. decided repeatedly to emphasize nuclear physics and in so doing
. we are building great nuclear research centers such as the new commitment for
-a.$350 million nuclear accelerator at Weston, Illinois. We build the world’s finest
. astronomical observatories; -solar. telescopes and radio telescopes costing hun-
dreds of millions.- of dollars. We launch great oceanographic ships to explore the
oceans of thé world. We put dozens of satellites into orbit.to measure and probe
' ‘the. geophysical environment of the earth or to look down. at the global weather. .
. 'These :things should be done and in so doing will pay handsome dividends to 3
‘mankind. from the knowledge they accrue: Yet. ¢ possible to study the
atomic nucleus, the sun, the planetsor: the galaxy a hundred or five hundred years
from. now..But not: so ‘the natural history of the -earth, especially the natural
habitats of the land masses, the terrestrial ecosystems. The woods, prairies, des-
serts; chaparral, streams, bogs, swamps, estuaries, and lakes:of the land are sus:
ceptible to rapid-and almost instant change. They are abruptly, wiped out by the
‘blade of .the bulldozer ; they are poisoned by pollution ; they are destroyed by
man-made changes of climate they are sprayed with insecticldes and herbicides;
and they are invaded by weedy plants, by pernicious animals, and by man him-
self. Bvery terrestrial: ‘ecosystem we know ‘s undergoing rapid ¢hange or is under.
the threat of rapid change by the hand of mdn. With the change goes: forever
. the irretrievable opportunity of: understanding the natural history of the earth.

We do. not understand - the detailed ‘relationships of. plants; animals, and

environment: within any single.ecosystem. An .ecosystem is a single community

. ‘of plants and animals such as a forest, a grassland or a bog, where the boundaries
can be more or less specified. Scientists have described the plants and animals'and
“the ‘climate of many; ecosystems and have achieved some understanding of food
chains, population. ‘relationships, and climatic effects. Yet we understand very
little: of how the ‘simplest ecosystem works; the complexity of ‘the simplest of
natural communities is enormous. Modern science has the capacity to work out
the causal relationships within an ecosystem for a basic understanding. There -
is not a subject in science more diverse and difficult than the complexity of an
ecosystem. Its understanding involves meteorology,  climatology, geology, soils.
physics and chemistry, physiology, plant and animal anatomy, morphology; tax-
onomy and systematics, biochemistry, genetics, population dynamics, sociology,
behavioral science, mathematics, and others, This is the basis of the dlmculty
which exists within ecology as an intellectual discipline:

Why must we persist in doing those things that are easiest; of putting our
national resources and manpower, our intellects and cleverness, to work on those
things which are tangible engineering achievements without buckling down to
understanding the world in which we live? While we save a redwood forest let us
also marshal our forces to.understand it. Why do the redwoods grow where they
do; to the immense size they assume; what.is the secret of their longevity of
4000 years; how do they transport water 300 feet straight up? When we save
the sand dunes of Indiana let us understand the unique quality of the ammophila
grass which clothes them and protects them against blowing away in the wind,
Why were the great plaing of Kansas so productive of bison and antelope and less
so of cultivated plants and animals? Why and how do salmon navigate to return
to their breeding grounds np the great rivers of the Pacific northwest after forag-
ing for a thousand miles at sea?
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 We do not understand with any precision how it is when the rains fall on the
land the water is taken up by the plants, breathed back into the atmosphere allow-

ing only a fraction to:run into the rivers. Yet water is our most essential resource

8nd our very survival depends upon knowing how plants use it and pass it on,
Why do sycamores and cottonwoods. grow in the Meramec flood plain and oaks

» and cedars. on the bluffs above? We do not really know. Must we know? Indeed '

to live among the oaks and sycamores, cedars and cottonwoods, to walk amidst
them, to breath the same air they breathe; to; drink the same water, to depend
‘must understand them, = . e
In some way we must get across to the 1
the absolute necessity for greatly increased .

rs of this great country of ours
tention towards understanding the:

~upon them in every Vilititﬁabe‘Wai‘y and upon the millions of plant relations, we

living complexities of the:habitat in which: we live—a crash program to \'t\rain' o

young people in ecology, in the dynamics of the living landscape, with a capacity

to make rational decisions concerning man’s welfare, We urgently need the estab-

lishment of great centers of learning devoted to understanding the single most
important thing ever given to mankind, the heritage of living things, The natural
world around us is as much a part of ourselves as are our own children, or our
own parents. Many people believe we are studying these things. We are; barely.
Yet we need to do so with the passion and dedication with which we race for
the moon. It is our lives and our children’s lives and the lives of their progeny -

with which we are playing.roulette ; a game one cannot possibly win when played

too long. We can only saféguard the future of mankind through understanding

us to understand this magnificent green earth before it is too late. =

the natural history of the only planet upon which most of us will éVer:"lniiré. ‘Help

83-276—67——24



 This sympostum secks to doal w
‘porary interest: one called ecology in
servation i the area of societal action. - 7

two exicéedingly cofiple:
¢ area of science; th

6 many different things under the Tubri of ecology atid manyscl-

entists icarry on ecological resea: ch that theywouldn’t “dream of calling ecology.
Physicists, chemists, and astronomers usually don’t have thi uncertainly about

 Jabels, nor'do many biologists su

ontists to call theraselves ecologists

ch as éytogeh‘etﬁ;ists,’ "physi;ol'ogiéts‘ and mor- -

ek in pa
sophis

observétion-and "

. ‘tification iseem not to have led to ‘solutions of the problemss posed, Many ecological .

‘studies have piled up data on climate, geomorphology, soils, the composition and
structure of vegetation, and the relations between one species and another, or a

- ‘gpecies and selected environmental conditions, without putting the data to work:
by reVeali_ng;a‘conVincing causal relationship between them. Many things‘and.

. conditions that vary together have not been shown to be coordinated in-a cause:
* . and-effect relationship, or not to be go coordinated. - : : i A
“. . One distinguished physiologist, after associating with ecologists . for several

" days under pleasant circumstances, announced

to the group his discovery that

“Ieology is the physiology of togetherneds.” Another scientist on a different oc-

casion said wryly and with a touch of arrogance, “Ecology is what I do and

i others think they are doing.”

Perhaps the most wwidely accepted simple definition is that ecology is the science,
of life and environment. Following this thought, that ‘ecology is concerned with
s ' interrelations—interrelations among - things' and conditions and processes—one
- cansee that there is inevitably an unlimited scope for ecology.. :

It muns the circuit from intra- and: inter“mol

lar phenomena, as particles in-

" teractunder different physical conditions; to global phenomena and impingements
" on our ‘world from space. In between there are the interrelations between life and
" environment at the intracellular: level, the intra-organismal level of tissues and

© gystems; the species population level, and that

of multi-species communities of

plants and ‘animals together. Having reached the community level of organiza-
. tion, one“finds identifiable and desoribable communities that range from those

of relatively simple composition and structure,
formations.: ' :

occupying small space, to global

‘Examples of small and, as you Wi-ll'léée; “i‘ri)timate communities I would mention

are termite colonies and their associated species

that have evolved together over

millenia; and man, I mean one man, and his ‘collection of ectoparasites'and the

“fauna and flora of his gut. At a'larger scale are

small ponds, the communities of

* restricted rock outcrops, or patches of peculiar soil. ‘At the large end of the scale
are the pantropic rain forests, temperate grasslands, and circumboreal tundra.

As one passes along this continuum of the organization of life, its internal
complexity increases as does the variety of interrelations of it with the external

environment, both physical and biological. Algo in passing along this continuum, .
#  geientisty find it increasingly ‘difficult to qualify their data, to express it math-
~'ematically, and to perform controlled experiments. Nevertheless, in a general

way, there is predictability, always cherighed by scientists; even for the largest -

'1ife units. For example, in Brazil where high

tropical: rain forest often meets

grags and brush savanna-with a sharply demarcated boundary, the disturbance
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. isticated

X : edist; that many ec ogical ;prob-

lems a; plicated th: ¥ ‘are not éven now amenable to refined mathe-
matical treatment. Also, many of the mensurements and past attempts at quan-
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*of one by lumbering and the other by fire-does not diminish their integrity. Each;
if given a chance, renews itself. Neither:invades the other, as I have seen in

Minag-Geraise and Para. : : :
More recently, ecelogists have found ways of simplifying eéven complex com-

- munities to express the fundamental basis of their existence and their relation-
ships with the physical world. This has been isaid facetiously as-a matter of

- “who eats whom,” Like many.a jest, it has a penetrating core of trith. =~ -

- - - It all starts with the elementary fact that to be alive srequires.a supply of
. energy, and:that the ultimate source of energy for living organisms is the sun.

-+ This energy, as every schoolboy.learns, is made available by a photochemical proc-

ess involying green plants principally. In ‘the process, organic carbon compounds
are formed from which energy can be released and used by the living substance to
maintain a multitude of life activities; including maintenance, growth, and re-
production of the living substance and thé organisms it composes. Sk :
"~ The resulting' situation is simplified by considering those carbon compounds
that.are assimilable as food. Green plants and a-very limited number of other
photosynthetic organisms are autotrophic, which means that they can start from
. scratch with carbon dioxide and water and sunlight and manufacture simple car-
bohydrates, granted the pre-existence of chlorophyll and, certain catalyzing en-
‘zymes and ithe living matrix itself. (This is no place to go into the question of the
origin of life on. the world or for that matter whether on another world it might
be based on iron ratherthan carbon). . e : el :
Starting from ‘this base, all animals and all non-photosynthetic plants, such as
. parasites and saprophytes, are heterotrophic and cannot start from scratch. They
must eat something. I use the world eat rather loosely to include all methods
of aequiring organic carbon andits associated energy supply. This does not refer
to acquisition in solution of essential mineral nutrients such as nitrogen, phos-
phorus, sulfur, magnesium, iron, calcium, and certain.trace elements, although
these are parts of many foods. . Een
This situation can now be seen to be truly a matter of who eats whom. Green
_plants are called primary. producers. Organisms eating such plants are first
- -order consumers. Rabbits eat pea plants and carrots. when they get a chance. But
foxes eat rabbits when they get a chance, and they are second order consumers.
There may be other identiftable levels in the food chains until one comes:to the
- top predators of any ecological system which are in this gross sense without ene-
mies because:none.of their:consorts is capable of successfully attacking them.
-Still; even the top predators die:-because they, like the lowliest green plant, are
subject to the ravages of parasites, to starvation, and to accidental death.
.. The sequence described. in this-general and non-gcientific language is one of
transfer of energy-bearing carbon compounds from one level to another with.each -
- trophic¢-dynamic level having fewer numbers:of organisms and less biomass. (Now

- I'have-used some technical language, but the meanings are now implicit.) On this

basis, the biological system of a community can be-described quantitatively if
- one samples adequately, aggregates data, and ‘simplifies everything about who
eats whom. ... oo T o ‘ : . o
.'This concept-of-a pyramid of numbers of organisms and the amount of substance
~contained in each level is upset, however; by the degraders and decomposers. T -
~ haye already referred to the fact.that the top predators:die for one reason or an-
- -other other-than themselves being gross food for somebody else. It i now seen
““that this:isn't.really true. Nearly eyery organism, .perhaps-all of them if we knew
“enough, ‘is ‘subject to parisitism. And not every part of every organism is-alive.
“Many structures of both plants and animals are composed at least partly of sub-
stances produced by the living-organism, perhaps once alive but certainly not now.
alive. For example, a large healthy tree may be more than 90 percent dead.-All
such organic material, whether a dead organism or.part.of a still living one, is sub-
ject to decomposition ‘and degradation by saprophytes. These organisms, as dis-
tinct from parasites that live on living substance, usually killing it; live-on dead
" substanees. They are mostly but not entirely bacteria, fungi, microscopic animals;
and small worms:: ;- . el . ol iy
S0 the cycle is completed, because the degraders and decomposers reverse the
build-up process and return complicated compounds to simple forms such as min-

-eral nutrients that are again available to green plants. As has been known for. °

 many centuries, and as we are réminded at every funeral, man is mortal. “Dust
thou art, to dust returnest.”” : : : A
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~For pi'esent purposes, I do not need to say much more about ecology as a bio-
" logieal science. Life ‘activities are supported by energy originally from the sun.
Green. plants collectively seem able to capture only about two percent of that

e reaching the surface of the earth. This is the low average efficiency. Since keep-

ing themselves alive uses up some of the food of green plants, and since the
‘herbivores—that is, the plint eaters or vegetarians—do not harvest completely
the annual production of the primary producers, and cannot usé what they eat
" with perfect efficiency, the biomass of the first order consumers may be about 10

' & 'percent of that of the plants. Moving up a trophic level, not all rabbits get caught

© by predators and the predators themselves have a relatlvely low efficiency in
__converting -rabbit flesh.to fox flesh, so they and other associated predators of
that level may make up. only 10 percent of what is theoretically pobenmal The

i idea of ecological pyramid has become clear.

‘Let us suppose for.a moment that -we are interested in the welfare of animals
“that are not sochoosy—ones that are omnivorous. Man is a good example. If
something is eatable, he will eat it. Not any one man, but man collectively, for
we each have psychosomatic hungers: and distastes." Some of us will eat snails,
whole fish, if they are small enough, dairy products rotted by fungi, which wecall
cheese, and blood sausage. But we find distasteful the idea of eating grasshoppers,
termites, and grubs, Hungry rice eaters have to force themselves to eat wheat
and on ‘today’s world grain market you: could exchange one ton of rice for two

: tons of wheat without asking the nutritional value of either:

: There is a lesson. in ‘the ecological pyramid of biomass made up of the dif-
ferent tropic levels. If man is looking for food; assuming that he can digest it,
he will find more of it available at lower than at higher tropic levels. This is

" the moral of the human populatlon/food dilemma. People of populous-poor coun-
tries must subsist mainly on grains. Meat, poultry, and milk are too scarce and
costly for common consumption. And if starving, man turns to grass itself, bark
of trees, and as did Moses and the children of Israel during their sojourn in
the desert, to manna, which the dictionary says was food miraculously supplied,
and whlch botanists speculate must have been lichens called rocktripe blowii -
by desert winds from rocky summits.

‘It is an interesting fact that most human foods comes from- a relatively small

" number of kinds of domesticated animals and agricultural crops. Over time the

 varieties and strains of these few species have been increased, but scarcely a new
‘species has-been put to use for human food during historic time. .-

~ This problem is being.faced by the International Biologlcal Program that has"
been in its planning phase for the past few years and is just now starting on

" _the research phase. The theme of the IBP is the biological basis of productivity

~and human welfare. Some 60 nations are embarking on more or less elaborate pro-
‘gmms of .study of organic production on land, in fresh waters, and in the seas,
 so that more adequate estimates may' be made of the potential yield of new-.as.
“wéll as existing natural resources. Another, related part of the IBP is a group
of studies of human adaptability to changing. conditions, while yet other sec-
.tions of the program are looking at thé scientific basis for the use and man-

. agement “of “biological resources and. the conservatlon of natural areas for

_‘comparison with managed ecological systems.
.. The plain facts of the matter are that burgeoning human population, especxally
during the past two. decades, and the rate at which man is deteriorating his.
‘environment by thoughtlessand ill-advised ‘practices and constructions: that
reduce the productivity of ecological systems, has caused biological: scientists
to recognize an urgent need for greatly increased ecological research. The
_United States’ part of the IBP: promises -to cost millions of dollars and the
“sympathetic House Rcience and. Astronautics Committee’'s Subcommittee on

,Soience, -Research and Development; chaired by Congressman Ewilio Q. Daddario,

of Connecticut, is currently holding o series of hearings on it. :

This massive, worldwide, planned effort will:produce a much better under-
~ standing of ‘how biological: systems work. For the various landscapes; and
- especially those upon which 1host ‘people depend for sustenance; there will be
- better knowledge of natural production at the different:tropic levels, of their
interrelationships, and of the principal effective species ‘of ‘each level. From such
knowledge there will stem guidelines for the selection of new: species to be used
- for human benefits, for the modification of agricultural practices to higher levels
- -of sustainable eﬂimency, and for the planned allocation of land to its hlghest

2 ~uses
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‘hich as'T 1mpnea’ n tﬁe‘j;g e
',logy One of the purposes of this sym-
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This is the sort of process that destroys thie traditional explanations of the
mysteries of life and the world about us, that enables man to bend nature to his
will—within ‘limits, that is—and leads to the nearly innumerable extensions
of his physical capacities by the development of what we now lump together as -
technology. I use the term broadly to include the technologies growing out of bio-
- logical knowledge, such as those related to medicine ‘and nutrition; the tech- -

_nologies growing out of knowledge of the physical world, such as those related

to chemistry, mechanics, and external non-physiological forms of energy ; the
technologies growing out. of increasing knowledge of man’s social organization
and the psychological and empirical bases for it. - : i1 S

This:line of reasoning emphasizes that man has created a variety of tools,
including many complicated machines, that enhance his otherwise rather meager
bhysical eapacities so that he-can speak around the world, travel faster than
sound; and seeinto the atom or the universe, : : :

On the other side, man has created all of the societal factors that impinge upon
him, aiding or retarding his individual actions. Here one must place all of the
organizations that institutionalize his daily activities and permit collective
action. We tend to lump them into the categories of the social sciences, such as
politics, economics and sociology.

Having done this, we see that-man’s productivity is not that of other creatures
of:nature. Outstanding is his ability to harness and use external forms of energy
to do his physical, and more lately, his mental work. His ever-growing knowledge
of himself is applied to survival, health, and population growth. His knowledge
of plants and animals and of the conditions they require have enhanced his food
supply and taken him from the Garden of Eden into thousand-acre fields of corn
and hundred-thousand-acre cattle ranches. At a different scale, he is exploring
the more efficient micro-organisms as sources of food, the algae and yeasts,
and looking toward the conversion of petrochemicals to comestibles.

All this and much more is very, very recent in man’s history. Science has caused
him to focus his attention closely on a small number of things, conditions, and
processes. The resulting successes have kept his attention riveted orr pieces of the
real world. The technological developments that have been made possible have
not encouraged a broad view of the world. On the contrary, engineering is
singularly direct and single-minded in ‘most of its solutions to problems. The
problems themselves are narrowly defined.

We have only lately, and. with something of a shock, come to realize that the
way we. have-approached the world has produced benefits, certainly, but also
very unfavorable consequences which we still think of as side effects. What tech-
nology for some time has been doing that we now find we don’t like is not the
cause of our problems but a symptom of them. The problem is that we have viewed
the world mechanically. We have isolated partial problems one.at a time. This isa
failure of society, not of science and technology. Take autos, for example. They
seem to have become an:end in themselves, for the great companies and for the
individual man. That as a result of autos the air is polluted and roads are often
in the wrong places is what we have permitted, not an inevitable consequence of"
autos per se. . ‘

It is ironic to call the pollution of air and water by industrial waste “side
effects.”” The way we have done things, thinking only of the economic products
for which the process was designed, proves our narrow outlook. The pollutants
are just as much a product of the functioning of an automobile as its ability to
move a certain mass a certain distance in a certain time at a determtinable cost
of energy expended. y i

It is'ironic that we have with great humanistic intent carried medicine, public
health, and sanitation to people with little and certainly inadequate thought
about ‘the needs of the living people who would otherwise be peacefully dead.
We have woefully, with inexcusable ignorance or thoughtlessness, unbalanced
the population/food ratio by working on the death rate and leaving the birth
rate unchallenged, and by affecting population growth so that it became ex-
plosive. (We can except at least a billion more people in the world during the
next 15 years), without a corresponding effort to assure them of adequate sus-
tenance and a reasonably human existence.

I will end these reinarks by saying:that there are two human ecologies.  One
is that of the individual, and collectively all 6f us. The other is that of society, .
of culture in all its manifestations. ;
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 The work of the International Biological Program that I mentioned earlier
is fundamental, necessary; and long overdue. But all of the knowledge that can
be accumulated by this kind of ecology is of little moment unless -we strive
* equally haid to learn how to put it to work. 5
I will leave you with one illustration. During. this century, and especially dur-
*ing the last two decades, there have been many efforts at land reform. The idea
was simple. Divide the land up among those who would work ‘it. Where there
are large holdings by private individuals or institutions that are not fully worked,

- ‘divide them upand pass them out to farmers. This idea had a converse. Because

primogeniture was not practiced in many countries, as generations passed and
populations grew, inheritances resulted in minute, often scattered, inefficient
land holdings. By one means‘or another, especially exchange, consolidated and
efficient farms were to result. : !

Land reform with few exceptions has been a failure. In some countries, because
of the population and the land-man ratio, there simply isn’t enough agricultural
land to alleviate the land -hunger. One result of this" was too small, uneconomic
farms.

It is slowly being learned that effective land reform is revolutionary. Ways must
be found to increase efficiency and agricultural productivity. Ways must be found
" to inecrease the capitalization ‘of the farmer so that he can afford fertilizer, for

example. He must have credit. He must have a market. He must make a reason-
able profit. He must have security. He must have knowledge.

. This sort of thing doesn’t flow automatically from dividing up the land. It
doesn’t flow from a political upset or a revolution. It doesn’t follow as an in-
evitable consequence of building a dam for power or irrigation. It certainly
doesn’t flow from gifts or soft loans of money by one country to another.

The changing of traditional ways of doing things is slow. The adoption and
adaptation of technology are slow. Education is slow. The change of cultures is
evolutionary, not revolutionary. We speak of the Agricultural Revolution, but
we are speaking of six centuries and the acceleration of the past hundred years,
and that only for a very small part of the world. We think of the Industrial
Revolution, and some persons would date it from the close of the 18th century,

or perhaps longer from the start of science-based technology, and that, too, has
noliget affected much of the world’s population despite transistor radios in hungry
villages. i : ;

Having been negligent about the population/food equation that Malthus sensed
nearly two centuries ago, we cannot now expect a quick solution. Having allowed
our. environment to deteriorate for decades, we cannot expect to repair it over-
night. There are difficult times ahead. We have only one recourse that I see:
To double and redouble every effort; to make up our.minds to afford the cost,
as Evelyn Hutchinson said, of repairing the biosphere.

Brock Chisholm once said, “If now we all revert to our little private concerns,
if we. all tell ourselves ‘it is someone else’s responsibility,” there will one day be
none of us left, not even any to bury the dead.”

An important: ingredient, an indispensable and even optimistic one in my
opinion, is that we stop looking at the world as though it were some sort of
haphazard conglomeration of independent things. We live in a pluralistic world
and we ignore it at great risk. We have found, if we examine our situation, that
there are systems of interacting phenomena that characterize the world. We must
work with the systems. This is the usefulness of ecology. Although not all persons
can or should. be ecologists, we should all endeavor to use ecological thinking.
That is, we should think in terms of interrelations. Famine is not a side effect
of public health programs and inadequate attention to food production. It is
the effect. That some people are alive to face an existence of misery is the side
eltlfe(f:t. When enough of us can think in this radical way, then there is hope for
the future. ) i
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INFORMATION ON THE INTERNATIONAL BIOLOGICAL PROGRAM

Prepared for the Subcommittée on Science; Research, and Development of the
‘Committee on Science and Astronautics of the U.S. ‘House of Representatives, -
from the Staff of the U.S. National Committee for the International Biological .
Program, Division of Biology and Agriculture, National Academy of Sciences
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" SUMMARY OF INFORMATION
. ON THE IBP =~
" FOR

THE SUBCOMMITTEE ON SCIENCE, RESEARCH & DEVELOPMENT

.. This paper summarizes the response.to the 10, questions asked
by the Counsel, Committee on ‘Science and Astron ¢
‘he International Biological Program (IBP). -
tiohs aré in-the following order: the stat
unds, comparisons Of the IBP with other internatipnal programs,
international participation, manpower, logist s and reviews..

‘'Discussions elaborating on this. summary are ‘attached as appendices. -

' . catagories of research included in the "US/1BP may be grouped.:

_into (1) major research programs having their origins from the U.S.
National Committee (Integrated Research’ Programs);, (2) individual °

'reséarch proposals submitted in response to, or because of, the .

‘ USNC/IBP and (3) IBP related research included in other major re-:

"'\ gedrch programs of the Federal or private agencies. .Approval of . .
'a'major researéh program reflects action by the U.S. National =
-icommittee toward initiating a major, ¢entrally coordinated research
program responsive to IBP needs. The National Committee's approval -

of individual projects submitted because of the IBP, reflects the
_ same ‘judgment by the National Committee. ‘The USNC's approval of - . -
“related research -included in ‘other major research programs of -the
‘Peéderal or private agencies reflects the USNC's evaluation for IBP:
" rélevance.  The USNC/IBP was established by the National Academy
. of Sciences for the purpose of sponsoring U.S. participation.in

iis international. srogram. Evaluations of on-going projects now -
j 693 £ ‘Federal agencies for IBP relevance is'only .=
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of their‘agencies.‘ No' advicde’ from the Bureau of the Budget has )
been sought by the ICC. i . -

QUESTIONS AND ANSWER ABSTRACTS

1. "What is the status of the U.S. IBP Subcommittee Programs

(Schedule of readiness for Bhase II operations)?

. Answer: Discussion in Apbendix I.

Abstract:

a. ~One hundred and thirty-two funded projects are
now included in the U.S. program. This number will increase as
addltlonal prOJects are reviewed and accepted in the US/IBP.

b, Six major integrated research programs have been
approved by the U.S. National Committee for 1mplementatlon when
adequately funded

‘e, Nlne addltlonal major integrated research programs
are being developed for the con51derat10n of the U.S. Natlonal
Commlttee.

2. Concerning the present and future U,S. program funding
‘needs; (a) is the US/IBP program in danger of falterlnq for lack

of funds or for any other reason?
Answer: ' Discussion in Appendix II-A.

Abstract: ' The U.S. National Committee states that the
U.S. program urgently needs substantially increased funds. Lack
- of funds would cause major 1ntegrated research programs to be

.. delayed or abandoned

(b) What effect would anz lagse of funds’ hgve on the inter-
ogram h 4a ] e i

jational
. science and the United States in qeneral?

Answer- D15cussion in Appendix II-B.

Agstract

. ¢a. Inadequate U, 8. support would adversely affect
'th;s internatlonal research program.
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b. Inadequate U.S. support and participation: would
delay urgently needed world wide ecosystem research.

c. Would not greatly affect the overall prestige
of U.S. science since the total U.S. effort in'seience is so great.
Reduction or elimination of any one U.S. program would not seriously
--alter our- prestigeous position.

. 3. What is the estimate of the National Committee as to the
amount of money needed for the U S. in the IBP program for the next
fiscal year? ;

Ansvcr:  Discussion in Appendix III.

Abstract: Additional funds needed for support of the U.S.
program are: ' :

1st Year in $ 5 Years in $
Millions : Millions
Approved integrated research
programs : ; 2.40 77.00
Developing integrated research
programs’ Y 77.00
Inaiﬁidual Proposals - 4.46 ‘ 22.30
Training 4.20 21.00
NAS Contract Support .40 2.00
Total 5 : 11.46 199.30

- 4. What is the view: of the Interagency Coordlnatlng Commlttee
;;cq) concerning the probability of being able to raise the necessary
nds in_the manner oposed? : 4

AnéWer: Discussion in Appendix IV.

: . Abstract: Members .of the Interagency Coordlnatlng Committee
: have stated that presently budgeted funds are not: adequate to. support
the major 1ntegrated research programs of the US/IBP.

5. Concernin rogram models, in what respects stfuctu ally,
will the management of the IBP be similar to.0: ifferent from the:
IGY? é
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Abstract: The IBP and” the IGY are simllar in that U. S
participation in each was established through the National Academy
-of Sciences. (NAS). -Several Federal agencies part1c1pated in and
contrlbuted to support of the IGY, and are 601ng $o for the IBP.
The NAS established a National Committee for each program. - Func-
tionally, the technical panels of the US/IGY are comparable to the
US/IBP subcommittees, panels and integrated research programs.
U.s. ~program management and funds control were more centrallzed
for the IGY than for the IBP accordlng to present plans.~

6. Has anz othe; 1nternat10na1 grogram been managed in the
manner which is proposed for the IBP? :

Answer: Discussion in Appendix VI.

Abstract' U.S. part;clpatlon through the National Academy
Of Sciences in 1nternat10nal programs is well tested. Eleven such

‘. programs are descrlbed in enclosure 1 to Appendlx VI. In principle,

they are comparable. Differences in detail are attributed to dif-
ferenceés in the problems addressed and to the development. of the
‘most effective methods for addre551ng those problemsnv

7. What nations are formally partlclpatlnq in the IBP? What

is the extent of this Qagtlcigatlon in terms of leadership, man-
power ‘and funds? :

ﬁgswer: Discussion in Appendix VII.

- . Abstract: By contlnents and reglons the following are
the members of part1c1pat1ng nations: .

,:Cguntg_z ey © Number of Nations

\kNOrth America - . : 3
South America - ) et 5
Europe . . : 21
Asia 5 12
Africa i 7
‘Australia - : B |
New' Zealand R : 1

; Total : . 50

Number of above havxng national commlttees - 46 number of above
having national programs - 30, Twenty-six countries contribute’
to the flnanclal support of the Special Committee for the

832750 - 67 - 25

Answer: Discussion in Aggendix V. o S s
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programs ;
"t;sts participa ng in the internatlanal structure of the

"muni§t bloc nations

Ansyeg Dlscu551on 1n Aggendix VIII.

: : a. The USSR has an: establ hed natlonal commlttee
and a descr,ption of its hational pési i

Appendix VIII indicates: ‘that it is well‘de
scientlfic prlnclples.

b Representatives from the USSR, Poland -and Czech-
oslovakla are on’ the 1nternationa1 structure of the IBP - :

. Bulgarla, Czechoslkvakla, Yugos av;a, the German :
Democratic Repu ave organlzea ey
their Natlanal C mmlttees, and, w1th exceptlon of Hunqary, com*/.af

pleted thelr subcomm1ttee organlzatlens with IBP plans.

- b What is,
ngtigns’in-Phaee 1?2 :
Anewer: Discussion in Apgegdix,VI;;;

: Akstract~, Several developlng countrles in A51a and -
Africa are partlclpatlng in the .IBP. Mutual hemispherlc interests
in the IBP enhance-the lmportance .of partlclpation ‘of all nations
of the Amerlcas. Argentlna, Brazil, Chlle.and Mex1co have estab—
lished national cofmmittees. - Sc1entlsts from Peru and Venezuela
have partlclpated in IBP working groups. . The U.S. National Committee

. has-particularly fostered participation on ‘a basis of equal i¥éspect
by ‘all nations of the Americas. All countries including those .
'developlng will behefit through accelerated development and -ap-
pllcatlon of blologlcal information sponsored in this program.




II¢113RI(ATIOICAIA;BIOIA)GICAIJ PROGRAM

Abstract: SCIBP has endorsed a series of national fac-
ilities, centers and stations as appropriate to the IBP activities. ~
These endorsements are continuing as the. formal activities of
‘SCIBP proceed. Eight endorsements are described in Appendix IX-A.

‘Answer: Discussion in Appendix IX-B.

Abstract: - Logistic planning and support will be decen-
tralized to that specified in each IBP integrated research program
and project. Facilities available in or under the control of
colleges, universities, oceanographlc institutions, Fedeéral agencies,
and others will be arranged for. Examples.are given in Appendix
‘IX-B.

c. 'Describe manpower and facilities for recruitment.

Answer: Recruitment for US/IBP support has proceeded in
a stepwise fashion. ' Starting with meetings of the U.S. National
Committee, leading to meetings of subcommitteées, and to workshops
for design of programs and projects, recruitment has beén carried
out at each stage. The most critical stage of recruitment will
be that involved in project and program proposals. Recruitment
for the research phase of the integrated research programs of the
US/IBP is just now being fully confronted.

Recruitment for memberships on committees, subcommitteées
and panels of the US/IBP structure has been very effective. The
purposes of this structure include planning, review and evaluation.
These purposes are specific for Phase I of the IBP, but more gen-
eral for Phase II. Additional specific personnel requlrements for
Phase II are for researchers working on accepted ahd funded re-

- search proposals and research directors and administrators who

will coordlnate proposals w1th1n integrated research programs.

'10. What is the machinery for review of the program progress
~and E;oblems? : . : k

: Answer: Internationally, SCIBP plans to hold annual re-
view symposia, with the first to be in 1970. ' These will be held
~on-a. regional basis. Nationally, the U.S. National Committee,
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the 9 subcommittees and 2 panels will continue to meet approximately =

‘once each 6 months. At these meetings, reviews . of progress, new
plans, -and actions rieeded toward program development have beéen and
will be on all agendas. Within integrated research programs, the
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What is the status of the US/IBP Subcommittee Programs (Sch-
edule of readiness for Phase II operations)? - g

The state of readiness for Phase IT operatlons may be assessed
‘by considering (1) ‘the number of funded projects approved by each
subcommittee for dinclusion in the IBP (2) the number and scope of
integrated research programs being developed and (3) ‘the number
of workshops conducted or planned for the purpose of proposal:
development

‘'Funded Approved Projects

These are on~going research projects (and a few new proposals)'
that have been’ identified with the US/IBP. They contribute to and -
support the IBP, but were not initiated because of the IBP. By
-subcommittee the: numbers are: 2o

Freshwater Product1vxty)

Terrestrial Productivity) : 2L
Marine Productivity . fr L
 “Production Processes . - 5 18
_Conservation of Ecosystems DEes L b
Human Adaptability e 8
Use and Management of Blologlcal #

Resources S 36

Environmental ?hy31ology gt
“Systematlcs & Bmogeography i gl
*Total S T

. *Part 1 of Report Number 3 of the U s.
(report now being printed) will list 104 projects.u Part
and’ ‘succeeding parts will list projects a ‘they are add
The cumulative total to date is 132. ;Rep :

"a11 ite parts, as each is publlshed, )

‘jects and 1ntegrated research programs ] the total
series will identify the total U.S. prog am. 8

Integrgted Rgsgarch Programg

gram are just now developlng.
National Committee and nine addltlonal are being formul o
concept -of lntegrated research programs is discussed under gpen— S
~dix ITa and descriptions of both those approved by the Naﬁ onal -
Committee and those developing for ‘later con51deratlon are glVen
‘at enc;osures 1 and 2, Agg_pdlx I.
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COncernlng the six pr:gram"approved by the . USNC/IBP.;

i Flve program ‘directors: ‘have accepted appointments and’
the sixth is now belng 1nv1ted to sexve in: that capaclty.. i

: One management proposal has been accepfedf nd fundea S
: a grantlng agency. ; ; '

One management proposal is nearlng cbmpletlon and w111'"
be submltted in the near: future. : . ’

Prellminary estimates for tota1 fund1ng of .each approved

k‘research programs has been submltte -
‘stages of preparation.;

; As deScribédkléter, :
9 ‘are planhed for the near future
_usually requirlng

p.
tline proposal .
: s,Request approprlate

tegrated research programs. 5
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- ENCLOSURE 1 TO APPENDIX.I -~ = . . .

i 1. Aercbiology Pﬁggrmn
Objective: Tb conduct and cofrelate onﬂa'Wdrld wide
basis research on dispersal of air-borne biological material,

including pollen grains, fungus spores,  algae, pathogens, and
insects that affect health of both animals and plants.

Program: There are firm requirements for better pre~
dictive techniques concerning the spread of crop disease .and:
pests and other bacterial, viral and fungal diseaSes.affecting‘,
man. Identification of more vulnerable periods in.the 1ifekcy¢1es. /
of .pests and microorganisms will lead to improved methods of control.

: ‘The IBP will afford means of standardizing observations
and for establishing communication between,investigators-inter—,,,g
nationally. It will also provide a framework of interdisciplinary
cooperation in many fields, including phytopathology, entomology,
meteorology, oceanography . and ecology. Scientists with existing
Projects will .reconcile differences in methods of observation and
reporting, and identify gaps.in current effdrts to solve these

problems, . ;

Funding: First year support rédﬁiréd:,?ééso.bﬁo; i
i «Five year support required: ,$16,0Q0f000;v_~

; : Efogrgm Director: Dr, William S. Benninghoft, Department
+of Botany, University of Michigan. S . U S N

Objective: ' To clarify by means of integrated research. and
mﬁltidisciplinary,analyses the operation of ecosystems:,that,is, iy
the interaction of all organisms with a defined environment including
the atmosphere and soil. S i o i

Pgogggm{"Reseaxch in ecééysfeﬁ"ﬁéfafibns will probably

prove to be the ultimate understanding of the environment. and how

© man-made changes will affect it. Major studies will be done on’

“the following types of regions: eastern forest, western coniferous
forest; Arctic or Antarctic, western grassland. and cultivated

. ecosystenms, sdesert, and tropical forest. The study of tropical
forests will be in cooperation with Latin American groups, Final

site selections will be made by a special committee. Maximum use

will be made of computer-oriented mathematical methods. Information
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»‘ceﬁters will-be réquired,and«a]ﬁ:aining‘program will be preparad;r -

_© Funding:  Pilot managementfand'researqh by~grag£ to
University of Michigan, 2 years,'$71,354wby:NSFi P

. First year Suppért*fQQﬁired: $1,250,000 .
. Five year support required: $45,:000;000.

. Pfqgrgg“girecto;;:;Frederﬁck E;;Smith, School of‘Natur§L
Resources, University of Michigan. i = o e Lo

3. Study of Eskimo Populations

Objective: ' To carry out intensive, multidisciplinary

studies on at least three‘centers of Eskimo populations, a joint
' United States-Canadian program which will be .coordinated with

IBP efforts in Japan, the USSR, and Scandanivian scientists in
Denmark, Greenland and Lapland. These studies will provide im-
proved understanding of the productivity of the community and its
utilization of its ‘environment, and to reveal ‘similarities and
differences that exist despite different environments.

Program: Eskimo populations along the Aretic coast-
line from the Bering Strait:to'Greenland are appropriate for
comparative studies as'they all stem ‘from' the same origin but
are increasingly more isolated from one another. The specific
studies planned within the joint US/Canadian program on Eskimo

_populations (1) at Wainwright, Alaska; (2) a Canadian arctic -
community, and (3) Upernavik, Greenland are: genealogy and
demography; genetic markers; anthropometry»grthh;and‘develoment;
epidemiology: nutrition;‘physiologyi‘fehavior;fgéblogyjandfmidro-
‘¢limatology; and population history. )RR S e
Funding: First year support: requireds: . $100,000 . [
Five year support required:. $2,000,000

S Program Director: Frederick ‘A, Milany Ré;omedidal Lab- "
oratory, Fairbanks, Alaska. L A AT ) i

4. Hawaiian Terrestrial Biology Program ' .
o Opjéctivez‘pTobstﬁdy inténsivéry €hé endéﬁic and'invéding_if “
biotas of the Hawaiian Islands. . : Sk gy ey

: Program: This will be a detailed, long-teri, ‘comprehensive
investigation of the plant and animal species of the Hawaiian Islands.
It will be limited to:the:land areas because the terrestrial biotas
are the ones most severely threatened. Already, more Hawaiian plants
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‘and animals have become extinct than the total lost for the entire
North American continent. However, most - of the species still re-*
" main, ‘and many of them can be saved with scientific understanding
of the interactions between the plants and animals and their
changihg*environments, especially those envikonments which are
influenced~by man. The whole of the rich Hawaiian flora ‘and fauna
evolved from about 700 immigrant ancestral species; under conditions
of extreme isolation, in the course of a few million yeéars. What
happened might be called an evolutionary explosion, and Hawaii
constitutes an unsurpassed natural laboratory for the study of
evolutionary and ecological phenomena, Because of the rapidity
with which native species ‘and commuhities are disappearing, it is
urgent that an intensive study of the Hawaiian biota be carried out
while there is.still time. ” : E

o . The planners.of this program have selected key species of
" plants and animals and have established priorities within their
selections so that the extent of ‘destruction in the near future
may be assessed by considering (a) rarity, or narrow geographical
extent, 'and (b) narrowness of ‘ecological specialization. In.
addition, multidisciplinary. studies will determine (1) the extent
that the group of organisms, the community, or the ecosystem have:
special biological interest and significance; (2) the interrelation—
ships of the taxon, community, ‘or ecosystem; (3) any evidence of
unusual biological adaptations of the taxon, community, or’eco-
system. The native ecosystems, including rainforest, dry forest,
‘bogs, and sand)dunes will be studied. :

Eunding: First year support Yequired:  $400;000
e ws FPive year support required:- $2,000,000

A ~‘Program Direétdr;"Warren~H;_Wégner, Jr., Department of
Botany, University of Michigan. : : = : IS

5. VPhenoiggg‘Prggram

.~ Objeetivets To conduct detailed studies on plant and animal -~
species, ‘both aquatic and.terrestrial at a number of Sited within- =~ °
‘the United States in order to prepare phénological méps, obtain *
clues to the physiologic limitations that determine climatic limits
of species, explain the ‘biological basis for phenological timing,
test the hypothesis that such studies will aid in understanding .
~evolutionary mechanisms, ‘and contribute to understanding thé role AR
.of phenologic phenomena in'the structure and productivity of ecosystems. -

;‘ Pgog;am$i-ResuLté of this program will more explicitly |
describe the seasonal development of organisms and from these
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descrlptlons will provzde better understandang, 1nterpretatlon and
‘prediction of blologlcal events. . Broad, studies will be . conducted
with the aid of a large: ‘network of stat;ons ‘and. observers.: Species o
;have been selected as the. flrst step toward\standardlzed methodelogy.
These contrlb’tory studles can be. conducted’ at several levels of
sophistlcation, ‘and many pegple with divergent interests and all
levels of scientific tralnlng ca ;partzc;pate.; Several speclal
sites will® be selected and intensive multidisciplinary studies .
of measurements of env1ronmenta1 parameters: and populatlon ; e siiaf
structure, breedxng behavior, and physiology of organisms. and. other ;
deta;led phenologic observatlons w111 be made... One of ‘the chief . -
aims of the program is the. development of phenologlc maps. that..would
‘predlct plantlnq and harvesting dates for cxops and-outbreaks of
plant nd animal—borne diseases as well as many other blplcgmcal

’ Fugéipg f flrst year sﬁpport required: ".$100, 000
P . Five year support requlred- $2,000,000"

g
Program Dlrector- Dr. Byron o. er, Protuuor of Agronony,
: F Hnduoﬂnwnmanw

rural to urban areas.

. < 'VgQOQ;am: Bio-social assessments constltute quantitative
i ecological descriptions of a group's size and composition, bio-

" logical (including genetic) and sociopsychological characteristlcs,
habitat, and major behavior patterns so designed as to (a) identify
the grcup 'S constltuent biological populations, and. (b) the:levels

of fitness, adaptlve mechani sms and selectlve pressures characterLZLng
‘such populatlons.j : :

e The rapld technologlcal,bsoc;oeconomlc and demographic £

- changesu £ the recent past have profoundly-altered. the nature: of -

" physical and ,yeholagical stresses operatln upon many “hiiman “po :
ulations.f SOme stresses, such as bacterial dlseases, have»dimlnished
in importance-’oﬁh_'

5 terventmon sis;:saving and re-. ;

.pairxng an- inqreasing . g with serious congenltal defects;a‘,?'

i‘Dietary ‘changes -and. & vreases in- physlcal actxvity<have 1ntreduced R

1w zati m communicatlons~have caused

*unparalleled demands upon symbolic 1earn1ng, nemoxry: ‘and fine psycho
: ; The tolerances of. .man to these changes and the
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degrees of ‘hazard, on one hand, ‘and of potential ‘on the other,k‘k .
that they may present to development, physiology, behav1or, longevity:
and genetics in man are still poorly understood. Their evaluation - :
consequently represents a key task.in understanding human adaptablllty. -

~Specific sites will be located in’ rurai MlSSlSSlppl among

Negroes and whites and in receiving areas, such as Chicago. Other"
studies will encompass statlstlcally adequate components of Spanish ”

American .and American Indian populations.  Adaptation to a sub-
arctic ‘city, such as Fairbanks, Alaska, will aid in understandlng ;
similarities and differences in white, Eskimo, and Indién adaptatlons‘“
to that special environment. Correlatlon w1th similar work in-
Canada, and in Israel will be undertaken. The’ program will be in
several phases based on.a series of comparable studies by fleld ‘and:
visiting specialist teams under individual institutions coordlnated
by the Program Director.

Funding: First year support required: $300,000
Five year support requlred' $10 000 000 ;
Prggram D;;ectgr. Dr. Adrlan Ostfeld, Department of

Preventive Medicine and Communlty Health, - Unlverslty of Illlnois
College of Medlclne. .
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. ENCLOSURE 2 TO APPENDIX I

. Emerging Integrated Ressarch Programs Under DeVelobment'

~_ The following programs aré being formulated by the various. Sub-
committees of the U.S. National Committee. When-finally approved, -
there will be a requirement’ for funding support ©No cstlmates
of needed funds are currently avallable. :

1. Adagtatlon of Peogles at ngh Altltudes

Ob]ectives. To' study the distribution and the nature of
the variabilities in man's adaptive capacity at high terrestrlal
altltudes, and to define the processes of adaptatlon. :

: Program- Dr..P. T. Baker, of Pennsylvanla State
Unlversity, is the project convenor. A worklng group will meet
at Lima, Peru in November: 1967,,to develop a basis for a firm

_program and for coordlnated proposals 1nvolv1ng both South and
North American countries. The aims of this program are the
investigation of fertility; postnatal growth; development and’
psychological maturation; aging; and diseases at high altltude.

The World Health Organization has expressed an lnterest
in the project. It is anticipated that scientists from the
Institute of Andean Man, Lima, Peru, and from the high altitude
station at~La Paz, Bolivia'will participate in the planning‘

2. Exger mentgl Analztlgal Blogeograghz of the Sea

: ‘~ob]ect1ve: To engage in coherent cooperatlve research

on a broad geographical basis to study the physio-ecological

resistance’and performance adaptations of marine and esturaine

species to geographical; abiotic, 'and biotic envxronmental factors,
such as temperature, light, hydrostatlc ‘pressure, streamlng :
velocity, nature of substratum, food, and salxnlty. : -

Program, ‘Dr. F. John Vernberg, Duke Marine Laboratory,~ 8
Beaufort, North Carolina is the coordinator of this proqram. CB e Lo
‘workshop will be held on 23-26 October at the Duke Marine. Ldboratory;;‘ by
to define the specifie research to be undertaken, ‘the methodologies,

. ‘and the scientists to participate. A proposed budget will be

" prepared. Dr. Carl Schlleper, Unlverslty of Klel, is actively
cooperating in thls worklng group. . Dr. C. Ladd Prosser represents
the Subeommlttee on Env1ronmental Physlology, and Dr, V. E. Brock
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represents the Subcommittee on Productivity of Marine Communities
~and w111 coopérate on this project . ; o

RSN Control of Insects bv Plants and of Plants bv Othg P
Plants

Objective: .To study the mechanisms of chemical inter-
actions between- organlsms,'emphaSLZLng the control of insects by -
plants,»and of plants by other plants. . :

Program; Implication of terpenoids in both kinds of '
control requires that entomologists and botanists work together

‘ to identify mechanisms and to develop methods of blologlcal con=
trol of pests. Dr, E. F. Knipling (USDA) and Dr. Cornelius '
Muller, University of California, Santa Barbara, will organize a
working conference to be held at the University of. California in
1968. The Subcommittees on Systematics and Blogeography, and
Productivity of Terrestrlal Communltles w1ll be lnvolved.

4. BlOlOQLGal Control of Pest Insec's gnd other Orgaglsms

obgect;ve To promote ecologlcal manageménf as a. prln—
cipal method of pest control, w1th emphasis on the use of predators,
paras1tes, and pathogens‘ R

Progr While somewhat related to, the dev ‘ping pro~,
gram above on control ofinsects by plants, ‘this investigation *
will empha51ze the optimal use of other natural enemies:of p st
organisms, = Control methods studied will include”the various for
of habitat management or modification,: use of resistant;h £,
autocidal methods, use of lufes and repellents, and competltlve
displacement. Establlshment of 'a ‘training ‘center for Blologlcal b
Control at the Unlver51ty of California has been proposed for . i
purposes of the IBP and would be an important supporting element
‘'of both programs. A number ‘of active proposals supportlng ‘the
above objectlve ‘have been approved by the IBP A

5. Adaptlve Processes of Hvbrld Populatio ns

Ob]ectlve To undertake w;th Japan a jo;nt study of’
the ecology of hybrld populations.

Program: This program has been deflned in prellmlnary
terms. . Professor S. Kondo (HA/Japan) will visit Madison, Wig~
consin in the Sprlng of 1968. At that time a meeting will be
called by Dr. W. S. Laughlin, University of Wisconsin, to dis-
cuss the fea51b111ty of a program on US/Japanese populetlon groups
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in'both Japan and the United States.

Ob]gct;gg:' To study the adaptablllty of prlmltive peoples p
: to their env1ronment

- Program: Thls program w111 develop from a Conference on
; Pr1m1t1ve Peoples ‘held by WHO in.July, 1967, of which J. V. Neel
(HA/US) was ‘the prineipal organizer. - In 1968, thére will be a :
second conference in Latln America. It is anticipated that - a’
definite program will'be deVeloped by the Subcommlttee as a re—
sult of these conferences. j

R 0b3ect1ve~ To attain a. greater d’gree of cooperation k“ i
: between blologlsts of North: and South Anerica in’fundamental g

. U > ~spe: physlology of species
~of expand‘ng range 1n order ﬁoifurnlsh needed edv1ce for plannlng

“This qroup will: 7:DL. Pr
A copy of his preliminary plan

. Texas. : i
3 to A ix I, «Itis lncluded as an example of a program under; G
_development.;‘g : i ] it :

¢ i ses great loss to:man, -such
as the destruction of materlal (rats and mice), spoilage of land-
scapes (mesquite), and in nuisance" fac ors (starlings). It is:
‘necessary to study the’ basic physlological mechanisms that pro~
mote expansionin order to manage ' the- problems, that may develop.
This working group will be chaired by Dr. Calvin Mchllan, Uni-
ver31ty of Texas. An 1htegrated researcn program 1s expected to
result: ‘ i i 7 ;

2

lant ngg POO ;éf

: Objective: To-. continually procure, assess, and preserve
i valuable germ plasm for future 1neorporat10n 1nto crop varieties.



{INTERNATIONAL: BIOLOGICAL: PROGRAM ! 395

18

Wild progenitors of major crops, primitive populations, and wild - -
relatives of crop species form a wealth of genetlc dlversity from:
which to draw sources of adaptatlon or res;stance to env1 onmental
factors."

P;Qgram:‘ In the United States, with almost. no natlve
crop germ plasm, cooperatlon with other countries for this purpose
has been on-901ng. It is now necessary to examine our total nat-

“ional effort for adequacy in connectlon with the rapidly increasing.’
+ scope of the . Lnternatlonal work and to determine any additional
support that is requlred

) "The ‘Use and Management Subcommlttee of the US/IBP has
'partlclpated in the program developed by the IBP international

Working Group on,Blologlcal Control and will continue:to do so.
Two projects proposed by the international: working group are in-

" dicative of the broad framework within which American biologists
may develop activities relating to plant gene pools. - The projects
are "Survey, exploration, assembly, and conservation of ‘genetic
stocks" and "Evaluation of plant resources-biology of adaptation.!
Because of the broad base of genetic: variability: that would be

. provided, these activities represent an_unusual opportunity for..

_ biologists interested in worklng to preserve genetlc stocks.

. There has been establlshed, a Natlonal Seed Storage Lab-
oratory (NSSL) at Fort Colllns, Colorado. While-this:collection
is. extensive, there is a need to preserve. lmportant gehetic marker
collectlons, quality carrying stocks that may be lost in over-
emphasis on quantity production, and other biological tools: that - .
are in danger of being lost.. A program w111 be developed by the ..
subcommittee by means-of a worklng group on the preservatlon of

',genetlc stocks. ) . ; :

,9‘_' & 't'io

fbbjgéﬁive. To. accomplrsh the follow;ng.v"'

: a. Emphaslze inv“stlgatlons of proteln supply, to,f
- include amino acid balance nd;protein utllizatlon studies, as .
ﬁwell as use of flsh product as protein supplement. £

” b. Encourage broad studles of the role of fatty ;
. -acids in the nutrltlon of humans living under different conditions .~
- of env1ronment and stress.

c. Study the. adaptatlon of populatlons to levels of
dietary intake different: from those considéred. normal. -
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cidence of diséase and parasitism, A part;uular area is the in-
fluence of factars, ‘such' as g01trogens, which may 1nfluen e lodlne
requlrement and thel;\role in thyr01d def1c1ency. :

Proggam' ! 1 w1ll requ1re close coordlnatlon

’1~‘w1th related: programs of the Subcommittees on. Human Adaptablllty,
V'»Prcductlon Processes, and’ Terrestrlal Product1v1ty. The National

Committee of the" Internatlonal Unlon of Nutrition Sclences, coop-
‘erating with the Internal Programs Committee: of the National Re-
search Council Food and Nutrition Board, is assuming responsibility
as a working group of the Use and Management of Biological Resources
Subcommittee. The total _progran will encompass both animal and AR
 human nutrltlon.A ik




