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PREFACE

It is somewhat unusual in preparing a collection of thi

p S natn
from the more formal proceedings of a scientific confere Khat ie o

nce. That is, one

é?lsl;f:)rirep:rtcci to participate in the Plenary Sessions and Working Group dis
. tmes, portions of the Plenary Session discyssi .
the oral iransmission of a ici ’ in thost Instamce
: : participant’s prepared paper; in those instanc
; ] ES,
editors have inserted the advance papcers in place of the oral presentations ‘t‘fjg
emaining advance papers immediate] ing
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FOREWORD

Boris Pregel, Harold Lasswecll, John McHale

The Conference whose papers, discussions, and proposals are presented in
this volume is a (ransnational and transdisciplinary underiaking the significance
of which is to be undersiced by examining its relationship o what has gone
before and to the probable steps that will be waken in the immediale and more
remote future 10 connect s¢ientific knowledge with public policy.

In widest perspective the Conference in New York expresses the cumula-
tve concern of scientists and the public ar large for the social consequences
and policy implications of scicntific knowledge. More narrowly the under-
taking is 10 be seen as a continuation of the meciings of the World Academy
of Art and Scicnce (WAAS, established 1960) in Brussels (1961), in Stockholm
(1963), and in Rome (1965). By previous arrangement, it also continues the
discussion at the Nobel Symposium 14 (Sltockholm, 1969), “The Place of
Value in a World of Facts,” A number of members of the New York gathering
parlicipated in both meetings,

The immcdiate initiatives for the consideration of Environment and So-
ciety in Transition came from the American Division of the World Academy
and the American Geographical Sociely (established 1852), which is one of
the oldest scientific societies in the United States. The premises of The New
York Academy of Sciences were the scene of the Conference. -

The planning of the New York meeting was hegun before the scientific
community, thc American public, or the public of other countrics suddenly
‘Became aware of the environmenial crisis. It was fur from (rite, for instance,
lo assert that we arc past the eleventh hour in the pollution of many of the
principal compoenents of our system of lakes, surface rivers, and underground
waters. Or that creeping congestion spreads [rom the core of urban aggregates,
and endangers the psychic stabilily nio less thun the physical integrity of human
society. Withoul exaggerating the role of the preparatory work for the New
York Conference, there is evidence of the influgnee of the preliminary memor-
runda—which werc privaiely circelated among ceriain international sctentific
bodics and official agencies-—on the content of many meetings and programs,_.

Such immediate side effects were welcome indicators of opportune timing of y
the undertaking. They did noi, however, divert the Conference planners from .
long-range or middle-range objectives. The planners were aware of the perils
that ustially attend bursts of gencral enthusiasm on behalf of belated programs
of public policy. Insufficiently aware of the complex and delicate nature of
ccological balance, programs of superficial plausibilily may eventually leave us
in a worse state than we arc at present,

If the profound policy implications of scientific knowledge for “Environ-
ment and Society” are to be grasped, morc than an ephemeral and topical
approach is essential, The plan thereforc was to bring together a Conference
whose members would be represeniative of the best that the conlemporary
world of science has 1o offer. There is no question that, in so far as several
relevant disciplines are concerned, this objeclive was achieved.

We sometimes refer to the New York meeting as a “microconference.” Ii
was indced a micro- rather than a macroconference when it is compared with

13



14 Annals New York Academy of Sciences

R

the many thousands of participants who are often invited to an inlernational
scienlific gathering. The hope was that a modest size—not much in CXCEess
of a hundred—would be conducive Lo an intelleciual expericnce that would be
at once broader and deeper than usual,

As a means of providing such an experience, several procedural innova-
tions were introduced. If an “interdisciplinary approach” is to be realized in
fact as in name, interdisCiplinary éxposures must be provided for all who_seek
to’think ‘and act 1ogether. We thérefore devoted Part I of the Conference to an
authoritative’ réview of the present state of knowledge in the principal fields
into which intelleciual inquiry is usually divided. The intelleclual 1ask of each
contributor was indeed formidable. As a selective guide he was asked to con-
sider the most significant developments that have occurfed in his feld of
competence as they relate lo sociely and environmenl in these transitional
times_. It was necessary for him to consider conceptual and procedural develop-
ments, as well as accepted findings, that would help 1o elucidate the ceniral
theme. In many instances the resull was to produce a masterful re-examination
of a body of knowledge whose potential for social consequences and policy
implications has been overlooked, ofien by the specialisis themselves.

In order to launch discussion, the paper writers werc asked o “semmarize
their summaries” and to allow time for questions and comment. Authors were
invited to offer informed speculations about the future evolution of their special-
ties, and 10 introduce “policy implications™ if Lhey chose. T

No parlicipant who exposed himself o the exercises in Part T will forget
some of the changes that were made in his own tognitive map. He acquired
40 updated view' of the present state of scientific knowledge that, as always,
combined brilliant advances with frustrating gaps and evocative questions.

A comment about the arrangement of the presentations in Part 1. The Con-
ference began with the sciences whose concern is with outer space, the atmo-
{  sphere, the surface, and the subsurface. Next came the biclogical and medical
{  sciences, followed by the physical sciences and enginecring. Finally, the scicnces

of man and his cultare, The discerning observer will notice the latent frame of

reference in this selection, which conceived of “man™ as a living form secking

to optimize his “values" (preferred outcomes) through “institutions” inrer-

acting with the “resource environment.” The procedural point may be noted

that the actual program sequence alternated the presentation of papers about

the physical and biological sciences with papers about the social sciences. The

aim was to reduce the templation to skip scssions “outside my feld,” which is
i onc of the intellectual devices of self-segregation that the Conference sought 1o
counteract.

Part IT of the program cmphasized the “double vision” required of Con-
ference members. Besides parliciparing in the sessions of Part I EVEryone was
expected to join a Working Group on the social consequences and policy im-
plications of scienlific knowledge, The lopics were closely related 1o the
arrangement of the summary papers in Part I There was, ncvertheless, a
definite difference in what was expected, The leiding question wus no longer
about specific specialties. The Working Groups dealt with selecied sectors of
society and environment. Each sector involved a horizontal cut through all
fields, since every ficld must be considered when sociul consequences and
policy implications are at issue. The prohlems that arisc in thinking about
“cultivating resources” go heyond the physical seiting to the complex interplay
of changes in the physical environment with changes in biological and cultural
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i “Population, health, and family™ stralegies must go beyond |
;?;;gg;rzﬁgnzﬁlturr)c F::: the assessment of mctc(‘)rologica} and ulhgr_ fealur_es of I|
the resource environment, A similar observa_uon applies to polltcm_,'s d‘t‘m‘gncd
to affect world “scientific knowledge,le.ducatmn, anc‘l, communication,” "eco-
nomic and social strategies,” and “decision processes. The.latte!' was of par-
ticular relevance to the aims of ihe Conf_ercnce, since a major aim was (o go
beyond the laboratory or the field expedition and to mal:el an impact on policy
forming and executing processes. The “working groups” into which the llnenl':-
bers of the Conference were divided for 1!_1(: purposes of Part 1I were exp 1cu§
interdisciplinary. Each group had thc_ assistance of a legal sc_hlo_lar accusiome
1o summarize proposals and justifications for the usc of decision makers. "
Conference procedure enabled the Working Groups to begin work on ! e
second day of the Conference, which was before all the papers _prepared olx;
Part I were discussed. A provisional chairman ogened cach mceting, lb_udt eac
Working Group was authorized to change the chau'lrnan, and also to divide u.-n_a:Jf
subgroups, if desired. Members changed_ the Working Group initially chos(c:n i
they wished. The reporis of each “;‘loricmgl Gr(éup were presenled to the Con-
whole for discussion on the last iwo days. )
fcre;ieﬁg;t be predicted, the Working Grpups differed preatly in the specd and
ease with which they executed the task assigned to_them. As the r_ecord sho“_.'s,
the discussions were often vigorous and full of divergences of_we_w. Despite
the pressure of time, all the provisional reports were forthcommg,'and many
of the participants found the unaccustomed role that they were asked to play
t-provoking and frustrating. )
bOtl}l'tl?cmggnf%:ence dﬁvoted an evening to the World Universily proposal of
the World Academy. It was a great satisfaction to ]?r. Hugo Boyko, ill as he
was, o lake part in the lively discussion. (To our intense regret Dr: Boyko,
who initiated and guided the World Academy of Arl and Science, died soon
after the close of the Conference,) Dr. Boyko's dream for the World Academy
was Lo bring inlo exislence under the auspices of the Acad:arny a world m]]:-
versity of a new kind. Insicad of having a supercampus in one plac.e, the
institution would reflect pluralism and decentralization. _Wuh tl'!e assistance
of Academy membcrs the conceplion had been formulated in a basic memoran-
dum that was widely disseminated in university and U.N, c1rclle.s al_'ld hellg.ned Lg
give shape 10 the many initiatives (hal have crcated a diversified "worl
university movement.” o
The New York Conference was atlended by scientists most of whom were
willing to impose on themselves the severe discipling reguired hy. the program.
Only one occasion was open to invited guests. At the Dinner a tribute was paid
to the memory of Dr, Chester Carlson, whost bencfaction hclpez.i the Ameri-
can Division of WAAS to plan and hold the Conference. The Dinner was an
occasion for the significant pronouncements on the Conference theme that
were made by two eminent Fellows of the World Academy, Dr. Seaborg and
iselius.
Drlgll:; c?ncluding nole to the present volume will indicale how the work of
the Conference is to be continued in the immediate and the more remote

future,



International Joint Conference on
Environment and Socicly in Transition

INAUGURATION

Dr. Boris Prepel

Chairman of the Conference

PREGEL: This is the first session of the International Joint Conference on
Environment and Socicty in Transition, organized by the American Geographi-
cal Socicty and the American Division of the World Academy of Art and
Science. 1 declare this Conference now open.

A short time ago, while glancing through Bertrand Russell’s book “A His-
tory of Western Philosophy,” 1 found the chapler dealing with the birth of
science in the 17th century, I was amazed al the apparent similarity {o ours
of the problems of those remote days and hours, In those eras, we find war
and social change as well as a new conception of cthical and culiural values
that revolutionized previous patterns of existence; this was even more true in
science, where a sudden, incredible progress created pew problems that had a
tendency 10 alier the old, narrow concepls of world thinking,

This science of the 17th cenlury drew a world sl clinging 1o the fears and
superstitions of the Middle Ages into the age of ratiopal thinking. Today we
are wilnessing another great scientific revolution, the result of which can only
be guessed ar now, What, then, docs the future hold for us?

Galileo, Kepler, and Newton observed and explained by logical physical
laws natural phenomena that, undil their lime, had been considered coinci-
dental or had been ascribed (o supernatural forces, 1L is casy to realize how
deeply the discoveries of these men influenced their conlemporarics, and it is
just as understandable that they brought forth such rhymes as onc quoted by
Russell:

“Nature and nature’s law laid hid in night/ God said, ‘Let Newton be’
and all was light.

It does not take a great deal of imagination 1o adapt this couplet to our
times if only we substitute for Newion 2ny onc of a variely of present-day
scientisls and replace the word “light” with “power.” Tt is especially now that
we realize how completely dark it is that siill surrounds us, although, and per-
haps because of the fact that we have barnessed a power that has the potendial
to decide between our being and not being.

I become frightened at the immensity of the subject. The problem facing
humanity today is of a tremendous and complicated nature, Now lechnolopgy
is intimately bound to sccial, political, and economic qucstions, and, if I may
say so, to the change of the structure of our Kfe and philasophy,

The new era, based on new discoveries, will be different from what we are
accustomed to. We would like to define the real place of science in human
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society. We can affirm that, since the im:t.:plion of the world, never have we
been so rich in knowledge as we became in the pa_st\t‘l_O ycars, but never was
this knowledge used so badly. It seems that mankind;"which became capable
of transforming the world at such a rapid pace, l?as ceased Lo undcrstgud
exactly what it is doing. Tt is absolutely clear tl_'la.l science can It}uke gcccssxble
to mankind all the food, work, sccurity._and liberty to which it aspires. But
along the road Lo this achicvement, mankmfj faces the danger of death, mlser}:,
and unhappiness. There is 31?10 lbh_elvc}'y ]lmplon[a.mlt. problem posed by man's
i his environment and his biological potential. )
mls?:cgfgnizing the imminent danger facing .lhe world, the Nobel Foundqt:on
orpanized, in September of 1969, a symposium, “'_l'hc Place oli Vah_les n a
world of Facts.” This confercnce is the conlmuat_lon of thc.dlscu.sm?ns‘f ini-
tiated in Stockholm, Wec hope that our international and interdisciplinary
discussions will be able to present the intellectual community with a new ap-
the solution of world problems.
pro‘glljls[rBETH Bovko: My husband is unable 1o be here, and he has asked me
(o give you a bricf message for him, and I will add a few words as a general
comment of my own. The World Academy of Art and Scncncrl: and.thcl World
University was founded to study and discuss the means for investigating _thc
problems of mankind and to seck their solutions; nething can be ‘more ‘_m:al
than those prablems, the solutions to which open the way to man's survival.

Looking back, onc could be drawn to consider the overall dangers thal
were recognized about 25 years ago by the founders of the World Acz}demy.
One must admit that this recognition of_thel problems andldangers is now
growing with great acceleration in the scienlific world and in other proups,

1l. o
*® wlgi.rv:ry one of us is personally decply engaged in his own SCIEnIlﬁC. work. My
own field is that of desert reclamation and the development of an Jincxpensive
but effective purification of waste water. heavily polluted by organic and inor-
panic waste material. We have reason to believe that we have found a solution
for these vilal problems, but we must still find a means 10 close the pap between
the scientific results und the practical application. ) .

The same probably applies to many other fields of science, and I am lot?kmg
forward to this conference and 1o the working groups where these steps .wﬂl be
discussed. I am convinced that for quite a number of ficlds the commissions of
the World University will find progressive stages of preparation for their work
and in some cases even well-prepared steps toward a lask force. But in all
cascs we shall have o obtain material and cmotional suppori from ocuwtside.
Some of the most important emotional support will have 10 be lfrom the younger
generation. We must show them consiructive ways and solutions (o the prob-
lems, solutions based on the most recent knowledge and know—]lww. And they
must, in lurn, recognize the challenge and be willing (0 contribule their best
constructive efforts. )

Why are most people now aware that, more and more, global plannn_]g has
become a must and that plobal cooperation has to substlitute for traditional
power politics? During the last 20 years or so, the inﬂ_uenczc of scientists on
political leaders has grown, but even in the best of situations, it is only a
secondary, advisory role. In order 10 obtain the moral and material support
of the masses in the fight 1o stop the approaching world catastrophe, scientists
will need the coopecration of those leaders in the po_lllical, financial, and
spiritual fields who arc able and unsclfishly willing to bring about the support
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and to arouse in the masses th
political support.

It is, therefore, hoped that this confer i i

' " ' cnce will, to the b

the ceoperation of the world press. Only then, by close (’:ol

leaders in science and technology, and the political, spiritual, and fnancial

leaders, and the world press and the .
yYounger generatio
solve the problems that face us be found and gimpigcmcm.-gd_n. can the strategy (o

¢ emaotion that is necessary to obtain sufficient

ghest degree, obtajn
operation among the

PanT I: PLENARY SESSIONS

Space and Earth Sciences

Lloyd L. Molz, Chairman

Serge Korll, Cochairman

Motz: It is quite appropriate that we begin by considering the develop-
ments of science today. The tille of this meeting, “Environment and Society
in Transition,” can best be understood if we know.first where we are. Each
of us in his own discipline does indeed “know” to some extent. Perhaps we
have a great deal of knowledge; perhaps we know very much and understand
very little. I hope we may concern ourselves with understanding more, and
understanding more in terms of all the vast amount of knowledge we have
accumulated. Here I would like to go back a few thousand years, to 92 B.C,,
when Lucretius, the popularizer of the theory of the atom, wrote a remark-
able poem, “No Single Thing Abides,” in which he points out things that are
extremely modern. He undersrood things, but, of course, he did not know
very much; thus he remarks that the systems in the universe are constaniy
changing: “I see the suns, I sce the systems and their forms and even these,
the systems and suns, go back to their eternal drifr."”

Then he makes a nolable remark; he says that every atom in existence
was, at on¢ lime, part of another star, that we could not be where we are or
how we are unless we had passcd through something else; “This bowl of
milk, the pitch on yonder jar, are strange and far bound iravelers coming
from afar.” And finally Lucrelius speaks abowt science, “this voice that stlls
the pulls of fear and through the conscience thrills.”

This is indeed Lhe situation today: if science cannot show us the direction
to peace and a belter world, all our knowledge, ali our understanding will be
useless. It is wilh this goal in mind that this confercnce has been called; the
following discussions arc to be completely open-ended, nobody will be limited
to delivering a prepared speech. Qur first paper loday is from Prof. A. G. W.
Cameron; he will be followed immediately by Dr. Serge Korff.

19



RECENT ADVANCES IN ASTRONOMY AND
SPACE SCIENCES

A. G. W. Cameron

Belfer Graduate School of Science, Yeshiva Uni versity
New York, N.Y.

and

NASA Goddard Institute for S pace Studies
New York, N.Y.

Introdietion

The astronomical sciences have had rather little impact on our day-to-day
lives, but from ancient times their philosophical impact has been VErY preat.
Primitive man could see that there were many unreachable things in the skies
about which he knew nothing; undoubtedly the appearance of the heavens had
much o do with the formulation of primitive religions. In recent centurics, as
we have [carned more and more about the universe and our place in it, man has
seemed te occupy an cver-decreasing position of importance in his total uni-
versal environment. The skies no longer turn solely about the earth; the other
stars no longer turn solely aboul our sun. The sun has become a pormal up-
distinguished star situated in our galaxy, and our galaxy is but one of billions
of similar galaxies strewn throughout space, with no indication that our own
position in space has any special significance,

The pace of discovery in astronomy and space science has been particularly
hectic during the last decade, and this has Ied to an intense inteilectual fer-
ment in the feld. In this article, I will skim quickly over a few of the high-
lights of the research discoveries that have been made, and at the end T wilt

try to indicate what our present philosophical outlook is toward ihe universe
in general.

The Large-Scale Universe

During the first half of this century, some of the most important develop-

i i spiral nebulae are external galaxies at
large distances from our own and demonstrated that there is a correlation be-
lween the spectral redshifts of the galaxics and their apparent distance from us,
These developments led 1o the concept of the expanding universe. Modern
cosmology has developed from both this observational picture and the under-
Iying theoretical devclopments of general relafivity, For a long time, cosmol-
ogy has been, basically, a science in scarch of facts, In the last decade, a num-
ber of new facts have been established that have ap important bearing on
cosmology.

Perhaps the most important of these is the discovery of an isotropic back-
ground radiation ar microwave frequencies. This radiation appears 1o be inci-
dent on the earth unifermly from ail directions, and as far as we have yet been
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hle to delermine, it has a blackbody spectrum char_nclerized_ by a_tefnpc_ramrc
5 7° K. The most commonly accepled inlerpretation of this radiation Is that
?f ‘2. Ieflo;'cr light, emilted during the early expar!sion slage of the universe,
::rl:ll;n all matter was tightly compressed and the umvcrsch\:vas”a v;rycl'{gz (}:I::EI?S,
i diation. Dicke has graphically descri _
e l(;se[fgt::g:f:fg? t:)z flash from the primordial ﬁreba_ll. If this inter-
radlal’.!Ol‘l is correct—and much confirmatory cxperimentation su}l must be done
preLanOlt-lhIE background radiation is the most primitive obse_rvatlon that can be
r:ald:r;n cosmology; it s the carliest light of any kind lthz{t it would h::l Eloi's:;nlf
detect. We are, in fact, seeing the early universe in its own emilted light,
:v.?hich has been redshifted to the extreme radio wavelenglhs. are the
Less primordial, probably less [unc!amenlal, but ceriainly sl_rl;ngcr,_ ee k
quasars. These are brilliant points of light frequently shining with an intensity
100 times as preat as that of the brightest galax:cs. Yet th_ls lremenfimés_ ene:;gy
output is generated and emitted from a region less than a.hght year in ﬂn_la:me 1r.
We do not know if quasars are extreme forms_o_f galaxies, although this rg(ls}:
be so, but we suspect that they are beacons-shlp:ng to us from Tl;.ormous_lmd
tancc; in space and enormous intervals back_ in time. The spe«:lr?_| mels_ emi e
from the quasars have undergone a rc?dshﬂ't of as much as three :‘mlesr he
original wavelength, and sometimes a litle more. Most astronomers I::'n etp]_e
these very large wavelength shifts as mdic_auons that the crmllmgFo ]egos tl
well beyond the faintest galaxy whose redshift has been mensurccl:l.d o; a \ uth:;
decade, theoretical astronomers have been completely puzzled a oll: e
detailed structure and operating processes of (he quasars, Now a new 2_?mum
tional statistical puzzle is emerging: there Aare many quasars up to ; mw?“ m
redshift, and, suddenly, beyond that reds}flft, no more are obselrw: .?
tell us something important aboul the ancient history of the universe

OQur Galaxy

Perhaps the most exciting discovery that has becn made —m _re;:pnl .yea::
about the contents of our own galaxy is the pulsars. These clocks, ticking mﬂer
sky, shinc bursis of radio waves at us cvery second or so. About a_yearr:ade
their discovery was announced, the tremer}dous numbmj of obsclilrvaul:ms nade
by radio asironomers finally seem to provide strong ewder_lce that tl_e {)u s
represent the discovery of an enlirely new type of star, w1thl:u(::lI en 11':: y I;lar
type of matier, similar to the nuclei of our atoms. Ttys §0-cal l]e r}lleu olr;linor
is an assemblage consisting mostly of peutrons, but it may a sl? z:lvcl:o ninor
components of protons, electrons, muons, and hy_perons, all gat _]crel tﬁ et
wilhin a radius of perhaps 13 kilometers am_:l having a mass similar oh a o
our own sun. Such objects had been pred:clgd by the theoretical ]113 me'lcal
during the 1930s, and a few people had continued to study Lhell; lheorct!cal
properties since that time, but little autlention was paid to such 1 eolc'lc ;1_5_
predictions until the discovery of the pulsars. Pcrhaps there was gofo 'Ir
torical reason for this: the neutron siar was really_lhe first type ?j majo
astronomical object to be predicted by theory before it was discovered. .

About ten years ago, the new scicnce of x-ray astronomy was born when :]1
rocket asccnded above the atmosphere to ook for x-rays rom the moon ﬂl}'ll
instead found them emanating from a new type of as!ronomlcal objecl:.btvz
Scorpius x-ray source. X-ray astronomy can be accomplished only from abo
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the atmosphere, because the atmosphere strongly absorbs X-Tays; hence, this
was one of the carliest important discoveries resulting from space research.
Since then, the x-ray sky has been observed repeatedly by rocket Riphts, and
aboul 50 x-ray sources have been located, Some of these are very variable in
time and rise to a maximum intensity and then fade below the Ievel of de-
tectability. There are two basic types of x-ray sources: a source that has
rather high-energy x-rays, typified by the Crab Nebula, which may represent
Supernoya remnants; the other type of source is a hlue pointlike object—
examples of which have been identified with several of the x-ray sources—
whose nature is still unknown. The astronomer has come to expect that when
a new region of the electromagpetic spectrum is opened to observation for the
first time, completely new lypes of astronomical objects will be discovered.
X-ray astronomy has not let him down in this regard.

Much of infrarcd radiation is sereened from the surface of the earth by
absorption in the atmosphere; (his absorption is mostly due to waler-vapor
molecules, but there are a few wavelength windows through which the infrared
sky can be observed. It can also be observed from the high atmosphere with
balloons or aircraft above the bulk of the water vapor,

Infrared astronomy was a litile slow in beginning because of the lack of
effictent infrared detectors. In recent years, many imporiant advances have
improved infrared detecror efficiencies, and, as a resuli, the science of
infrared astronomy has begun.

Here, oo, there have been important rew discoveries, Cerlain Stars, very
faint in visible light, are enormously brillianl in the infrared, probably because

object observed: the infrared nebula. Such an object exists in the vicinity of
the Orion Nebula; it has a surface lemperature of only about 100° K, yet it
shines at a rate of about a million times the Tuminosity of the sun in the far
infrared wavelengths. Some astronomers {hink this may be a location in space
where new stars are actively forming.

Some of the most exciting discoveries about our galaxy have been made by
the radio astronomers. For years they were rather unhappy that they had only
one speciral line to observe, the 21-cm line emilted by neutral hydrogen
atoms, Studics with this line were very important for astronomy: they de-
termined the location of large clouds of hydrogen in interstellar space, as
well as relative velocities. Now, suddenly, in the last few years, the radio
astronomer is deluged with a large number of spectra| lines, which started with
the discovery of four lines due o OH, the hydroxyl molecule, in interstellar
space. The hydroxyl molecule does not behave in a simple fashion; it enhances
any or all of its spectral lines in an apparenily capricious manner. This en-
hancement has been attributed 1o a masering action, stimulated emission re-
sulting from the overpopulation of an excited state of the molecule. One of the
truly astonishing accomplishments of the radio astronomers has been the demon-
stration, with a world-wide radio interfcromeler, that some of the regions
emitting OH lines have dimensions as small as that of the solar system, even
though they may exist thousands of light years away from us.

More reccntly, radio lines due to ammonia (NH,), water (H.O), and
formaldehyde (CH,O), have been detected. The ammoniz docs nol appear o
have masering aclion, bui the water vapor does. The formaldchyde seems to
be 2 kind of antimaser: it has an overpopulation of the ground slate, and,
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i i diation at its characieristic wave-
anomalous abscrplion of radio ra i
?cnclo]:l, a'11-l'hesc observations indicale that the_mterslgllar pases have a strange
cck:::gmi;uy of their own thar we are only beginning to discover.

Onr Solar System

Bhysicists, during the last decade, have bf_:en bu:sy with spacccr:lulft g;l;]:g;
surements delermining the presence of coergetic particles and magne 1ch s
i They have determined that our planet is surrounded by a shell o
e Spa‘t:icc; articles trapped in the outer reaches of the magnetic ﬁel.d. Beyond
e;;l_crg;m nlz’.tosphere, interplanctary space is filled with an olulrushmlg plasma
; 15;11 theg sun, an expansion of the solar corona, which carries its own imbedded
ézgnetic ﬁel(‘i. Sometimes interplanetary space is also filled with large ::llurrlllllal?;':
of cnerpelic cosmic rays accelerated by solar flares. Tl:lus,ir a? anar:nc;jic oin.
teresting part of the solar system has turned out o be full of enerp

i mena. .
dynf\rz;zrﬂgfiencuspacccraft have made a preliminary exploration of lﬁe nearby
planets. Venus has becn found to l'fave an extremely thick atmoslzh er; t:omE
posed predominantly of carbon dioxide and to have a pressure alt het as;on‘:;t
about 100 atmospheres. The su1:facc of the _planet is enormously Tg, al
700°K, and is thermally well shiclded from mlcrpl_anelary space. e 1a mt]f-
sphere,contains almost no water. Although chus is a planet w1tl] nearly lc
same mass as the earth and nearly the same radius, lts_almosphere is cxlr;:me y
different from that of our own planet. chcrlhelgss, it seems lha_t lhcl'?anlils
are chemically very similar, and many atmospheric physicists bcln;,lvc that the
earth would become as YVenus is now if it were moved closer to the sgp. g

Mars also has an atmosphere predominantly composed of carbon dioxi cf,
but this atmosphere has a pressure at the ground Cff. le§s than one perl cent o
our own. Indeed, the atmosphere of Mars is in equilibrium with its po aé-_ ca%s,
which arc also composed of carbon dioxide. The pressure of the carbon dioxi t;
in the Martian atmospherc adjusts itself 10 equalily with l[lle vapor Qressurelo
carbon dioxide over the pole that happens to be experiencing winter ]-? a
particular time, There are mere traces of water in the Martian almeSp crcf.
and there is almost zero chance that liquid water Gan exist on the sur age 0f
the planct. Hence it is very unlikely that Mars _wlll prove to be anhabo_tc rg_
living beings. Spacecraft pictures of the Marlian surf{icc show that i -
sembles the surface of the moon in many respecls, having farge numbers o
craters, However, the aimosphere makes a d1ﬁerenc_c, and evidently dust on
the Martian surface is blown around sufficienily to obliterate the smaller craters
in a short pericd of time.

Probatlnjly the most striking resulis of any of the space programs have beeg
those resulting from the manned exploration of the moon. The Apollo 11 an
12 astronauts brought back many kilograms of lunar_ rocks 'tmd dust that have
been subjecied to intensive investigations by a }wde variety of Ilaboratg_l}y
techniques. The findings indicate that the moon is Ialrgely a chcmlc_ally thl -
Ierentiated body and that i1 appears 10 be dcﬁ:::ent in iron as well as in other
elements that have relatively low vaporization temperatures for common
compounds, In the interior of the moon, where the rocks now on the surfacz;
at the Apollo 11 landing site were formed, there was a dramalic absence o
water. This resulted in the formation of minerals under very dry and higher
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temperature conditions that would occur on the earth, with highly significant
diffcrences in the mineral content of the rocks.

These tantalizing first glimpses into the bulk chemistry of another planet
will provide extremely important clucs to the origin of that body and of the
solar system as a whole, The moon is markedly unlike the meteorites, the other
sources of extraterrestrial material that have been examined in our labora-
torics. The moon appears to have formed under high-temperature conditions,
with a strong absence of the more volatile elements, whereas the metcorites
seem {o have formed under much cooler condirions, with retention of mast of
the more volalile clements. Additional landings on the moon will belp 1o
extend this information and to render much more certain our preliminary
conclusions about that body.

Man's Place in the Universe

These have been a few prominent examples of the many dramatic ad-
vances In astronomy and the space scicnces that have occurred during the last
decade. But these advances are merely the highlights of a tremendous amouat
of investigation that has been carricd out, of both an observational and a
theoretical character, The usual pace of research produces a succession of
small discoveries, but the intellectual impact of these mounts as the lotal
number of small discoverics grows. Therefore, in this last scction, I shall out-
line some of the principal philosophical points of view that have emerped
about man's place in the universe.

The dominant concept resulting (rormn modern research inio star forma-
tion and the origin of the solar system is that we must expect planetary systems
to be extremcly common in space., Many stars, perhaps 80 per cent of them,
cccirr in binary pairs. Somec investigators view this as merely another manifesta-
tion of the tendency for matter to orbit around stars in space; in this case, the
stars orbit around each other. However, thcories of the origin of the solar
system now tend 1o place the origin of the planets in the gencral process by
which the sun itself formed. Hence, there may be between 10° and 102!
planetary systems in our galaxy.

Biochemists studying problems associated with the origin of life tend to
conclude that chemical evolution on the earth followed the chemically-most-
likely path in every discernable instance, Thus, if a reaclion tzkes place in-
volving complex organic molecules, which may yield many different products,
the most common products are the ones that appear to be incorporaled in liv-
ing beings. Therefore, the chemical and biological evolution that has oc-
curred on lhe surface of the carth appears to be a natural consequence of a
favorable environment. It is generally cxpected thar similar chemical and
biological evolution will develop anyplace in the universe where conditions arc
similarly favorable. This means that we should expect the existence of an
immense number of planets in our galaxy on which life has originated and
evolved,

Will these theoretically prevalent biological systems gentrate intelligent
beings? Obviously, science is not in nearly as good a position 1o answer this
question as it is 1o answer questions about the likelihood and prevalence of
planets favorable to the origin of life. Nevertheless, the biologists tell us that
environmental siresses lead toward evolution, that the old doctrine of the
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val of the fitiest plays a sipnificant role, and Iha_t, pecause intelligence
may allow one species Lo dominate over allI others, it is probably only a
matter of time before a biological system with ample natural resources will
i i 1C5-
devioi;.;ﬁﬂ:gzﬁgﬁzi is whether an intelligent species will dlevclop a tech-
ology. This may depend on the evolution of a suitable mampulaln_«rc organ
i \he-imelligcnt species. On the carth, it appears that the possession of a
o dily manipulalive organ, the hand, played a significant role in the devclop-
me )c:f intelligence in human beings, and this may also be a general phenome-
ron It is a logical consequence of the entire irend in modern interdisciplinary
I:r?i?]-king about the prevalence of life and intelligence in the reml:u_nqerlof t]:c
palaxy that we should cxpect enormous numbers of intelligent civilizations o
have developed in the vicinity of other stars. . ) read _
The basic technical requirements for ml;rste_llar signaling already _exx:lt.
The large radio antcnoa at Arecibo, Poerto Rico, is capable of sendmg_ signals
to a similar antcnna located many hundreds of light ycars away. It is quite
within our technical capabilities Io construct even more sensilive antennas
capable of commupicaling across s_ull v?stcr distances. . o -
Nobody has yet done much listening for e:.uralerre.smlal cmhzarmns. Iu
someday, logic tells us, we should find such signals coming from intersteliar
space. When this happens, astronomy will not be just a science of the immense
void that helps shape our philosophy and_ gencrate mle'lleclual ferment, but
will also help gencrate some of the most important social consequences (hat
the human race is ever likely to encounter.

survi
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Introduction

In the last few years, and most especially, very recently, a trend has
cmerged that seems most desirable from many points of view, This is an in-
creased concern with the quality of our environment, Recently, undergraduates,
senators and congressmen, and a wide variety of other persons have alf evinced
a prowing interest and awareness. That this concern is justified admits of no
debate. Quite clearly, mankind has managed to spoil so many and such con-
spicuously large portions of his environment that the problem has reached a
crisis stage in many fields. There are, however, some caulionary poinis to be
considered; and I hope that something may be generated that will be a met
benefit and will not, because of ill-considered, hasty action, create more
problems than it solves,

Trends Already Discernible in the Movement

In the United States we have a greal fondness for simple solutions for
complicated problems. We love to say, "All you have to do is . . . and
imply that thereby the solution is at hand and the troubles are over, There
are all oo mauny illustrations of this characteristic approach. For example,
although excessive alcoholism clearly is an evil, the simple solution of making
it unlawful drew our country into a situation (rom which we may not have
recovered yet. In the days when we imagined we had only one potential enemy,
we promulgated a forcign policy of deterrence based on “massive retaliation.™
This policy has also led to consequences that plague us long afier the policy
itself has been abandoncd. In the environmental sciénces, it is often easy to
say, "Oh, we must not do s0-and-s0,” thereby avoiding one set of problems
but firmly pushing ourselves into another ser.

Another characteristic, which I am afrajd will soon manifest itself in the
environmental field, is our mercurial tendency to lose interest in an cffort,
cspecially after an initial victory has been won, We do not like to stick to a
problem, especially when the going pets difficult. Again, all too many illustra-
lions come to mind of the effects of this national characteristic. We are soon
going to run into cases in the environmental field where this effect may plague
us.

Still another facet of our present operational procedure is thar the entire
conservalion movement has built-in overtones of being against everything.
Time and again in the last few years, I have reccived letters from conservation
groups asking me if the organization I Tépreseat, or sometimes if I, personally,
will not join in an effort to halt something. Perhaps, indeed, the something
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i it i ishingly seldom that any appeal comes to get
ds halting, Yet it is astonishing

n:ﬁ-l:thing pisitivc done; it is always to oppose _what someone else wanls to
z This posture of opposition to every proposal is not one that ques well for
mc.:.r future development or for our growth possibilities as a nation or as a
wori?-seems lo me that we must be positive rather thaq negative with respect
to our manifold prablems, The problem is to consider the best way t
ccomplish something, to consider what the long-term problems are that a
a'ven procedurc may generate, and then to choose the route thar will generae
1g}l1e, fewest problems. We will not find solutions thal generate no effects. What
we must decide is what price is acceptable.

The Basic Choices of Mutual Opposites

A basic reason (or our many really dlifﬁcull prob[er_ns is l_he fact that [ll;lerc
are two, and often more, mutually _excluswe and opposile dcs:_der_ata_. We lzgire
thus Far becn unwilling (0 take scriously the measures that will limit a raﬁn y
expanding population. We all know what these measures are and wgau‘ now
that technically the job can be done. l?.ut pql:tlca]ly. we have been unwi ing tc;
do it. This rapidly expanding populat.lon will require increased prloducnon o
food, of goods, and of services. It will require much more electrical ener_gg.
We will have to build many new power Planls. Tht_: population will want to ride
around in cars and will ncedhroads to ride on, while the cars pour out noxious

A not have it both ways. o
gaselsf. \:c?.vﬁ:; to conserve our environment, it can be donl_a. If we want to Ill'lil]ll:
our population, this too can be done. But the hard fact is: we can!:of, at the
same time, refuse o limit our population growth and also stop building new
automobiles or power plants or extracling more oil or cutting down more
forests (0 build houses For this growing pqpulauo:_l {0 usc. _

It is regrettable that all this is so. A given policy has certain conscqulences,
and they are quite predictable and inescapable. As a nation or as a wor r:lI:1 we
cannot instilute the policy and refuse to accepl the consequences. If we have
mor¢ people, we will do more damage to nalqre. If Masai tribesmen ove}x;run
the African game reserves with their expanding calrlcf herds: we §h_a|l ave
fewer big animals. If we fcel we must [eed the wqr_]d s starving millions, we
must put more [and inte agriculture and use more fertlizer,

Some Specifics

Another one of our great problems arises out of our desire to have certain
benefits without paying for them. An excelient illustration of this is the situa-
lion in power generalion. Tt is quite clear that we shall !'na\.rc to bUI.ld new
power stations, not only lo provide power f01: the cxpanding p?pl_.llallOn but
also just o lake care of the increased demand imposed by the existing groups,
which all demand more each year, We want Lhese power stations to be 1n.;
conspictous and not {o pollure the environment. And yet, what do we do?
Some years ago a nuclear plant was supgested for the New York area, b};:t
political pressure forced its abandonment. ‘Tu supply the needed power, the
utility companies have had (o ¢xpand their older sieam stalions, which are
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notoriously polluting. Let us rake a good look ar the problems of power
gencration.

A steam plant, burning fossil fuels, gencrates ash and carbon dioxide, the
products of combustion. The carbon dioxide is invisible, but who can main-
tain that the literally millions of tons we are spewing forth do not produce
undesirable cffects? The effect on the almosphere’s heat retentivily is oo well
known to need further review. The second lype of pollution generated by
stéam plants is thermal. The condensers must be cooled. This process requires
a lot of water, which, in turn, becomes heated and warms the nearby streams
when it is discharged. Although a nuclear plant does not produce carbeon di-
oxide, it also generates twao problems: one is the disposal of radioactive wastes
and the other is, again, thermal polittion.

Much of the pollution can be abated or minimized if we are willing 1o pay
for ir. The objection “That would be uncconomic” is the key issue. If we
want to kecp smoke under control we can do it. We can install smoke pre-
cipitators; they cost money. We can recirculate condenscr-cooling  water;
such recirculation also ¢osts more than does the alternative of laking nice, clear,
cold water from our reservoirs anc discharging it after it is heated. It is
possible by chemical treatment to reduce the bulk of nuclear wastes, to con-
centrale them, and 1o prepare them for slorage for 2 Lime lonp cnouph for the
induced radiozctivity to decay, But this costs money. As long as our public
service commissions, which fix rates, are busy thinking only of what must be
done to kecp the rates down, they will not permit the generating companies (o
charge what is needed to do a really effcctive job on pollution abatement. We
must realize that we have the technical skills now to generate vast amounts of
power wilh minimal accompanying pollution, but we have programmed our
regulatory agencies not to permit this. If we are sinccre about not{ wanting
pollution, we must pay the costs,

Many other illustrations come to mind, Automobiles can be built that
will generate less of the fumes that give rise to smog. But the additiona) devices
cost money and many persons are unwilling to face these added costs, Changes
in the engines of transport aircraft can greatly reduce the smoke plumes. But
in the long run the cost of such changes will show up in hipher fares, which
Many persons and regulatory commissions resist. It is quite clear te anyonc
who has been stacked up over New York City in an airplane that New York
badly needs another major airport. But the chief objection to any proposed
location has come from the conservation groups. For some years now, any
new airport proposal has been blocked. This hardly seems a good long-range
solution, Access to all New York metropolitan airports is by automobile only.
Certainly we could prevent the emission of vast amounts of exhaust fumes by
constructing subway extensions 1o the airports from our existing subway system,

Conclusions

We will continue o have problems as long as we continue 1o insist on fol-
lowing mutually antagonistic policies. OQur problem is not a technical one,
We know how 1o do most of what we need to do withour generating unac-
ceptable amounts of poliution. But we are quite unwilling to pay the necessary
costs, be they in moncy or in political policies. Science and the technology
stand ready to do what needs (o be donc. If we are sincere in our protestations
Concerning our covironment, we must not just say “no” 10 every new proposal,
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We must, on the other hand, consider how the techniques can be implemented,

oo h:s reguires paying more in order to pollule less, we must be willing to
and if ; \lue are unwilling 1o limit the population ¢xplosion, we must face the
Py 111 t there will be more people damaging our cnvironmen_t, and more
o e to serve those people tomorrow. If we insist on eleciric power and
Endustrf('!i out‘put as cheap as possible, we will find that these same md_usl:ne.s
mdusmdmorc wastes. What we need o do is to apply our knowledge, w1l!1 l]:{e
pro.du;cend in view, and with the further stricture that if the f:nd we desu'el is
demfh most econc;rnic one, we are willing to pay for the differcnces. With
:l?:h ﬂ?l approach we can still make progress. At the moment 1 do not sce any

acceplable alternative. . - .
: like to address myself to another aspect _of the problprn

of sr;{;:;}or{. Srlltmzlll;(:ipears that the problem facing us is, cssenu_ally, saturauog
f population, of contaminants in the aimosphere; I §hould lll_cc to propos
N f 1;ssib]y we are also reaching an intellectual saiuration, that is, the Striving
g}ap::mle toward new intellectual ideas seems to be r_caching a kind of le.xcl:in%
off, and it is difficull to sec whcre&:ew rhgll'lgs a;e ﬁo?f_s to come from. An

't ik onsider the problem of physics. o
panlnfm\lvat:lfoﬂ;tm:tdt]l':tel:v: of physic.sfJ we discover that the medern period is
governed by lwo great theeries, the theory 9f relativity _and the quanlm:n thelgryl,
and these have proved adequate to explain many things. As a:'L exar::lphaw
might indicaie the development of sl.ars: Today we knn_)w pretty ‘Tﬁﬁon ™
stars evolve, how they develop, and this, in a sense, h_as given us a so on 10
the important problems that were presented o scicntists, aslronomlers pnamm1
Jarly, at the beginning of this century. We know now that a starfls a ars
concomilant of Lhe cvolulion of the universe itself, It is part o dan c;nmm
cosmological problem, and if we¢ apply the laws of relativity and qu
mechanics, we can undersiand quile well whal goes on. ) [ ,

We know today that the atoms all arounq us, the atoms in our solar syis te.m,
evolved or were formed through the evolution _of stars, 1]1_rough the cvolution
of cerlain types of stars—the older stars, which the:n, in some ;'nanne:- or
other, expelled vast quantities of malerial, and from this material solar systems
i rmed.
hke\:!l:arsc‘:srzlz(:) investigate various other problems, such as those prescnted
by Dr. Cameron, and in each caszjc \;e apply the lwohlhe_gsnes that we under-

of relativity and the guantum mechanics. )
Slanfs. i:h;c:;ilfbr;?lhafl we havt::. ina sense, come o the end of the fOl'l:I'll]lat-lOIl
of new, preat theories? T know this is a shockmg_ lflca; many peoplt? in scien-
tific research will argue that if such is the case, it is hfxrdly worth living.

Bul let us examine the situation. These two theories, the theory of ;elg-
tivity and the quantum theory, which in a sense mtr_oduced two velry dasui
conslants, the speed of light and the quantum of aclion, were deve opcd a
about the same time¢: in 1900 the quantum theory was iniroduced, and in

of relativity. _
190%:2?1 dtﬁg-?w:sr a pcri:d of iremendous activity with the dlscovcry_ o_f that
we call the quantum mechanics, that part i_n nature of wave characlerlsn::sa 1;
the period from 1900 to 1925, during Whl(:‘:h all. of_ this devclop;d—a k(lj]] ﬂt])
golden age of physics—we find two bE}Sl.C principles were (_flls«‘:ow.rerlil .L |:|
basic principle that is the theory of relativity and the basul: principle 119325(;
lo the quantum mechanics, the notion of a quanum of action. I'::rﬂn:lﬁ : dz
the present, some 45 years, with the greatest concentration of scientific min
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working in this area, there has been no basic discovery, no new discovery or
development of a basic theory. Even such developments as the laser and the
discovery of antipariicles, the positron, all stem {rom the basic theories, We
would not dream of trying to understand these new technological discoveries in
terms of theories othcr than the theory of relativity and quantum mechanics.
The laser, for example, which is a representation of one of the most advanced
technological developments, was discussed in a paper by Einstein in 1917, 1y
is not a new basic principle. The pulsars, which are important discoveries in
astronomy and are, indeed, newly observed, must be understood in lerms of
relativity and quantum mechanics.

Consider the discovery of antiparticles: the positron was discovered in
1934 by Carl Anderson, but the positron as anticlectron was predicled in
1928 by Dirac on the theory of relativity and quantum mechanics, This was
a purely mathematical extension of the theory of relativity.

Because we now find that the rate of discovery of basic principles has been
practically nil since 1925, we must ask ourselves where is science to ro? In
what dircciion is science to proceed? It is true we shall discover many, many
more facts, we shali discover many new technologies, but will we have new
theories (o work on? Will the cxctlement of science be the same in the future
as it was from 1900 to 1925, as leas| in the physical scicnces? When it is
argued that there is a great deal to discover, I must answer that indeed there is-
facts, Lel us consider, for example, the field of particle physics, which is a
kind of force that is nor at ali understood. Vast numbers of facts, But apain,
they must be (reated within the realm of the two basic theories.

It is true that new mathematical lechniques are introduced, new approaches
and new skills are developed, but there js no departure from the basic (heories.
Therefore, the question I wish 1o propose, and that I hope may stimulate some
discussion is this: Are therc new basic theories to be discovered or are we
simply looking for new forces? It is true that whenever we find a new force,
when we go from a study of the structure of the atom itself—the eleciron
circling the nuclens—to the nucleus, we run into new forees, We speak of
nuclear forces, but we study the nucleus again in terms of quantum mechanics
and relativity theory.

This is a topic worth considering because we find more and more young
people turning away from science. Here 1 am limiting myself to the physical
sciences: I think there is still excitement in the biological and lifo scicnces, but
in the physical sciences these excitements have perhaps disappeared or, at
least, do not present the same kind of challenge as they did (o men like
Einstein,

There appears 10 be a kind of saluration, and if this is indeed the case,
then perhaps our approach to the education of youngsters—what we tell them
about the intellec(ual rewards science has ro offer—ought 10 chanpe. We oupht
not lo hold out promiscs of the same kind that were promised the earlier
explorer in this field, and ought perhaps to indjcate that science today, at least
in the physical sciences, is a martter of very hard, tough work with no great
brilliant ideas that will burst upon a person all at once.

Il we are going 1o talk abour environment and the relationship of science
to environment, T think we ought also lo talk about the intellectual environment
and consider whether science can offer, or scientific training and learning cun
offer, the same excitement (o young people loday as it did in the past.

The next speaker is Dr. Richard Porter.
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THE BIG VIEW

Richard W. Porter

General Electric Company
New York, N.Y.

i st ancient of the sciences. Beginniog, pt?rl:naps, with a
ASl}on\ov[:):'a:lsd l?vc;)r?:lzrlal the regular movement of the lifc-g_wmg sun, the
iR 1 : oon and the stars across the heavens, and the terror induced .by an
beautitu) li it progressed in the minds of the more curious and intelli-
occasiona. EZIPZ? thcspe motions and eventually an ability to predict them with
g I:c;;’l e o);' accuracy. Becausc of the significance of these celestial objects
some 1 cgnl!ieions this primitive scientific knowledge was carefully accqml_.llaled
o nzi ::gm at,ﬂrsl by word of mouth and then in wrillen records within the
an_d pIasgl‘:'cran:hy There was much nonsense, of course, from.our 20th cen-
B Ioim bl-lt the essence of science was there: obscrvallon,_ accumul_a-
::.Lrg ‘z:f(;v Ealeg:orizalion of infermarion; altempt at rational explanation, predic-
uonila:?oﬂlljcll: h:;::a:ll-— that the begionings of aslronomy were probabl_y in the
radle of civilization, Mesopotamia, begun pe_rhaps by l]'_le Sumecrians _and
. tinued cven morce strengly by the Babylonians, spreading gradually into
aqna India, and Egypt. The noled astronomer Fred Hoyle " sugpests lhat. in
Melsol:;otami; the work was largely l?umerical and cmpirical, perhaps ac(liur;i
of code-cracking cxercise. Mcanwhile, a parallel ldevelogmenthoccunl'_ L
early Greece, where the subject was of more philosophical l:_a]J: r;: 1gstm-
value, and it seems that the Greeks were the first to try lo t m] 0 _ca -
nomical problems in terms of peometrical models. That [he.sehf:ary slm_dn e
studies had practical significance can hardly b-e doublc.d. Arc 1[ectsl alav]_ ut
temples and lombs precisely in accordance with celestial r(l:ferﬁnces, nmosn
tors steered their primitive ships over the open seas using only t cdsEn, moor .
and stars o guide them; farmers timed the seasonal planting and harv 4
of crops by observed positions of the hca_vcnly l_mdu:s_ ) ) .
Varicus technological developments, in particular the mvenlflonlq) actl:]:ll-
rate clocks and chronometers, the telescope, the ph_otographlc pal‘ti!, et-:
spectrograph, the sensitive pholome(cr_and pholoamplifier, have preatly ex
tended and refined the kind of observations that can F.'e _madei, the burgcoEl_nﬁ
field of radic asrronomy has added a second spectral _wulndow throughlw lﬁ
to look at the universe; and space technology has eliminated completely _Lle
observational limitalions imposed by the earlh's atmosphere and made possll e
the new fields of ultraviolet and x-ray astronormy. Furthermare, tt}c d_?_ve opE
ment of even more sophisticated mathcmanc?l systems, the availabi ];ly_ o[
powerful computational aids, and the many stgmﬁcanl inputs from p. ysmg
and chemical laboratory experiments have contributed a basis for underslz:in -
ing the observalional resulls of modern astronomy and extending t_hc under-
lying and unifying theoretical structure that makes astronomy a scwnc_c.l )
As in all branches of science, the pace has b_ecn aceclcratmgl rapl(_ly n
recent years. It seems as if each scientific question answered gives rise to

* Fred Hoyle, Asrronomy, MIT Press, 1964,
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several new and generally more difficuly questions, and cach new advance in
observational capability opens whole new arcas of scientific controversy, Noy
surprisingly, there has been considerable splintcring or specialization within
the overall science of astronomy. The Internalional Astronomical Uniton now
has a total of 38 differeny commissions. However, it might be possible 1o Speak
informally about threc divisions by type of objcct 1o be studied, such as solar
astronomy, unar and planetary astrenonty, and stellar and galactic astronomy:
and of four divisions according to technique, for instance, optical and imfrared
astronomy, radic and racdar astronomy, high-cnergy (ullraviolet, x-ray, and
cnergetic particles) astronomy, and celestial mechanies.

Solar astronomy is of direct importance in studies of the terrestrial ENviron-
ment, because the sun supplies all the energy that makes life possible on
earth and seems to influence many commonplace phecnomena in ways that are
not yet well understood. Each of the four lechnique areas is concerncd with
and contribuies 1o solar astronomy. Becausc it is the nearest star, the sun is
also of profound interest 1o stellar aslronomers, and as the progenitor of the
solar system, it is important in the study of the moon and planets.

The brightness of sunlipht, as we sec it here on earth with eyes that are
sensilive only lo wavelengihs from about 0.3 to ahout 0.8 micrometers, s
relatively constant, with a small seasonal variation caused by the clliplicity of
the carth’s orbit and an irregular vuriation that seldom exceeds +2 per cent.
However, in the ultraviolet and X-Tay regions of the spectrum, the radia-
tion we receive from (he sun is highly variable, During an intense solar Nare,
the brightness of the sun increases by as much as 100 per cent in the ultra-
violet and by an order of magnitude in the “hard" X-ray region. The flare also
produces several distinctive kinds of radio noise bursts and, sometimes, high-
cnergy protons (solar cosmic rays) in sufficient quantily to be a poiential
radiation hazard ro space travelers. There is always some evaporation and
cscape of less enerpetic elcctrons and prolons from the very hot (about
1,000,000,000" K) solar corona and these charged particles flow more or less
radially outward from the sun. constituting what is generally called the solar
wind. When a flare occurs, streng pulses of very hot plasma are ejected
through the corona and travel ouward through the solar system at a higher
speed than the normal solar wind velocity, crealing magretochydrodynamic
shock waves of vast proportions. It is the interaction of these shock waves and
the plasma concentrations behind thern with the earth's magnetosphere that is
primarily responsible for the phenomenon known as g magnetic storm.

It would be highly desirable, for many reasons, to be able to forecast these
solar-flare events reliably, and therefore much attention is being piven 1o
developing the kind of scientific understanding that would make such fore.
casting possible, It is now well known thut the flare is associated with a
complex magnelic field configuralion surrounding Lroups of sunspots on the
surface of the sun. QOne major accomplishment of modern solar astronomy
has been the development of a capability to measure magnetic fields op the

surface of the sun wilh good resolution both in peomeiry and in Lime from
telescopes on earth.

Our knowledge of the high-cnergy eleciromagnetic radintion and particles
emitled by the sun is largely dependent on measurements from artificial earth
satellites and deep spacecraft. The Orbiting Solar Observatory salellites, of
which six have been successfully tawnched by NASA, must certainly be con-
sidered as a major new observational capability for solar astronomy. An un-
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os, to be built in Germany and launched by the
mm']ncd SPTC:c:ifjfrlh:;“ﬁfcan;r;-‘?b;, will carry 10 or Ll rather spphislica(ed
United S within 0.3 AU (approximately 30,000,000,000 miles) of the
experTens roved detail with which specific areas of the sun can be obser!-fcd
sun- Thf 1r;1ﬂp hed above the turbulence of the earth's atmosphere and the im-
nd pho ng Fuaking observalions at wavelenpgths that do not pencirate the
orlanclf c; have led 10 the design of a solar iclescope to be carnled _ancl
am,?:ﬁaderon the first manned orbital workshop of the Apollo Applications
ope
Sl gy nd planetary astronomy had become an almost deserl:sd ﬁeld. until
Lunarcz;uyp Improved oplical telescopes were, of course, bclgg designed,
r-alhcr reé:oo-in'ch Hale telescope at our MI. Palomar, but these .blg new 1_c_le-
like the important primarily for their increased lighl-gathermg_ capability
e "”erfmscquen[ ability to “see’ farther oul into lhe remote regions of the
auq their c'rh;: abilily to make clear, high-resolution pholograph:_c images of
un'“rersﬁ-'kc the moon and planels [rom the surfacc of the earth is ll[l'lllle by
Objc‘:[shl ic turbulence 1o such an extent that telescopes of larger diameter
amo?ﬁ] ::HGO inches are not useful. In fact, some of the best lunar pholpg'raphs
[hz'm ?he space age were made with the 36-inch refractor at the Lick Ob-
D vator Conscquently, when mosl of the details that could be seen throu_gh
sewalor{%i'\l tcléqcopc had been mapped {or the moon and Mars and !hc Ol'bllls
o thoe a;1d olﬁer visible objects in the solar system had becn determined with
?gagsis:blc precision, many ustronomers lost interest and moved on to other
ﬁc}dlst- is perhaps interesiing Lo note, as an aside, that during the first ha_ulf of
the 18th ccnrury, astronomers were eage‘rly _secking ways 10 solv.e lllhc long::llrl(;cl;
determination problem of celestial navigalion, w!nch is cssentlially on}clz Lo
accurate determipation of universal time on a ship at sea. AImosFla J?un red
years carlier, Galileo had thought about using the moons of Jup_| er] ogd .
rpose, but the idea had proved 1o be unfeasible. Newton had a simpler idea:
F[':jcpaobsérvalion of our own moon agai_nsl the t_mckground‘ of the stz:lr:. I-Il,?;:li
ever, it was not until Tobias Mayer, with the aid of Eulm:s new ma imta rln al
techniques, carricd out the calculations necessary to predict the a[;{par 1n e
tion of the moon, hour by hour, and the first British Astronomer oy_au;. o
Flamsteed, had dciermined the positions of nearly 3,000. stars todlwl in Ny
accuracy of 10 scconds of are, that t_his idca became practical. Od flen?:ﬁgr{o:
it was just about this time Lhat the inventor John Ha_rnson producef lZ(I, i
nometer not regulated by a pendulum, which proved itself capable o cepals
accurate time over long pericds at sea. Tt turned aut to be at lc.ast asl;laccurier
for most purposes as navigation by the moon and was considerably eas
e uIs:-recent years, with the advent of infrared, radio, anc] radar astronomical
techniques and the urgent need lo know as much as possible about il)e _moorfl
and planels in preparation for space missions, lh_cre has been a reawakening 0h
interest in these bodics by astronomers. Ir is, :_ndeed. remarkzllble how rlnu]:i':l
can be learned about u planet by locking al it from earth_ in all available
regions of the spectrum. Radio, radar, and_ml’rarcd mapping of the rlnoon
have provided the gross thermal and electrical characteristics of the lupar
surface 1o a depth of at least several meters, and even though these dala c;n
now be obtained at a few points by spacecraft Lhat_land on the moon, the
astronomical data continue 10 be a valuable source of information about large-
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scalc inhomogeneities in subsurface properties. Laser retroflective meas
ments fro!'n.earlh using the optical corner reflectors placed on the moo e
A_pollo missions are increasing by scveral orders of magnitude the ace e
with wl‘_uch onc can measure the moon's orbit and motion around its own curar:y
of gravity. A precision of + 30 centimeters has already been achieved an;qler
provement 10 better than + 15 centimeters seems probable. Measurc,mem o
this kind are usefl_.Jl in trying 1o unlock some of the secrets of gravity, and o
also_bc valuable in obtaining a better understanding of the way in ;vhichmlﬁ-:y
conlinenis scem to be drifting over the face of the carth. the
Modern astronomical observations of Venus have shown that this p) i
1o say the least, peculiar, Almost a twin of the earth in diameter andpninm l's‘
is pcrpftually shzouded in clouds and its surface is cxtremely hot, on the ::)s:('ie“
(ci:f 600° K (620°F). It has a very dense atmospherc (abour 60 times mor;
cfpse 1han. that of the earth), which consists almos: entircly of carbon dj
oxide. Tt is now known by_ radar measurements that Venus rotates vcr;

orbital periodicity around the sun, so that it always shows the same f

toward earth when the two plancls are close together. It is also known [ahce
some areas on Venus are relalively more refiective than others at radio frequ .
cics, and by a method known as the Doppler-delay technique it has becn nossi.
ble to construct a crude map of the radar reflectivity of the “near side” pfoslil-
planet. Previous astronomical information has generally becn conﬁrmeg aln:I:

1S surprisingly 1hin, just as that of Venus is surprisingly thick, and jt h

mgmﬁcam_cloud cover., Furthermore, the side facing the e:’ar‘lh alt :S cst
approach js fu_lly sunlit; because the planet rolates at abouwt the samel:lsamsdl
as ‘lhe earth, its entirc surface is rcadily available to all the technj uegcef
optical, as .wel] as radio and radar, astronomy. Much has been lcarqned I_;)
these lechnllqlles, mclt{ding a great deal about atmospheric composition, le ¢
peratuitre, wind velocities, and surface material. However, the imaf;,'e res,o[u?']p-
of the best terrestrial optical telescopes is not quite good ,enough to show Ilaon
the surface looks like. Consequently, it was something of a surprise to e:r‘l; -
one whe_n the first crude telemetered piclures from Mariner IV showed M1rs?’-
be hfeav1ly cralen::d, much more like the moon than the carth. Both the ;:slroo
nomlcallob_servauons from earth and the Mariner resulis agrec that therc ca )
bnla no hq}nd waler on the surface of Mars, except perhaps in the fo l;
highly saline solutions deep in crevasses or otherwise prolecl;ad in such fnnlvo
as lo form‘a lqca] "microclimate.” Furthermore, it appears from 1h ]" ed
available pictorial evidence that there may never have been exlcns'vc ceans,
lal_-:cs,. or rivers on Mars, at least during the last billion years or1 EOI'-‘SeanS.
scienlists are, lhl?rcfore, lending 10 lose hope that Mars may conlai5 or ovor
have conrained indigenous living organisms, similar (o bug h;wingl;l gxrrof::(ll-
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Most interesting from the viewpoint of planetary astronomy at present is
Jupiter, the largest planet of all. More than 11 times bigger in diameter than
earth, and 300 limes heavier, Jupitcr contains more th_an twice as much maiter
ps all of the other planets together, yet its density is remarkably low, only
about one and one-third greater lhan_ that of water, or']egxs than one-quarter the
average density of the earth, It spins around ils axis in less than lp hc_burs,
faster than any other planet, aml:l il has 2 knf)wn moons, one of which is as
large as the planet Mercury. It_ is almost certainly comp_oscd rp_ostly of hydro-
gen, with some helium, ammeonia, methane, and cq_ough iron, silicon, and other
heavy clements 10 make a central core a_boul_the size o_f the earth. At the very
high pressures existing deep within JuEmcr, it seems likely that l}ydrogen can
jake on a form more dense than ordinary “frozen” hydrogen, in which the
electrons would not be bound to the nuclei bui would be free to move through
the solid material, as in a metal. Thus, this form of hydrogen wo!lld_ be a
good conductor of electricity and heal, and if it does comprise a sngmﬁc:_.ml
part of the central body of Jupiter, it might explain some of the interesting
electric and magnetic properties of this giant planct.

Tnfrared measurements at differemm wavelengths indicate that Jupiter is
intrinsically warm, i.c., that it radiates morc energy than il reccives from the
sun. Radio mcasurements at centimeter wavelengths give additional thermal
information, presumably at greater depth in the atmosphere. At decimefer
wavelengths, Jupiter produces strong synchrotron radiation, from which it can
be determined that the planct has a strong magnetic field, tilted about 16° from
the rotation axis, and that it is surrounded by belts of trapped radialion. At
longer wavelengths, Jupiter emits incredibly powerful bursts of radio energy
that Iast from a few thousandths of a second 10 several scconds and follow one
another in rapid succession during Jovian radic storms. These waves arc now
belicved to be generated by the “"dumping” of cnergctic particles from the
magnetosphere into the aimosphere. Exactly what triggers this dumping proc-
ess is not well understood, although the phenomenon must be similar to that
which causes brilliant auroral displays on carth. The radio storms on Jupiter
appear to be corrclated in some way with the position of the planet's nearest
big satellite, Io. Presumably, this satellite, or its magoctic wake, disturbs the
Jovian magnelosphere in such a way as to enhance the dumping process.

Jupiter's heavily clouded atmosphere perpetually rages with storms, un-
doubtedly producing snow and hail of frozen ammonia, perhaps at a lower
fevel even water droplets and ice, and almost certainly violent electrical dis-
charges. It contains all the ingredients thoupht 10 be necessary for chemical and
biological evolution, except perhaps the placid shallow seas of earth. Whether,
in fact, Jupiter even has a truc surface, or whether (here is just a gradual transi-
tion from atmosphere to frothy liquid to solid, is still a matter of scientific con-
jecture. If life has developed “on™ Jupiter, it seems likely that it would have
taken a form capable of Aoating at some appropriate level jn the dense atmo-
sphere. The most unusual atmospheric feature is the Great Red Spot, a giant
oval about 30,000 miles long and 8,000 miles wide, which has been observed
for at least 100 ycars. It always remains in the southern tropical zone, although
it seems to drift about slowly within the zonc, and chanpes color from bright
red to dull gray on an irregular basis. Most scientisls now believe thar it is a
large-scale atmospheric phenomenon associated in some way with a2 topographic
irregularity deep within the planet.

Saturn, with its beautiful and distinctive rings, Uranus, Neptune, little
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Pluto, the thousands of asteroids, the comcts. and the inlerplanetary dust that
pervades our solar system, all seem to hold secrets that can now be discovered
by modern astronomy and Space research and that will help us 1o understand
how and why we happen 1o be here, whether or not we are alone, and what our
ultimate fale may be.

But most scientists who call themselves astronomers look farther out ang
concern themselves with the birth and death of stars, with galaxies, the inter-
slellar medium, and the nalure of the universe ilself. Until about 30 or 40
years ago, becausc astronomical observations were restricted to the small part
of the cleciromagmelic spceirum that could penetrate the atmosphere on 3
clear night and be recorded on photographic film, a large part of astronomical
research was devoted to collecting data that could not be well understood. Very
hot or very cold objects or those that emitted their radiation by nonthermal
processes were generally beyond adcquate comprehension because 50 many
important dara were lacking. Then, one by one, the other repions of the
spcctrum were opened up., Cosmic rays provided some clues to high-cnergy
processes in the universe. Karl Jansky's observations of radio waves from the
Milky Way, alithough of liille apparent interest to asironomers at first, cven-
tually led the way to the giant radio-telescopes that have revealed both hiph-
energy and nonthermal phenomena on a grand scale. Finally, the availability
of high-altitude balloons, aircraft, and space technology has opened up the far
infrared, ultraviolet, x-ray, and gamma-ray portions of the spectrum, It is now
possible to devise and carry out observations lo test almost any hypothesis in
astrophysics. Perhaps it is why both astronomers and physicists are beginning
to regard astrophysics as one of the most inleresting and exciting branches of
Physics.

Among the most interesting subjects of modern astronomy, surely the fol-
lowing must be listed: b

1—The strange properties of quasars and Seyfert Galaxies, which appear
to involve some of the most encrgetic processes known, and which may be the
oldest and most distant objecis ever recognized by man.

2— The mysterious pulsars, which emit powerful radio pulses, so accurately
timed that at first radio astrenomers thought they must be receiving signals
from a distant civilization.

3—The possibility that dust clouds surrounding some slars may indicate
the process of formation of systems of planets like onr own,

4—The obscrvation of intense maser beams of hydroxyl (OH) radialion
from intersteller space, brighter than could possibly be produced by any
normal thermal source, even with a temperature of trillions of degrees,

5—The discovery of radiations indicating the presence of waler, ammonia,
and organic molecules in cold interstellar Space, which suggests that perhaps
the simplest steps of chemical and biological evolution did not oecur only
after the earth was formed but were part of the same process that formed the
stars.

6—The million-degree emperatures in the solar corona, surrounding the
much cooler surface of the sun. when every schoolboy knows that hear Aows
from hot to cold places and not the other way aroung!

7—The microwave background of space; is il the reverberation of pri-
mordial Big Bang?

" Thesc are adapted from “A Long-Range Program in Space Astronomy,” Astron-
omy Missions Board, NASA, 1969, NASA SP-213.
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i iti 69. the NASA Astronomy Missions Board
.In s pﬁs“l(g?agaﬁlcerbjalziy‘als?ubject for study by all the disciplines of
oints 10 ! cThis remarkable object, known to be the remnant of a supernova
ulmno'my:' that cccurred, approprialely enough, on the Fourth of Jul_y in
“exPIOSIO]l:l) resumably represcnts the rermination of the life of a star—with a
1054 A -‘»Ehimpcr. It is believed that, as a slar begins to run out of nuclear
bane, o ravily causes it first o collapse rapidly, then to e_xp]lode v1plenlly,
fuel, 1S owr(lnfa enerpy during one year than it had givc_n olT. in its entire pre-
r.?leasn'fg l-n'['heorisls have predicled that the residue mlgh_t 11_1ch.}d_e 2 neutron
i hre{ r so compressed thal its atoms would lose their individuality and
s effect. continuous nuclear matter. Such a star wqu!d be only 10 km
tm:oﬂ:ml(jl"1 Eler. but cach cubic centimerter would weigh a billion tons or more.
oS l?n:)kin‘g at the Crab Nebula, optical astronomers see a faintly glow-
i w:lbilr;osci)ly interlaced by a network of (_ielicale_ reddish ﬁla_menls that are
g andi at 1,000 km/sec. In the center is a faint star, unI_lke any known
expandlnges 'T"he light from the nebulosity is strongly polarized, and .wl?en
su?ua?m?fmzilion is combired with that resulting from the strong radiation
this lb ’ adio astrc;nomers, it becomes evident that the nebu!os:ty s not just a
pry Eot mass of gas but a plasma containing electrons }v:th cnerpy exceed-
irllg“;lgg billion electron volis {velocities near the speed of hg!n}, I;?ell;::'lc:;ig I:laz
latively weak magnetic field that exlend:q over a region lig -)l; S
:xtl;:m With the advent of spacc lechnology, it bnlzcame kn(:;: [:1[:1(: (;isl::m:-y
was also a potent emitter of X-ray energy. And only a year Flh' Jscovery
first pulsar, it was discovered lh:&t the peculiar star within
glfe:ll.:n was ?ndecd a pulsar, ﬂas}:ling 30 times asseacSOI:SJr:]lsllr:il; f&s{:c:ﬂﬂ;znp;hg
i —in the visible and x-ray portion
::}I'Eptf:lsg:c]:fxm.mThc lotal rate of en;rgy radiation by the Crab Pulsar appears
00 times that of our Sun.
© bf['ll::n:-::;,nrlndio, and oplical observailions all support lhe_ mOde;OOI‘ the
Crab Nebula as being energized by a rolating neutron star, rotating St 1m:=f
per second, which resulted from the collapse of the original star an cons;r:fhe
tion of ils anpular momentum. The colla.pse also would have (:Cnm]ﬁm::SSfi [be
normal magnetic ficld previously present in the siar o a va]ue_og ! '21015 cu_|iS
a trillion gauss, According lo the model, the e]ecl.rlc field in uci::i 4 g' s
rapidly rotating magnetic ficld would accclerate paru.cle_s that w}(:u 0r gThis
magnetic field with them, eminting synchrotron radiation as they tg -alcul-
process would exiract energy and angular momentum {rom l'he st:itlr a t;; c o
able raic, which seems to agrec with the recen! observation that the Cra
riod is slowly increasing.
Pu}slalr\f;l be of grenlyinteresl to learn whether all supernovae produce a pulsar
or neutron star 1o mark the final stage of stellar cvolulgon or whether some may
involve, as has been postulated, an cven more _faplasllc collaPsc, resul;lmg ina
lump of matter so highly condenscd Lthat ne radiation of any _km_d, and. enll:e 3::0
information, can escape ils pravitational pull. Such a gravitational singularity
would indeed be a black hole in the universe—into which things and informa-
tion could enter, but from which nothing would ¢ver return. ‘ o
Just as it seems impossible 1oday 10 discuss astronomy wuhout_ mentioning
the contributions of space technology 1o this vencrable science, so it may ;0;)1n
be in other scientific areas, We have ]earncd_much al:gou't geodesy by 1;:.al‘e u E’
measuring the small perlurbalions in the orbits o_f artificial earth sate 1llcs a:;)s
aboul pgeology from Iarge-scale phqlographs :}nd images at various wavcdgng he
of the carth {rom satellites. Physical, chemical, and mineralogical studies
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material returped from the moon are already providing a wealth of new
information about our satellite, and it is not hard 1o predict that they wil|
ultimately tcll us something worthwhile about the earth, (00, Less than 15 years
ago, our undersianding of magnetic storms and aurorae on carth was esscntially
limited to the fact that they were in some way related to disturbances on the
sun. Now, becausc of whar has been learned by means of instruments op
satellites and space probes, we have a working knowledge of the earth's upper
atmosphere and magnetic cnvironment and can intelligently construct and tesy
hypothetical models of solar-terrestrial interaction. We even begin, now, to
have some ability to predict what will happen 1o living organisms when they
are transplanted inlo a space environment.

Trivial as it may seem, after taik of planels, stars, and galaxies, the ability
to observe the weather quantjtatively ar hundreds of thousands of points each
day and to track thousands of balloons and recover dala from hundreds of
ecean buoys may be the key that will cnable meteorological science to develop
& practical capability (0 forecast accurately rerrestrial weather for as long as
two weeks in advance. Some of the same lechniques will also be much in
demand for tracking the migration of animals, including some sca-going species,
and ¢ven of large birds.

As the use of space technology matures, I think we shall not speak s0 much
of space science, Afier all, space is not a science, but a place, even if a rather
big place. Instead we shall include space rescarch, that is, research accomp-
lished with the help of space technology, as a part of aslronomy, physics,
chemistry, geology, gcodesy, biclogy, and so on. In considering the conse-
quences of astronomy and space research for mankind, we are therefore
really asking about the consequences of science as a whole, for astronomy is
onc of the purest of the sciences, and Space rescarch is a part of many sciences.

“The pursuit of science,” according to Prof I, I Rabi, “satisfies a basjc
desire of aspiration just to know, 1o find out, or perhaps make order out of the
otherwise chaolic jumble of immediate experience. It is an aspiration shared
with all mankind, but more with youth and childhood than with adulis," ¢
Members of the scientific communily, continues Professor Rabi, “possess an
inper solidity which comes from a sense of achievement and an inner convic
lion that the advance of science is important and worthy of their greatest
effort. This solidity comes in a contex( of fierce competition, strongly held
conviction, and differing asscssmenls as to the value of one achicvement or
another. Over and above all this too human confusion is the assurance that
with further study will come order and beandy and a deeper understanding.”

Therze is little question but that the joy of the pursuil and the quiet exulia-
tion that is felt when somcthing new and exciting is revealed are reason cnough
for a scientist 1o be o sciendist, for an asironomer to be an astronomer. Is ji
reason enough, however, to ask for Public support of science, especially when
the tools of science arc becoming exceedingly expensive, and when many im-
porlant and diverse claims are being made on the public purse? It is necessary
to examine the conscquences of science for socicty as a whole and to ask how
big a pricc lag can be considered reasonable.

There are, of course, the practical consequences. It js surcly no accident
that down through the course of history the socicties that made their mark

I 1, Rabi, “Scicnce and the Satisfaclion of Human Aspirations," Proc. Nalional
Academy of Sciences, December 1963,
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scientific activity. In one particular instance,
were lhos::vi(tjl;la c:;;::'l rpai%t:Sre olf the way in \Zhich a nation, suddenly emerg-
plstor}' » ble 10 expand vigorously into the upper ranks of the deyeloPed na-
g, wa%ha xample is Japan, which just 100 ycars ago, .broke w:uh its own
o clc;3 tradition of isclation and invited the introducuon_of science, along
centuries- spects of Western civilization. After an incubation period of 10
with other @ l\?:\.rhilr;: foreign scientists were imporied and a first generation of
or 15 Yeal-S'.enlists was trained, scientific activity in Japan .look off exponen-
]_apanesc s.c(lioul::limg, period of about 10 years. The results in terms of indus-
u§lly. ” ? ment, international (rade, standard of living, and _ongma.l lechn_o-
ma_l dcve];)igveme}nt are well known. Japan now ranks third in l!‘lc induslrial
logical lz;lc' exceeded only by the U.S.A. and the US.S.R,, _and is the four_th
w01_'ld, e[l:lgve developed and orbited an artificial earth satelllle,_usmg on!y is
natio 1o Etal and technological resources. Had it chosen 1o ignore science
own'ﬁnan;:lonl technology, it does not seem likely that Japan would yet, if
and impe brok);,n out of the status of a clever copier of Wt_:stern products.
ever, h.av;re[y possible 1o Lrace the individual progress of ideas from the first
i It'u:‘fc revclation to the final useful product. However, consider the Ire-
o onsequences that followed when astronomers asked themselves \_.!.rh_at
Fncndous :cc ofqencrgy of the stars, and set to work to find oul. Perhaps: within
is the ;oud ears, the future of mankind will depend on an undcrslz_mdmg an_d
=:"I:;I'jll'lln lt-z cznlr‘o.l this source of cnergy. Now astronomers are asking how it
a. ”by that certain galaxies emit prodigious quantities of radio energy—more
;a.rzn t:lzlam can be expected from nuclear transformations, What will be the

i I studying this problem?

Prac{‘l&l'zal!n;\?: Ss'::g‘:lc?]f:s dsvelopg-neft fron?l a study of the movements of the moon
and plancts to the creation of artificial moons and planets, capable oflc;ar;yhlnrgt
man-made instruments, machines, and even n‘.lcn.lhcmsclv?s_. I_n od
years, this capability has expanded our communication capability in ways z;;c
to an extent that could not have bee_n imagined less than a generation ago.n_ca-
do not yet know what the sociological consequences of this ncujr? Comll:jnufllhe
tion capability will be, but it could contribute 1o the elimination o ml;c (:ional
starvation in Indiz, to a rcvulsion against war as an mslrume}?t o rlng nal
policy, 1o a common language in this tower of Babel we call the wor e
have already seen the development of means to observe and :an]';_ ahg :-.?ill
deadly hurricanes and have envisagccll i _Worlc_j Weather Wat; whic o
constanily pour the necessary inforrr!allon into giant computers that cin ! o
what the weather will be at any point on Lhe globe_ one or two wecks mr ¢

vance. With such knowledge and undcr:%landmg in hand, it scems certain
that some measure of beneficial control will fellow,

We have measured the size and shape of the earth to an unprcceden:id
accuracy. We have brought back from space pictures of remt_'.)te areas c_of l;.
earth, which are useful in designing highways and prospecting for minera
resources, and we hope 1o expand this activity to enable us to make far better
use of our most precious resource, fresh water, and to trace the development
and thereby aid in the elimination of discasle‘_s of crops and fo_resls_. Wltlz :'!:wc
developed ihe capability to photograph ml_l:mry and industrial msl..l(a alt?-l];i
from space, 5o that very little can be doqc_ in secret anymore, We hope ;
this capabilily will lead at lcast lo a slabilization of strategic armaments an
thereby help us avoid the mutual nuclear culasu_'ophe that haunts our lwes.h

We can cven predict that someday, in orbital workshops free from the
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ubiquitous pull of gravity, it will be possible Lo produce materials that no
terresirial factory could ever hope 1o achieve-—special alloys, special glasses,
high-purily vaccines, to mention only a few. And these, in (urn, will have
consequences that we arc not yet able 10 imagine.

But beyond these praclical consequences, there is an area of spiritual cop-
sequence that is most difficull 10 define. The urge of science, as well as of
religion, is 1o comprehend the visible and invisible universe and 1o find man's
place within it. In these matters, religion has historically taken the lead,
Questions ahout man’s place in the universe have demanded answers in each
generation, and the ancient Hebrews could not wait for the discovery of the
neutren, or the development of 3 theory of stellar cvolution, or for biology to
explain the variety of life and the origins of man. By means of dramaric
imagery, the great religions have provided explanations that have given
immediate satisfaction to man’s yearning for order in the world and for guid-
ance in his lifc.

The more prosaic, plodding progress of scicnce, while it may in some cases
destroy beautiful edifices of thought that are enshrined in history, at the same
lime may be preparing the ground for new and even more beautiful edifices to
come. In any case, no true humanitarian or religious Teader can fail to welcome
the advances of science, for they enable him 1o advance with grealer certainty
and deeper understanding.

Society today is indecd “in {ransition.” It always has been; it always will
be. So long as man is alive, he will continue to ask, “Who am I? Where am I?
Why am I here? What is this around me? How can T make it berter for my-
self, my children, and my children’s children?” Tt is the business of science
and, in some special ways, of astronomy and space rescarch to provide the
knowledge and understanding that alone can answer these questions.

L I -

Motz: Dr. Ross Nigrelli, and then Dr. Solco Tromp and Lester Brown,

NIGRELLI: I am going to discuss our aquatic environment and its potential
10 support and sustain an increasing population, which, it is eslimated, will be
about six hillion in the year 2000, Many cstimatcs of this potential have been
optimistic, but most predictions are less oplimistic, and righily so, because no
sure methods have yet heen developed 10 estimate the effects of fishing on fish
population.

It is trie, of course, that with the increase in fishing efforls there has been
a gradual increase in the annual harvest of marine fishes in reccnt years.
According ro statistics published in 1969 by the Food and Agriculiure Organiza-
tion, the amount of fish caught between 1958 and 1968 increased from 33 mil-
lion metric tons to 64 million metric tons. The oplimisis believe that 200 mil-
lion tons of fish per year can he harvested from the seas on a sustained hasis,
This represents the total amount of essential animal protein required for six
billion people.

Most of the cxploitation for food from the sea oceurs on the continental
shelves of the various mations. It is in such environments thar the hecring and
herringlike fishes, cod and Natfishes, are the major inhabitants, and the species
most intensively exploited. These fishes, Logether with the basses. mackerels,
jacks, and tunas, make Up a group rcferrad to as the carding! species and com-
prise about 80 percent of the world caich, mainly by the fishing efforts of about
19 nations, with Japan and the U.S.S.R. the leaders. The remaining 20 percent
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i i is usnally taken by countries that lack
of the = atdcli ll?S ;il::;lﬁ::]cizgiféﬁ :llgi(:ilic:s for l:rge-scale ):accanic ﬁsheries:
sophistients ic:?lislq believe that the continental shelves are being overexploited.

Mang l‘flcl'l areéls now produce less than they did ten years ago. Fm: example,
Several 15 uglalion in the Barents Sca is now about ten percent of its former
the cod Pc’Sdition the increase in fishing pressure on the stocks arc shown by
ile-lvds-mf:l‘le?' 'werag!c size of the fish and the greater cfiort needed 1o catch the

e [
same amoull}:)::lﬁz];;'nmissions are now active in the conscn'ati.on of thc_cod

o 1:lluable stocks that arc beginning o show a decline in populatlo_ns.
and oqu_ar vto being overexploited, the available siocks on the shelves are being
In EL:dd"::lm:o increasing contaminalion by toxic pollutants, some of which may
Sumecw(h reproduclive potential or make the fish unfit for hurnqn consump-
rf:ducc 1endi!;r,1 occan fisheries beyond the continental shelves will no doul?l
o Exlﬁc uniual production but will require more sophisticated methods in
;gcc:;f:irf; and harvesting fishes in the open seas and at a much greater cost per
wn.’I‘he tropical regions of the oceans are the least exploited. The calch.from
Oceania, for instance, doubled in quantily from 1958 lo [968, _but the maxlml!.lm
was onI;' 210,000 metric ions. There may Izle]:a reas(clmhfor] t?]lf;dlzzc%soeh?a;:dg

h areas, especially in areas delineate by Tati : N a
g‘:l: Sfr?:.l fril;(;;ht with danl;er since many species are pcfnsono_us.d Fish 0;:0;151211&35
is syn,onymous with icthyotoxism or :crh}'osarcotozusm,_ but it oes n(' clud
lism or poisoning caused by microbial or radioactive contamination ¥
:g;l;rplion of pesticides and such induslriul.po]lutanls as cyanide or mercury—
as has recently occurred in the United States’ Great Lakes. o when

There arc several large groups of ﬁst]es whose flesh is leSU;‘l%l:S vhen
caten. The most powcrful poison is found m_the flesh and orgz;insélo o]sznp ffer
family, a group of fish widely eaten by Orlc_::nla]s. .T.he pggogo ]:imcs B
highly lethal neurotoxin with a pharmacological activity I 000 Umes more
polent than cocaine in blocking nerve conduction. In Japan, t 1—115 [YF[) | am]:uual
soning Is called fugu and is rcsponsﬂ;f;:‘ f_otl' abol;t tzutﬂ(;;ceﬂlcglfu: ean(():lawe“are

i ication. The Tapancse Minislry o
£2;grt::r:ilolift in the 10—yearp15eriod fromd1954 to 1963 almost 2,000 cases of
isont nd 82 deaths have occurred. o )

f"gf"l'ﬁgl?lg::?ng;dcly distributed form of iahymm:c_olox:sm is calll’ed l?gualtlf:?r;
More than 400 species from 11 orders and 5_5 famlllES.Of bony fis _e.sb[avse been
reported at one time or another as being poisonous, with such d;sua eciall)l &
as snappers, jacks, basses, and porgics most frequently aﬁ'eclf: , €5p t(i:on };md
the tropical and subtropical waters. About 5,000 cases of _mlox_:caomerwisc
many deaths have been reported. The d_cve]opmenl of th_:s poison IC[,‘I herwise
normal fish appears 10 be associated with the fopd chuin cycle. ?jm. ous
fish, such as those just mentioned, are most toxic and appargntly e:*lvet e
poison from herbivores that eat toxic hlue-green algae, a SpBCleSl of dp an

that is morc apt to appear as the cnv_ironme_nt beco_mes more polluted. o be a

It is apparcnt, then, that the seas in tropical regions may not pr‘?»: 10 e 2
panacea for protein-starved populalions. The reduclion of trash h‘shl o on-
protein concentrate, although an important .endcavor, must be a highly scﬁ "
tive operation. A small number of ciguaioxic fishes accidently redu'c_:ed 1o fis
concentrate along with normal fish may render th_c whol_e balch toxic. ]

Mariculture, or fish farming as a means of increasing the produclion o
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tion of such highly priced ire
ms as oysters, clams, mussel i
5 ) ' R S, shrimps,
ga:'lgznol,_ogoungers, and ye!lowtalls, o mention a few, the Lotal logna;ull][]eh
produced on a sustained annual basis wij] make very little dent in U'::

especi i
wifljl c;il]gc;l:‘c Ic_bw-mcomclgroup. It will take many years before fish farmip
voare e devec;:::cl;lly fcai:blc:[:. It took trout-hatchery scientists more than S[g)
€ir technolo [
T e BY to reach the state of production at which we
be e]\:;;g :::f 1(;19 same, and even more difficult, problems of management wilj
cunivmcdn en'.czl bef(')rc any appreciable numbers of marine organisms can ;1
cuttiva andan hmﬂljl\elEd‘. Fish and shellfish are subject to diseases cansed be
Firuses @ gcﬁ:ng ;ni;fcllllous ag?nls,band 1o diseases caused by nutritional dey
cs, fd hormonal imbalarces, cancer, and o physi i ]
; I ces, \ I siolo -
;1:;;1:;3]1::35 caused by Fhanges_ In environmental factors, pMZny ;Ell-gallnllcab
remed to each of llhcse Hems will have to be solved and ar present we k o
ry little about diseases of marine and brackish animals some of hich
occgnalurallg:iand are known (o be transmissihle lo man ’ of which
owever, fish comprise only 5 small fract :
t COl ¢ O acticn of the community of Jife i
the sea. The sea is ;!]we with literally thousands of specics of plant gnd fin]lrf;-t:en

living forms, except for certain mollusks and Somc crustaceans, are not ex

But there is o consia
nt need for fresh sources i
L ] of drugs, especi
antibiotics, to comtgat TeSIstant sirains of pathogenic bacleriag Tth Sn?gzcnl‘iafw
! F _ . e

highli i i
Sugbsf:li}ézesdf;f;i]nﬁfd_for more intensive biochemicat studics, Experimentally
logical meona | qrmle dqrgamsrrl:s_ have sh_own a wide vaniety of pharmacoi
o ealar iewe-,hl‘;r;ii:;gmganznlilv;;ﬂ[.cn;;pl|microbia], cancer-inhibiting, anii-
, - R ] Cnsive activities. Muny have
c:;;ag;e:j?g;r;;i};r:néglrhe Materia Medica. Eledosin, extracledy[rom a 2};::::?
gen paerea ]000001?\15. has proved to be an extremely potent hypotensive
o l,]md 2 ;rcar(,ﬁ c:Jmes more powerful than quinidine sulfate, the standard
The living reso o cpf;! “tho
grcater dugs Withurces o lh_c seu can be exploited for food and drugs to a
B oer e m,ore ccconscrvaltl:oq mcasures (o t_:e imposed on a world hasis for
One can g ke ¢ Conogtc*lnca Y Imporiant species that are being overexploiled
s c popu]a[iin hogs_l er any area of lhc_ totzl planet in isolation, The in-.
romoves. fooation | ava its effects not only in terms of the actual resource it
resommens nam the nvironment bullalso by how it deleteriously affects tho
Yy inhabit their environment, *

FUTURE SCIENTIFIC DEVELOPMENTS IN
HUMAN BIOMETEORQLOGY

Solco W. Tromp

Director, Biometeorological Research Centre, Leiden,
The Netherlands

and

Secretary-General, International Society of Biometeorology

SCIENTIFIC DEVELOPMENTS

Introduction

The growing concern of modern socicly about the scientific and sofzial con-
sequences and political implications of the continuously increasing disruption
of the physical cquilibrium of our environment, both the aln_'msphere and
hydrosphere (in particular our rivers and Jakes}, should be. a stimulus to the
atmospheric scienlist not (o concentrate solely on basic scienlific rescarch. Once
in a while he should consider the many physical, sociological, and political con-
sequences of minor changes in our atmosphere and hydrosphere.

To review all aspects of the stale of the arl in the atmospheric sciences
would be an impossible lask for any single scientist in this field. Because my
own specially is human biometeorology—i.e., the influence of the atmosphere
on man, and on animals 1o the cxtent that they directly affect human life—I
will concentrate on this aspect of cnvironmen! and society in transition. How-
ever, before discussing this particular aspect of general biometeorology, I would
like to consider some of the very important problems in the atmospheric sci-
ences, apart from those in the field of human biomeleorology.

Problems related 1o the study of aimospheric sciences may be divided inte
two major groups: problems caused by disruption of the naiural atmospheric
and hydrological environment and problems related to more efficiem use of the
favorable aspects of the atmosphere and hydrosphere for man, animals, and

plants.
Disturbunces of the Notural Atmospheric and Hydrological Environmens

Disturbances may be caused by man himself, either consciously or uncon-
sciously, or they may be the result of melcorological and extraterresirial events
beyond man's control.

Disturbances Caitsed by Man: These problems in our complex modern so-
ciety are manifold, the most important being the increasing amounts of air and
water pollution in the highly industrialized parts of the world. These forms of
poilution cause great discomfort to man and the animals living in his eaviron-
ment; they are also responsible for serious damaging effects, particularly in
plants and the various biological food products and water consumed by man.
However, aparl from air poliution in the lower atmosphere, little attention has
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been given to similar effects in the upper reaches of the atmosphcere, the
result of man's aclivity in outer Space and supersonic air traffic, which un-
doubtedly will increase enormously during the next hundred years, In the
lower parts of the atmosphere, strong atmospheric turhulence usually helps 1o
reduce the effects of pollution (potluted scctions are still a fraction of rhe
unpolluted almosphere), but in 1he higher atmosphere Lhesc cleansing processes
will be Iess cfiicient. Disturbances in the upper parts of the armosphere may
affect the ozone layer and ultraviolet absorption from the sun, as well as the
electrical field of the atmosphere and, perhaps, other important meteorological
forces. Forlunately, the damaging cfccts in the lower atmosphere are suf-
ficiently known, and lhey seem to be coming more and more into the limelight,
With our present knowledge, the control of this parl of the atmospheric en-
vironment does not seem to be any more i scientific problem but, in most coun.
tries, a purely economic and political one. Simply, it could be solved rather
quickly if all indusiries and governments concerned were prepared to pay for
the usually very expensive measures required to curb or end air and water
pollution.

Other kinds of man-made Problems are those associated with experimenis
and projects 0 change our macro. and microclimale, the consequences of
which may have not only local but regional effecis far beyond the {ronticrs of a
country or comtinent. Extensive projects lo change the direction of flow of
large rivers—for cxample, in the U.S.S.R.—may have very favorable effects for
the country itself, but the climatic conscquences may also affect large parts of
southern Europe and the Middle Easr. Also, closing the natural sea channels
may lead to changes in sea currents, with far-reaching consequences on the
climate of coastal areas thousands of miles away,

Human activirics affecting the ice layer of the polar regions of the northern
and southern hemispheres could alter the level of the occans and make drastic
changes in sea-land boundaries and climates related 1o these boundaries.

Production of artificial rain has been and is stil] seriously studied by nany
melcorological cenlers: practical applicalion, however, is still resiricted. Bur
here again, it is necessary that we fully recognize the conscquences of this
arlifictal disturbancc of the atmospheric equilibrium,

The use of alomic bombs 1o change the course of cyclenes has been pro-
posed. Necdless to say, before altempling this important interference with
cxisting meteorological conditions, we must firs carefully predict and study the
various consequences (hat may be expected.

All these problems may yel seem lo be wild speculations for the majority
of the world's population, but it is noy sufficiently realized that similar specula-

Man is also interfering with his microclimate both in the buildings in which
he is living and in the spacing belween buildings. These problems, in the
province of archilectural and urhan biomcteorology, will be discussed more
fully in a Iater section of thijs paper.

Man has also created entirely antificial climates in his homes and offices by
air conditioning, and there is an increasing tendency to construct buildings
without windows and to use anificial light only. The many physiological con-
sequences of these changes will be discussed later.

Disturbances Caused by Geological and Geophysical Factors Beyond our
Control: So-called tectonic movements of parts of the earth’s crust, usually
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i < Id affect the present coastiines of the _earlh_‘s
accompal‘lledd gﬂlzﬂ?::?:;:cliecrcjl?rcction ol imporlant sea currents, which, in
surface_ " clic:nll affect the climate in areas thousands of miles away. Such
turn, Wil dl_aslcad lyo glaciation of parts of the carth that_are now covercd by
chantg:l-?ol;‘l‘la)éuch possibilities must be studied in advance in order for us Lo be
vegetation. .
bl pwdl;lIﬂpprro?;i}g[d]igt':dc:;‘:fr:zf:i- in the macroclimate of cenain parts of the

short 20 u(:1nobnpfealurcs in the history of metcorolopy, the prediclion of
ear.lh are ;:(?nhwe great ecconomic significance. Such chur_\gcs may be due 1o
WI?ICh ha ‘in the position of the axis of the earth (which could be caused,
e ChaTgci large-scale mass transpert on the surface of the earth) or to
for cxanr c',:ll y(ir; particular, solar) influences. It is Evell_known lhal_ 5000
cxlralCrrBSll'é res are obscrved, geomagnetic and e¢leciric dlsu_.lrb_unces in l}:lc
vinecond an be recorded. Piccardi recently demonstrated similar effects in
atmosphcrc“t;?ds formed during BiCl. precipilation reactions. However, the
e of tralerresirial [orces on the climate of Lhe earth arc usually of a
e o lr re. The recent developments of weather satellitcs may enable
g e [1:?3;' fulure to make long-range weather forecasts that could help
;ié(;illl_lfloeng-wrm clim:;lic changes and their cffcels on food production, as well
i i 5. )
as thelr mz}ngns;of]-llzl \izﬁ?]ingvn;;eriodic and nonperiodic ch_angcs in solzu_' radia-
i Aparlh_r the surface of the earth and the geomagnetic and electric pl'lle-
homens | IIltghc atmosphere caused by cxtraterrestrial inﬂug:nc_es, recent studies
E:\rgersllz:oﬁn thc existence of various long-term, often periodic, ﬂu;;uzlu)léﬁgii;r;
ivi i i ic physiological processes and 1 .
the aong f“:olfi]:'l.ul[:(];:dmm:a];e.]r :sasrl::cliigncd Earlier, the physicochemisls Pic-
Pﬂl:]e.l'l;; ?laI; and.Capel-Boule in Brussels obsenrec! Over more than‘ 22 years
?lziltmting precipitation patierns of bismull_loxychlr._'»ru:llt;.l :(;}Lo;rl}férr'lr]ggm i;l;iﬁ];g:
have now been conﬁrmcd_ by athecr mvesllgawl:s_ln | Conter Lot At e
and Japan. Fischer and his .colleague:% of the Nationa e o Atmospheric
Research at Boulder, Colo., in the United Slz]les also con. : ardys work.
studics and recent observations by Eichmeier an g
E]:nifliloggr?nall;, supgest Lhal 1helse ch:ar_:g]eisn :Lclu[r)éobably due 1o clectro-
i iation that could be extraterrcstria .
magsrsiléz "fg’sa;jousing blood sedimenration patterns of large, heda_lthy lsoog;stlﬂ:
tion groups in the Nethertands and other cauntrics, our own s]tu _u:s[a o Jnd
cate long-term changes lhal_c]a;n];)_t be cxplained by meteorelogical p .
i intake, or social habits, .
Cha?ﬁefhlcnlgo.gfjsfRt.::kSchulz observed similar long-term chanpes in llhc Ietukocyit;:
patterns of 150,000 subjects. Many examples of long-term cycllchpal er::sted
the behavior of animals are known bul cannot be e;»fp]amcd by the lacdc:_c[:i od
environmental factors. Finally, 1 would hk_c to mention the n‘ecenths u lSSSibil-
Weber, Feinberg, Kooy, and others on gravily radiation supgesting 1 ec}mfastcr
ity of the cxistence of gravity particles, the lachyons, moving at spea:el sforccs
than light, which arc able to penctrale all_mntlcr. Inste_:ld of gravity forees
from within, we may have 1o consider the existence of gravity rad:auqn pr e
from all sides in the universe, This pressure, because of ﬂuclua:aotls \:.:hich
intensity, could affect all physical and physmlogl_cal processes on eareri (;Ié]c hich
gravity plays a role. This could be an c_xplunnllon of 1he vlanius Wpn o
fogical phenomena that cannot be explained by the presently kno
forces.
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Problems Related to Better Use of the Favorable Aspeces of
the Armosphere and Hydrosphere

Although the study of these problems is mainly preventive in nature, the
study of atmospheric sciences in the fulure, and in particular in the field of
biometcorology, could have very important positive aspecls. These will be
explained more fully in the section on social consequences,

Because of the continuously increasing waler and air pollution, man tends
to look on the atmosphere and on water as enemies; they could, of course, be
our friends—provided future society can understand the €NOrmous amount of
beneficial effects of the atmosphere and hydrosphere. The following discussion
may clarify our statemen.

Principal Physiological Effects Caused
by Armospheric Stimpdi

Biometeorological snudies, particularly during the tast 50 ycars, have
shown that at least 18 important physical and physicochemical types of meteor-
ological stimuli may play an important role in the interrelationships between
weather, climate, and man., Among these are: thermal stimuli (either through
conduction, convection, or infrared radiation with wavelenpths of 780-
3,000 mm}), particularly in combination with humidity and air movement; tight
stimuli, cither visible light (380-780 mm) or ullraviolet {290-380 mm), the
latter being divided in UV-A (315-380 mm), UV-B or dornoradiation (290-
315 mm), and UV-C (290 mm), of which particularly the interval 297-
302 mm has significant biological cffects; ionization of the air; reduced and
increased pariial oxygen pressure of Lhe atmosphere as experienced at high
altitudes and ar great depths in water, respectively; acidity of the air; such
frace efements as ozone and salt; air-polluting substances, such as gases as SO,
CO, CO,, benzpyrene, elc., such particles as pollen and fungispores causing
allergic rcactions, or aerosols: olfactory stimulants; electrostatic and electro.
magnetic fields, microseismic, sonic, and supersonic vibrations; effects of
pravity and magnetic fields; cfiects of cosmic rays and narural ligh- or low-
energy particles of radivactive or cosmic arigin.

The effect of these stimuli on the living organism depends on which physio-
logical center of the body repisters a specific stimulus (particularly the skin, the
Icspizatory tract, the nose, the eyes, and the nervous systems), the past history
(law of Wilder), the hour of the day (depending on the natural biological
thythm), the period of Lhe year, and the location on eurth. It is only in recent
years that the importance of each of these stimuli and receptors has been fully
appreciated; we can now more fully understand differences in resulls obiained
by different research workers,

TaBLE 1 summarizes the various stimulating forces in the atmosphere and
the physiological efecis recorded by different centers of the body. In the case
of the respiratory tract and nose, it should be noted that temperalure and
humidity indirectly control significunt biological processes that may lead to
infectious diseases. The survival of bacleria and viruses in a free atmosphere is
mainly dependent on certain temperature, humidity, and airflow conditions,
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i i tc infectious agent. It is,
hi uite specific for each separa i
which #e uﬂ]ear]gan?:lable Fhal each specific climate—sca, forest, mouniain,

mereforcl. unbecausc of its specific pattern of meteorological stimuli, will have
desert, el6—DC
; i al effects. o . )
dﬂ?ent Z:jfl?ngl:ocicly particularly in the U.5.A. with its emphasis on large
o m ’

fici i i 5 and houses, cne is inclined 1o assume that

scale amﬁcllal';;:n}ngs)r;nhgicfitllc or no influence. However, studies in 1%2;
I3im-rmm:’mlogl'cal Research Center in Leiden, confirmed by many o T
Biomewsor {;19 clearly demonstrated that daily changes in weather c01]'1 tl
L animal and man by changing his hormona_l and electrolyte
tions affeft =Y ulatory cfficiency, cle, If a subject remains out of. du?rs
balance, lmrmcélmgobably even less, he will sustain a physnologlca‘l imprint for
for an ho cptrhal is characteristic of the meteorologic‘al com!mons 9f_ Lha(;
12 kfou{:roga;noéven if he spends the remainder of the day in an air-conditione
arlicu > o ate, -
Environment WIlt};ozll'l:gnlstllzn:lfcll'nn-}lztregulatory efficiency of man, which cnables
. I have 'mle?n a body temperature within a very narrow interval, be:twct;n
h|r£1 to ng:.% Temperature is partly repulated by thermoreceptors }nhl.c
3?' and ril by a special organ in the brain, the hypothalamus, which, 1r;
skin bt pn;mlh 4 ituitary, which, in iis turn, controls almosl all the hormon_a
e 'comr‘osh Bbrrzdy Tﬁc hypethalamus also influgnces a part of the bramn
B ll1h'l cnce h;.].IOI] which is responsible for many c{nouonnl and be-
ca]lt_:d e rl m;:n mzn In‘olher words, an cfficiently funclioning hypolh_alarnus
Pazlfoz?llaslt?r;;onance.for the physiological and psychological homeostasis of a
is T

S liwnlg s'ul:‘](;::rt.anism has an amazing capacity for adapting itself to chang-
i o mrtl:italgslimuli' however, any individual with a ge_netlc_ally less
- _cnvnr;::nr?nore ulation ;:cnter or one living under extreme climatic c_:ondl-
c_fﬁc:ent 11; rre:u:hga stape of overstimulation followed by a breakdown In thlc-,;
it co;l cfficient phystological functions. In large population groups, suc
cbl;:;ll;dgwm may cause discases and social palterns that may Iaﬁlccr.ttl-ll; c?,?n?nn::):

i iti rea. This is particularly (r :
soc:al], a_mdcggll_:[tg::sll alepu!::cl;fe g:macna;p]ics to large gl:oups of the American aqd
dE?rigg::\g populations, particularly those living under rather ;ew:‘:re :llllnrl;lla:.éi
conditions, where there are preal changcz in lhcri:a‘lrcbala\:;:lfdyuzfgg“ i
and winter, and often during the same day, or ry )
areaIst. i5 evident then thai intclnsivedsludy o(fu:gchgfglin;;?gerzi hi;a:g(r:?:ltjllccoar:-
i itions 10 animals and man ¢ . )

:;:il:f;ifcl: ff)?-[i)({):h the highly developed and Lhe developing countries.

SocislL CONSEQUENCES AND PoLicy IMPLICATIONS
oF HumaN BIOMETEOROLOGY

I am not now going to speak of the obvious social consequences ]qf F:or:-
trolling the atmospheric and hydrological cnviron(;nent by, ;or e:;:;:pétl:’,v?olll;r;m;ug
i i ik iscuss other,
ing air and water pollution. I would like to disc ,
ex%remely importani, applications to man of our knowledge about the effects of
weather and cimate,
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Reduciion of Morbidity and Mortality of Major Meteoroiropic Diseasey

The preat significance of future scientific development in human biometeor.
ology cun be demonstrated most clearly by considering the social consequences
of three major weatker-induced. or melecrotropic, diseases |hat have high
morbidily on Lhe American continent and in most European counlries: heay
diseases, asthma and bronchilis. and rheemalic diseuses (particularly difTereng
forms of arthritis), We all know thar hearl diseases are g primary enemy of
our modern seciely and that mortality has constantly incrcased since 190,
Recent studies at our Research Centre have shown (hat the average diastolie
blood pressure of healthy individuals in the Nelherlands has increased during
the lusi 15 years. Monthly mortalily from heart discase shows perfect paral-
Iels with the average monthly ceoling conditions of the atmosphere, ie., the
combined effect of wind, lemperature, and humidity. The sume is true for
other countries. Extreme cold and heal can trigger hcart attacks, partly
because of poor thermorcgulation in heart patients.

Such mcteorotropic respiratory discases us asthma have relatively low mor-
tality, but because the incidence is at least wo per 100 in Western Europe, it
is not difficult Lo calculate the loss in working days per year: this does nol take
into account all the suffering of asthmalics and of Lhose living with them. In
the U.S.A,, the estimaied annual numbers of days lost from work because of
asthma and bronchilis is 21,900,000 days, which representl a yearly financial
loss of $220,000,000 annually.

A third metcorotropic disease is rtheumatoid arthritis. A United States of
Americu survey in 1966 reveuled thut about 13,000,000 Amcricans (i.c., one
in 15 of the civilian population) suffer from some form of arthritis. causing
186,000,000 days of restricied activity annually. including 57,000,000 days
spent in bed and 12,600,000 days lost from work. This TCPresenis in Cconomic
loss of $220,000.000 annually.

All three diseascs are typical mdeteorotropic discases: (here are major in-
creases in exisling complaints (which are also affected by nonmeleorological
factors) caused or (riggercd by weather conditions thal unfavorably uffecl
gencral physiological efficiency, in particular the thermoregulatory mechanism;
this mechanism functions particularly poorly in asthmatics und rheumarics.

But not only subjects with these obvious disenses suffer adverse effecls.
Millions of pcople in Furope and America and in the devcloping countries are
affected for shorler or longer periods by unfavorable wealher conditions. which
influcnce their comforl and working cfficiency. A major task for the experts on
environmenial hygienc in the century to come would be (o find solulions for
fighting these diseases, nol only by using drugs hul also by application of the
physicochemical stimuli of the natural atmosphere,

Better Use of the Aunospheric and Hydvological Environmen:
in Buildings and Cities for Healthy Subjects

Apart from the various economic and pelitical measures 1o be utilized in
stopping unnccessury air pollution by indusirics, automobile traffic, and chemi-
cal pollution of rivers. several architectural and urban measures must be taken,
in addition to the usual sociological requiremcents for a comfortahle huilding
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(such as exclusion of noise from neighbors or from the street, easy access to
1]

fficient privacy?}. ) .
2 ag?;:(g’fstl;lc manypbiomctcorological aspects to be studied are Lhe following:

The spacing between and the hcighl_and shape of apartmenl buildings shn:ul::ll
be such that the wind effects {in pa.rl_lcu]ar !urbulent ones) at grqund I\::vcl an I
near balconies are reduced to a minimum in order o lower serious biologica
effects of cooling. R

i large green patches should be preserved belween cach building lo
:ﬁgi\:lnglili}éicnlgexghangcpof fresh air and solar radiation apart from the estheue
aspects of such design. -
Supermarkets and other shopping centers should be well protected from \ymd
and rain, and preferably heated during cold weather, bl_n, at the same time,
sufficient natural light should enter the strecis—at least in the cold countries.
In southern couniries, sunlight should be excluded,
The size and location of windows in ¢old couniries s_ho_uld be such that a
maximum quantily of daylighl enters an aparument. This is necessary bccalllsc
of the important physiological effects of rllalural light on a number og cndocrine
functions and the nawral daily biological rhylhms in man, This measurc
should be combined with a number of betier construclion methods, among
which are double windows in every building; thermally well insulated walls,
floors, and ceilings; adequate ard cqually distributed space _hcalmg'; prevenlion
of air currents (so common in imperfeclly construcied a:.r-condmlonmg Sys-
tems). In other words, measures that \you]d cnable: a sub]ec.l o sﬂ_or work
near such large windows or near outside walls withoul being subchled 1o
radiation cooling, which scriously affecls his thermorepgulatory mechanism,

Lack of space prevents furlher discussion of these points. Howcv.er, it
should be noted that many modern architects accept most of these 1de_as;
unfortunately, in only a few instances are these basic biometeorological prin-
ciples applied in practice. :

Berter Use of the Aimospheric and Hydrological Environment
for Healthy and Diseased Subjects.

In these limes of abnormal social stresses, most healthy people do not have
enough time (o relax and to profit from the beneficial qlmospher:_c and hydro-
logical environments in their country, In Europe and in the United States of
America there are several possibilities for improving the general health and
physical comfort of the working population and, therefore, their working
efficiency by using modcrn climatotherapy.

Holidays in Specific Climates, Either Forest, Sea, or Mountain

Each of thesc climates may have favorable and/or unfavorable effects. A
forest climate is usuvally characterized by little air rurbulence and, thcl:cf?re,
very little biological cooling and has high humidily, reducedlsolar _rad:auon.
longer-lasting ground fog, and reduced atmospheric electrostalic tensions. For
most patients and hcalthy subjects, this has a very favorable, restful effect; for
others, e.g. certain allergic or neurological patients, it may be the oppaosite,
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Sea climares are characterized, at least jn Western Europe, by preat ajr
turbulence and. hence, strong cooling, greal intensity of reflected solar radia-
lion, smaller differences in tempera{ure than inland (winter lemperalurcs beig
relatively high, summer temperatures relatively Jow), high humidity, higher
percentage of ozone, jodine, magnesium, and sodium chloride in the air than
intand, usually few uir pollutants (dust, pollen, or chemicals), a smaller num.-
ber of large jons in the air, and more small ions. These various factors may
have, for example favorable dermatological and rhinological effects.

High-altitude climates ure marked by a reduced partial oxygen pressure,

radiation} together with the presence of very short UV waves with wavelengths
of 278. These condilions cause a number of physiological changes in every
subject who remains for some time at altiludes above 1,500 m. The imporiant
effects are improved lung ventilation: increased peripheral blood circulalion,
increased hemoglobin content of the blood, adrenaj gland stimulation, produc-
ing in turn, increased corlicosteroids; improved thermoregulation because of
increased blood circulution in the hypothalamus, improved balance between
the autoromic nervous syslems; etc. Aslthmalics alternating 1heir residence
between altitudes above 1.500 m and sea level can he completely cured after
a scries of 70-100 Ircatments; we have demonsiraled this in our Rescarch
Center with artificial high-altitude climates produced in low-pressure climatic

duced in large climatotherapentic centers [or subjects for whom long-distance
{ravel is impractical. In the future. many such centers should be built. Ip
winter, many Scandinavians £0 to Southern Europe or the Canary Islands for
such climatotherapy. Large population migrations in winter and summer
should be encouraged and scientifically puided. It wif] help 1o reduce the effects
of stress in our modern life and could improve the health of millions of palicnts
suffering from meteororropic diseases.

Balneotherapy: Particuiarly in France, Germany, Auslria, Czechoslovakia,
Switzerland, and Italy, the use of thermal halhs in natural spring water js
common. Every year, thousands of healthy but tired pcople, alonp with many
medical patients, visit these spas. Their expenses are paid by insurance coni-
panies or governmenis. In the Netherlands and the United Slates of America,
most physicians arc extremely reluctant to recommend Such treatments; they
tend to believe thar all reported results are cntirely psychological. One of the
Teasons for the negative opinion is the complete lack of rescarch in the Nether-
lands and the US.A. on balneotherapy, Considerable scientific work has becn
done in Germany on the physiolopical cffecis of warm thermal waters, Ex-
ternal application affects the adrenal and thermioregulatery systems through
thermal stimuli, The various salls, which can penetrate the skin (as demon-
strated recently with radioactive tracers), have different biological effects
depending on the chemical properties of the waler, Finally, long-lasting hydro-
static pressure in the bath has certain clinical benefils, Bur not only exlernal
eflects should be considered. Consumption of (hermal waters with high salr
content undoubtedly has many biclogical cffects.

Thalassotherapy (Seawater therapy): Here again, the same differences of
opinion can be observed berween physicians in the Netherlands and the Uniled
States on one hand and those of Belgium, France, Germany, Ttaly, Yugoslavia,
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d the Soviet Union. In the latler countries, physicians strongly believe in the
zl?Llue of thalassotherapy. ; highly scientific intcrnational
v e recommend the establishment of a 1ghly halasso.

In sum, to study the physiological and clinical gfifEClS Of_l alass
research Ce?ll;arma help-curc, or at least ease, various coqdmons or dlseascs. of
therap¥, ‘:fh I:copleywhich in lurn, will increasc the efficiency and production
millions ol v T
of the worklnflﬂip?gztl?:'the United States and the Netherlands, these recom-

! fu_lly 1-cv.ril[ mect strong opposition from Lhe orthodox apd often dogmatu;
mcndaupnsl: ficld of environmental health. The Ffact that in the past severa
leaders in 1 3 described ahove were used unscienlifically and were the domain
of the metho SShould not prevent modern atmospheric scientisls from utilizing
glf Fh?:i?ll-zzlsablished benefits for the well-being of future generations.

eir

Improvement of the Health of the Pf)pnfan'on a:nd the
Economic Expansion of Developing Countries

The present population explosion is crealing scrious ffor?d an?h'sp:lcjile:;:ti:
i art of the carth’s
is not sufficiently undersiood that a large pa ) th
i :é(;qor:? arid deserl areas with extreme mgleuro]oglcnl conditions. Beomlaé-
com[\.:ﬁad ¢ and control of the atmospheric environments of these _zslicas gwliln
]l']m[m coniiderably in solving the food and space problems_ of a rapidly gt}-]crmagl
y pld opulation. If man and his domestic animals can live in greater pcrmal
worf ft ?n these areas and suffer less from discases caused by the parl I?ube-
cz:osopheric conditions of the desert, it will affect the mcnltalo;mgcis;cn;fc
h ill i i i in every aspec 5 .
i f man and will increase his eﬂ'ic!cncy / .
ha\"lﬁ"cﬂ applications of biometeorology in developing countries havcdalﬁreizf
impact on the health and economic development of these countrics and,
i i iti re.
indirecily on their social and puhugzal structu -
fore'i_ijrzd'appli)t;alions can be divided into five calegories: (1) hdm}laré,st(Z))
veterinary, {3) avian, (4) phylological (including agricolture and forestry),

and (5) urban-architectural.

Human Applicaiions

Although many laboratory studies have been done on the leff;ctlil osfm(]c;;acgmiar:
indivi jecls and animals, large-scale fic
stresses on individual human subjec } ! d sudies in
i i ics i Il very rare, and, therefore, the ;
id and humid tropical regions are sti '
:ch sfresses on the thermoregulalory system are ;)r:!y pz;gipl;nc;\ggélsllox;lllusﬁ
i tochthonous populalion ' _su
neccssary to sludy, in large au . ] e
ined effccts of solar ra
stresses. for cxample, as the separate and canb; : jar radiavon
i i idity. In addition, more knowledge is n
infrared and ultravioler) and humidity. ] iLion, 1
:E.bout air movement and such normal physiclogical processes as horn'lonzllr P:t?e
ductien, electrolyle balance, composition and phys}:lcochen}::aalmsitbzgzy e
' ivi i tem, changes .
blood, reactivity of the autonomic nervous Syst |
and efficiency zf the thermoregulatory mechan;lsn_a.ﬂEachco;e:;iiti fl-?:;:ﬁ;ls :‘:g
i i i i i ; infiuenc
affect resistance against infectious dl_seasca. an .
behavior. The studies should be carried out inland, ncar the sea, and at high
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altitudes above 1,500 m (4,500 fr.). Studies should be conducted in these dif-
ferent geographic areas separately for different sexes, different ethnic and age
groups, and different professions.

The influence of the atmospheric environment on many discases in arid and
semiarid regions is insufficiently known, and, therefore, precaulionary measures
are difficult to delermine. Studies should be made on the effects of rropical
climates on the development and transmission of infectious agents, the causes of
various heart diseases, cye discascs, children's diseases, respiratory discases, and
skin and rheumatic diseases. Lust but not least, the effect of exlreme climatic
conditions on focd spoilage and on diseases related to food poisoning should be
Sludied.

Effects of air conditioning on basic physiological mechanisms and on the
patlern and development of differcnt tropical diseases us well as on human
comfort, behavior, and working efficiency are hardly known despite severa)
studies, c.g. those canducled by the Brilish Navy. All these cffects on man may,
perhaps, be partly gucssed, but little is known for certain. These problems
require extensive integrated physiological studies in the decades 1o come.

Vererinary Applications

The direct effects of climatic factors on domestic animals are frequently
of great economic significance. Climatic [aclors vary from one arca to an-
other, and it is indeed for the developing arid and huemid tropical areas that
data are largely unavailable. Integrated studies of macro. and microclimatic
condilions arc urgently required, and there is extreme necd for anulyses of the
physiological stresses (including heat, cold, and altitude slresses as determined
by temperature, humidity, wind, rain, and reduced oxygen pressurce) created by
different climates on catde, sheep, gouwts, and other domestic animals. Environ-
mental effecls on milk preduction (it is alrcady known that extremcly warm,
humid climates and cold stresses usually reduce milk production}, on skin coat
and meat qualily, and on reproduction should reccive intensjve study. For
animals kepl indoors (because of shortage of land or extreme climalic faclors),
the microclimatic conditions difler strongly from those experienced by unshel-
tered animals, For example, the microclimatic condilions in cattle barns may
be unfavorable because of humidity and warmth {especially above 20° C) and
the prescnce of such deleterious gases as carhon dioxide and ammonia. Poor
flocr conditions (such as those associaled with uninsulaled concrelc) may have
adverse effects on cattle resting on such floors hecause the cattle will lose large
amounts of heat by conduction to the cold foor.

Some of the unfavorable effects of adverse climatic factors on sheep are well
known, but additional studics are greatly needed. For example, a combination
of low temperawures wilh high winds and rain, which penclrales to the skin,
deslroys the thermal insulation of the flcece and hair coat and may cause serious
cold siresses, especially in newhorn lambs, Simple shelters in arcas of extreme
climates may improve conditions that seriously affect the health of domestic
animals.

Once climatic faclors and the effects of climate becomc common knowl-
edge, animal hreeders will be in a heiter position 1o develop brecds adapted to
cope with the rigors of extreme climates. Integraled physiological and veterin-
ary research is needed in the study of resistance of different hreeds 10 adverse
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imatic conditions and in the selcction and crossbreeding necessary f9r the
climat’ t of more suitable kinds of livestock., Biometcorological studics are
develqprigl the planning of more adequate methods of control and prevention
z;sfil;iabomc discases, helminthiases, and other diseases, the incidence of which
S her and climate.
'smgﬁﬁfﬁs ?a?:::;iztalso have indirect influences on animals through the kinds
of plants available as food in the area..The type o_f vcg_elali_on cons_l{med by
ing animals in a given area is determined by specific climatic conditions and
by such soil conditions as trace-clement cootent and Loxicity. M!"Ch integraied
research in this field is required to improve cconomic conditions in many

areas.

Avian Applications

Poultry farming in both arid and humid tropical countries could be improved
enormously, and would improve the general economy of these areas, I:!y t}?e
application of modern biometeorological knowledge. W_clather and climatic
factors affecting avian production include, for example, fertility land hatchu_blluy.
both of which are lower during hot weather; siorage of fooc!, w1lth prevention of
deterioration (e.g. prevenlion of loss of water-soluble vitamin A); growth,
which may be considerably relarded in hot scasons, even to the extent that
growing broilers is impossible during several months of the year; cgg produc-
tion and quality, both of which can be seriously alfected by high temperature
and humidity (egg production and quality can be maintained at favorable levels
even in areas with large flucluations in diurnal temperatures if the anouval and
diurnal thermal Muctuations are considered in the design of poultry houses);
meat quality, a subject that rcquires considerably more research; s_el(:cuon ?f
birds, with efforls made to sclect the best-adapted and most pl:oduclw_e fowl_ in
testing stations located in different ¢limatic zoncs; hou_smg, wl_th spec!al dem.g,n
for maximum comfort and production in various. Clll'l‘lu'.llFS; incubation, with
special attempts al maintenance of fairly constant .mcubauon 1emp.crau_1re and
humidity conditions, especially in arcas with co_ns1dcrable _I'Iucluatlon in tem-
perature and humidity; storage of hatching cgps in warm climates; and preven-
tion of deterioration by siorage of epgs in well-insulated areas at temperatures
of 12-15° C and relative humidily of 75-80 per cent; storage of poultry aqd
eggs intended for consumption, on which special research is needed for arid
and humid tropical regions,

Applications to Agronomy and other Areas of Phytological Biometeorology

Application of biometeorclogy 1o plant scicnce encompasses 1wo major areas:
agrometeorological problems and crop produclion and protection. In developing
countrics, a close nctwork of microclimate siations should be eslablishqd and
special condilions and problems investigated in the various regions. Studies are
needed of solar and terrestrial radiation and solar-heat loads (for example, on
human and farm livestock and on walls and roofs of inhabited structures); in
conmection with such studics it is necessary to consider evaporation, 1ranspi.ra-
tion, and the technology of irrigation. In cold arid areas, not cnly precipitation
but also snow cover and snow depth should be studied, and in arid regions
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attention must be given to atmospheric humidity, dew, and foliage welness,
Wind, wind damage, windbreaks, and shelter-belr problems are also important,
as are temperature studies only a few decimeters below the ground surface,
These are but a few of the key problems requiring extensive rescarch in
developing countrics.

Crop produclion and, therefore, also preharvest protection depend largely
on three proups of factors: physical, entomological, and plant-pathological,
Such physical faclors as the effects of heat and drought and their seasonal dis-
tribution on plant growth, fruit bud formation, and the like should he studied
along with the effects of cold spelis and their seasonal disiribution. Increasing
attention nceds to be piven to the effects of air pollution resulting from indus-
trial development and from air-borne salf in coaslal arcas, More attention
should be devoled to ¢nlomological factlors as related to plant production.
Weather and climate studies are nceded on (a) lhe effect of weather on the
long-distance migration of insects in tropical regions. (b) the effect of wind-
breaks on insect distribution, and (c) integrated pest control and Spray warnings.

In the area of plamt pathology, sludics should be made on the geographic
distribulion of plant pests in relation to weather conditions in differcnt parts of
a tropical region und the influence of specific meltcorological conditions on the
development and spread of such pathological agenis as viruses, bacteria, and
nematodes in arid and humid tropical regions,

Applications in Architectural Design and Urban Planning

The applications of biometeorological methods 1o town and city planning
and to building design result in the construction of morc habilable buildings,
which will improve the health and comflorl of man and, thercfore, his working
performance. This is especially true in arcas with extreme climalic conditions,
Research projects that require the joint efforts of melcorologists, physiologists,
urbanists, and architects include the collection and analysis of data and the
application of metcorological data to architectural principles: site selections
and effect of lopography; orientation in rcgard to solar effects, wind and
temperature, solar control, biometeorological gauging of the effectiveness of
shading devices and the effects of trees and other types of vegetation; preferable
building forms determined by cxiernal thermal stresses; wind and airflow effects
to satisfy biometeorological needs in public spaces and in structures lacking
air conditioning; usc of, preferably local, materials for indoor thermal balance
and insulation (hoth inside and outside); and calculation of the thermal
behavior of architeclural structures in tropical areas.

Weather and Reproduction

Future research and elahoration of preliminary hiometeorological findings
in the ficld of human and animal reproduclion may have some very interesting
social consequences.

Four major aspects of reproduction have been studied so far: the interrela-
tionship between weather and climate and the date of birth of patients suffer-
ing from certain discases, the cffect of weather and climate on the incidence of
children born with malformations, the influence of weather and climate on sex
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tio of newborn children and amimals, and the influence of weather and
ra [TE]
climate on fertilily.

Weather, Climate, and Date of Birth

william F. Pectersen, formerly professor t?f internal medicine at the_ Ur_u-
ersity of Chicago, was one of the first scientists to suggest lha! melta_bohc dll.‘i-
n bances created by climatic condilions and specific wca[hcr. stimuli in certain
%n[hs of the year could determine the propensity to certain diseases on the
part of subjects born in such periads. I_t has only. been in more recent years
that strong evidence has been found for this assumption, o .

In 1957, Pasamanick (Dircctor of the Research Division of the Columbus
Psychiatric Institute at Columbus, Ohio} and Knobloch traced the mo.nlh_ of
birth of mentally deficient childeen bora between 1913 and 1.948 :mdl institu-
onalized in the Columbus State School, They found that schizophrenics Wt?:'li
born significantly more often in Jam‘.lary'. Februar?', and March, compared \}':'_1 .
the standard monthly birth distribution in the United States. Because the thir
month after conceplion—the period when the cerebral cortex of lhe_ unborn
child is becoming orpanized-——would be June, July, and Aupust for this group,
any environmental faclor during these monjlths that could cause_fclal injury
might affect intellectual functioning. According to these auli_mrs, high iempera-
tures during these months and decreasced protein intake m|gh_l be onc of the
causes of such trauma. They also found that the number of births of mentally
defective children was prealer after very hot summers tha_n_afller cool summers,
They were also able 1o show that the number of abnormalitics in pregnancy was
significanily higher in January, February, and March than in the summer

—September), .
morbﬂ;s é:::lv);lge pNo]ling,) former psychiatrist at the Psychiatric lInsuLute_ Dt?n
Dolder (the Netherlands), listed the dates of birth of 8,000 schizophrenics in
the Netherlands and 7,000 in Great Britain. He fv:')ur!d that, z}ftcr the: normal
seasonal birth-rate correclion, a malhcmaticully _mgmﬁcanl _hlgher birth rate
occurred during February and March and a minimum rate in June and July.
No connection with month of birth was found for epllcPsy or any menial
diseases. Dec Sauvage Nolting is inclined to accouny for this distribution by a
winter shortage of vilamin C, which would aggravate Ehe gerleucal_ly delermined
susceplibility of schizophrenia because the ‘olherw:sc Shmulallng. effect of
vilamin C on the healing process of damaged tissues (e.g. of the ulerine mucous
ane) would be considerably reduced in winter.

mengibl';ilar}eﬁecls on mental processes arc suggested by the _sludics of Blonsky
and McKcown. In 1929, Blonsky obscrved that the inlEl]lgence' quallem_of
schoolchildren in the Sovict Union was highest for chidlren born in the period
from Janvary to Iuly (particularly April) and lowest between July and De-
cember (minimum in Oclober). _ _ o

McKeown, of the Tnstilute of Social Medicine in B;rm_mgham, stated that
more anencephalics are born in Great Britain in .the period Octope_r—Margh
{maximum in Decermber) than in the period April-September (minimum in
May). ' _

Similar relationships between weather and disease propensity were found by
De Sauvage Nolting (using 15,000 patients), Slur ¢2,800 pauents),.Dykstra,
and others in studics of incidence of cancer. The highest number of birth dates
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of cancer patients (after correction for the normal birth frequency of the tota]
population) occurred in the Northern Hemisphere during the months of
December—March, the lowest frequency in June—July. The scasonal difference
scemed (o be independent of the site of cancer,

The practical conclusion of these findings is that if all children in the
Northern Hemisphere with a greater likelihood of developing cancer were borg
in the “favorable" summer months, seven to 1 percent fewer cancer cases
could have been anticipated. A similar analysis of 1,240 cancer cases collecled
by Keogh in Australia confirmed this. The highest frequencies of birth dates of
cancer-prone children in Australia occurred in the “favorable” summer months
of the Northern Hemisphere, in other words, during the winter months of the
Southern Hemisphere.

Also, recent studies by the author, still in progress, of 2,500 patients with
diabetes in the Netherlands, suggest a monthly disiribution of hirth dates
significantly different from the normal birth-date distributian in the total popu-
Iation and are different for males and females.

Necdless to say, if further studics in olher countries could confirm these
findings and the meteorophysiological causes could be discovered, prevemtive
measures could be devised 1o decrcase the number of fulure paticnts and the
yearly expenditures of the public health departments in most of the highty
developed counlries.

Wearher, Climate, and Malformarions

In the previous section, we mentioned the observation by Knobloch of a
relationship helween date of birth and certain abnormalities. Also, the numbetr
of anencephalics born in Grear Britain suggests seasonal influecnces. Observa.
tions by Kerpel-Fronius and others on seasonal variations in hemorrhagic ten-
dencies and capillary fragilily in neonates indicale 1he significance of weather
and climate in relation to birth malformations; this subject has been completely
neglected in recent worldwide medical studies of the causes of malformalions.

Not only may natural thermaul stresses be responsible for g higher frequency

sirated by Degenhardt in low-pressure climatic chambers. He observed mual-
formations of the vertebral column in newhorn rats as a result of a few hours
of arlificially lowered oxygen pressure in the environment of pregnant (cmales;
the degrec of malformation depended on the rate of oxygen deficiency and the
day of the experiment; lowcred pressurcs on the ninth day of pregnancy were
the most damaging.

Ten Cate demonstrated experimentally in the Netherlands the efleet of
thermal stresses on embryonic development. A decrease of temperature reduces
the amount of oxygen required for chemical processes in cel) breathing, but
oxygen diffusion is less hampered. In g multicellhular embryo withou: blood
circulation, the cells are better supplicd with oxygen during periods of low
temperature, In the gastrola and neuruln slage of the amphibian enibryo, Ten
Cale observed less lactic acid ar lower temperatures. Thermal stresses affected
the shape of the neural tube. The gills in amphibian cmbryos were less developed
at low environmental lemperatures: they were less branched and less supplied
with blood vessels, Temperatures below 12° C also inhibjt cholinesterase ac-
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it i ctioning of the necural synapses. All %hf,se
tivity, Cl.-lucal forc:]lap{]?in?rtle I:Eﬁgrly lhef'moregulated female subjects living
observat®s sﬂﬁirma] conditions, both animal and human, malformations can
under extrr(:jm.c the growing embryo. Also, the influence of ther.mal stresses on
be expec.t “; the thyroid gland, because of changes in excretion of the hor-
the a0 o in, may be responsible for serious disturbanccs_. in general metab-
“;?ne i‘ﬂygf,ﬁo&e 'molher and the growing embryo, thus causing malformations.
gl15m

Weather, Climate, and Sex Ratio

i i i ies of pigeons kept on
i Riddle and Fisher in 1925 on thl:ec species o 20ns
S(ud;e.“aig' throughout the year showed that in early spring, with mci'eas;:fd
the sam in production and thyroid activity, there was an cxcess of male off-
thﬁ:?:?}:lt in summer, with diminished thyroid aclivity, there was an excess
sp ’
of fzirl}::rs:ng sex ratios were also observed by Adler ( 1917)' and Whltr_nap
19) iglfrogs. These thermal cffects disappear :}flcr transsection of the pitui-
Srs; stalk. In other words, the hypothalamic-piluitary nerve pathways play an
i fe in changing sex ratios. .
lmp'cl"ll-lt:n(:i:;nge in scx ralio could be caused by a rruc change in sex at the
earliest embryonic stages, which would be difficull to undcrsltland, hco?lmder;:eg
i he fact that shorlly a
omal structure, or it could result from t ; !
l?:;t.?lli];gfion statistically more male than female fem!ﬁ:q ce(l?]’;'dle. T;?:cs s;légug:
i observation of Pelersen that around 19 _in Chicago, .
e);l:;:)?’nlhbcabies was corrclaled with (he weather conditions during the period
nf conception and morc specifically with the average environmental lemp[;:_raj
?ures 285 days prior to birth. Cold-period cenceptions favc?rcd male ba_ 1;.5,
female babics werc more frequent if conceplion took place during warm p?no c.«l'.
All these observations may tie in with the observations of Bak.wm, P aunh-
ler, and De Rudder that in summer more girls, or fEWCI.’ hoys, d;e_durmgll ;'.
ﬁrs’L months of their lives; in other words, the mortality sex ratio (males

fernales) decrecases in summer.

Weatler, Climate, and Feriility

imals: Thermal stresses and light play anlimpor‘tant r_olc in the
feru'ji?lyA:;”::imals. It is known lhat.lhermul and llghl_ slimulation gf ffl:llz
hypothalmic nuclei influence the secretion of gonadolropic hormones by
plmll:;lc;{t.)periodic effects on sexual behavior have lluccn w_cl.l established b}{qlhe
studies of Assenmacher, Benoit, Bissonctte, Hollwich, Miline, M_y_erson, l'cﬁ-
stadt, and many others. Benoit and Assenmacher .found that vmb]c ]sum% 1
with a wavelength of 380-780 mm affects the optic nerve and visua c;enlfr
of the cerebral cortex, which, in lurn, slimu]aln?s Lhe supraoptic area 0 hl e
anterior nuclei of the hypothalamus. Grootenhuis showed t.har. in the Nether-
lands there is a striking similarity between the yearly conception curve of hor;‘ses
and the curve of the day length in hours. This may be due to the u:ld:fec;]c ect
of light on the nonprotein sulfhydryl concentration f)f scmgnal fluid in orscs‘.j.
which, in turn, determines the sperm motility in seminal fluid. Werlhessen an



60 Annals New York Academy of Scicnces

Haag found a relationship between low corcentration, high mortality, and high
Fertility.

Photoperiodicity is also economically imporlani in poultry science. The
laying thythm of domeslicated birds is influenced by seasonal and geographicy|
latitude. In the temperate zones in (he Northern and Southern Hemispheres,
maximum cgg production occurs in the spring; in the (ropics, it is equa]
throughout the year., Along with egg production, sexual maturity is affecleg,
In the northern latitudes, pullets hatched between Janwvary and March wil|
reach sexual maturity carlier than those hatched between March and May.

The great effect of high tempcrature and humidity on fertility in poorly
adapted animals has been reported by many research workers; these faclors
have a strong inhibiting eflect, and sexual malurity is delayed, sperm produc.
tion reduced.

High altitude (3,000—4,000 ni) causes in nonadapted animals u reduction
in sexual functions and sperm production, but also an increase jn embryonic
malformations.

In man: Although the influence of melcorelogical stimuli on fertility is
well established in many animal species, it has heen very diflicult 1o confirm
similar findings in man. Huntington (1938), Mills {1939), and others re-
poried on regular scasonal changes in human birth rates in different countries;
the greatest fluctuations were found in the warm temperate to subtropical
latitudes, the smallest in subarclic and cquatorial repions, These flucluations
are not random but are statistically highly significant, as shown by Takahashj,
Rosenberg, and Macfarlane.

Reviewing considerable statistical data on conceplion rates in different
parts of the world, Muacfarlane concluded:

1—Spring maxima of conceplion (usually with g lale-winter low) are found
in coualries with latitades of 30°-45°, such as Porlugal, Spain, Italy, Greece,
Yugoslavia, Israel, Syria, Japan (30 per ceat greater conception in April than in
summer).

2—Summer-autumn maxima ocer in countries with latiiudes of 45°-70°, such
as Finland, Sweden, Germany, Ausiria, England, Czechoslovakia, Hungary,
Canada, and the northern Unired Stares.

Taiwan, Pucrio Rico, and both the humid and dry parts of the Southern United
States (2B°-38° N. Jatitude).

4—Winler maxima occur in Southern India, South Africa, North Australia,
and Chile,

Ir relation to mean monihly temperature, Macfurlane observed jin cool,
tempcerate climates maximum conception rates at 14°—[§° G; in the tropics at
25°-26° (provided (he subjects are adapted to this warm ¢nvironment), Inhibi-
tion of conception in cool climates was observed helow [1°C, in warm tem-
perate climates around 23° C and ahove,

These various findings cannot be explained, according to Macfarlane, by
season of marciage, national or religious feasts and holidays during certain
periods of the year, differences in photoperiod or lemperature {e.g. the ampli-
tude of the change of [emperature in an arca is not necessarily proportional to
the amplirude of the change of conception rate).

Lack of space prevents me from discussing these problems in greater detail,
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i ched on in relation to the influence of the
However, -lhe vq?oo;;ggloglr?r?:u?lﬁnajor aspecls of reproduction, in the widest
atmospheric EIJ‘?er clearly demonstrale the many social consequences and
semse of the :]ivons,if future studies confirm the facts described. We selected
policy lmp.hcnciemiﬁc developments in human biometeorology that, in our
only_ cortaln zriously neglecled and require intensive research, It is our hope
Sfi:ufhni's z:'g\:riZw may slimulate other investigators to cominue the task.

a
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THE ENVIRONMENTAL CONSEQUENCES OF
MANS QUEST FOR FOOD

Lester R. Brown

Overseqs Development Council
Washington, D.C.

Man may have first appeared on earth as early as (wo million ycars ago,
During perhaps 99 percent of his existence he hunted and gathered wild food,
living as a predatory animal. While he was dependent on hunting and gathering
for his food, he probably never exceeded ten million in number—the estimated
human population that the carth could support under these conditions.

Then, about ten thousand years ago, man learned to domesticate animals
and plants, thus initiating the great transition from bunler o (iller. Initially,
only a handful of men were attracted to the new agrarian way of life, bm
through the millenia it has become the preferred way of life. Today only a
small fraction of one percent of the human race lives by hunting and gathering,

the vicissitudes of weather for the uncertainty of the hunt

The capacity of man the hunter for inlervening in his environment was
exceedingly Jimited, but man the tiller developed a seemingly unlimited capacity
for altering his environment, shaping il to his ends, Initially quite simple and
limited in scope, his inlerventions became successively more complex and
widespread., Eventually some of the consequences of those interventions ex-

of life, posed by the steadily growing usc of chemicals in furming underlines the
cemmon predicament of all mankind as few things dao.

Scholars agree that, though still mystery just heing unraveled, the carliest
beginnings of agriculiure probably occurred in western Asia, in the hills and
grassy northern plains surrounding the Fertile Crescent. Wheat and barley grew

In simplest terms, agriculture is an eflort by man to shape his environment
so that it better suits his needs. Man selected cerlain specics of animals and
plants, which in nawre were quite uscful to him as a source of food or clothing,
and began favoring these species above all others. For example, wheat, a
cereal growing naturally in certain areas of the Middle East, is now planted on
nearly 600 million acres of land once coverced by grass or forest,

The natural cover of some three bhillion acres, or 10 percent of the earth’s
Iand surface, has been removed and planted 10 crops that man has domesticated,
Expressed in these lerms, the area cleared by man seems small, but in terms of
the area supporling vegetation, it is quile large; in terms of the area polentially
capable of supporting crops uscful to man, it is stli larger, perhaps even pre-
dominant. Two-thirds of the cropped area is planted to cereals: rice, wheat,
corn, rye, oais, and barley. As a result of man’s favoritism to certain species of
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i i ly altered.
ive 1 lance of various species has been great
animals, the T e Gre: Plains, once the home of an estimated 30 to
le roam the Great 2 .
Hemf?r.d call; lo., In Australia, the kangaroo has been largely dl_splactl:d by
40 mmjfonEuI:gpgan. origin, and the domesticated water buffalo now inhabits all
catlle qor rice-growing river valleys of Asia, . . vout the world
the ledpe of farming spread from the Middle _Ea_sr. throug o wor .
I(nogv ecsglward across Asia, southward into the Tigris-Euphrates Valley, En
R ‘Itlilc jnto Africa and northwestward into Europe, through the Dam; e
along the 1 the Medilerrancan coast. Agriculture apparcatly had inde-
Valley ant 3 onii the Americas and perhaps even in the Far East as _wcll. But
P]fnde?cgglgl;ricms came later than the Neolithic achievements in South-
these |
wes‘fgg géil Neolithic achicvements of agriculture and h?sbandrylﬁ?v::unr;ilr:
i im to increase
t and secure food supply, a]lowmg_ him :
more abl;?;i;?ng thc basc for civilization. Grain fields fed grqwm_g lurll:;an
and esl.a But the problem of cbtaining enough food rcmained; it 25
popul::ilonsa-n since his beginnings. Technological advances, such as the dISE
plog ofn}rrigalion. the use of animals for draft purposes, and the e_xc]ilalggea?{_
t:weWbetwaen QOld World and New, plus many other 1cchn::{log10a rg
oo hs in more rccent times, have greatly expanded }hc ear[hs: food produc-
throug acity. Spurls in food production have permitted man's nuanbers lto
ino Cﬂslé and- these increases have in lurn exerted pressure on the foo s;pp! Y,
increa Im;m lo innovatc and devise still more effective means !Jf producing
;g;‘:imgln a finite biosphere, we musl assume that al some point this reinforcing
- be broken. _ _ )
cya’?'l‘lrguli'islory of agricullure is flled with lechnolong_al advang:e,_s of varying
imporiance, each of which increased the carth's popl.lllat:omsuslmmng capacity.
AG ;:1 out. The development of irrigation agriculture some 6,000 years
fom :lzanidd];a East, probably beginning on the Tigris-Euphrates flood plain,
Sl s i ity. It also required a high degree
hanced man's food-producing capacily. It z
g;e ::Jlgi:l:lnorgnnizatiun and closely coincided with the emergence of the early
ivilizations. _
cmfjothcr of the early farming breakthroughs was the discovery by man at
i limited muscle power, he could
3,000 years B,C, that, to augment his own him
—_— i ir als ml,lch stronger than himself. Once man learned to use
pia tals, o we h into a usable form of enerpy.
draft animals, he was able Lo convert roug age into : Al
Early animal-drawn implements were crude, little more !han pointed sticks,
and );]jlches were incfficienl implements, often attached directly to the horns
of animals. But harnessing this new-found source of energy enabled man lo
tly expand his food supply over lime. ) o )
m%onﬁ the strongest supporting evidence for _lhe mdep_endc_nt origins of agdn-
culture in the Old World and the New World is the quite different cr(?ps— bo-
mesticated in the two regions. Thus, when Columb_us established the link be-
tween the Old World and the New, he set in motion an exch_anlgc of crop;
between the two worlds that continucs lo.lhe present. Interesting g, so;'l::h:n
the crops were better suiled o the world in which they were iniroduce | (han
to the one in which (hey originated, _As th:s;x::hadq{;e of crops progressed,
earth’s population-sustaining capacily increased s eadily. ]
Pergags the classic example of this was the introduclion of the polato 1l?lg
northern Europe, where il greally augmented the fm_:ld supl?ly, permitting Irnz;r ed
increases in population. This was most dramatically illustrated in Ireland,
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where the Irish populalion increased rapidly for several decades on the
strength of the expanded food supply made available by the potato, Only when
potato blight (Phyrophthora infestans) devastated the potale crop was popula-
tion checked in Ircland.

Interestingly, the principal source of vegetable oil in the United Staies and
its principal farm export is the soybean, a crop introduced from China several
decades ago, Grain sorghum, now the second-ranking feed grain in the United
States, after corn, crossed the Atlantic from Africa in the form of food stores on
the early slave ships.

The principal source of vegetable oil in the Soviet Union is the sunflower, a
plant that originated in the southern Great Plains of the United States. Corn, the
only cercal crop indigencus lo the Wew World, is now produced on every
conlinent. The movement of crops between the Old World and the New, and
among continents and countries, continues as man alters the nalure af the
crops lhemselves through genclic manipulation, as he alters the cnvironment,
and as these physical factors interact with the changing demands of the market-
place.

The same factors have influenced the movement of livestock from their
arcas of origin to other parts of the world. The New World is particularly
indebicd to the Qld for all of its livestock and, with the exception of the turkey,
all of its poultry, During the 16th and 171h centuries, the principal dynamics in
world agriculture was related to the cxchange of crops between the Old World
and the New.

Over the past two centurics, scientific advances in the harnessing of me-
chanical power, in soil chemistry, and in plant genetics have opened new hori-
zons in man's quest for food, permitting him to intervene in his environment
more extensively than ever before. Development of the stcam engine in the
latter half of the 18th century, though it did not profoundly affect agriculture,
set the stage for mechanization and the later development of the internal-
combustion cngine. The internal-combustion engine in the form of the farm
tractor introduced a new era in agriculture, Man suddenly had at his command
a vast new source of energy, petroleum, which he could use to produce more
food. It was now possible to substitute petroleum for oats and hay, to substitute
the preducts of eons-old pholosynthesis for that on present-day farms. The
substitution of fossil fuels for oats, corn, hay and other feedsiuils increased the
potential energy supply per person working the land severalfold. The displace-
ment of horses by tractors in the United States during the first half of the 20th
century also released some 70 million acres, once used to feed the nation's
horses, for other purposes

During the ecarly 19th century the foundations for another major tech-
nological advance in agricullure were established by von Licheig of Germany,
the father of modern soil chemistry. He identified the importance of the
nutrients nitrogen, phosphorus, and potassium in plant growth. He demon-
strated that onc could restore or ephance the soil's nalural fertility by adding
these nutrienls in the proper proportions and, on the basis of this, recom-
mended the use of mineral feriilizers by farmers. Eventually, farmers in their
conlinuing ciforts to expand the food supply were to learn 1o substitute fertilizer
for land as the {rontiers disappeared.

At the time of von Liebeig's findings, there was still ample oppoclunity io
much of the world for expanding the area under cultivation. Thus, it was not
until the 20th century that the usc of chemical fertilizers became widespread. As

Space and Earth Sciences 65

of 1970. the world's farmers are using more than 40 million metric tons of
pitrogen fertilizer alone on three billion acres of cropland, or nearly 30 pounds
er acre. Usage varies widely among countries, \:mh intensive use m the
densely populated, industrial countries and light use in the poor countrics.

in high-rainfall countries practicing intensive agrlc:L.llLure,_ such as the
Netherlands and Japan, a major share of the food supply is auributable to the
use of chemical feriilizers, applied in both countries at more than 2'00 p_ounds
per acre yearly, Stated otherwise, soil fertility would decline rapidly in the
absence of chemical fertilizers, dropping food production by half or perhaps as
much as two-thirds. On a global basis, pethaps ane-fourth of man's total food
supply is autributable 1o the usc of chemical feriilizers. . )

‘Along with the developmenl of mechanical power and soil chemistry, !he
third major breakthrough that has contributed so much to m.an‘s food-producing
capacity was the breakthrough in plant genetics, made possﬂ:le.by the work of
{he Austrian monk Mendel. From the work of Mendel and his more _mod‘em
successors, such as Burbank, plant brecders have learncd to select, class:fy_, and
combine various sources of germ plasm in order to alter plant characteristics,
Plant breeders can make plants more tolerant to cold, more re.sis:lanl o drougl‘!l,
less susceptible to diseasc, more responsive to fertilizer, and higher in protein
content and can alter literally hundreds of other characteristics. To cite some
specific examples, they have cxtended the northern timit of commercial corn
production 300 miles within the United States, developed whearts that yield
well clase to the equator, and increased the ofl content of the soybean.

Although the scientific advances that made possible farm mcchapization.
widespread use of chemical fertilizers, and the dramatic improvement in _planls
and animals through breeding occurred largely during the 19th century, it was
not until well into the 20th century that this knowledge was applied on a
widespread commercial basis, .

From the time agriculture was firsl invented until roughly the beginning of
the 20th century, the world's food supply increased much mare as a result of
cxpanding the area under cultivation than of raising the p:_'oductwity of land
already being farmed. Throughour most of histery, man incecased the food
supply by moving from valley (o valiey, from country to couniry, and from
continent 10 continent. Only during the 20th century, as the frontiers gradually
disappeared, was man forced 10 concentrate his energies on raising the yields
of existing cultivated areas. The first yield takeoff—the tramsition from a con-
dition of nearly satic yields to that of rapid sustained increascs——apparcntly
occurred in Japan at about the turn of the century. Japan's rice yiclds, which
began their sustained rise in the early years of this century, have risen steadily
for seven decades excepl for the intecruptions of war, Yield takeoffs apparently
occurred in some of the countries of western Europe, such as the Netherlands,
Denmark, and possibly Sweden, at about the same time.

But the ability to generate yicld-per-acre advances was confined to a rela-
tively smatl number of countries with advanced farm technologies. The yield
takeoff did not occur in North America until about 1940. Between the Civil
War and the beginning of World War 11, per-acre yields of corn, the principal
cereal in the United States, were essentially unchanged,

Although the poor countries of the world did not have advanced farm tech-
nologies capable of supporting a rapid increase in output per acre, they were
beginning to receive from the industrial countries new medical technologies that
greatly reduced death rates, parlicularly among infants. As a result, their
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populations began to accelerate rapidly after World War TI, causing the demang
for food to outstrip their food-production capacity. Asia, Africa, and Latin
America, which had all been net cereal exporters prior to World War II, ex-
porting largely to Europe, suddenly found that (heir increased populations were
consuming what had once been their exportable surpluses. By 1950, the less-
developed world was importing several million tons of grain yearly from the
developed countries, principally North America, By 1966, this flow of food
had increased to 32 million tons, a large part as food aid shipments from the
United States. The population explosion in the poor countries thus dramatically
altered the pattern of world grain trade.

Cereals are a convenicnt indicator of food supply because they occupy
more than 70 percent of the world’s cropland and provide the major share of
man’s food-encrgy intake, Wheat and rice each supply onc-fifth of man's food-
energy supply. With corn and other cereals, they provide more than 53 percent
of directly consumed calories and z sizable part of the remainder consumed
indirectly in the form of meat, milk, and egps.

The other important starchy foods are potatoes and other tubers and roots,
which provide ten percent of man’s caloric intake. Animal fals and vegetable
oils, including butter, tard, and oils from peanuts, soybeans, and sunflower,
account for ninc percent, sugar seven percent, fruits and vegetables len percent,
livestock products 11 percent, and fish one percent. Within any particular
locality, diets can vary greatly from this overall global patlern.

Although man's capacity 1o increase food production has increased several

hundredfold since the discovery of agriculture, the majority of mankind is still !

not well nourished. On the plus side, man has been able to assure the food
supply of perhaps one-third of the human race and to eliminate the threat of
famine for the remaining two-thirds. For that one-third of mankind living in
North America, Western Europe, Eastern Europe, Australia, Japan, and a

tr-r - |

handful of the smaller countrics elsewhere in Asia, Africa, and Latin America, !
food supplies arc now assured. Since the industrial revolution, the productivity

and income of those living in the above repgions and counlrics has risen {o

the point at which, except for a small scgment with marginal incomes, dicts are

now more than adequate. Many people are in Fact overfed,

Throughout most of history the threat of fumine has been present, usually
as a result of droughts, floods, or crop diseases. Occasionally famines are man-
made, caused by war or man’s inhumanity to man, as in the Sovicl Union in
1935-37 and in Biafra in 1969-70; but in the past few decades, (he world has
been spared from massive famine, except for the man-induced famine in Biafra

in 1969-70, Shoruly after World War II, the United States decided it had the

agricultural know-how and the food production capacity 1o avoid famine any-
where in the world. This policy was adhered 1o even when, as in 1966 and
1967, one-fifth of the U.S. wheat crop was requircd {o slave off famine in
India. Sixty million Indians were fed entirely by food shipments from the
United States for a period of two ycars,

Since World War II, the global production and distribution system, both
among countries and within countries, has evolved to the point where large
quantities of food can be moved from one country to anoiher on a sufficient
scale to avoid famine caused by any readily envisaged natural calustrophe, such
as the monsoon failures on the Indian subcontinent in the mid-60s. Although
the specter of famine of the kind that occurred in West Bengal in [943, costing
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me two to four million lives, has been climinated for at least the 'ti_mc being,
;c:,man nutrition on a global scale is still in a sorry state. Malnutrition exacts
an enormous toll in both the physical and mental development of a great
majorily of the youngsters in the wm:ld today. ) . )

The effects of nutrition on physical development is dr_amam:ally Fl,wdent on
ihe streeis of Tokyo today. Japanese icen-agers, well nouqsl_mcd .from infancy as
g result of the emormous rise in income aqd proper nutrition in Japan, tower
inches above their elders. Much of the dlfﬂ_arence is atinibutable to a l'l:ll:lch
greater protein intake during carly years of life. The cffect of good nutrition
on physical development is also evident in ottger ways. In the summer of !968,
India held its Olympic tryouts in N?.w DPlhl: wilh the purpose of selecting a
ieam to go to the Olymipics in Mexico City in I:h(.: fall. Unfor!ur_nately, not a
single Indian athlele, male or female, met the minimum qualifications for par-
ticipating in the Olympic compelition in any of the 32 track and ﬁclld cvents.
This, of course, was only partly due to nutrition: dated training techniques and
tack of support for athlelics were also factors. o )

Recent studies of malnntrition and mental development mq:c:.ate a relation-
ship at least as striking as that for ph;{sical development. A clinical study of a
group of youngsters, severely malnuunshcq before the age of five, conducteq in
Mexico over a period of several years, indicaled an average 1.Q. 13 points
below that of a carefully selecied control group. Studies conducted elsewhere
bear out these findings. Unforlunately, these setba_cks to development of the
brain and central nervous system in carly lif_c are 1rr§parablc. No_ amount of
feeding or cducaling in later life can offset it. Protein shorlapes in the poor
couniries today are depreciating their human resources for at lcast a genera-
tion to come, ] _ )

Although the prospecis for feeding the projected incrcases of_ numbers in
the poor countrics over the next decade or two ap?eared bleak in 1966 and
1967 at the time of the Indian food crisis, they have 1mproved‘measural_)ly over
the last fcw years, The principal reason is rl?e successful ml-roducl:lon .a!'ld
rapid spread in several of the larger poor countries, such as Mc}gcor the Pl_ulgp-
pines, Indonesia, Pakistan, India, and Turkey, of the new high-yielding varieties
of wheat and rice. This phenomenon, popularly refc:‘r.red o as.the Green
Revolution, is buying additional time with which to stabilize popu_lauon growlh,

The Green Revolution, based on the much greater responsiveness of the
new wheats and rices to fertilizer, which cnables them to roughly double ll}c
yields of the tradilional varieties they replace, is no! a universal phcnon'}enon in
the poor countries. Cropwise, it is limited Ia_argc]y 1o wheal and to rice, and
geographically, it is limited to thosc arcas with an adequate, conlrolled water
supply. In lerms of total cereal acreage, it still accounls for only_a small share
of the towal in the developing countrics. Even with these constraints, however,
some unprecedented pains in cereal production have becn realized over the
years, Mexico, which imporled one-lhird of its w_hcat a gencration ago, is today
exporting wheat, corn, and rice. Cereal production per person increased cach
year during the sixties, climbing ncarly 40 percent during the decade. The
Philippines has ended half a century of dependence on rice imports. A.nnual
increases in wheat yields in Pakistan and India, following the mtroducnon_ of
Mexican dwarf wheals, are double the increases in corn yields in the Umlf:‘d
States following the introduction of hybrid corn a gcr}crulion ago, Foogl aid
imports into these two countries are at the lowest level in a decade. The intro-
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duction of the new sceds and their associated technologies is clearly not a
solution to the food-popalation problem, but it is buying time with which to sta-
hilize population growth.

In considering future food requirements we must keep in mind that there
are two sources of additional demand for food: the first, population growth, is
well understood; the second, rising incomes, is not so commonly understood,
Present projections indicate world population ncarly doubling over the remain-
ing threc decades of this cenlury, Assuming that the end-of-century population
is no better or worse fed than at present, this would require a doubling of the
world’s food production capacity.

Risinp incomes, an objective of virtually every national government in the
world today, will greatly increase claims on the world's agricultural resources,
This is perhaps hest illusirated by looking at the grain requirements of high-
and low-income people. The two billion or so living in the poor countries have
available an average of 400 pounds of grain per year. With perhaps 10 percent
used for sced, aboul 360 pounds, or a pound a day, remains for actual con-
sumption. With only a pound of grain available, virtally all must be consumed
directly simply to meet minimum ¢nergy requirements and to kecp body and
soul together. As incomes rise, the amount of grain per person that is consumed
dircctly declines, leveling off at about 150 pounds, but fotal grain used rises
steadily, eventually reaching a ton per year as in North America at present. The
great bulk of this is consumed indirectly in the form of meat, milk, and eggs.
Thus, the claims exerted against the earlh’s food-producing capacity by lhose
living in the richest countrics, say the United States or Canada, are perhaps
five times as great as those living in the poor countries. '

Advances in feod technology are beginning o offset some of (he increases
in prain requirements in the industrial countrics by substituting vegetable
products for animal products. This has been most pronounced in the substitu-
tion of vegetable oils and shortenings for butter and for lard. In 1940, the
average American consumed 14 pounds of butter and 2 pounds of oleomarga-
rine. In 1970, the fipures were 6 pounds of butter and 10 pounds of oleomarga-
rine. Lard has been almost entirely replaced with vegetable shortenings, Some
65 percent of whipped toppings purchased in the supermarket are of nondairy
origin, as are 35 percent of the coffee whitcners,

Food technologists are now concentrating their efforts on developing ac-
ceptable vegetable protein substitutes for various meats. The first major break-
through has come with a commercially successful imitation bacon derived largely
from soybeans. Livestock arc rather incfficient in their conversion of vegetahle
materials into animal protein and fat producis, rewurning only 10 per cent of
their cnergy intake (0 man in the form of edible food products. Their advantape
is that they can consume roughage otherwise of very little use to man., The other
90 percent they use to keep warm and to reproduce and for other purposes.
The inherent inefficiency of livestack and advancing food technology have
convinced food technologisis that they can largely replace many of the live-
stock products consurmed today with products of vegetable origin that are
comparable in nutritional quality.

Despite these gains in food technology and the growing acceptance of
vegetable-derived livestock subsiitutes, the overall prospect for the next few
decades is for substantially increased claims on the world grain supply as a
result of rising incomes. If population projections matcrialize and economic
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owth targcts arc realized, the combined increase in demand could nearly
iple world food requirements by the cr!d of the century.
mpThe nel effect of the projecied doubling in man's numl_:ers an[;i hoped-for
future gains in income, particularly among the world’s poor, is growmg p;essurc.:
the earth’s agricultural ecosystem. This pressure takes two essential orms:
o is extensive, essentially expanding the land under the plow; the other is
‘oncnsivc the inrensification of cullivation on the existing agricoltural Ia_nd
;nrf:n thr:augh the increased use of agricultural chemicals, more productive
aler use of water.
SBEd']S:’]']?:ngrli];: gorl!: alhe extension of cultivation into marginal arcas is often the
loss of that thin manitle of topsoil, n:leasured on most of lhf:-. carlh's surfacelm
inches, on which man depends for his food supply. Increasing hu.n;lan ;;opu l-':l-
tion invariably resulls in the clearing of more and more land, eit erh or the
roduction of more food or as a result of the demand for fuel. In the more

densely populaled poor countrics, fuel demands have long since exceeded the

replacement capacity of local forests. The rcsult_ is_that the forested area has
declined until in many parls of the wo_rld there is little left. In thcsel circum-
stances, as in the Indo-Pakistan subcontinent, peoPle are reduced o usmgbsom?
other source of fuel, such as cow dung, for ceoking purposes. The number ::;
people in the world today who rely on cow dung for fucl probably far exceeds
those using somc of the more modern fuels, such as nntu_ral gas. .

As man’s numbers increase, callle numbers also increase, dc_m_xdmg thlc
countryside of its natural grass cover. Prof, R9bert Brook.r._, of_Wlll;afns Col-
lege, who lived in India for several years, provides a graphic example:

A classic illustration of large-scale destruction is alforded by the spectacle of
wind erosion in Rajasthan. Overgrazing by goals desiroys _lhc dcss-,rt ;_)lalnts
which might olherwisc hold the soil in place. Goatherds equipped wnf-! sickles
atlached tao 20-foot poles strip the [eaves of trees o ﬂo:x_t downward |_nu:;I the
waiting mouths of [amished coats and sheep._ The trees dic a_nd the soil b;_)tvs
away |wo hundred miles to New Delhi )vhen_a it comes 1o resl in the lungs of its
inhabitanis and on Lhe shiny cars of foreign diplomats,

The progressive defocestation that is a result of tpe popula.lion expansion of
the last few decades is totally denuding the countryside, creating Fondlllon_s f?r
rapid soil and water crosion, Millions of acres of cropland in Asia, the Middle
East, North Africa, and Central America are being abandoned each year
because severe erosion by both wind and water have ycnde.rcd lhem_ unproduc-
tive or at least incapable of sustaining the local inhahitanls with exisling

8.
lml.lIr:':Itlz(t)l-!:;"::z centurics 1o form an inch of topsocil through n_atural processes, but
man is managing to destroy it in some areas of the world in only a fraction .Of
that time, Bul the problem associated with the loss of topsoil doc_s not er_ld with
the abandonment of the severely eroded land. Much of thc_topsg:l.ﬁnc_ls its way
into sireams, rivers, and irrigation canals, and cventually into trrigation reser-
voirs. A dramatic example of this indirect cost of soil_cmsmn 18 p_rowded t.uy
the Mangla Rescrvoir, recently constructed in the foothills of _thc lepalayas in
West Pakistan as part of the Indus River system. The feasibility studies unde_r-
taken in the lae 1950s, justifying the eventual invesiment of $600,000,000 in
this irrigation rescrvoir, were based on a life expectancy of at least [00 years.
As the rate of population growih in the watershed fce_dmg lflc Mangla Reser-
voir has increased, so has the rate of denuding and soil erosion. The result is
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that this reservoir is expecled to be completely filled with silt within 50 years
or less, rendering it useless for water slorage.

History provides many cxamples of man’s abuse of the soil that sustains
him. North Africa, once fertile, highly preductive, and the granary of the
Roman Empire, has lost the nztural fertility it once had and is today heavily
dependent on food imports under the U.S. food aid program.

The United States has also learned of the costs of overplowing and abusing
its rich agricultural inheritance. As a result of overplowing and overgrazing of
the Southern Great Plains during the early decades of this century, wind erosion
gradually worsened, culminating in the dust-bow] cra of the 1930s. The United
States responded 1o Lhis situation by fallowing 30,000,000 acres and by con-
structing literally thousands of miles of windbreaks in the form of rows of
trees across the Great Plains. Had not the 1.5, responded in this fashion,
much of the Southern Great Plains, like the once-fertile ficlds of North Africa,
would have been abandoned by now.

The alternative lo bringing more land, much of it increasingly marginal,
under the plow is to shifl 1o more intensive use of exisling farmland with agri-
cultural chemicals and other inputs. This brings another sct of ecological prob-
lems. It is now clear that the use of DDT and other chlorinated hydrocarbons
for agricultural and such other purposes as malaria cradication is beginning to
threaten at least some species of animal Jife. DDT is today found in the tissue
of many forms of life, ranging from penguins in Antarctica to children in the
villages in Thailand. DDT tends to concentrate in animal tissues, parlicularly
fats; among the various species, the highest level of concentration occurs in the
maore predatory oncs.

There is growing evidence that the use of DDT threatens the survival of
some of the more predatory species of birds, such as the peregrine falcon, the
bald eagle, and others because it affects their calcium formation capacity. The
result is thin-shelled eggs, which oflen do not survive the nesting period. I is
unfortunale that the adverse effect of DDT on certain species, particularly
some of the predatory birds, is such that some may become extinct before the
growing accumulation of DDT in the environment can be arrested. It is ironic
that a Swiss scientist was awarded the Nobel Prize in 1947 for developing DDT
and that less than o generation later its use js being banned in a number of
countries.

Man is perhaps more likely 10 accumulate higher concentralions of DDT
in his tissues than many specics because he s an omnivore. The average Ameri-
can, for example, consumes morc than 100 pounds of beef each year from
animals, which, by virtue of their grazing capacity, are concentrators of DDT.
Concentrations of DDT in mothers’ milk in the United States now exceed the
tolerance Ievels established for foodsiuffs by the Food and Drug Adminisiration.

In his efforts to increase his food supply, man has lately been faced not
only with a scarcity of land but an increasingly acute scarcity of water as well.
To acquire the amount of warter needed, he has been gradually bringing the
rivers under control through large irrigation systerns. These irrigation systems,
such as the Aswan in the United Arab Republic, the Volta River Project in
Ghana, the Colorado River system in the United States, and some of the even
more massive irrigation systems in Asia, are altering the ¢nvironment in unde-
terminable ways. In addition to reducing the annual deposition of fertile silt on
the river flood plains and displacing populalion in the vicinity of the reservoirs,
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they are creating ideal condilions for the spread qf schi_slosor_niasis, ahdeblhra.t-
: arasitic affliction that is transmitted 0 man via snails. I_.lke emphysema in
e ll:-’ich countries, schistosomiasis is an important and growing health problem
thE because of alterations man has wrought in his habitat in the poor coun-
e nd Also known as snail fever, this disease teday afilicts an estllmz_lled 250,-
:}r[l)((:)S'(}UO people, more than any other disease, now that the incidence of
mﬂir;allr::sj::'ll;ﬁildfor food in the future multiplies as a resu_lt of both popu-
Jation growth and rising Incomes, paricularly among two-thirds of manqud
y w poor and malnourished, man will be foreed 1o intervene more and more in
}I:ios e:?viroument, ofien with litle understanding of the consequences of_ so doing,
The demand for water for agriculiural purposes will probably far exceeci] that
available from conventional sources. Man will then be forced_ 1o delsal :ga
water for irripation purposes or, what may prove more feasible, ha ter the
world's climalic patterns todshifl some of the rain now falling over the oceans
the earth’s land masscs. - _

Ove{Ift:;;n li.l?tir requires essentially two techqological capabilities, The ﬁcrﬁt is an
egtormous capacily for gathering information on temperatures, humi ;ly, air
mass movements, precipilalion, ccean currenl.s, and many other Eélctlorsf.
Enough information must be collected to permit construclion of a 'F:D el o
the carth’s climatic system, Once th!s' is in hand,. a ?on'{putauonal faci IE' capa-
ble of simulating the carth’s climatic system, indicaling the effect o_dmz;:-
induced changes in climate, is required. Earlh-orbmn‘g; satellites provide he
informalion-gathering capacilty and the latest generation. of compulcr;..—tt.e
computational capability. As is often 1h¢:: case, lechnglogy is fz_lr a_heat_] of ins E
tutions nceded to use il cifectively. Un[lllli? su_pranghonal institution is create
1o anzlyze, coordinate, and regulale activities in '1111§ field, individual if.::ioulrlnrnﬂ:s
and firms must exercise restraint in various activitics destgned specifically to
alter climate, particularly those entailing alteration o_f rainfall patterns. |

Forces alrcady in molion, namely the projected increases in world popu aé
tion and planned increases in income, can be coupled on to preatly cxpan
the demand for food, requiring man 1o seriously consider even more far-reaqhm 14
intervenlions in his environment well before the end of this century. W:l]-l a
limited amount of new land that can be economically brought um_ier chllya-
tion, Future increases in food production musi come _largely fl:Om _mlensnfymg
cullivation of lund already under cultivation, This, in tum, 11"11phes that the
use of chemical fertilizer must climb sharply, perhaps quadr}lplmg 1970 levels
by the ¢end of the century. The use of pesticides must also increase greatly- as
crop stands become more specialized and more lush and as year-round cropping
i opics spreads.
muﬁllrlhli;scsl;oli)m in history, it is very clca.r that there is a nced for a new
supranational instilution o manage the environment, including weather, on a
global scale, much as a generation ago the Inlcgnauonal Monectary Fundswa;
required 1o preserve and strengthen the international monelary system. Suc
an instilution is necded 10 provide a framework fc_:r glopa] cooperalion. It
would measure and analyze the impact of man on his environment. It would
need to set standards and tolerance levels and lo acquire the influence and power
to enforce adherence to the siandards it sct. ) )

Where man’s supply of food is concerned, the question is no longer
whether we can produce enough food but, rather, what are the environmental
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consequences of doing so. As we confront the laller queslion. there is Erowip
doubt as to whethér the carth's agricultural ecosystem cun both sustain gp
end-of-century population of 6.5 billion und accommodate the universal desire
on tke part of the world's hungry for a much better diet.

L I T

Motz: Thar ends the formal part of our session. and the floor i noy [
! kope that enough ideas have been throwp

open to discussion and questions,
our to stimulale many questions.
Davis: One of the things that strikes
end of science, but perhaps to a new era in science,
and more specialized, and perhaps we have reached
pursuit of increasing specialization will yield very litlle in the way of resuls.

Science has hecome more

In the case of the environment (his js particularly clear. We are reaching a slage a

in our work with the environment where we canno any longer deal merely
with one branch; you cannot talk about meteorology, you cannot talk ahout
two-week weather forecasts. without knowing the state of the ocean o a
depth of 1,500 meters. You cannot really study the long-lerm hehavior of the
atmosphere without knowing the sofar cycle and ils varialions. without know.
ing the perturbations of the earth on its axis and the interacrions this may have
with carthquakes.

We are reaching a stage, fortunately, at which, al about the time we are
acquiring a universal problem we are also acquiring a universal tool; specifically
I refer 1o the ahility to observe the earlh’s specirum. We will soon be opcrational

with an enlirely new sateflite system; in addition to day and night photographs,
it will also begin 1o observe the sun and

the decade we expect to be able o observe the dynamic behavior of the solid

expect soon to be able to observe the tempcerature of the oceans on a global
basis.

All of this represents a universal input, and T think that we are being
forced away from specializalion info a marriage of disciplines. I hope that
perhaps this is the most fruitful direclion for science to take, Certainly the fact
that we are all sitting here loday representing, probably. several dozen disci-
plines, not only in science but in many other areas of life, is encouraging, and

a way, we have arrived a( the

this stage, we are beginning to have the tools ro do so; I can foresee the time
little

help we can probably Iilerally
compulerize the ccolopy.

But this has some grave conscquences for the social scientists, and I hope
that this will be discussed sometimes during the meeling because individual
freedom has become an issue. Already you no longer have the righr to bum
trash on Saturday afternoons, and YETY soon you will lose olher freedoms, and

TisELus: Dr. Korff, you have brought out, very carefully, the conflicts

me is thal we are maoving not {o the

lhe point where the mere £

ionosphere, and within a Year or two f,
will sound the armosphere for both temperalure and moisture, By the end of §
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olitical and technolopical possibilitics; in the pollution area; wonde;
e e 1;:,anv.e should perhaps consider waste more as a resource t_:;]r_ll_as .
whe{hcr'sr nce. There are so many examples of this. I mean the possi ility o
oy g ':]ulfu.r ferrin from sulfur dioxide. For another exqmple. there is a
derl\‘lﬂ% ik abouil aquaculture, and there have peen sugrestions ubouthusmg
Jot Ol;gtaeleclricity lo pump up the rather nutritious deep water from the sca
Ww-C Ici
!0 rder o fertilize coastal walters. ) X : re emotionally
" 0What I want Lo ask, really, is this: Isn’t our problelzn t ;lnt welg © emotionally
i iticalizati don't really integra
in our politicalizations and_we | i ]
fmg':eﬂfﬁ‘vj If we [ook at our problems in much I:ugg?r picces, we will problallzllg
wes Oup .from the cnvironmental point of view, with much more accepla
comc ]
SOIUE;?F.F' I don’t know whether T am the expert to answer this question, burt
ink the;e is no doubt ai all that if we regargl our waste as a _resourcg, we c:_
e reat deal with it. There arc abundant illustration of this. Mo_ ern se"
o z‘digspos'll plants turn out useful products from waste drlnmle(i'. Ilflsn;quzs}};
2 ( 5 be processed and used usefully.
a great many other wastes can P \
o llb-lztrnr;n%g coal can be used for landfill. There are producls from lhcdﬁSh"ég
Frfll:s[ry tha: used to he thrown out; certainly they I11::m bclprot.ccsse(;j[ T;le ::eszh.
" i i Il that, by the application -
think there is no doubt at = . ;
1SfJ Ilhat we already have, we know how to ‘do thesc things. We cou]d d{)
nog?eg; deal 10 bencfit ourselves. Qur problem is, to somn:i emenLhEducm:g;?'r;
- ities i i ot have m
the United States that do n
There e ol commumlu:zs o h that they should install one,
isposal plants, and if you suggest 1o them 2l
fﬁ:;gsif ‘?Oh rfw, thai would cost a 1ot of money.™ Thercfore we have an
ing roblem to do. o
cdu%&;ﬂgg}iﬁmm Speaking as a biologist, it has alwaysl scf.:meéi to mcaa
fantastic situation thal half of the energy produced by rnankmld ,ls t m\;;ea\:]aj:'
as wasle heat: only about half of what we produce we a:lua ly t1‘15i:!_5c he ma
‘ i i s cannot make muc -
jority of standard physicochemical processes ca
Jt‘:’i:lntycr'uura:: heat, but of course biolopical and cnzyme-based processes ce:r.
gddp ill:l cxtra five degrees to lhe temperature of waler and {]01]11 can tgn;:;dy
i i . This scems 10 be a fantastic challenge to -
increase the production of algae : e
i 1 properly taken up. These are g5 W
e eolony Tor 26 ili il is ob ly sitting there to
le heal, but it is obviously E
know the technology for to utilize was ‘heal, o g e 0
h or other organisms, w
eveloped. Tt may be used for cultivating s
::sdbeen i]:westigatcd in a very small and (olally inadequately financed way, or
omething like solid-state enzymology.
may}lalzlswe havcggot and we do know of systems that can use low-temperatu:c;
encrgy. and there is quantity of enerpy cqual to that which we usc no
rded as waste, but waiting 1o be utilized, ‘
regaPERmN: It was stated earlier by Dr. Molz lh;_1t dgrmg the first 25dyears 011’
this century two new theories were developed which }n‘lruduced a [un9 St;nen!:lah
constani; the quantum theory in 1900: and the relativity theory in 1905, wi
t the velocity of light.
e f;;:ed?lilézl:;alocl:’ogziﬁal relativilyywas also mentioned, and 1 would say lha;
this is also really associated with a new fundamen!al constant, the_ex_pnns:n gc
the universe. This is not as accurately known, but it may be of .I:nasnc 1mpc; z_ln_l
in cosmology, and i1 is compleicly new when compared with the relativity
theory. . o
D)I(.Iring the past 45 years, esscntially no new fundamental basic principles
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irﬁqsiliﬁ:is fg;al d:al_ of Il;‘I.OEE){, as you know, was well worlh jt for example
s arch, In which, in the next decade, new f d I inciples
will be discovered, similar in im ' ding the neomciples
, porfance for understanding the unjve
- . 1-5
those that were discovered during the first part of this cenlu?y. I think th?s l]i

- b?aizge;vzlt'g: n:c}:ulre al?_ori]lt what coEld be discovered in fundamental science
T than high-encrgy physics: I think that ast i
the marvelous discoveries that have b i 1 of rescareh im op dl
€en made, is a ficld of research j i
new fundamental laws in cosmolo i : i 1 the mch
_ _ ) gy will perhaps be discovered in the
future; or we May Just miss completely, but a large effort in this dircclioﬁc?[:

o n(;fui(;u:gz,yi% thg_ﬁcld ofdbioéogy it is possible that a new fundamental law
¢ discovered. Butl, anyway, the understandi f
complex systems, even if there is no new fund biology imvotecs,
¢ ; , amental law of biology involved
15 certainly something that, if not basic, is certaj i ot tuanking.
. ' , tainly most important f i
In this case, as differing f in which T conmmnkind.
) . g irom the other two fields in which [ i
basic research should be develo mportans o hat
_ . Ped, we may expect extremely im ort i
tions for mankind from lh.e continuing progress of fundam:nlalpbiolz:)ngtyapphca-
pmf[?,a]bmh i’_or Progress in our intellectual understanding and for proéresg in
cal applicalion to medicine, agricullure, eqc
developments in fundamental bioclogy. * €46 e should concentrate on
On the inrfluence of the environm i
! ‘ ent on life: 1t was stated this i
that electromagnetic fields might have an effect on life. I don't think tl:‘soir:lsr:::g

on the processes of life. Even electric fields may have only indirect effect

as by changing the contents of dust in the atmosphere, etc. B t I'fc i
mﬂlgnced hy electrical fields and certainly not by ma[’gneli(-: ﬁe‘ljds ne s e
[hem;is;:ﬁi-is ?é}é?gfc:n?hzthc[e:ﬁs}:‘i?)w g:tablﬁhed what I think is an essential
made the point, in the sen'se of con[acrtl will?[::::zfr‘;urﬁnd'nr. Boy}to hgs .
press. Are we going to increase production- 'CEUOU-S medla._WIth e
!mpact? This raises two signiﬁcal:n queslioﬂr;sc;ll o‘:l::agse?lﬂini%vi‘zl:;lt i I?:le lh'c
is the vcry_ths::me of the Conference—we can deal with the Sciencg;:;nthél;s

other people, as if we knew and they di
! A ¥ did not know, be ]
will Tt.:;:mc ll;rclnm the others; the options cannot come fror‘:aalljsse finlly the options
€ wnole problem is: How do we establish com icali
[ H municalio: h
all kinds that enable the decisions to be made by those who are lr]esal‘iyail:ll;lfﬂlsv:df
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and to be fed back to us, rather than to [ive with the notion that we here
could make these decisions?

pE CasTRO: I belicve most of you would agree that the problem of pollution
and environmental contamination is primarily a political problem. And, hav-
ing suggested this, I also suggest that politics is a science also. When p::?plc
asked Einstein why man, who had discovered atomic energy, had not utilized
this coergy for the benefit of humanity but (o kill people en snasse, he answered
that it was, perhaps, because polilics is a much more complicated science than
physics. I belicve he was right. . )

It seems 0 me that pollution is some kind of social discase specialized in
by the well-devcloped arcas of the world. The underdeveloped arcas, two-thirds
of the world, have not yel been entirely contaminated by progress, by industry,
and by pollution. So perhaps cne point is lo avoid spread of this diseasc by
contamination of the other areas that have not yet reached this very bad condi-
tion, That is a point that we should perhaps emphasize in a discussion about
contamination,

Why has this contamination and poliution devcloped in such large scale in
the overdeveloped areas? Because indusirializalion and its special technclegy
have no ethics. Unlil today it has been considered an instrument of interest
to increase produciivily and ils concomitant benefits, but man has been com-
pletcly forgotten as a piece of the instrument of productivity. But we have
never considered that we must protect man from contaminalion.

1 would like 10 ask: Don't you think we must be careful not o advise the
underdevcloped countries ro imiate the well-developed countries? Should
{hey undergo the same Kinds of devclopment? In other words, that which I call
the Utopia of cxportation would not be exporled because the price would be
the incrcase of bad seeds, and unfortunately we—all the world—will be con-
taminatcd.

It seems to me that pollution is somcthing like underdevelopment; it is
matnly a political problem. The decade of the development of the undeveloped
nations has been transformed into the decade of deception, of frustration, be-
cause we have not had any kind of political policy or plan for devclopment.
Everything has been improvised, everything has been without a plan.

I thiok what is essential is that these countries must create their own tech-
niques, so thal current lechniques will not be encrusted. We must sce to it
that the ecosystems of these developing areas are not disturbed by the creation
of pollution.

BiorksTEN: Regarding seasons, we have secn that the reproductive response
of certain organisms is extremely affected by 15 minutes’ variation per day of
daylight. And certainly the differences in foods, the greater supplies of vitamins,
and different kinds and quantities of proteins that go with various scasons are
bound to preally influence development.

PrReceL: 1 would like to note thal in discussions of contamination and
pollution we can't speak about the whole globe, because the contamination is
nol equal everywhere, so all these problems are not quite the same everywhere.
But we certainly cannot dream of reducing the production of energy, as some
have suggested. We can find safe ways o produce encrgy, but noboady can
stop technical developments, We have o seec how we can use the technolopy

more effectively and safely, and how we can help countries in the developing

stages.



THE ENVIRONMENT DOCTOR

W. F. Libby

Institure of Geophysics, University of California
Los Angeles, Cafif.

Introduction

Society has come to realize that good manners are essential. Pollution of
the environment in 2ll of its multiludinous aspecis is now nearly universally
frowned on, whether it comes from a belching smokestack or a bus or a car.
Also frowned on is the destruction of landscape and delicalely balanced ecol-
ogics. Nobody is for this kind of activity.

Yet, as everyone knows, we are so locked in certain situations rhat we seem
to have little choice bul to follow our present self-destructive course, for a
while al least. Take Los Angeles, for example; we all know our main smog
troubles are due to the automobile, but each year more cars are driven in the
basin, True, the Los Angeles County Air Pollution Control Board, the state
Air Resources Board, and the Federal National Air Pollution Control Agency
have done several things to reduce the increase rate, yet it still is so large that
we ride at pollution levels consliluting a serious health hazard. Delroit turns
out cleaner new cars, but the old cars remain mainly uncontrolled and continue
to keep the levels high,

Turning to another area, northern New Jersey and New York City probably
copslilute one of the most highly polluled areas from stationary power sources.
This is not to say that the aulemobile does not contribute, for it certainly does,
and in a most substantial way, but the single most important source may be
industrial and power plants.

And we all know about Pittisburgh and its noble and cfective efforts;
London’s just-emerging efforts; Budapest’s joining screams.

It is true that the world is awakening to the need for pood manners relative
to our environment. Legislation is being enacted right and left and administra-
lors are dashing around looking for quick and at the same time cffective solu-
tions, which they are finding 1o he very scarce unless expensive.

Thus, we come ta distasleful choices, such as to ban the internal combustion
enginc or to choke or smog. Or put several hundred dollars per car into smog
devices, Or etcetera. How can anyone deal with such choices? They are so
multitudinous and so clearly uncertain as 1o their cifectiveness. There is a
great debate in southern California on annual car inspections and required
tune-ups. It is clear that if Detroit can be forced to stop air pollution without
substantial rise in costs, if the power companies can be made to clean up their
effftuent gases without substantial risc in rates, if DDT can be banned without
bringing back malaria as a major mass killer and a vast drop in Ffarming
efficiency due to inscclts, if we can eat our cake and still have it, then everyone
—Republicans, Democrals, everyone—is for the proteclion of the environment.
It is only when the hard choices appear that hesitation comes and the fingers
point toward the other fellow.

Obviously something has to be done. With that everyone agrees. The only
questions are: “What?" and "How?”
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1 want to suggest a partial answer to these vital questions, The academic
ommunity, the university and the college,_ can make a very necessary con-
c'bution in the lechnical area. The university is our greatest reservoir of tech-
Scal ralent and experience dedicated to the general welfare, and we now come
to the point when we must call on them.

The Environment Doctor

A long career, much of it spent in pu_blic service, has t_nught me a lesson
that applies to our present situation and dilemma: the findings as lo fact and
consequences must be separated fror_n policy-making dec:lsmns insofar as 13
necessary for objectivity. If one fecls ill, one does not do his own research an
dingnosis, nor does one conduct a pqll to dctermmt_: the cause. One cal%s a
doctor of medicine to assess the situation and to advise on a course of action.

Why is the M.D. called? What is it that he does that no one else can or
does do? He lakes the broad ovn?rvicw of the health of tht.! individual, con-
sults specialisis in the various pertinent fields of_the heallh sciences, and,_ using
all of the [aboratory test resulis and the_ advice of th!a _spccmhsls, gives a
diagnosis and reccommends a course of action, The 5pec1a]|sl‘s cannot do this,
nor can the untrained individual, either singly or en masse via _thc_bal]ot._

The medical doctor’s role is that of the expert; he is the objective wglg_;hcr
of the evidence and advice of the specialists, He does not usually make decistons
but recommends and counsels. . o ]

1 vividly recall an experience on the Alorqlc En_ergy Co_mmlssmq ‘that in
many ways is similar to the present situation, in whnl:h public authoerilies find
themselves making decisions of imporlance to the environment. For very good
and sufficient rcasons we were pressing hard for L_he devclogment of our atomic
defense armament, but were challenged by critics who cited the dangers of
radicactive fallout from atmospheric tests, Also, in the matter of the occupa-
tional hazard from radiation by uranium miners and workers in atomic plzujnls
across the country from Hunford, Wash,, to Savannah River, S.C,, conrroverslez
grew that had one feature in common: what, in fact, was the level of exposure?
In most cases, only cxperts werc able 10 make such measurements—the levels
were lower than those easily measured—and the experts all worked for the
AEC or its contractors and, thus, their objectivity was not abqvta question. I.-low,
then, were the facts 1o be brought oul for guidance? The joint Congressional
Committec on Atomic Encrgy called us up regularly_, and a great volume of
expert lestimony was produced in this way, but it d1d not properly and fully
answer the question as to the magnitude of the radiation dosages. Of course,
the health and genetic cifecls of small doses, either c}]romc or acuic, are stilt
being intensively researched and debated and will continue to be so as long as
our ignorance in this arca persisis; however, in the matter of the amount, or
the question of how to measure the exposure, our knov_vlcdge hgs been ade-
quate for many years and our siruation, there in the middle fifties, was that
nearly everyone who knew the lechnique was, in onc or another way, beholden
to one of the protagonisis or contestanis—the AEC, or the protestors, or
labor unions.

So it was in this context that a new profession was created—that of (be
health physicist. Contracts for the institution of training courses were let 10
universities, fellowships for the students were established, and jobs for the
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graduates were assured. In this way, the AEC pot surcease (rom the toriugy,
prablems of making its own assuy and assessment.

And there is an analogy with our present silualion—an analogy so cloge
that, [ think, once again we must create 2 necw prolession lo selile the poingg of
fact and to givc the debute the substance it richly descrves: credence gy
validity.

The ncw professional will be the Environment Doclor: probably he
formally ke called a doclor of environmental science and engineering, but ley
call him what he is—the Environment Doctor. His job and role 15 10 bring tp,
facts out, 10 tell us before we take a siep whal the likely consequences for th,
environment will be and 1o 1ol us how lo correct some of our past errors, K
will nol make the decisions himself, but he will make rccommendations (o the
clected and appointed oflicials. 'The objective will be Lo assure that the deg.
sion makers have the besi possible infermalion.

We will expect him to be wrained in all aspects of physical and ecologicy
science and enpgineering, He will have the breadih of the M.D. and the same
general approach o his profession. His task will be 1o say what the overa]
cflects on the eavironment arc likely lo be for any proposed ncw aclion; i
order to do this he must he educated in all the aspects of the cnvironmem‘
from meteorolopy 1o ccology.

Let us begin the definition of this new profession by excluding (unclions j
will not comprise. It will pot include sociology and the political aspects of
human behavior. [t will not include public health. [t will not include these
functions becausc they are covered by exisling professionals and il is necessary
to limit the scope. Of course, it may be neccssary to include courses i
general medicine and public health as well as in the social sciences and the taw
50 thal the Environmcent Doctor can properly inleract and cooperate with his
fellow professionals und the governmental and industrial officials who will be
hiring him.

Who will want his services? | would say nearly every judge hearing a case
concerning the cnvironment, nearly every governmenl official faced with deci-
sions abowr #t either directly or indirectly, nearly cvery company exccutive
deciding on plant lecations and new proeduct lines, and finaliy, nearly every
lawmaker working on legislation concerning any aspect of the environmem,

Hc will be a licensed professional with a right 1o practice and serve all
customers under his license, He may simply hang owt his shingle, or he may
be fully employed by some agency or industry, hul he will, in all cases, preserve
his objective integrily, just as medical doctors and lawyers do now.

He will be trained in @ speciul graduaie-school course cxtending over some
five years beyond the bucheler’s degree: at the end of this rime, he will he
licensed by the state and will enter practice. His course of studics will consist
of three years of classes in praduatc school and two years of superviscd field
praclice. in close analogy to the years of internship und residency for the
M.D, degrec.

We inlend thae the first eaperimental trial be made at U.C.L.A, in a joint
effort hetween the School of Engincering and the [nsttule of Geophysics and
Planetary Physics, possibly wilh the degree initially administered by an inter-
departmentul cormmitice, In this way, u trial can be made without serious delay.

If. as we cxpect, the effort proves popular and cffective, we would plan 2
special school with a separate structure and funding, but all of this would
come somewhat Jater,
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i e are only a few well-known pracuitioners. One is
At the Presellf‘tEfl‘ir::sctrlz,c }’rofcssor of Ecology. I_-Ie took his D.Sc. at Ml-}-T-
at Staﬂford, Ro! iced civil enginecring. Specializing 10 sa.muary E',l?glﬂBC ing,
in 1933 and l:‘r:imout into all aspects of air, waler, and noise pollution, frans-
he has branche sion, and vrban sprawl, In 1952, in a famous article ;n
Portaggﬂ Ii?;‘cgr?‘z;n he helps to open he entire Sl;.ll?jecl of w:!ﬁ:éep;;}sug::é i;r:
Scientific him up as a national figure, and his carcer si .
a SENSE, this set Nl

i ent Doctor.
my opinion at leasl, lE?ﬁ;’:SJﬁf rﬁ:lngaagen-Smit, of California In;titute of
Asother BT aan of the California Air Resources Board, Chairman of
Technology phmrmk Force or Air Pollution and 2 leading authority on Smog
the Presidential '{Iﬂs on-Smit has the approach I advocate. Hg is concerne:d
d!‘:hmi;?éve?:ﬁ e{?:;i of air-pollution abatement programs and is never lost in
wi

i itici i dept practitioner
i ‘. po foreigoer to politicians apnd is an a
the details. He 15
himself.

hers.
And there are 0%
are all too few and all muc

Roger Revelle al Harvard, for example. But they
h too busy and overworked.

Conclusion

i idea in thi in total, it leads
i single new idea in this proposal, and yet, 1n total,
Theee lsu:ls::ar(ti)lfyailiclnn%——a new profession, a new schlool at the graduate lev_e],
o a ::i? ation and use of wechnology and technological knorvledge ?nd skills
" ne\; ('le t‘lge universities, This may help free man 1o live \'_mh the increased
sw;;]atlirtlan that seems so inevitable. Al least ic should help him to make better
i rees and opporiunitics. ) ) )
usesgf hgh;ejzgey Starr, Dean of the School of Engincering, :m_d I would ll;c‘e
hel;r from prospective students. Idcally, such studenis will possess ht e
e uivalent of undergraduate majors in three of five areasﬁlqamemallcs, phys-
?::ls It::hcrni.v.tr:,r biology, and engineering. Lesser preparation may require
;or'newhat Iong,cr than the anticipated five years of graduale work. g .
Students with graduate standing could cxpect to Spendll:ﬁss t:a&r ovgrytiar; é
i i i ca
duate Ph.D.s in exceplional cases might need as ltl :
;'e‘grsgrionsisﬂng mainly of field work. All polenlial applicants should talk
d - | | -
* w]:l’.'lsl;l;?ishmem of a statc examining board for issuance of liccnses is planned.
Details will be published well before the first Environment Doctor graduates,

some two or 50 years from now.



THE DEVELOPMENT OF SEISMOLOGY FROM
BIBLICAL TIMES TO 1970

Reverend J. Joseph Lynch, S.J.

Fordhain University
The Broux, N.Y.

Seismology has developed chiefly as the result of a need fo protect man
from the disasirous effects of carthquakes. 11 would be very diflicull to say when
carthquakes were first mentioned in history; we have reason 1o believe thal they
have occurred on our planct ever since it hecame a solid. It is likely, therefore,
that earthquakes were discussed by the first gencrations of mankind. Qne of
the earliest recorded references to carthquakes occurs in the Old Testamen,
In the Book of Ecclesiasticus, wrilien in about 200 B.C.. we read (22.14)
“Musonry bonded with wooden beams is not loosened by an earthguake,
Neither is a resolve constructed with careful deliberation shaken in a1 moment
of fear." This indicales (hat even in those days some thought was given (o
carthquake-proof construction. Equally carly refercnces 1o carthguakes can be
found in Chincse and other literatures. Robert Mallet, an Irish engineer horn
in Dublin in 1810, has given us one of the eurlicst catalogues of earthquakes,
Famous for, among other achievements, his designing of buckled plates for
the paving of Westminsler and other hridges in early London, he became inter-
ested in the engincering aspecls of earthquakes as u result of reading Lyell's
Principles of Geology. Hec compiled the most complete catutogue of earth-
quakes of the world up to his time. Using historical records from China, Japan,
India, France, Germany, Truly, Switzerland, and the Bible, among others, he
listed more than 6,000 quakes occurring between 1606 B.C. and 1850 A.D.
He adds some intcresting Biblical notes abow some of the quakes, He men-
tions the quake of 1606 B.C. as occurring when Moses brought down from
Mount Sinai the Tablets with the inscription of the Ten Commundments., The
quake in 1566 B.C. he cites as having cansed the walls of Jericho to come
lumbling down.

One of the most staid scientific Institutions of the world, The Royal Society
of London, founded incidentully by another Irishman, Robert Boyle, states in
its Transactions for 1752, “Earthquakes generally happen o great cities and
towns. . . . The chastening rod is dirccted where there arc inhabitans, the
objects of ils monition, nol to bare cliffs and an uninhabited beach.” Ridiculous
as it may secem, earthguakes in some quarters were regarded as supernatural
phenomena. In the interest of time, [ pass over (he carly and parlly accepled
theories that carthquakes were caused by huge dragons turning over or yawn-
ing or sighing within Mother Earth. We have rejecled such sighs as possible
causes but are still not quite sure of the cause of her scisms.

The first allempt at an organized study of earthquakes occurred in Tapan in
I880. Of interest 10 Americans is the fact that g native New Yorker had a
part in il. Colonel Van Buren, son of President Van Buren, was American
Consul-General in Tokyo in 1876, when a young Englishman, John Milne,
came 0 Tokyo 10 take over the chair of engineering at the Imperial Collepe.
The affinity of language brought the 1wo together and they hecame friends. On
February 22, 1880, in Yokohama—but felt in Tokyo—the strongest earthquake
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ilne’ i ceurred. Milne and Van Buren called a public meeting
- Mlln{::eﬂ;z:li c’and at this meeting the Scismological Soclf:ly of Japan
to discuss d, the first such society in the world. Professor Hatori was elected
waslformca&d Milne, later Sir John Milne, vice-president. The purpose of the
r&?ldcm’ to invite international cooperation in an effort 10 find out as much
soclely_\;;is about earthguakes. From this cooperative effort it was hoped to
s poss cway of lessening the disastrous effects of carthguakes. It must be
find so[ngd that this was by no means the first attempt to siudy earthquake_s.
emphas by individuals to detect and tecord earthquakes had been made in
Ja‘twmpwuni{ries from very early times, This was the first attempt to organize
many 30 on an international basis. Shortly after the founding of this seismo-
the st 3::.;;ie[y Milne expressed his view i1hat “iL is not unlikely that every
logiea. as.rth u:;ke might with proper instrumental appliances be.recorded at
lorge i c:lf the land surface of our globe.," Nine years later, Miine's prec!lc-
a.n}' o realized. The record of an earthquake from a distance of 5,500 miles
N w;fajned On April 18, 1889, an earlthquake originaling in Japan was
et t‘jied in ‘Potsclarn, Germany, 5,500 miles away, by Rebcur-Pa_schwu;.
n:corl von Rebeur-Paschwitz was born on August 9, 1861, He 9btamed his
Emforatc at the University of Berlin in 1883 and became an assistant at the
g:crvamry there. In 1884 he set up a horizonlal pcnf:lulum in Potsdam to_ Iry
?o detect and measure the Iupar disturbances of gravity. One day he noticed
his pendulum swinging mere strongly t!mn any lunar eﬁec_t could accounlchr.
He noted the date and the time. No disturbance of any kind had occurre 13
Germany or anywhere in Europc to account for the motion. It was |ater trac]t;
to a violent carthquake that had occurred in Japan on that day. This was t e:
first evidence that earthquakes produccd effects 1}_1al. could be detected at _grt:.fti
distances, The pendulum used by Rebeur-Pagchwuz had laclually_bcen dESlgr:Ie
in 1869 to record carthquakes. It was a seismograph, ie., an instrument de-
i seisms, or shakings.
SI@%:;Oh;ez’lcr? r:f a scismograph was then and still is a pendulum._ If we suspend
a pendulum bob by a fine wire from a frame and a_llach_ to the tip of the bob a
stylus resting lightly on a glass plate covered with light soot, we h_ave an
early form of seismograph. When the ground rmoves under such a dewg:c, llﬁe
support of the pendulum and the glass plate undt:‘.r 1_he s_tylus move with t 3
ground. The pendulum hob, however, bec_ause: of its inertia, resisis the groun
motion and stays still. The ground motion is thus traced out on the glass
plate. Later, the stationary plass plate was replaced by a revolv_.rmg_drum
covercd with smoked paper. Newton was the first to use the word inertia, the
Latin word for laziness. In his tnvestigation of the_nnture of motion, by
observing how and why bodies move, he established as his ﬁrs.t and funda_mental
law of motion that all bodics by their very nature have an mlherent resislance
to motion. {Who likes to get up in the morning?) The heavier the body, the
preater its incrlia, or resistance to motion. His first law states Lhat ‘all_bodles
possess inertia. Newion's first law, therefore, is the fundamental principle of
the seismograph. ‘ )

The discovery of Rebeur-Paschwitz spurred the new seismological group
to increased activity. Milne considerably improved the sensitivity o_f existing
seismographs by coupling the pendulum tip to the short arm 9f an opt}cal Ie\_;er,
giving a greatly magnificd record on photographic paper. This made it possiblc
for more and more records of distant quakes to be obtained. As these were
studied, it became evident that all earthquake records, from whatever starion

since
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they were recorded, bore a striking similarity. The beginning of the quake
appcared as a sharp impulse. Then the record became comparatively quiet,
and several minules later, depending on the disiance of the quake from the
observutory, there was a second sharp impulsc, of greater amplitude than the
first. This was followed many minutes later by long sinuous waves on the
record. It was noticed that the time interval between the arrival of the firg
impulsc and that of the second was a function of the distance of the observa.
tory from the quake, Nol knowing what these impulses represented physicatly,
they were called the primary, or first, or P phuse; the sccondary, or S phase;
and 1he long, or L phase of the quake. Since the S. or secondary, phase lagged
further and further hehind the primary with increasing distance from {he
quake, it was concluded that the P and S phases represenied two phenomena
traveling through the eurth at diffcren: speeds, Robert Muallet, as early as
1860, had suggested that earthquake phenomena probably resulted from
elaslic waves in the earth. In 1825, Poisson (Annales de Chimie, vol, 36, 1827,
pp. 86-93) had deduced from mathemalical rcasoning that 1wo waves traveling
at different speeds should be generated in any solid. Stokes later deduced the
nature of these waves us compressional and torsional, It was only in 1900
that the two scismic phuses, P and S, were identified as the waves whose
existence Poisson had deduced 75 ycars earlier. R. D, Oldham (Phil. Trans.
actions A, 1900, pp. 135-174) showed this identification in 2 paper in Lhe
Philosophical Transactions in 1900. This identification of the P and S phuses
as compressional and torsional waves was a greal slep forward in solving the
cnigma of earthquakes,

It was assumed thal these waves were spherical waves Lraveling out from
the cenier of the quake 10 all points on 1he globe, Nothing was Xnown of the
actual path of the waves, still less of their velocity. All Lhat seismologists could
register was the time al which these waves struck the crust of the earth at points
wherc an ohscrvatory was located to record them. From Lhese quakes whose
location and (ime of origin were known from aclual observalion, curves were
drawn plotting arcual. or great-circle, distance from quake Lo chservatory
against time of travel. As more records came in and more observalorics Cooper-
aled, and miore points were plotied the curves became more complete. These
curves were known as the travel time curves of P and §. They cnabled any
obscrvalory to determine its distance from uny quake that it recorded, Charts
were drawn plotling the preat-circle distance of a quake against the time interval
S minus P in minuics and seconds. A recent quake off Mexico, for inslance,
Eave a time interval of 5 min 22 sec between P and S. This corresponds (o
an arcuai distance of 2,200 miles [rom New York. From Lhe oricatation of oup
instruments we established the quake at 2,200 mls southwest of New York. In
the early days, the quake distances from thrce observatories were necessury
before Lhe center of the quake could he delermined. Three circles were drawn
on a globe with the three observatories as centers and their distances from the
quake as radii. These three circles would intersect in one point. usually not a
point but a small are2. This areu was then the center of Lhe quake,

Milnc left Japan in 1892, afler having designed the famous Milne seismo-
graph, which was widcly insialled. Hc established his observatory at Shide in
the Isle of Wight and was instrumental in forming (he seismological commillee
of the British Association for the Advancement of Science in 1896, which
became onc of the headquarters for seismic information in Europe.

Most of the work of seismic obscrvalories in the carly years consisted in
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lly recording and reporling carthquakes as they occurred. _TI:u's led to

r and morc accurate travel time curves of P and § and to an increasingly
berte catalogue of the world’s earthquakes and the places where they occurred.
la:gB;' of carthquake centcrs compiled then and brought up to date shows two
Aar;; garthquake belts. The larger belt is the Pacific rim, stan_ing with the west
mast of South America, coming north along the coasts of Chile and Pel’l.ll con-
't:i?ming along Central America, Mexico, California, and Alaska, then swinging
west along the Alcutians, the Kuril Islands, then south along Japan, _Lhc
Philippine Islands, New Guinea, New Zealand, and bagk to South America.
Most of the earthquakes of the world occur around this rim. Branchmg_off
from (his circle at Japan like the handle of a bolttle opener, going across Chln'c},
India, and Iran to the Middle East and ending at the Atlantic cnd. of the Medi-
jerranean (there was a major earthquake in Lisbon in 1755}, is the second

at earthquake belt, ) ) )

In addition to these two main earthquake bells,_lhcre is a third and minor
belt running down the mid-Atlantic ridge. All_cnuon was first called to tl}c
existence of this ridge by the engineers who laid down _Lhe first transatlantic
cable. They noticed a sudden slackening of the cable in the middle of the
Atlantic, indicating a rise in ground there. Some few quakes had b_ean.recorded
from this mid-Atlantic area, but they werc few and small. With increased
sensitivity of seismic cquipment, more and more quakes hav.c been recorded
from the ridge. Seismic exploration of the ridge has shown it to b?. nor one
but several parallel ridges. Their cxistence is autributed to the bursting of the
mantie through the comparatively thin (5-km) ocean foor millions of years ago.
The slow-moving mantle material then flows to either side of the fissure. Sub-
sequent and similar ruptures caused further spreading and further ridges.
Similar ridges have been discovered in the middle of all th_e other oceans,
giving rise to a theory of carthquake origin that has gained considergblc favor in
the last few years, It is known as the plate theory, or plate tectonics. It holds
that the earth's crust is divided into a series of plates that move over the mantle
relative to onc another, much as ice Aoes slide past one another in the ocean.
Because the crustal slipping is in the same direction all around the Pacific rim,
the late Dr. Benioff concluded thar the Pacific bed is rolating slightly, relative
to the surrounding continents. In plate theory, the Pacific plate is moving
relative Lo the continental plaic. The San Andreas Fault is regarded as the
slipping margin of the continental and ocecanic plates. The grinding‘ strain gf
one plate moving relative to another does not result in conlinuous motion but in
an accumulation of strain that canses a sudden slippage every few centuries.
Such slippage is an earthquake. The theory calls for much more research
before it will be accepred as Faclual, but it has greal promise.

Prince Galilzin’s introduction of the clectromagnetic seismograph in
Russia in 1906 increased considerably the range and sensitivity of seismo-
graphs. Using Lhe well-known principle that when a coil of wire is cut by a
magnetic ficld, a current is generated in the coil when its terminals are con-
nected, Galitzin made his pendulum bob a coil sct up in the field of two strong
magnets. The latler, atlached 1o the ground, moved with the ground, while the
freely suspended coil because of its inertia stayed still. Thus, the ground
vibrations were converted inlo electrical vibrations, Wires from the terminals
of the seismometer coil were led to the terminals of a d’Arsonval galvanometer
with a mirror attached 1o its coil. This converted the electrical oscillalions into
optical oscillations. A light beam directed on the galvanometer mirror was

faithfu
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refiected back and forth on the Phologruphic puper of a recording drum. Nearly
all modera seismographs today are cleclronuignetic, Some use the coil us the
pendulum bob with the magnet attached 0 the frame, Others use the magney
as the pendulum bob with the coil attached 10 the frame. The mosL compag
of the lutter 1ype is the Willmore seismomeler. which can oscillale in either the
vertical or the horizontal position. A circular coil is aitached to the base of 1he
frame of the instrument. Surrounding this ceil and enclosing it is a very power.
ful cylindrical alnico magnel suspended by springs, The inertia of the heavy
magnet keeps it still, while the coil moving wilth the ground, moves in and oul
of the magnet. The coil terminals are, of course. jed off 1o the lerminals of 4
d'Arsonval galvanometer giving optical registration. If the insirument is wirneg
over on iIs side, 1l is {rce to oscillale horizontally and record horizontal ground
vibralions.

In the course of rouline recording of carthquakes much side informalion has
been obtained about the structure of the earth, In 1902, for instance, op
Ocrober 8th, A. Mohorovicic concluded from the examinalion of the record
of an earthquake near Zagreb, in Croatiu, close o his stalion, thal the earh
has a crust of some 35 km thickness. He was lcd to this conclusion when ke
noticed thal {wo P impulses and two § impulses hud been recorded by the quake,
He correctly concluded that one impulse had traveled dircctly in a siraight-
line puth from the quake of his scismometer. The seccond impulse was a wave
that had been refracted into a denser lower medium, traveled through this
medium al a higher speed than that in the upper medium, and then been
refracted back into the upper medium and recorded by the seismograph as it
reached the surface.

The disconlinuity or line of separution belween the crust and the manlle,
ie., the lower part of Lhe earth, has been called the Mohorovicic discontinuity,
or simply the moho. The depth or thickness of the mantle was Iater found o
be 2,900 km by Glitenberg in 1913 at the University of Géttingen. The central
portion of the carth below the mantle is known as the core of the earth. Such a
core had been suggested quite early by several people. on different grounds,
Nolably among them were Oldham and Wiccherl. One reason for its sus-
pected existence was that some ohservatories failed 1o record the P and §
waves of some quakes. There scemed 10 he a hlind spol, or beller, a blind
belt on the earth for certain quakes, [t was suspected that the waves were being
refracted from this blind belt. Thijs proved to be the case, and in 1913, Giiten.
berg establishcd the depth of this refracting medium at 2,900 km, In 1936,
Inge Lehmann (Copenhagen) produced evidence for two cores below ihe
mantle, an outer core, probubly liquid, cxtending halfway from the bowom of
the manile (o the center of the earth, and a solid core occupying the rest of
the center. This is the view currently accepted by most, if noy all. scismolopists.

Meanwhile, in 1922, Turncr had discovered that all carlthquakes do not
occur at the surface of the earth as had been hitherio supposcd. Some occur
ar depths as grear as 740 km. The writer was working with Professor Turner
al the Oxford University Observalory when he made the discovery, which
resulted from the routine work of tocaling the centers of earthquakes whose
dara had been sent 1o Oxford. Milne had died in 1913, and his chscrvalory
and library, as willed by him, were moved to Oxford, which then becume the
clearinghouse for seismology in Europe. It is now a maller of rouline for hoth
the geographical position und the focal depth of every quake Lo be established.

The L phase of the early records of quakes, menlioned earlier, was in-
vestigated after the routine work of detcrmining quake centers wus under way.
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sinuous waves of larger amplitude than P and 8, con-
The_L ‘;aves al:gulrogf r:':ore in some cases, %t was suggested by scven:al _(Love.
tinutng fo° :;1) that the long duralion of the sinuous waves did not indicale a
il E’Jrlit:ml of the source. The lengthening of the waves was due rather to
lqng dure or a variation of velocity with period. Longer-period waves travel
dﬁpcmond the constant lapging behind of the sherter periods gives rise to the
faster, 2% idal appearance of the record. These surface waves proved to ll)c of
long s_mélsoanve P\)vavcs and Rayleigh waves. In 1885, Lord Rayleigh prcc_hcled
BN kmhs,wnvcs would be generated along the interface of two media in an
that e lid, The Love waves arc shear waves trapped within the crust. T}_lcy
clastic = Ie;-tic:ul component. The Rayleigh waves are clliptical waves rolling
hav® lmd"rit‘: like a hoop a2dvancing but rolling in a counter-clockwise dirce-
l:!ackwillflzu’si1-' -(’heory is complicated. Considerable study has been made of
po waves in the last few decades and has thrown much more lipht on Lhe
s-urf&;t;eof the earth’s crust. The continental ¢rust has been shown to have an
T thickness of 35 km, as was earlier determined by Moho. The upper
a\rer_aog: of this layer is silicic (granilic) and the lower portion basaltic. The
o] ortion is absent under the oceans, where the crust is a 5-km Iuyef of
sﬂlc;lcﬁg rock. There is still some uncertainty about whether or not there is a
Eea:I disconlir;uily between the silicic and basaltic parts of the C(_Jntincntal crust.
Majerity opinion heolds that the change from one 1o the other is gradual, with
i inuity. .
DOSII:TTJE ?;5:1'31;11:2[&&?: blasts and testing have gone underground to avoid SEll'ld-
ing radiation inio the air, the scismograph is the most rclialble means of telling
what blast has been set off and where. No matter on which side of_ the Iron
Corain a blast is sct off, seismlog;aph? on ::hoth sides of the curtain tell us
en anl approximaltely how large they are, ) )
th'{'it::;d:#ays will gg quakes, bul the US Co.ast _and Gcodcuc_ Su_rvey, w1-th
its international nelwork of 115 standardized seismic o_bsell'vatones in 61 dif-
ferent countries, keeps tab on all quakes that occur, This wxl} lt?.ad to mcasun:e,s
that will continuously lessen their effecis. _Any hope t_::f pr_cdlcung earthquakes
is still a long way olf. excepl in such repions as.Ce!I:fornm aqd Japan, where
local measurement of the developing crustal strain is progressing SLI-CC?SSFUH}'.
The hope is that eventually, in these areas, the time when this strain will increase
to the breaking point of the crust, with a resulting carthquake, can be determined.
Much seismic rescarch now going on is focused on le_sscmng the secondary
cffects of earthquakes, One of these effects is [he. lsun_arm, or \ater wave, gen-
eraled by a quake. By 1972, a geophysical satcllite wili be placed Ln slatmna‘l]ry
orbit 2,300 miles above the cquator. It will view the earth from 55° N to 5_5 S
and from 45° W 1o 145° W_ It will be called GoEs, Geostationary Qperational
Environmental Satellite, While primarily metcorological, transmiiting atmo-
spheric motion to earth from its cloud cameras, 11:1 the event of an earthq.uake
from tsunami regions, detected in Honolulu, it will receive a command signal
to switch off its metcorological werk and transmit the data .from 25 _Iand-
based seismographs and five occan-boitom scismometerf:. This d_ala \wlll be
computer-analyzed at Honolulu. The analysis will detcrmine the BSlll’!‘Iated time
of arrival of 1sunami waves, should any occur. Tidc-gaug; stations, bol}'n
aulomatic and manned, will then be commanded by satcllite signal 10 transmiit
tide-gauge data via satellite to Honolulu. Any tide-gauge rec(?rds sl_mwmg
tsunami perturbation will be processed. and tsunami warnings with estimated
arrival times will be transmitted to all Pacific points.
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At the beginning of this century, the study of the stars was still in its
infancy, and astrophysics was no more than a word that appeared occasionaily
in astronomical literalure. This was quile natural, for the two great theorics of
modern physics, quantum mechanics and the theory of relalivity, on which
astrophysics rests, had not yet heen discovered. Astronomers of that period who
studied the stars were conlent with collecling stellar data and with establishing
empirical correlalions among sets of such observational data wherever they
could. Few attempts were made to develop theorics of stellar structure because
litde was known ahout the struclure of moms or the interaclion of matter and
radiation, The cfforts of astronomers were devoted principally to measuring
stellar parallaxes and magnitudes and to the study of stellar spectra. Where the
orbits of binary stars were also available, sicllar masses were calculaled by the
application of Newton's law of gravily.

Two important empirical correlalions were discovered in the early period
—the mass-luminosity relationship and the Hertzsprung-Russcll diagram—both
of which (particularly the H-R diagram) were 1o stimulate astrophysical re-
scarch enormously, and bolth of which were ultimately 10 be explained by a
dclailed theory of stellar interiors.

Because the development of astrophysics depends on the advances in
physics, il was only natural that the study of stellar spectra should have
dominated astrophysical research in those eurly days; spectroscopy was then
also the dominant branch of physics. When the Bohr theory of the atom and
its refinements were developed, the theoretical tools were at hand for under-
standing the origin of stcllar spectra, and the firs sleps were laken to develop
a theory of the Herzsprung-Russell diagram. But a complere theory of this
diagram, which correlates the luminosities of stars with their spectral {caturcs
(or surface lemperatures), had io wail for a correcy theory of the internal
structure of stars; this is only a recent development and one of the great triumphs
of modern astronomy. It is one of the topics I wish to discuss in this paper.
The other topics are also refaled 10 recent successes of astrophysics and are
answers 10 what appeared to he extremely difficult questions just a few years
ago. One of these questions concerns the cvolution of slars and lhe other con-

cerns Lhe origin of the hcavy clements in our universe. Both of these queslions
must be answered together, for the formation of the heavy elements is a
consequence of sictlar cvolution.

The Early History of Stellar Sirtcture

The theory of stellar struclure initially developed quite slowly because
there was no way to observe the interior of stars, and one could consiruci a
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is of the observed surface conditions, The problem that
mode’ O(Ii‘ I};l?;flh\ia:ast;erifore, the following: given the observed surface
presente ure, the lum,inosily. and the radius of a star, what must be thle interior
wmp'erz;lcon.ditions to lead to the observed surface conditions? To avoid having
Physwaduce any specific assumptions about atomic or molecular structure, about
0 :_ntr% rdly anything was known at the end of the [9th century, such theoreli-
“chCh a]_ane Emden, and Ritier ireated stars as self-gravilating gas spheres lo
ma-nsha[she a];;plied the Newtonian law of gravitation and the extremely general
WIPC' 1esyof thermodynamics and Kinetic gas theory. These general considera-
lnnl::lpem suffictent to show that a pas sphere as massive and as_large as the
noe “:.ﬂd be in gravitational equilibrium only if its average interior tempera-
e coas of the order of millions of degrees. From this onc cqul_d also deduce
$:: :Tm central pressure in such a configuration would be millions of atmo-
sphi}?ﬁough these general considerations were imporlant in indicating the
hysical domain in which the aslrophysicist would have o wc!rk. they could
n L lead to a dctailed picture of the interior of a star belcause this depends in a
ﬂgry sensilive way on the manner in w_'hich the cnergy is transported from the
interior to the surface of the star. lT}_ns Cnergy transport, in turn, (.icpenglsl ;_n
the way the emergy is generated inside stars and on the absorptlgn ) . is
energy by the hot stellar gases through which it must pass to reach the surface.
These problems could be solved only afier a correet theory of aloméc slructure
had been formulated and some nuclear lhleory had been developed,

Without a correct atomic theory, and without I_(nov.r_lcdgg about the nucleuns,
it was still possible to introduce models of stellar }ntenors if one _assumed that
the energy was transporied cntircly by a conveclive process. Th1§ lcad_s lo a
simple relationship between the pressure aJEld d_ensnty at eac}} point within a
gaseous configuration. If onc combines this with the equations of dynamic
equilibrivm for a self-gravitating sphere of gas, onc qblams a simple second-
order differential equation for the density at egch point, From the solutions
of this equation, the pressure and temperature, in addition to the density, can
be found at each point of the gas sphere so rthat a complele medel can be
constructed. These are the famous polytropes, o which a great deal of atten-
tion was paid in the early part of this century. Although these polytropes could
not be identified with real stars in any consistent way, they revealed in a very
general way that a gaseous spherc not only could mainlain 1Lsel§ n cqul!lbl'lum
but also could mainlain a constant oulflow of energy comsistent with the
observed luminosities of stars. ]

The first stcp away from polytropes and toward our modern picture of
stellar interiors was takenr by the great British astronomer Sir A. S. Eddington,
who pointed out the importance of radiative transport of energy rather than
convective transport throughout most of a star’s Interior. In a series of imporiant
papers, starting in 1916 and ending in 1926, Eddmgl_on devcloped the differential
equation for Lhe radiative transport of energy, which had 1o be z_;dded 1o the
equations of cquilibrium of the gas sphere. He solved thesc equations for cer-
tain special cases and thus developed the first realistic stellar modcls, even though
he did net know the nature of the energy-generating mechamsm._ He did, hpw-
ever, have available the quantum theory of (he absorplion COEfﬁC_lE]]t of a high-
temperature gas and so was able Lo solve the stellar ir}tcrior equalions qnder cer-
tain special assumptions ubout the energy-generating processes 1qsnde sLars.
Without specifying Lhe exact nature of the cnergy generation, Eddinglon was



88 Annals New York Academy of Sciences

ablc to construct two gencral models-—the point source mode! and the famoyg
“slandard model.”

In the point source modcel, one assumes thar all the enerpy radiated by (he
star is geperated at the very center so that the [lux of energy through Lhe sig;
is constanl. The number of differcntial equations is thus reduced by one, ang
the remaining cquatiens lead 1o a quick numcrical solution. Eddinglon's
“standard model™ was constructed by choosing the opacily of stellar malerig]
and the rate of energy generation in such a way that the average of the produg
of these [wo quantilics remains constant throughout the siar. This choice pf
opacity and energy gencralion leads to a polytropic model. Although we now
know that the “standard model” is unrcalistic. Eddington made excellent use
of il to obtuin an overall picture of the conditions inside stars and 0 deduee
the mass-luminosity relationship for the first time. This showed the power and
beauty of analytical methods applicd 1o regions that could never be observeq
dircclly. Eddinglon’s work ended the first preal phase of the study of stellar
interiors and laid the basis for the thermonuclear phase, which began with the
discovery of the ncutron.

Thermonuctear Reactions and Steliar Siructire

The modern phase of astrophysics, as il relates to stellar siruclure, began
shortly after the neutron was discovercd and Lhe theory of nuclear struciure
had begun to devclop. The discovery of the ncutron permilied physicists 1o
develop a theory of nuclear forees and lo study nuclear interaclions both
cxperimenlally and theoretically, From the cxperiments und the theory,
nuclear cross-seclions for a whole range of nuclear interactlions soon became
available and it became clear that nuclear reactions would occur in an ensemble
of nuclei held al a temperature of 10 million degrecs or more. ‘The threshold
energy (the penciration of the coulomb barricr) required for most nuclei to
approach close enough Lo cach other 10 come under the influence of their mutual
nuclear farces and o interact is considerably above 10 million degrecs. Bue it
is cleur from the Maxwell formula for the distribution of wvelocitics thal. al 2
temperature of 10 million degrees and a1 densities found near the centers of
stars, enough light nuclei-——like hydrogen—have encrgies high enough to inler-
penetrate their muual potential barriers, They can thus interact 10 form
compound nuclei and relcase energy. Astrophysicists immediately rcalized that
this was the mechanism that could accounmt for the generation of energy in
stellar inleriors, and they quickly began to incorporate the formulae for thermo-
nuclear reactions into the equations of stellar interiors.

The most important work in this fiefd was done by Hans A. Bethc from
1936 to 1940, when he wrote his famous papers on the proton-prolon hermo-
nuclear reaclions and on the carhon cycle. He demonsirated that at central
stellar temperatures of 15 1o 20.000.000° the transformation of four prolons to
He!' via the carbon cycle could proceed at a rate fasl enough 1o account for the
luminosities of stars brighier than the sun. Using the carbon cycle, Bethe and
his co-workers, just before the second World War, construcled models for the
sun (hat, though incorrect in detail, gave u rcliable overall picture of stellar
interiors. Alhough (he accuracy of Lhe measured nuclear cross-sections that
were nceded for the calculation of the curbon cycle was not very high, enough
insight inta the problem of stellar interiors was obtaincd from Bethe's work 1o
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show the ilmportance of accuraie opacity and cnergy-gem_:ralion formulae,
MoOreover, these early solar models clearly demonstrated the importance of the
hydrogen and helium abundances for the structure of stars. The most abupdar_lt
puclear Species was hydrogen; helium was second. '.[‘hc carl:!on cycle, which is
pighly temperalure-dependent, led to sofar models with relatively large convee-
tive cores and with central temperatures (of the order of 20 million degrees)
that were 1oo large. o ) )

world War II interrupted this importam astrophysical work, and nothing
was done until 1946, when M. Schwarzschild ook i_t up again and_constructcd
a solar model using the carbon cycle, but with an improved opacity formula,
The model Schwarzschild obtained was cssentially the same as the carlier models
of Bethe, but it led 1o a much more accurale determination of the hydrogen
and helium conlenl of the sun, and it laid the groundwork for the next preal
step in the study of stellar structure,

The Upper and Lower Main Sequence Models

Schwarzchild, prompted by the success of his first solar model, laid out a
yast research program for the calculation of stellar models in all regions of the
H-R diagram, with emphasis o0 be placed on the discovery of an evolutionary
pattern among stars. The early stapes of this work, which could not have
been started without the aid of high-speed electronic computers, were con-
cerncd with chemically homogenecus stellar models that varied only in mass.
Schwarzschild and his students showed that the models of stars less massive
than the sun correspond to the cool, red stars of low luminosity, lying in the
lower right side of the H-R diagram. These stars do not generate energy through
the carbon cycle but rather by the direct proton-proton chain, which is not very
temperaturc-dependent.  Thercfore, these lower-main-sequence stars do not
possess a convective core, But Schwarzschild and his co-workers then showed
that these stars do possess an outcr conveclive zone, and the larger this outer
zone, the smaller the mass of the star,

As one moves up the main sequence of the H-R dizgram, the siellar models
become more massive, the outer convective zone decreases in size, and a con-
vective core at the center of the model becomes evident. As the mass of the
model increases, the convective core increases in size; at the same time the
ceniral temperature increascs and the carbon cycle becomes more important,
ultimately (for large enough masses) displacing the prolon-proton chain entirely.

From this basic work by the Schwarzschild group on chemically homogenc-
aus stellar models it became clear that the main scquence of the H-R diagram is
a mass sequence. Later investigalions by Bennick, Motz, and Linsker, and work
by Iben were (o demonsirate that the main sequence is a two-dimensional con-
timaum determined by Lwo parameters: the chemical composilion (the mean
molecular weight of the stellar gascs) and the mass. For a pgiven hydrogen
and helium content (a given chemical composilion) stars arrange themselves
along a single curve, which we call the main sequence for thai particular chemi-
cal composition. By changing the helium content for a fixed hydrogen content
we obtain parallel main sequences (or mass sequences) that are displaced
verticlly downward as the helium conlent is decreased (increase of the heavy
element content).

Because the H-R diagram is a plot of log L vs. log T,, where L is the
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luminosily of the star and T, is the cfleclive surface temperature, all of 1he
features of the main sequence of the H-R diagram can be obtained from the
general relalion
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2
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Here pois the mean molecular weight and n is the temperature exponent in
the energy generation formula

e=e p T,

where p is the densily and ¢, is a funciien of the hydrogen and helium content
and of fundamental physical constants. «, which Is also a function of the
hydrogen and helium abundances, is the cocfficient in the opacity formula

K=K p 2%

From the above formula for log L, which ¢an be deduced from peneral
homology (ransformations, one can derive the overall feaiures of the main
sequence of the H-R diagram. In particular, the variation of the obscrved slope
of the main sequence with incrcasing L can be correlaied with the change inn
as the energy generation passcs from the proton-proton chain 1o the carbon
cycle. This is clear if we note that the slope of the muin sequence is determined
by the coefficient of log T.,..

The varialion of the verticul postion of the muin sequence wilh chemical
composition is determined by the conslanis g,, x,, and g, which contain the
hydrogen and helium conient as paramelers. From an analysis of the de-
pendence of ¢, x,, and p on the hydregen and helium conlent, onc can obtain an
overall view of the dependence of Lhe position of the main sequence on
chemical composition that agrees well with the results obtained from explicitly
constructed models.

Although Schwarzschild was quite successful in construcling chemically
homopeneous models that could accoum for the structure of main-scquence
stars, he was unable to construct chemically homogeneous models of gianl
stars, The reason for this is quite clear if we supposc that a giunt star is a
homologous anajogue of a2 main-sequence star that can be obtained from the
latter by a scaling opcration. The virial theorem then shows that the mean
temperaturc inside a chemically hemogceneous giant stur must be of the order
of pH/6k-GM/R, where p is the meun moleculur weight, H is thc mass of 1
proton, k is the Boltzmann constanl, G is Lthe gravilalional constani, M is the
mass of the star, and R is its radivs. If we express M and R in solar units, Lhis
becomes 3.84 % 10%{M/R). This giant siar Capella, whose luminosity is 127
times that of the sun, has a mass four Llimes (hat of the sun and a radius equal
to ahout L4 solar radii. Capella’s M/R value is therefore less Lhan one-third
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that of the sun, and its mean _tempcraturc would be less than one-third that of
the sun if Capella were a chemically homogeneous body. .

with such a low interior mean lemperature, thermonuclc?lr rf:acllons would
much too slowly to account for the observed luminosity of Capella.
tem led Schwarzschild to the study of chemically inhomogeneous
models for giant stars, and he was able to show that such models can be con-
structed to give the obscrved Il.llTlll'lOS!llES of giant stars. This was, in fact, the
first step in the development of cvalutionary stellar models.

This prob

The Theory of Stellar Evolution

To see how Schwarzschild was led w0 a correct lhco_ry of steflar evolution,
we must consider his early chemically inhomogcpcous_gmnt swlla_r models. In
these models there is an isothermal helium core in which energy is relcased by
gra\.rit_ational contraction but there are no lhermonuF]ear reactions. This core is
surrounded by a hydrogen thermonuclear shell, in which the cal:bon cyc}e
operates and in which most of the stellar encrgy is gener_aln?d. This shel_l, in
turn, is surrounded by the great bulk of the §tar, the radialive outer regions.
Schwarzschild quickly realized that such an inhomogeneous model could be
pictured as having cvolved from the homogeneous main-scquence models that
he had constructed previously. This is cvident if we nole that the most rapid
thermonuclear fusion of hydrogen into helivm occurs at the center of_ a
homogeneous model, where the temperature is highest. A core of heln_]m Wl!l,
therefore, cventually develop, and the thermonuclear hydrogen burning will
be restricted to a shell surrounding this core. One should therefore find, as
Schwarzsehild later did, that main-sequence stars evalve away from the main
sequence toward the giant branch of the H-R diagram,

The next step in Lhis theoretical developmenl was to construct a sequencc
of stellar models, the individual members of which were to represent different
stages in the evolution of a particular star away from thc main sequence. The
mass of each member in this sequence of models was to be the same, but the
hydrogen and helium conlents in each zone of each succeeding model were to
be determined by the rate of the thermonuclear reactions in the same zones of
the previous model. If Schwarzschilds conjecture were correct, this sequence
of models should iead away from the main sequence toward the giant branch,
with the oldest model in the sequernce being the one with the largest heliom
core. It would also lie closest 1o the giant branch. The theoretical models ob-
tained by Schwarzschild and his co-workers had exacily these characteristics,
and the theory of stellar cvolution was on i1s way.

To check this theory apainst observation il was necessary to have models
of many familics of such sequences, cach of which would represent the evolu-
ionary sequence of a star of a given mass away from the main scquence. Since
the more massive main-sequence slars are also the more [uminous ones, these
must be buming their hydrogen more rapidly than the less massive ones. The
sequence of cvolutionary models construcicd for a massive star for a given
span of time should therefore show a greater departure from the main scquence
(2 longer stretch of path in the H-R diagram away from the main scquence)
and a larger helium core than that for a less massive star for the same time span.
The models of evolutionary sequences for various masses constructed by
Schwarzschild behaved in this predicted way.
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Schwarzschild was now able lo compare this theery of evolution wilh
observalion by studying the H-R diagram ol globulur clusters and open clusters
in our galuxy. Any onc of these clusters consists of stars with different masses
that began their lives (as slars on the main sequence) at the same time and with
the sume initial chemical composition. This is so becuuse they contracied 1o
their initial main-sequence phase from the same cloud of gas and dust. The
gravitational fragmentation of this cloud would result in many seclf-gravitating
spheres, with a variety of masses, ranging from a fraction of the sun's mass o
many solar masses, but all with the sume chemical composition. The evolulion
of the more massive stars in this clusier should have progressed more rapidly
than that of the less massive stars il the Schwarzschild theory is corcect, so
thut the H-R diagram of such a stellar cluster should exhibit stars distributed
along a path part of which lies on Lhe main sequence and a seclion of which
leads [rom the¢ main sequence 1o the giant branch. The less massive and less
luminous stars, cvolving slowly, would stilt be distribuled along the main se-
quence, but the more massive slars would lic #long a path going (rom 1the main
sequence 1o Lhe giant brinch, with the mosl mussive stars reaching into the
gianl brunch and even beyond. The actual H-R plots of obscrved clusters show
this to be the cusc, so Lhal slrong obscrvalional suppor? was lent t0 Schwurz-
schild’s theory and a new phasc of astrophysics was vshered in.

A feverish period of (heorclical activity occurrcd, with high-speed elec-
tronic computers playing a dominanl role. Ingenious compuling programs
followed a nrwodel of a star [rom its initial homogencous phase through a series
of thermonuclear stages o some ¢nd slage representcd by the depletion of all
its hydrogcn. But it soon hecame clear that this evolutionary journey of a
star would result in much more than just the (hermonuclcar fusion of protons
into helium, Many other thermonuclear reactions would occur as the star
evolved; thc compuling program, Lhercfore, had to be designed 10 follow the
variations in the populalions of many nuclear species. This led 10 fairly com-
plicated evolulionary tracks in the H-R diugram, but the general overall pal-
tern was the same as thut discovercd by Schwarzschild. The most deailed
work in this arca has been done by L. 1ben and his collaboralors,

Evolution Beyond the Giant Branch; Formation of Heavy Elements

The analysis of the carly inhomopencous models of giant stars con-
structed by Schwarzschild led a number of astrophysicists, particularly F. Hoyle,
G. Burbidpge, W. Fowler, and A. G. W. Cameron, o investigalc the hypothe-
sis that all of the heuvy elements thal now exist in the universe werc formed in
the hot interiors of stars afier they had leflt the main sequence. The resulls of
Lhese investigations confirmed Lhis hypothesis.

The problem of the formation of the heuvy clements had becn a very
puzzling on¢ in the early period of thermonuclear astrophysics, Although von
Weizsiicker, as carly as 1936, had hypothesized that 1he heavy clemicrnis are
built up [rom protons within siellar interiors. this idea was discarded after
Bethe showed that all the light elemamts between He and '*C are quickly con-
sumed at temperatures of 2x 107 °K and higher, leaving "Hc as the ¢nd product
in all cases, There scemed Lo be no way for thermonuclear fusion lo produce
nuclei heavier than "He, At that time there was no reason to believe that the
lemperatures and the densitics al lhe centers of even Lhe most Inminous siars
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ere much higher than the corresponding solar values; these values were much
W low o produce thermonuclear fusion of the *He nuclei resulling from the
mr?)tan-pl'olon chain and the carbon cycllc.

This left the question of the formalion of_ the heav_y clements very much up
in the air, and the burden for Lhe cxplanalion of this problem shifted 1o the
cosmologist. In the carly 1950s, Gamow a:uempled lo accournt for th_c.orlgln of
the heavy elements by postulat.mg the “big bang” theory of the origin of the
universe. At best, however, this could account only for the formalion of 'He
from the primordial protons and neulrons. _Therc is a gap at atomic weight 5
;n the table of nuclear lsolopes, and the time following [he_ big bang during
which the temperature is high enough for thermonuclear fusion to bridge this
gap is much too short (about ane-half _h_our) for any appl:cclablc amount of
even 1°C to have been formed at this initial stage of the universe.

Because cosmology did not have the answer, astrophysicists tackled the
problem again and found ils solution in the isothermal helium cores of
Schwarzschild’s inhomogeneous giant models. As Hoyle, Burbidge, Fowler,
Cameron, and others pointed out, the helium core in a giant star must contract
gravitationally because there is no nuclear release of energy to prevent it.
This contraclion constantly accelerates becausc the mass of the core grows
steadily as the hydrogen in the surrounding shell is consumed and transformed
into helium. The gravitational energy released in this conlraction phase causes
the temperature of the core (o increase steadily until il reaches a value of about
100 million degrees K. At this temperature, as was first pointed out by E. Sal-
peter, thermonuclear reactions involving three alpha parlicles (helium nuclei)
can occur, resulting in the formation of '*C. Schwarzschild has shown that this
reaction sets in quite suddenly, with an inilial very rapid release of encrgy Lhat
is referred to as the “helium flash.” During this brief Hash, the rate at which
energy is released in the helium core is 10" times the solar luminosity. The
flash causes the helium core to expand just cnough to prevent the large initial
energy from exploding the stur. The core of the star then settles down to a
steady state with an orderly thermonuclear transformation of "He 1o '*C going
on. This is the first stage in the formation of the heavy clements.

It has also been shown by Hoyie, Burbidge, and Fowler, and separately by
Cameron, that successive cores of carbon, oxygen, und still heavier elements
will occur as the central temperature of the star increases (from continual
gravitational contraciion) from 100 million to billions of degrees. In time all
the hydrogen and helium will have been transformed into such nuclei as %0,
Mg, °Ca, and 56Fe. The slill heavier elements can be accounted for by neu-
tron capture, but at this point the star will have become unsiable and, <depend-
ing on its initial mass. will cither sertle down to a quiel existence as a while
dwarf or the morc hectic one of a neulron star.

If the initial mass of the star is about equal to that of the sun, the star will
reach the white dwarf stage unexplosively or, at least, without any drastic out-
burst and expulsion of mass, But if its mass is more than (wice that of the sum,
it will first collapse, compressing its core enormously, and then explode vio-
lently, becoming a supernova, with Lhe ejeclion of a large Fraction of ils mass.
The condensed core will then be evident as a hot neutron star or a pulsar.
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What can 1, an unsophisticated indu_strial chemist, contribute in th.is
ugust gathering? Groping for a justification, I can find only that there is
" rhaps some differcnce in viewpoint between academic science or the citadels
E? power of our Government and an industrial chemist who is a playball for
many forces vastly more powerful than h_lmseLf. .

1f I have any place here at all, it will be to expose to your ]ngment some
concepls that are forced on cntrepreneurs whose only choice is to produce
results or vanish.

When we approach an industrial problem, the first steps are:

1. Get the largel in clear focus. .
2. Know what Lhe competilion is doing.
3. Reduce the history to charls.

4. Keep it simple. ) ) )
5. Find the most generic of the possible solutions; in other words, kill as many

flies as you can with each swal,

In the following presentation I shall apply this outline.,

1. The Target:

To give as many people as possible as many more healthy, vigorous years
of life as possible,

II. The Compeatition:

This is represented by the other principal research activities that use money
and manpower: the military, the space effort, nuclear science. These com-
petitors can afso at times be allics, but for present purposes the competitive
aspecls come to mind. What have they given for the money spent? How can
we produce resulls that, judged by the criteria of public good, can justify a
higher priority than they now cnjoy?

HI. Reduce History to Charts:

FIoURes 1-3 show the acccleration of power available lo man. What,
then, !Jave all the workers on the cxtension of vigorous, productive life ac-
complished for the money spent? FIGURE 4 gives the answer,

95
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IV. Keep It Simple:

When I look at the last curve in FiGURE 4 and, as a simple-minded indys.
trial chernist, conrtemplate the lack of progress that it shows, 1 recognize 5
very familiar siluation. Only the time scale differs. Change the years g
weeks, and this curve could be the sales or production curve of any indusirig
product whose rescarch bas been ineffectuul or has long passed the point of
diminishing returns.

With this kind of chart [ can hear the voice from the other end of o long
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Ficurte 1. The increasc in speed available 10 maun and its logarithmie acceleration
due o systemalic, well-supporied-and-direcied efforts by the U.S. Air Force, NASA,
and suppoTlng organizations.

distance connection: "If you pcople don't get busy and produce results in the
next three time units, you will be owr,”

We have heard that and met the challenge enough limes to have remained
in business 25 years, so it docsn't alarm us unduly.

What, theun, are the possibilities?

In FIGURE 5, A is the present American morlality curve, Curve B is the
curve that would result if a curc were found lomorrow for the principat kill-
ing diseases of today: the present curve would be moved over about 13 years.
The person who did not dic of a coronary at 90 would, at age 105, be so
much weakened by general aging that he would {all victim to the slighlest
ailment. Curve C, the flat line, would result if no progress were made on any
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Ficure 2. The increase in explosive power available ond its logaril'hmic accellcrgﬁon
dug to the research activities of tke military, the AEC, and supporting organizalions.
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Figure 3. The increasc in nuclear power generation and its acceleration due to the
research activities of the AEC and industry.
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of the prevalent diseuses per s¢ bul the problem of progressive declerioratiog
due 1o uging were solved, 1t is cvident thai the gain would preatly exceed any
of the common predictions.

A near-1009% siccess is not unknown in medicine—diseases have all by
disappeared—smallpox, plague, most rccenlly, perbaps, polic. But let us b
conservitlive. Fow will argue with the nolion thal & 109 success is a4 reasop
able expectalion where systematic, well-directed research is brought to bew
A 10% success in comirol of aging might be expected to result in curve D,

20, DO -

a. Presenl mortality curve

b. Estimated morlality curve if
heart and circulatory discasves,
cancer, rensl, and respiralery
dispases were elisinaled
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©. Mortaliry curve ir only pre-
grewssive loss of resistance fm
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d. Murtality curve if only IS
of progressive less of resislax
fron aging were eliminaled

DEATHS PER 1¢¥), 000

i
T3 125 175 D)

AGE IX YEARS

"FIGURE 5. Present and projected U.S, mortalily curves.
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. would lead to @ far more tangible result than if all of the research were
5

dirﬂ'v'"d {o all of the specific diseases.

y. Kill @ Many Flies as Possible with One Swar:

i i i i d by
dependence of mortality from all diseases is furll:ler illustrale
F 3.1:: 2g;rompf:lam compiled by R. R. Kohn and published in the Journal of
1G :

Chsonic Discases {1963).
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Ficure 6. Mortality from selected causes by age. ‘Ploued from dala compiled by
R R Kohn and published in the Journal of Chronic Discases (1963).

We see here that every one of the major diseases tabulaled is ape-dependent.
To attack the problems of these discascs separately, as is mow the prepon-
derant course of action, is akin fo trying to stop a hemorrhage by closing all
of the capillary vessels separately rather than ligating the main artery. It
would seem that the present policy of directing most of the medical rescarch
to the specific causes of death rather than to the undcrly_ing cause OF Causes
of aging and (heir prevenrion might benefit from reconsideration. Not iny
is research aimed at the braking of aging potentially vastly more rewarding,
but it may also be casier to pursue. The old ficlds have been plowed over and
over. The field of direct aging research is far less crowded; gold may still be
found close to the surface.
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The Advantage of a Newer Approach

A few words abour recent research, previously unpublished, may serve o
illustrale the mulliplicity of approaches thal can be laken and to show hoy
the field of aping is open ta the application of modern research tools ang
methods.

We fed a pregnant rat a lotal of 40 millicuries of tritium shortly before i
gave birth to a litter and during the first days of lactation. The ofTspring
never reccived any other rudioactive material. Onc of the litter was sacrificeq
621 days later, The Irilium still remaining had been fixed in compounds g
positions thal could nol be pried loose by the metubolic forces available ¢
the orpanism. It was now possible to determinc in which form those com.
pounds that contained tritium had been immobilized from birth to far beyagg
the middle age of the animal.

We did this. The predominant amino ucids that had remained fixed in 1he
organism are shown in FIGURE 7. No other radioactive umino acids were
found in the separatable peplides.

You will note thutl these are those amino acids which have side chaigs
(underscored) sticking out from the backbone of the molecule, with a reac
tive group on the end. If we gave a child toy models of 2ll amino acid mole.
cules and asked it (o build a prid, it would pick the amino acids we found.
Otherwise there were considerable differences belween the fractions. Fo
exumple, in the liver, lhe water-soluble radioactivity we [ound was present i
a single peptide composed only of the amino acid serine and a carbohydrate
fraction conlaining ribose. Although the ribose was only 0.05% of this
peptide, it contained 90 of the tritium.

The phospholipid fraction, extracled from the residuc, was free of amimg
acids but contained a portion of the tritium administered at birth in the form
of unsaturated lipids. It was surprising to us that something as easily oxidized

Lysing SerINE

NH, NH,
CH-CHrCH-CHy-CH-NH,  CH- CH,—OR

COOH COOH

HisTioine Arsinine

NH, NH, NH

CH—CH,— =CH C H—CH,~CH,~CHNH-C-NH,
COOH HN_ N ¢oon

f

GrLutamic Acio Aspartic Acip

- NH, NH,
CH—CH,—CH,~COOH H~CH.—COOH
COOH COOH

. F1Gure 7. Fixed amino acids in 626-day-old rat whose mother was fed tritiom dur
ing late pregnancy and carly lactation.
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Figure 8. Life expectancy of American white males according to year of binh.

as these lipids could remazin fixed through life. These were also found in the
corresponding fraclion of the brain.

On hydrolysis, at body temperature, of the residue from extraclion with
waler, acetone, and phospholipid solvenis, we obtained three polypeptides,
of which one consisted of all the amino acids mentioned above and two con-
sisted of the same amino acids except histidine.

The residual matter resisted all milder hydrolysis treatmcents and was
insoluble in all the commonly used biological solvents: 8n urca, urea plus
detergents, 6-N guanidine plus delergents, acid and alkaline salt solutions,
dimethyl sulfoxide, acetamid, formamid.

It still contained a large sharc of the (otal radioaclivity present in the
animal at death. This is under investigation, but one finding may bec men-
tioned herc. We dissolved some of this inlractable material in hydrazine-
hydrate (95% ), passed it over a Dowex-50 column, and eluated a glycopep-
tide, This substance—80 mg—was hydrolyzed to relcase the sugars and
subjected lo further column chromatography, It contained ribose and RNA,
and this fraction contained a radioactivity comparable to that of the ribose
in the very first water-soluble fraction.

Were these two ribose fractions orignally the same? Was the ribose found
in the first, soluble {raction connccled with that RNA present at birth which
remained funciional through the years, and did the ribose found in the last,
extremely insoluble, fraction stem from that RNA which was immobilized
and rendered nonfunciional by crosslinkage, so as to form insecluble con-
glomeraies or agpregates with other macromolecules?

These findinps from our rceent work show how results of some significance
can still be obtained with easc in the chemistry of aging. Organ traosplanta-
lions, mechanical or electronical implants, new antibiotics or other drugs,
remedies for specific syndromes and diseases—none of these will reach its full
polential utility until the progressive loss of resistance due to aging is brought
under control.

Even the curve of life expectancy at birth (FiGURE 8) shows that medical
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rescarch has reached a point of diminishing return. The lifc cxpectancy g
60 of a while male was in 1967 only 1.1 year higher than it was 178 year
earlier. Planning must be reassessed. The time for action is al hand. Efor
should not bc dissipaied on attempis 10 solve the problems of each diseas
separaicly, Their common slem, aping, muslt be attacked wilth means and 5
will at least equal Lo those applied 10 problems of space, aloms, or degcenery.
tive diseases—which, alter all, are only lerliary by-products of aging.
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Brownk: As this very inleresting paper was being piven, I was continually
reminded of the fact, familiar to biologists, that anything we do with regard
to the process of aging will rcveal some of the most imporiant biological
processes and understanding of them (hat we can hope for, becausc aging and
lifc and the maintenance of life are all parl of the same picture.

When reference is made 1o the tremendous increase in the power available
to peoplc with progression and time, 1 am reminded of one of the frusirations
of the present era. While a great deal has happencd since the time when man
first was able 1o exercise more forec by the use of a lever until the preseqt,
when, by turning a switch, he can gain far morc power from nuclear-energy
procedures, nevertheless, the use of the lever has given to man, as a man,
greater power, and it still is available, whercas the vastly grcater power of
which you spoke is not available lo man as a man, bul as one of u vast apggregate
of pcoplc,

I think of the same analogy in regard 1o communication from the days
when man first used signal fires 10 communicate greater distances than he could
communicate with his own, vnaided voice, o now, when we use Telstar
But man as 4 man cannot communicale by Telstar, but only as one of a vast
number of pecople, and that, I think, was the hisloric significance of thal his-
toric sentence utlercd by the astronaut when he first sicpped upon the moon,
“One small step [or man; a giant stride for all mankind.”

So while we tend to think of a vast increase of our cnergy into communica-
tion and alf the devices that technology has conferred on mankind, individugl
man still is limited 1o a very considerable degrec.

Nexlt is Dr. Kurt Hirschhorn.

ON RE-DOING MAN *

Kurt Hirschhorn

Mount Sinai School of Medicine
New York, N.Y.

The past 20 years and, more particulariy, the past ﬁv_c years have scen an
exponential growth of scientific technology. T_he chemical structure of the
hereditary material and its language have cssentially been resolved. Cells can
pe routinely grown in test tubes by tissuc-cullure techniques. The exact bio-
chemical mechanisms of many hereditary disorders have been clarified. Com-
puler programs for genetic analysis are in common usc. All (hese advances
and many others have incvitably led to discussions and suggestions for the
modification of human heredity, both in individuals and in populations:
genetic engincering. ) _ .

One of the principal concerns of the pioneers in the field is the problem
of the human genetic load, that is, the frequency of disadvantageous genes in
the population. Each of us carries between three and cight genes that, if
present in double dose in the offspring of two carriers of identical gencs,
would lead 1o severc genetic abnormalily, or even 1o death of the affected
individual before or after birth. In view of the rapid medical advances in
the treatment of such diseases, it is likely that affected individuals will be
able 1o reproduce more frequently than in the past. Therefore, instead of a
loss of genes due lo death or sterility of the abnormal, the mntani gene will
be transmitted to Future generations in a slowly but steadily increasing fre-
quency. This is lcading the pessimisis to predict that we will become a race
of genelic cripples requiring a host of therapeutic crutches. The optimists, on
the other hand, have a great faith that the forces of natural evolution will
continue 1o select favorably those individuals who are best adapted to the
then current environment. It is impertant o remember in this context that
the “natural” cnvironmemt necessarily includes man-made medical, technical,
and social factors.

Because it appears that at least some of the aspects of evelution and a
great deal of genetic planning will be in human and, specifically, scientific
hands, it is crucial at this relatively carly stage to consider the ethical implica-
tions of these proposed maneuvers. Few scientists today doubi the feasibility
of genetic cngineering, and there is considerable danger that common use of
this practice will bc uponr us before ils ethical applications are defined.

A number of different methods have been proposed for the control and
modification of human hereditary material, Some of these methods are meant
to work on (he population level, some on the family level, and others directly
on the aflected individual. Interest in the alteration of the genetic pool of
human populations originated shortly after the time of Mendel and Darwin,
in the latter part of the 19th century. The leaders weirc the English group of

*Based on a paper originally given at a symposium jointly sponsored by Mary-
mount College, N.Y., and Commonweal Magazine. Reprinled by permission from
Commonweal 88: 257-261 (1968), 232 Madison Ave,, New York, N.Y. -
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cugenicists headed by Galton. Eugenics is nothing more than planned brecd-
ing. This technique, of course, hus been successfully used in the developmeny
of hybrid breeds of cattle, corn, and other food products.

Human eugenics can be positive or negative. Positive eugenics is the
preferential breeding of so-called superior individuals in order to Improve
the genctic stock of the human race. The most famous of the many pro-
poncnis of positive cugenics was the lite Nobel Prize winner Herman I,
Muller. He suggested that sperm banks be established for a relatively small
number of donors, chosen by some appropriate pancl, and that this frozen
sperm remain in storage until some future panel had decided (hat the chosen
donors truly represented desirable genctic studs. If the decision is favorable,
a relatively large number of women would be inseminated with these samples
of sperm; proponcnts of this method hope that a belter world would result,
The qualifications for such a denor would include high intellectual achievemen
and a socially desirable personality, qualities assumed (o be affected by the
genetic make-up of the individual, as well as an absence of obvious geneticaily
determined physical anomalies.

A much more common cffort is in the application of negative eugenics.
This is defined as the discouragement or the legal prehibilion of reproduc-
tion by individuals carrying genes leading to discase or disability. This can
be achieved by genctic counseling or by sterilization, either voluntary or
enforced. There are, however, quile divergent opinions as (o which genelic
traits are (o be considercd suffiviently disadvanlageous to warrant the applica-
tion of nepative cugenics.

A diametrically opposite soltion is that of euthenics, which is a modifica-
tion of the environment in such a way as o allow the genectically abnormal
individual to develop normally and to live a relatively normal Yife. Euthenijcs
can be applied both medically and socially. The prescription of glasses for
nearsighted individuals is un example of medical euthenics. Special schools
for the deaf, a great proporlion of whom are gencticaily abnormal, is an
c¢xample of social cuthenics. The humanitarianism of such efforts is obvious,
but it is exactly these types of aclivities that have led Lo the concern of the
pessimists, who assumc that evolution has sclected for the best of possible
variations in man and that further accumulations of genes considered abnormal
can only lead 1o decline.

One of the most talked-about advances for the future is the possibility of
altering an individual’s genctic complement. Since we are well on the way lo
understanding the genetic code, as well as lo deciphering ir, it is sugeested
that we can alter it. This code is writien in a language of 64 Ietters, each
one determined by a special arrangement of three out of four possible nucleo-
tide bases. A chain of these bascs is called deoxyribonucleic acid, or DNA,
and makes up the genetic material of the chromosomcs. If the altered letter
responsible for an abnormal gene can be located and the appropriate nucleo-
tide base substitured, the corrected message would again produce ils normaf
product, which would be cither a structurally or enzymologically functional
protein,

Another method of providing u proper gene, or code word, 1o an individ-
ual having a defect has been suggested from an analysis of viral behavior in
bacteria. It has long been known thar certain types of viruses can carry
genetic information from one bacterium 1o another or instruc! a bacterium
carrying it 1o produce what is essenfially a viral product. Viruses are func-
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gonal only when they live in 2 host cell. They use the host's g?nelic |:nachinery
jo translate their own genelic codes. Viruses living parasll_lcall_y in h.uman
cells ean cause such diseases as poltomyelitis and have bee|_1 lm_phca[ed in the
causation of tumors, Other viruses have been s.hown to live in cells and to
be reproduced along with the cells withou% causing damage either o l_he cell
or to the organism. If such a harmless virus either produces 2 protein that
will serve the function of one lacking in an affected 1nd|wdual,‘ or l_f it can
be made to carry the penetic material required for such fl_mcuonsl inio the
cells of the affected individual, it could permanently cure (_he disease without ad-
ditional therapy. If carried on to the next generation, it could even prevent
the inheritance of the disease.

Transplanting Nuclei

An even more radical approach has been outlined by Lederberp. It has
become possible to trunsplant whole nuciei, the struclures that carry the I?NA,
from onc cell to apother. It has become easy to grow cells from various tissues
of any individual in tissue cullure. Such tissue cultures can be examined for
a variety of genetic markers and thereby screened for evidence of new muta-
tions., Lederberg sugpests that it would be possible to use nuclei from suc_h
cells derived from known human individuals, apain with Favorable genetic
traits, for the asexual human reproduction of replicas of the individuals whose
nuclei are being used. For cxample, a nucleus from a cell of the chosen in-
dividual could be transplanted into a human egg whosec own nucleus has
been removed. This cgg, implanted in a womb, could then divide just like a
normal feriilized c¢gg, to produce an individual geneclically identical to the
onc whose nucleus was used. One of the proposed advantages of such a
method would be that, as in positive engenics, one could choose the iraits that
appear to be favorable, and do so with greater efficicncy by eliminating the
somewhat randomly chosen female parent necessary for the sperm bank
approach. Another advantage is that one can mimic whal has d!:ve]opcc_l in
plants as a system for the preservation of genetic stability over limited periods
of time. Many plants reproduce intermittently by such vegetative or partheno-
genetic mechanisms, always followed by periods of sexual reproduction f_or
the purpose of climination of disadvaniageous mutants and increase in varia-
bility.

inothcr possibility derives from two other technological advances. Tissue
typing, similar o bloed typing, has made it possible to transplant cells, tissues,
and organs {rom onec individual to another with reasonably long-term suc-
cess. During the past few years, scientists have also succeeded in producing
cell hybrids containing some of the genetic material from cach of two cell
types, either from Iwo different species or from two different individuals of
the same specics. Very rccently, Weiss and Green at New York University
have succeeded in hybridizing normal human culture cells with cells from a
long-established mouse tissuc-culiure line. Different products from such
fusions contain varying numbers of human chromosomes and, therefore,
varying amounts of human genes. If such hybrids can be produced which
carry prirnarily that genetic information which is lacking or abnormal in an
affected individlual, rransplantalion of these cultured cells into the individual
may produce a correction of his defect.
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These are the proposed methods. It is now fair to consider the questiop
of feasibility. Feasibility must be considered not only from a technical point
of view; of equal importance is the effect of each of these methods on the
cvolution of the humar population and the effect of cvolution on the efficacy
of the method. In general, it can be stated that most of the proposed methods
either now or in the not too distant future will be lechnically possible. We
are, therefore, not dealing with hypothesis in scicnce fiction but with scientifie
reality. Let us consider each of the proposilions independently,

Posilive cugenics by means of artificial insemination from sperm baznks
has been pracliced successfully in cattle for years. Arlificial insemination ip
man is an everyday occurrence. But what are some of its effects? There is
now ample evidence in many species, including man, of the advantages for
the population of individual genetic varialion, mainly in terms of fexibitity
of adaptation to a changing environment. Changes in environment can pro-
duce drastic effects on some individuals, but a population that contains many
genetic varialions of that set of pencs affected by the particular environmenta]
change will contain numerous individuals who can adapt. There is also pood
evidence that individuals who carry two different forms of the same gene, tha
is, arc helerozygous, appear to have an advantage. This is true even if the
gene in double dose—that is, in the homozygous state—produces a severe
discase. For cxample, individuals homozygous for the gene coding for sickle
cell hemoglobin invariably develop sickle cell anemia, which is gencrally
fatal before the reproduclive years. Heterozygpotes for the gene are, however,
protected more than normals from the effccts of the most malignant form of
malaria, It has been shown that women who carry the gene in single dose
have a higher fertility in malarial arcas (han do normals, This effect is well

known {o agricultural gencticists and is referred to as hybrid vigor, Fertiliza-
tion of many women by sperm from few men will have an adverse elfect an
both of these advantages of genetic variability because the population will
tend 1o be more and more alike in ils genelic characteristics. Also, scicction
for a few genctically advantageous faclors will carry with it selection for a
host of other genes present in the same individuals, genes whose effects are
unknown when present in high numbers in the population, Therefore, the

interaction between posilive eugenics and evolution muakes (his method not
fteasible on its own,

Abnormal Offspring

Negative eugenics is, of course, currently practiced by most human
genelicists, Tt is possible to detect carriers of many genes that, when inherited
from both parents, will produce abnormal offspring. Parents, both of whom
carry such a gene, can be told that they have 4 onc-in-four chance of producing
an abnormal child. Individuals who carry chromosomal translocations are
informed that they have a high risk of producing offspring with congenital
malformations and mental retardation, But how far can one carry out such
a program? Some stales have laws prescribing the sierilization of individuals
mentally retarded (o a certain depree. These laws are frequently based on
false information regarding the hcredity of the conditions. The mairiage of
people with reduced intelligence is Forbidden in some localilies, again withoul
adequate genetic information, While the effects of negative eugenics may be
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i in indivi ili i i isk of known hereditary
i rable in individual familics with a high ris v
3}15225:,:5;{ is important to examine its cffects on the general population.
1 )

ed al individually for conditions determined by
These eﬁec:is;nl:}if:nt?n:ell\?;kig a single dosey(dominanr.) or in double dose
g tll-:'at) e::fd those which are due to an interaction of many genes (poly-
(reqcssiln;crilance). With a few exceptions, dominant diseases are rare _and
'Emcf re scverely with reproductive ability. They are gentf.rally maintained
fnleli]e opulation by new mutations. Therefore, there is either oo need or
o e‘ﬁpnu need for discouraging these individuals from I'ep]fCIdl-.ICtan.
ﬂsScm(;?scyc;uragemenl. if applicable, will be useful only within lh_at family I_)ur.
Anlyh:wl: any significance for the general pppulation. One poss!ble exceplion
o the severe neurological disorder, Huntington's chorca, which does not
o ress itself until most of the patient's children arc alrcadyl bqrr_l. In such a
o tion it may be useful to advise the child of an affected individual that h.c
S];uma 50% chance of developing the discase and a 25% chance of any of his
c[?isldren‘s being affecled. Negative eugenics in s:uch_ a case would Etltt'le:}:l
keep the gene frequency at the level usu_ally malr_ll:.amed by new m&.llau:lj_ ;
The story is quite different for recessive c_ondltlons. Althc_)ugh iac;: ion
of the clinically normal carriers ol thse genes is Furrcutly possible on:; EZ 2
few diseases, the techniques are rqpldly develqpmg whereby many c:1 tdo:.c
conditions can be diagnosed even 1f. the gene is present only in single dose
and will not cause the disease. Again, with any partlculgr marnﬁd coup (;md
would be possible to advise them that they are both carriers of tdc Ig_;ler::evcr
that any child of theirs would have a 25% chance of being affecte . dp ders:
any attempt to decrease the penc frequer_ltfy of these co:pmon genetl;: :isor e
in the population by prevention of fertility of all_ carriers would ¢ doom d
to failure. First, we all carry between lhn?e_ and eight of these gencs in sm&;,
doses. Secondly, for many of these conditions, the frcqucqcy in the _p_opufa-
tion of carriers is about one in 50 or even grealer, Prev_cntmn of fertiliry for
even one of these disorders would stop a S{zable proportion of the populatlfm
from reproducing und for all of lhese .dISOI'dEl'S wou[.d prevent lil}e enft:re
human population from having any children. Reduction in fert}llly o la
sizable proportion of the population would also prevent the passmf o;n o
future generations of a great number of favm:ablc genes and woulq, therefore,
interfere with the selective aspects of cvoluuon', which can funcu‘on only to
improve the population within a changi-ng environment by selecting from a
gene pool conlaining enormous variability. It has now becn shown that in
fact no two individueals, with the cxception of identical lwins, are likely to
be genelically and biochemically identical, thereby alfowing .the greatest
possible adaptation to changing cnvironment and the most c¢fficient sclection
e filtest. .
o ti'11'110 most complex problem is that of _ne_gali_ve eggenif:s fo_r traits dclt.a'r-
mined by polygenic inheritance. Cha_racllcnshcs mheruc(_l in this manner in-
clude many measurements thai are dlStl’lbll.I[Cd over a wide range throughou;
the population, such as height, birth weight, and intelligence. The last o
these can serve as a gpood example of the problems encoun_tered. Scevere mental
retardation in a child is nol infrequently associaled with perfectly normal
intelligence or in some cases even superior intelligence in the parents. .Thcsc
cases can, a priori, be assumed 1o be due to the homozypous state in the
child of a gene leading to mental retardation, the parents representing hetero-
zypous carriers, On the other hand, borderline mental retardation shows a
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high association with subnormal intelligence in other family members. Thig
type of deficiency can be assumed to be due to polygenic factors, more of the
pertinent genes in these families being of the variely that tends {o lower in-
telligence. However, among Lhe offspring of these families Lhere is also a
high proporlion of individuals with normal intelligence and a sprinkling of
individuals with superior intelligence.

All of these comments are made with the realization that our curreng
measurements of intelligence are very crude and cannot  be compared
between different population groups. It is estimated that, on the whole,
people with superior intelligence have fewer offspring than do those of
average or somewhat below average inteiligence. If people of normaj
intelligence were restricted 1o producing only two offspring and people
of reduced intelligence were by negative eugenics prevenled from having any
offspring at all, the result, as has been calculated by the Brilish geneticist
Lionel Penrose, would be a gradual shift downward in the mean intelligence
level of the population. This is due to the lack of rcplacement of in-
tellectually superior individuals from offspring of the majority of the
population, that is, those not superior in intellect,

Current Possibilities

It can be seen, therefore, that neither positive nor negative eugenics can
ever significanily improve the gene pool of the population and simul-
tanecusly allow for adequate evolutionary improvement of the human race,
The only useful aspect of negative eugenics is in individual counseling of
specific familics in order to prevent some of the births of abnormal in-
dividuals. Onpe recent advance in this sphere has important implications
from both a genetic and a social point of view. It is now possible to
diagnose genetic and chromosomal aboormalitics in an unborn child by
obtaining cells from the amniotic fluid in which the child lives in the
mother. Although the future may bring further advances, allowing one to
start treaiment on the unborn child and 1o produce a functionally normal
infant, the only currently possible solution is restricied to {ermination of
particular pregnancies by therapeutic aborlion. This is, of course, applicd
negative eugenics in its most cxtreme forn.

Euthenics, the alteration of the environmenl lo allow aberrant individuals
1o develop normally and 1o lead a normal life, is currently beinp employed,
Medical examples include special diels for children with a variety of in-
born errors of metabolism who would, in the absence of such dicts, either
die or grow up mentally retarded. Such action, of course, requires very
early diagnosis of these diseases, and programs are currently in effect 1o
routinely examine mewborns for such defects. Other examples include the
treatment of diabetics with insulin and the provision of special devices for
children with skelelal deformities, Social measures are of extreme im-
portance in this regard. As has many times been pointed our by Dobzhansky,
it is useless 10 plan for any lype of genetic improvement if we do not provide
an environment within which an individual can best use his strong qualities
and obtain support for his weak qualities. Qne need only mention the
availability of an environment conducive to artistic cndeavor for Toulouse-
Lautrec, who was deformed by an inherited disease.
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The feasibility of alteration of an individual's genes by direct chen'.léca!l
e of his DNA is technically an enormously difficult task. Even if it
chan ossible to do this, the chance of error would be enormous. Such
e of course, would have the diamctrically opposile effect of rhat
m'eré?rin other words, the individual would become even more abnorn?al.
desm:'nin:;duclion of corrective genetic material by viruses or lransplaplauop
Theal ropriatcly hybridized cells is technically prcz_iictable and, since it
o lgpbc performed only in a single affecled individual, W(:‘D'I.lld have no
w_oua effect on the population. If it became widespread, it could, like
dlrt?ncnics increase the frequency in the population of so-cal!ed abnormal
o es an if this treatment became a rouline phenomenon, it would not
ﬁgclép inlo an evolutionarily disadvanlageous siluation. IF must also bﬁ
onstantly kept in mind that medical advurllces_are occurring aL a muc
. rapid rate than any conceivable deterioration of the genetic endow-
morf: ofpman. It is, therefore, very likely that such correct_ivc proc'_:dures
:15{1 become commonplace long before there is a noticeable increase in the
i ous genes in the population. )
loac}]%fc:d:rzd;?nnglagi Eirian beings 1:;'rgrn cultured cells, while again possibly
feasible, would interfere with the acli.oln of evo_lutionary forcEs. 'Tf‘hgrti
would bc an increase, just as with _posuwe_eugemcs, of a DP[T er o 11;-
dividuals who would be alike in thclr_ genelic cgmp_lcment, with no gpic;
wnaity for the high depree of penctic rcc_omb[nallo_n that‘ oclsurs 1,;l gl
ihe formation of sperm and eggs and v.:hlich is evident in the re;u an
rogeny. This would diminish the adaptability of the population to changes
P the environment and, if thesc genetic replicas were .laler permitted to
iturn to sexual reproduction, woqld lead o a marked increase in ;1(;1;;1;-
zygosity for a number of genes with the disadvantages pointed out beiore.

Who Will Be the Judges?

We see, therefore, that many of the proposn_ad lec.:hnique.s are feasible
although not necessarily practical in producing _Lhelr desired results.‘ ?Ve m_a):
now ask the question, which of these arc el_hlcal from a humamsuclppm
of view? Both posilive and negative _tugenics  as applied to po;calu a;:y;s
presume a judgment of what is genenc‘ally good and what is bab 'd'? wo
will be the judges, and where will the line be .be[wecn_ pood an.d ad? We
have had at least one example of a sad experience wilh eugenics in Nazi
Germany. This alone can serve as a lesson on _tl:le rmppssﬂnhly _of separat-
ing scicnce and politics. The most difficult decisions will come in deﬁn.mg
the borderline cases. Will we breed against taliness becal_Jse space Tequire-
menls become more critical? Will we breed against neal:mghtedness_bet_:ause
people with glasses may not make good alslronauls‘.? Wlll_we forbid ll?lf:]-
leclually inferior individuals from procrealing despite their proved abll_lty
lo produce a number of superior individuals? Or shoul_d we, rather, provtde
an adequate environment for thc offspring of such individuals to realize

ir full genctic potential? )
ller.uC.gLi, inphis presidential address to the American_ Society of Human
Genetics in 1960, pointed out the real fallacy in eugenic arguments. M.an
has conlinuously improved his environment to allow. so-called inferior in-
dividuals to survive and reproduce. The movement into the cave and the
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putling on of clothes protected the individual unable 1o survive the sin
of the elements, Should we then consider that we have reached the pcakcs;
mm:l‘s progress, lurgely determined by environmental improvements desigu:d
to increase felztility and longevily, and that any future improvements d
signed to permit anyone o live a normal life will only lead 10 delerioralio:';
chtecnl]'E-ccntury scientists, including such eminent biologists as Gallo.
ﬂrmI}: believed !hul this peak was reached in their time. Thijs obvious?,
fallacions reasoning must not allow a lapse In cthical considerations on lhy
part of the individual and by humanity as a whole, just to placate :hE
genetic pessimists. )

Thellircd axiom of democracy that all men are created equal must net
be considered from the geneticist's poinl of view, since genetically all me0
are created unequal. Equality must be defined purely and simply as equa]iln
of_ opporiunily to do what one is best equipped 1o do. When we a::hit:\.ry
this, the forces of natural evolution will choose those individuails bc:se
adap(_cd to this egalitarian environmemt. No matter how we change lh;
genctic make-up of individuals, we cannor do away with natural selection
Wc mus( always remcmber thar natural selection is determined by a com_-
Pmatmn_of truly nmatural events and the artificial modifications that we ar
mlrodycmg into our cnvironment in an exponentially increasing numbaf:re

With l.hese points in mind, we can try to decide whal, in all of lhesc;
meli_'nods,_ is both feasible and ethical. 1 believe that the only Togical con
Cll]SlO]l:l is that all maneuvers of genetic cngineering must be judged fo;
c'ach individual and in cach case must take into Primary consideration (he
r|gh_[§ of the individual. This is by definition impossible in any altempt ar
pD?lllVC., eugenics. Negative eugenics in the form of intelligent genetic coun-
selmg_ Is the answer for some. Our currently unreasonable atiitude toward
practicing negative eugenics by means of intelligent selection for therapeutic
abortlu_:m must be changed. Basic o such a change is a more accurate
de_.ﬁnluon of a living human being, Such restricted uses of negalive eugenics
will prevent individual tragedies. Correction of unprevented penetic disease
or that due to mew mutution, by introduction of new genctic material ma);
be onc answer for the future; but until such a new world becomes uni-
vcrs:.ally f{:umblc, we must on the whole restrict ourselves to environmenta
manipulations from the points of view both of allowing affected individuals to
live n?rmally and of permilling each individual 1o realize his full genetic
potenttal. There is no question that genclic enginecring will come about
Bu[. both the scientists directly involved and, perhaps more important lht’:
p_ohll.cal and social leaders of our civilization must exercise utmost Icuu-
tion in order to prevent genetic, evolutionary, and social tragedies.

& %

WanDINGTON: T wanted to make some gencral remarks about biology, but
first 1 \vouIFI like 10 make one or two comments on Dr, Hirschhorn's.g);‘ratc-
ment, I think the possibilitics of biological cngineering particularly of (he
Xind he_tulked about, sound very much like science ﬁclic;n. But you are not
nccessanly_ very (ar away from practical solution. Let us say they are not
far away if anyone is prepared ro spend the money to develop them. It
seems that nuclear transportation is cxtremely casy, and we can clone fr-ogs
we can lfansplam nuclei from onc egg into another, and we can do muchl
more radical things than mercly cloning individuals. I is quitc possible to
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make hybrid cells by somalic cell fusion. Grow cells in culture, _particularly
in the presence of a certain killed virus, and they very often sh_cl:: .logel.her
though they are somewhat unstable in their bebavior ar the division.

And you can select out from such a culture nuclei that have different
combinations of chromosomes from differcnt species. Such nuclei bhave been
made. There are hybrid cells, hybrid between man and mouse._Nobody
has ever yet injected such a nucleus into an cpg capable of developing. The
thing has not yet been done in frogs, but it could be done_ lomorrow,
making transplantation between hybrid and toad chromosomes into a frog.
It cannot yet be done in mammals, but pcople are working on developing
methods of transplanting muclei into the mammal—which is, of course,
much more difficult 1o handle. But it is perfectly possible Lo do.

But to make it a practical proposition that could be relied on would
cost quile a lot. Tt would not cost as much as developing the atom bomb,
put it is not the sort of thing that can be developed in secret without
everybody’s knowing about it. 1t will be developed only _if the ilaxpayer
agrees to foot the bill. But I think it is a definite question of whether
such types of work will be developed, and for what purpose.

1 think it is most likely that in the next ten or 20 years such hybridiza-
tion will be developed in order to produce betler domestic animals for, say,
wopical Africa. Plant breeders have, for decades, put discase resistance
from a wild specics of polato into cultivated potatoes by arranging Lo
wransfer the chromosome. Animal breeders have not been able 1o do this in
the past, but they will be able to in about ten or 15 years if they want to.
And I think it is quite likely they will want to for breeding really suitable
animals for domestic life in the infested parts of Africa. Once this has been
dane in catue, it can be done in other specics of animals, and people will have
to think whether they want it done with hominoids and themselves,

Having said that in relation to Dr. Hirschhorn's paper, I would like to
make some remarks on my own. I would like 1o make a theorelical, almost
philosophical, peint.

Civilizalion as we know il in recent years has been based on and
dominated by physical-chemical methods. We are essentially a mechanically
based civilization. I think the major problems in the world leday and the
immediate future are really much more biological than they are physical
and chemical.

It is physically impossible for the whole world to become developed
in the sense of the highly industrialized developed nations of the West
today. There simply are not enough raw materials of varicus kinds to po
around. Each American is supporled, I believe, by the order of a thousand
tons of steel and several loos of wluminum, titanium, all sorts of minerals.
It has been calculated that, to provide everyone in the world with a [our-
sheet daily newspaper and four sheets of roilel paper would require pro-
duction of all the forests in the world to be multiplied by four times, I
think there is no practical possibility of the whole world’s developing into
our present kind of quick-turnover, usually wasieful Lype of civilization.

If the world is going to develop, it must develop into something based
on long lifetimes of artifacls that either last for a very long time or, when
used up, are recycled. That is much more the kind of thing we find in
biology. In physical systems, one is usually analyzing systems with a rela-
tively small number of components, and onc is usually interested in
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maximizing the outpur or turnover rate of one of the components. Biologica)
systems normally involve very large numbers of components, and the only
thing one thinks of in the way of maximizing is maximizing from extremely
complex funclion of all the components. The only thing biology really
maximizes is this peculiar index called cvolutionary fitness, and this is such
a complex concepl that nobody, in my opinion, cver really satisfactorily
defines what it means. It is @ component something like the value of 3
hand of cards that become bridge. It is a capucily to cope with whatever may
turn up over the next few years. It is highly complex, bui it is the only
thing that goes in for maximizing.

Everything else poes into optimizing, und 1 think this is a tofally dilferent
type of outlook, one much more appropriate to the kinds of work we are
going inlo. We have (o be able to think up systems in which all the com-
poncnts are optimized in relation to some rlobal, overall, end product that
is, as T say, the function of a vast number of variubles. Take, for instance,
the agricultural revolution, A whole of civilization has been based on
artificial landscapes, artificial landscapes thal are really types of agriculture,
They may be the European open-field systems, or the development of en-
closed ficlds with rotation of crops, or terraced rice fields in the East, elc,,
but they are all artificial, man-made, functioning ecosies. But the basis of
civilization was laid in systems that were relatively self-stabilizing,

Now we have based agriculture on monocultures, maximizing some
things, such as the outpul of wheat—maximizing it by pulling in wvast
amounts of fertilizers, playing with the risk of a new pest from which the
crop is completely unprotected—and we arc gambling on some unstable non-
self-stabilizing ecosies.

I think we are going {o have lo try to think of designing sclf-stabilizing
ecological systems, and I think this is one of the great challenges lo biology;
what do you de with the great masses of bush in Africa? We simply do not
know how 1o turn those things into productive, self-stabilizing, new forms of
landscape suitable for civilized life. Europe has done it, China has done it,
India perhaps did iL for a bit, but there arc vast areas of the world where
this re-creation of true nature into a man-adapted nature has not been
done. And T belicve this is really much more challenging and ultimately
much more immediate than the problem of environmental pollution that
we, in the West, are so excited aboui at lhe moment. In point of fact, the
major thing we have done to our environment in the last 50 years is 1o
clean it up. We have cleaned it up biologically. We have got rid of yellow
fever, the plagee, most of the inteslinal parasiles, the nematodes, what
have you. Our environmen( is much cleaner than it was a hundred years
ago or than it is now in India and Africa.

The parlicular Lypes of pollution we are putting inlo it now are, of
course, very sinister and certainly have to be controlled. Bui on a world
scale, this is somewhat second-order, and if you walk through the cities of
Bembay or Calcutta you are not really likely (o think that New York is
a [ot dirtier. I'm afraid you will find they are a lot dirtier than New York.
But they are dirty not only with industrial pollutants but also with
biological pollutants of discase, etc. And I feel the greal problem for the
world as a wholc and for 80 percent of the developing world is first (o clean
it up biologically and second to design new, self-slabilizing funcrional
ecosyslems that produce the agriculturally useful crops we have,

Bronk: And now, Dr. Hedén.

POTENTIAL OF APPLIED MICROBIOLOGY

Carl-Goran Hedén

Karolinska Institite
Srockholm, Sweden

Before man lcarned to use fire, he probab]y fou.nd that seed grlalms hliefi
soaking in rain water would turn into a sumulatmg_b}'e:w. mea (ct' ses
plows of urial and error slowly shaped a range .Of primilive ermcg a IClDIl:li-
that preserved perishable foods and improved their taste, texture, .:En ll'mkcd
tive value. We now know that those processes are based on aclivi ||:5ﬁ 111;1l
o0 a microcosm of unicellular organisms_that alw.ays surround us, fig t:l:lg
g constant baltle with cach other and wn_lh _thcl higher plants and anim hs
The importance of this invisible worlq is indicated by the fact lha; 0103
pper few cenlimeters of any “:cl]-cultwalcd soil contains some 300-3,
kilpgrams of living microorgaqlsms per hectare. Many of these mlcrg;
organisms we are able to classify only in generall terms; some we r::tnnu:l
even cultivale, Lacking automatic screcning dcwcc_as, we  must hrcs;:_ L

csswork about such important matiers as the ccological effects of herbict eds,
pesticides, etc., but this will certainly change as a consequence of_recent ad-
vances in numerical laxonomy. We will then have tools that will be very
powerful for turning microbial ecology to our benefit, _ 4

Living beings not only have developed defensc mechan_lsms adapted to
their normal environment but also have oflcg learpcd to derive beneﬁtsdfrorln
other organisms that fit into the same ecolpglcal niche. Man, who has blevel-
oped highly advanced proicctive mechanisms, has not un_ly I?eenl;l e Ig
expand his niche by countering the def_enscs of qthcr organisms; h_e fashf_;\ ]
learned to exploit other living systems in a conscious and s;islel_-natlc as 1§n.
Microbiology concerns itself with both aspects: the neu!ralnzahon of patt o)-
gens {by vaccincs, chemotherapeutic agents, interferon mducers', sera,_de c.
and the use of selected strains lo yicld valuable_producls l(aml_no amls c};}r
vitamins) or perform desirable conversi(.mls gslermd synthesis, rmneral_ ea::u.;
ing, ctc.). Sometimes—as with most antibiotics—the product we seck is P:
of the armory a microorganism has devcloped to puard against competition
in a mixed population. We select the organism on the basis _of certain
desired features, then grow it withour imposing thc_ slresses of its _normal
environment (scmistarvation and a temperature that is jl:lSl as suboptimal as
the dissolved-oxygen concentrations it has to put up with in natulrc). This
means that we may well prevenlt derepression of potgnl:all_y important
genetic sites, but our technique also excludes from consndcra_non prorflucts
that require cooperation between several _dif‘ferem types of mlcroorga_lmi.ms.
Because symbiosis is so often observed in nature, it would be logtcal to
think that cooperation in building barriers around common ecological niches
would be fairly common. . . )

Obviously then there is much to be said for systematic studies of
“synthetic” mixced populations, especially now that con_llnuous-cullure. methods
have given us such a versatile tool. It is now possible to study the com-
petitive forces regulating the carbon and nitrog_cnl cy-::les in nature, as \:vell
as to begin development of an automated optimization of microbiological
Production processes.
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Until now, applicd microbial ecology (wine, beer, cheese, sauerkrapt,
vinegar, and Oriental fermented foods) has gone its own empirical way,
unaffccted by the remarkable developments in microbial physiology apg
genetics. This will certainly change, and we will probably devote much
attention to symbiotic fermentations, Onc interesting example has been pro.
vided by M. Twveit and co-workers, who grew a fodder yeast (Torula) on
waste slarch parlially decomposed by a mold (Endomycopsis). And V. R,
Srinivasun demonstrated the decomposition of cellulese by one baclerium
(Cellulomonas), assisted by another (Alealigenes faccafis) (hal has the
capacily o climinie a primary breakdown product {ccllobiose) that would
otherwise arrest the breakdown.

Such efforts are important, because we are now starting to touch up.
comforiably many of the walls around our ccological niche. One wall s
in ouler space, where the astronauts may be exposed o a new size range of
infectious particles floating about 1them, and where they may also risk
loss of some of the proteclion afforded by thc nermal flora they carry
alonpg from earth. Such a mixed crowd of “slowuways” could include pathe-
gens, and these might well play havoc with the crew of an orbiting laboratory
or a plapetary bhase. The orbiling personnel might previously have been
shielded from the subclinical minor infections that stimulate our defensive
mechanisms herc on Earth. Obviously, microbial ccolopy could become a
crilically important feature of health surveillance in space, but in a more
distant future, the well-bcing of certain micreorganisms could well become
the second most important consideration. This would, for cxample, be
true if it were decided to use microbiological pus exchangers (alpae or
Hydrogenomonas) for controlling he atmospheres in confined spaces.

Space research offers a dramatic reminder that man depends on his
microbiological environmeni, bmt our ignorance is disturbingly great. For
instance, the intestinal fAora with which we live in balance provides us
with valuable vitamins (K and the B group), but the details of what il
docs to our food are largely unknown. However, we know that aromatiza-
lion of cerain organic compounds by the intestinal flora may yietd harmiul
products and Lhat many anacrcbes produce potent toxins. Onc cannol
help wondering what inoculation at birth with a cocktail of proved bene-
ficial strains could mean lo health and aging. In parliculur, one wonders
if it would not be possible to cstablish some struins with a potent nitrogen-
fixing ability or with deflective regulatory genes in order 1o yield esscotial
amino acids (hat might supplement a deficiem diclury protein luter in
life. Mainlenance of the “artificial” Mlora would probably require occasional
reinoculation and, possibly, some adjustment of food habils, but it would he
worth the trouble. Under all circumstances. il might become an estab-
lished practice 1o deposit onc’s normal flora, as well as germ cclls and bone
marrow, in deep-frecze storage. This might be considered reasonable prepura-
tion for later cxposures to broad-spectrum untibiotics, radiation, or leukemia
(virus?).

Space research may remind us of ccological walls, but it is, of course,
here on earth that the walls are closing in on us. The planet is getling
crowded and full of biologically significant stresses, increasing the probability
of infectious diseusc here. no less than in the confined space cabin. Again,
the normal flora is jeopardized: by indiscriminale use of antibiotics in
medicine, by chemicals in industry and agriculture, by widespread cleaning
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d disinfecling compounds in the ho_usehold. The consequences, for mslalr;lcet.
an the form of disturbed mineralization processes, are now $o common tha
::v]c take them f{ar granted and forgel that applicd microbiology can offer
mesy :,eiecf]iﬁist. consider the microbiological implications of increased popula-
i Lfiensily. which go far beyond influences on the cpidemiology of in-
P us discase. There is, for inslance, a need 10 increase food production
fcca:lc;cally if predictions of serious famines arc not 10 come true. _H-.:rf:E
ax first microbiological priorily should be concerned with the r_cdut_:lmn of
mcsw (fermeniative preservation tcchniques and con}rol of 10x1gcmc_1_’ung1
wad bacteria). Sccond in importance is an expansion of the traditional
aﬂ'mal protein resources (fortification of animal fodder by yeast grown on
;I;drocarbons or sulfite liquor or by algac rown O Sewdge; cxlt;l‘:ndcd cro::;
yersion of cellulose wasle 1o meat b_y use o_f micreorganisms at ope ath
:cide the herbivores; veterinary vaccines against rinderpest, foot-and-mou
o ase. and Newcastle virus; acrosol vaccination, eic.) and of the normal
dlsciculiural creps. An imporianl aspect of the latter has_beeq re_fcrrcd to
agr"lhe green revolution"—expanding monocultures of l:ugh-yleldmg Plant
?arietics grown under a chcmical umbrella of insccticides. The micro-
biologist should be aware that the latter may be_comc 3nr.:reusmgl}f unai ra]:cl:-
tive as environmemtal concern spreads from the :ndus!nallzcd nations tc? t r;;
developing countries of Lhe w_or]d. l?ccaus_c bfccdmg of insect-resistan
plant varictics is a rime-consuming aflair, microbiology should focus atten-
tion on biological control by inscct pathogens.  An exumple of the curreni
jmicrest in this area of study is the recent _eslablfshrr?cnt b_y a .nurnbcr 0
gcademies of an entomological field station m_Nalrobl. It }s_falrly safe 1o
predict that hiological control will become an lfnportanl_ aclivity and lhal& it
will be preatly accelerated by recent advanch in acrobiology. Tne_relatmn
pelween particle sizc and penetration _of a jungle canopy has forl instance,
been estublished, and microencapsulation has Prowded new po_s:ubﬂmgs to
protect bacteria and viruses suspended in th:_: air. In addilion, insect ussue-
cell culture may lead 1o novel production techniques. _

The “green revolulion's” requirements for water and for ml'rogen_fcr-
tilizers (as much as 100 kilograms per l?cctare) give the applicd micro-
biologist additional food for thought. Nitrogen _fertlllzers already ensure
the cxisience of one-sixth of the globe's pOpul_at_lon; by the turn of 1.hc
century we must obviously produce some 50 million tons per year, which
may not appear to bhe very much when cornpan_ed ‘wnh. the 100 million lons
of nitrogen fixed by soil microorganisms, bul it is _sull a lot (o transport.
Nitrogen is (he major nutrient whose lack often limils plant d.evclopnl)em in
many parls of the world, and India now uses one-fifth of its forcign ox-
change to buy fertilizers. Consequently, an cxtended use of bluc-green algac,
or bacteria that can utilize the nitrogen in the air, or plants (alfalfa, clo»ter,
soy) thal can use nicroorganisms for_lhc same purpose, seems essential.
But the proper orpanisms for use as soil or sced inoculants must be found,
and this still requires extcnsive invesligalion, Gr.‘.lneuc research :_umed at
giving nitrogen-fixing ability to such common grains as wheat might also
be undertaken, and many sectors of soil microbiology should be_ stimulated.
There is every reason io belicve, for cxamplg,l that we can increase lh_c
economic return per Kilogram of nitrogen fertilizer used in Ehe_ field. This
may aclually be quite low in some arcas because denitrifying bacteria
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cause volatilization of the nilrogen that is applied o the soil or formeq
during ammonium oxidation. In other cases, the assimilation pProcesses are
so slow that inorganic nitrogen is washed out of (he soil by percolating water
before it can be used by planis. Knowledge about such processes, about Ihe
depression of biological nitrogen fixalion by mincral fertilizers, and about (he
microbial production of substances that cement dusl logether to form ag-
gregates that improve acration and rcot development, more information
about all these phenomena will certainly indicate solutions o MAany current
problems. Qur cxample of this is the mineralization process in waste
treatment, which becomes more and morc important as the recirculation
concept becomes the central theme in pollution control. Waste will come
to be regarded as a resource rather than as a nuisance. As pointed our by
J. W. M. La Riviere: “Molasses is an indusirial wasle in a country where
there is no industry to use it, but it is a valuable raw material 1o a
fermenitation industry elsewhere. The designation 'waste’ merely signifies 3
corresponding luck in our technological potential as cxpressed in a low
price, which is negative when treatment is required.”

All waste can be converted into ferlilizer by anaerobic digestion, and
since this process will handle catile, bullock, and pig manure, chopped
straw, sugar-cane trash, bect leaves, coffec pulp, and all other sorts of
vegetable materials, il early atiracted atlention in agricultural communities.
There, the main interest was in the combustible methane formed during the
process, because the gas cau be used for grain drying, for hothouse heating,
and even as a traclor fuel. However, little atlenrion has been given o
methane’s heat value for temperature control in auxiliary fermentations or
to the carbon dioxide that is gencrated when it is burned. This gas could
be used not only for increasing Ihe productivity in hothouses but also for
alpal cultures (for instance Spiredina platensis, which has been used for
focd by the natives of Chad for generations). However, where (he illumina-
tion avatlable for photosynthesis is inadequate, it might be more economical
to convert the methane directly into fodder {or possibly even food) by using
microorganisms. As indicated by studies in my own Iaboratory, this is quite
feasible, although we are currently using methanol as the carbon source,
By novel catalytic techniques, this alcohol can he produced very cheaply
from methane,

It is highly probable that such gas conversions will become most im-
portant if we are ever forced 1o lurn waste into human food. After all,
we can casily clean and pipe the gases o a separate installation, provided
with its own salt supply and nitrogen-fixing facility. The use of microbial
cells grown dircctly in sewage is nol so allractive because of the toxic metal
salts and other industrial pollutants that are difficult to eliminate.

Most wuste materials, as well as hydrocarbons, can thus be converled
inle 2 homogeneous organic material with the aid of microerganisms. We
first think of this conversion in terms of food and fodder, amino acids,
and vitamins, but it might also constitute the slarting point for an inte-
grated biochemical industry. Either (he [unctional characteristics of the
original material (enzymatic aclivity or physicochemical properties) will at-
tract atiertion or we will use it as a starting point for subsequent con-
versions that can yield specialized molecules. It is reasonable 1o assume
that specialized media will be produced for submerged growth of planl
tissue cells or perhaps even for the cullivation of human diploid cclls. The
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Jatier could serve nol only as a sul_:slrale_ for virus vaccine production
put also for making substances compatible Wll‘h our !:ody (growlh hormone,
fibrinolylic enzymes, interferon, or cven genclic repalr_malcrlals). However,
evenr such foreign materials as bacterial enzymes will also assumc preat
medical imporiance, They now provide tools for lz}horalory dlag_nos.ls and
serve as digestive aids, but the work c_:f Chang and his co-work.ers in Canada
indicates a growing therapculic sigmﬁcancc_. Urease and an ion c¢xchanger
were microencapsulated in a materiak that is permeabll_a lo urea but not Lo
antibodies. The resulting powder was then encl(_)scd in a srnz_lll rube ltlat
could be attached to an extracorporeal shumt in uremic animals, which
responded very favorably lo (he treatment. . ) _ )

The use of enzyme technology based on solid carriers ?wll also m_ﬂuencc
that branch of bioengineering concerned w}lh fermentation. It w1ll,_for
jostance, be feasible to increase the permeabn]il_y of cells at one stage in a
process by adding substances that can be casily removed in latqustagcs.
Add to this the potential of microbial genetics, for example, permitting thﬁ
autematic selection of resisiant sirains that make “protected fermentations
possible, and it is no wonder that bioengincering is an active ﬁe]c_[ at most
universilies. However, the advances in molecular biology and.basm genetic
rescarch come Ffasler than the applied sciences can keep up with, so special
efforis are needed. .

Fortunately, we have the Facilities and 1he personnel av_ailable; obw?usly
therc is also some statesmanship required. I am lhinkmg_ of Premd?nt
Nixon’s unilateral renouncement of biological warfare. This constructive
ioitiative has set the stage for a system of coopcrating laboratorices, _and_ if
there is a reasonable amount of reciprocily an Internaticnal O_rgamzatlon
for Applied Microbiolopy might well be created. It would certainly be an
important step toward improving the human environment.

T A

STUuarRT MupD: As multicellular organisms, we live in an environment that
literally swarms with unicellular forms of life. We are surrounded _and
we are Immensely outnumbered, as melazoan organisms, by the micro-
organisms that are in our earth and waler and air and in our total
environment. .

Dr. Waddington has indicated that our relarion lo microorganisms is two-
fold. In one respect, they arc enormously important as allies, and _‘lh:s
possibility for aid to us has been sketched by Professor Hedén, who is a
world authority. Tt seems appropriate for me, if I may, to sketch the
inimical aspects of microorganisms to human beings, that is to say, to
sketch a little bit of host and parasite inleraction in the infectious diseases
and in the allied rejeclion of foreign tissue, as we sce it in the present
wave of organ transplants, skin grafis, and other aspects of rejection
immunology.

The beginning of adaptive immunily has been traced by Dr. Robert A.
Good and Sir Macfarlane Burnel 1o the beginnings of verlebratc life. Up lo
this time the invertebrates got along quitc well in the midst of their micro-
biological ¢nvironment by mechanisms that are not well understood but did
not involve what we now know as adaplive immunity.

In the last part of the 19th century, there was great debate as to whether
the mechanisms of this adaptive resislance to the microorganisms that are a
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threat to mclazoan organisms was vested in the humors—that is the blood,
the serum, the lymph—or in the cells. We had the greal proponent of
humoral immunity, Buchner of Germany, and the great proponent of cellular
immunity, Metchnikoff of the Institut Pasteur. Like many conlroversies, it
lurned out that both sides had a great deal of truth in their positions, and it
fell to Denys and Leclef in 1895 to show thal, in the special case of strepto-
cocecal infection, the resistance was twofold: the infection pave rise to cir-
culating antibodies, and these neutralized the toxins or zitached themselves tg
the surface of the streptococei and caused them to be capable of being ingested
and destroyed by the sentinel cells of the body. So this, in a sense, resolved
the basic controversy, It resulted, however, in a concept that was incomplete
with regard to the total mechanisms of interaction of host and parasite,

The great American microbiologist Theobald Smith has outlined t(he
requisites of a successful parasile—that is, a parasite Lhat is able w0 coexist
in the presence of its host. He pointed out that ihe process of evolulion in
the host-parasife relationship was toward mutual (olerance. This is a very
imporiant point, I think, philosophically as well as biologically, because the
succssful evolution either of host or parasite is not in the destriction of the
enemy bul in an accommodation that makes it possible for the host and
parasite to coexist in the same ecosystem. If the host is destroyed, that is
the end of the road for the host, and if the parasite is destroyed, that is the
end of the road for the parasite, but as they coexist in some of the older
diseases, such as syphilis and 1uberculosis, both can survive and multiply.

This subject has been studied in brilliant detail in regard to myxomatosis.
This virus was introduced into Auslraliz as a mecans of ridding the country
of rabbits, which ale most of the grass nceded for sheep pasturage. Fenmer
and Burnet introduced the Brazilian myxomatosis virus into Australian rabbits
of European descent, and it has been found that Theobald Smith's prediction
was aclually realized. The initial virulent disease has given rise, in the
course of time substantiated by individual investigators' studics, 1o a state
where there is a reciprocal tolerance, and neither are the rabbits exterminated
by the parasite nor vice versa, but by and large the two SDECICS SUrvive in a
slate of tolerated coexisicnce.

The first 75 years, I wounld say, ufter the Denys and Leclef study, tended
o indicalc that the patlern ihat they developed, namely of circulating
humoral components or antibodies that neuvtralized toxins or attached to the
surface of the parasilc and causcd these parasites (o be phagocytosed and
killed, has siood up. But we have just had the privilege of submilting papers
in which the situation has been amplified in regard to at least one pathogenic
species, namely, Staphylococeus aureits.

It is found that in the special case of ordinary staphylococei, the action of
the components of human serum in promoling phagocytosis and intracelfular
killing is not significantly improved by circuluting antibodics. However, the
bulwark of general bodily defcnse known as the reticuloendothelial system can
be significantly augmented in ifs functioning by induction of hypersensilivity
and elicitation of the activated state of defensive cells known as macro-
phages. This is cell-mediated resistunce. Conditions for evoking this non-
specific cellular resistance may be rendered particularly favorable by the
circumstance that most individuals are alrcady hypersensitive (o staphylococci,
and elicitation of cell mediated resistance may be safely practiced with staphy-
lococceal antigens. I bclieve it is not quixotic 1o hope that by such means we
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may, in @ measure, get the better of such infections as those that cause, for
instance, 1he upper-respiratory infections, which exact such a heavy burden of
suffering and reduced cfficicncy. )

Horcpkiss: When the higher organisms began to ch.mb out of the ocean,
they were laking some readings on the cnvirqnmcnt as it was then, and they
developed means, with various pumps and pipes and sirainers, lo carry the
atmosphere as they experienced i, so that they could pump the almosphere
and the various saline solutions they necded through their bOdlleS. We can
take, as a first approximation, whal man necds even now by sceing what_ his
yarious strainers are trying to filter ont of the atmosphere and the very dilure
galine lhat he lakes in, Unforwnately, the niche that h.c was reacl}mg for at
that time was 20 percent of the planet's surface, and‘ it s_eemcd big_ enough.
Now, of course, we are coming to the second approximation; the things that
man filters oul are becoming part of the environment (hemselves. .

I think that man is a part of the environment and that he has_lakcn his
last evelutionary reading, at a time when the whole world was his and he
could reach out for it all. _

Dr. Hirschhorn has brought us very sharply up to date and rem_mdcd us
that there arc movements afoot that might change man's aclual heredity,

1 have the name for being involved simply becausc we take pencs fr_om one
kind of bacteria und put them into another. This sort of gem_ztic engineering
is like robbing Peter to pay Paul, laking something already highly developed
in one orpanism and transporling it into another. I do not actually conmf:ler
this engincering, because the word engineering connotes, to me, some kind
of concerted action operaling on a more or less broad p]an_c and actually this
is one of the most intimate of all the things Lthat man is (rying (o do. )

The Shope papilloma virus, which is a dangerous enough thing _for 1abbits,
forms the kind of arginase thut seems to be characteristic of the virus. Th!:re.
are some questions about the dctails, but for a while, this was a cure looking
for a disease. If anybody had ioo much argining, this virus mlght.bc good
for him. A couple of months ago, Stanfield Rogers told me that hc‘ qlscovered
two siblings with a melabolic disease that indicated high arpinine. The
older child was in a very bad state; the younger child was going lhroug_h the
same premomnitory symptoms and was simply at an earlier slage. Thc;c children
have been given some of the virus to see If it will help. And this may be
illustrative, T do not call (his engineering, but genetic intervention. What
sounds like science fiction is genetic manipulation, willful changing of proper-
tes that seem lo be hereditary and, in higher organisms, are largely .prede-
termined at a quite carly age. One more of Dr, Hirschhorns points is that
what is ethical is anything that takes inio account man's freedom of choice, I
think it is important for all of us 1o realizc that the very freedom of choice
that has worked apainst cugenics was that we did not want to interfere with a
person's right to choose another life pariner because that was what one ChDSE:
in genetics. The genes were carried by whole organisms and by whole nuclei
from whole organisms. )

Now we have the possibility before us, a very real one, that we can inter-
vene wilth bits of gene fragmenis taken from anywhere. They are no longer
stolen from Peter because they can be cultivated in vitro, and they were in a
sens¢ borrowed from Peter in order to cnrich Paul, They arc becoming more
available all the time, and the frcedom of choices we would be faced with is
just the frcedom betwcen the right to take a small improvement and your
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right to reject it or bypass the opportimity. So I think the very sentiment that
made eugenics tather distasteful 1o most people is cxactly the sentiment that
makes thesc new things very tempting in the [uture.

UNIDENTIFIED DiscussaNt: T would like to comment on Dr. Hirschhorn's
definition of the ethical aspecis of this, which I thought very brave of him,
becausc we all know it is a very controversial issuc. If we define the ethical
aspects exclusively in terms of the frec choice of pecple, what are we to say
of generations in (he firture that arc aflccied by our decisions now? |
realize this is a very complicated question, but I mercly throw it up for some
discussion al some point in this conference, and | do not restrict that mercly
to genctic manipulation or engincering,

It seems to me thal the people who will live after the year 2000 will have
much less control over their presence than we ioday have over their presence.
That is, the decisions we either make or do not make today will affect their
lives in a greater dimension than they themselves will be able 1o affect their
ilves. And if that is true, then the ethical aspect of that becomes exceplionally
complicated, because we have no way of asking them what kind of world
they want to live in, and most of us will not be around to live in it. But I
do belicve that this is an ethical question that goes beyond the concepl of
free choice of the peoplec who are to participate in the consequences,

BroNk: This reminds me of a lew years ago, when President Kennedy
asked mc lo organize, from the National Academy, a study on our natural
resources. After about eight or nine or en months he asked how we were
getting on, whether the 120-odd people who were studying the various aspecls
of the problems had come (o any definitive position Lhat he could use in any
of his addresses. I told him it was loo soon lo have any very definite opinions,
Then 1 suddenly thought and I said, “With one exception, Mr. President; 1
find that everybody is concerned about their own conditions and environment
and availability for what they wish and need during their lifetime; ulmost
everybody is concerned about the welfare of their children, practically
everybody is concerned, to a certain degree, with the welfare of their grand-
children. But, Mr. President, I find in my discussions thus far that nobody
gives a good Goddamn about their great-grandchildren’s future.” And | think
this is one of our social preblems, to be able to abrogate our own special
private inlerests as of the moment, the immediate future, and look forward
to the world and the conditions we are leaving for the others, including our
biological environment.

UNIDENTIFIED DiscussanT: T think that the point that cthics is connected
with the number of choices available s extremely important, and I think the
point raised here should really be pursued. The interesting thing is that
there is an answer to your question. The answer ro the question of whal
decisions we have 10 make so that later gencrations may have their freedom of
decision must be such that the numiber of decisions in later generations will be
larger.

SageEr: 1 would like to focus not so much on what is possible in the
future but on what is desirable, and, in fact, I have been anticipated, happily,
by the last comments, which I welcome. We are all aware of (he cxplosion
of new knowledge in biological science and of the fact that this knowledge
gives us a great range of possibilities for the fulure. And our problem is not
s¢ much to try to predict what will, in fact, happen, but rather to focus upon
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what we consider desirable, because it is only in that sense, I think, that we
can have some influcnce on the future. ) .

The commenis thalt I am going 1o make stem from my experience in my
own daily life. I am a rescarch scientist, and, as such, 1 am meresse:d with
the excitement and the fun of research in a labo.ralory as a way of llfe_and
also as a teacher. Bul I have discovered how difficult it is to communicale
this excitement o my stirdents. o

First, I would stress what 1 consider to be the state of the art in biology
at the momeni, because I think this really sets the stage for our co_nsrderatlons.
poth realistic and idealistic. And I would like to stress in my view the out-
standing achievement of biological research of the last 20 years—ithe
establishment of molecular biclopy, Molecular biclogy tells_ us how ccl!s
work, and all future advances in basic and applicd biolqu will rest on this
solid framework. And I think one should not underestimatc the power of
what has been learned. o

Alrcady we see lhat the sudden burst of development of understanding in
embryology and differentiation—to some extent in.neu_rol_:uology _an(_i, hopfa-
{fully, in the very complicated area of ccology—which is just beginning, will
rest on this solid framework. The problems that we fa_ce, thcrcflore, are nol
the problems of not having a solid framework on which (o build research.
Our problems are political problems.

Qur problem is, first, will we live in a world affluent enough to support
this basic rescarch which will lead to a greater understanding of the natural
world? Will we cven live in a world able to afford the kinds of applied
research that we will need so that we can solve the problems in order to
do the basic rescarch? And, perhaps most imporiant, will there be any
young people who wani to do this research? Finally, as acad_emic pe0p_le an.d
on the elderly side of this generation gap, where can we intercede in this
problem? o

In other words, what we have in our hands are powerful possibilities for
good and powerful possibilities for evil. What I am going (o propose is that
we formulate a statement of a reordering of prioritics in biological research.
This reordering of prioritics does not call for less research; it calls for more
research, because a firm and continuing basic understanding of the funda-
mentals on which all of thesc applications arc to be based is really just_ at
the beginning. It would be a great error were one o say, we can stop dgmg
basic research and apply some of this, because the applications have built into
them the need for more knowledpe. What we need is more, but we need a
reordering of those priorities. .

I would also like to propose an cxplicit cthical basis in the choice of
research problems, in the choice of what one does and does not do. _And
finally, T would like to propose, in the panel discussion, a very preliminary

and tenlative biological bill of rights for man. Essentially this bill of rights
deals with the rights of every individual to the kind of healthy and normal
development that we would like to see for ourselves and for our children and
for our friends. .

And finally, I would like to siress that, as the health sciences, the biological
sciences provide a new focus, a focus that 1 think we should take advantage
of, because it is science that really focuses on the individual. All other areas
of natural scicnce can be thoupht of in very gross lerms as dealing with sta-
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listics, people by the millions. As the planet becomes more crowded and as
the problems become exacerbated, the importance of the irdividual and the
dignity of the individual are bound to decline. One of the great contributions
of emphasis on biology, I think, will be a reordering of our priorities to
recognize and remember the importance of the health and digoity of the
individual.

BroNK: I would like to endorse most heartily what Professor Sager has
just said. QOur preblem now is not to find more moncy, not 1o find more
appropriations, but to sensibly use what we have, And for that reason, our
allocation of the primary priorities along specific narrow lines, whose effort
can come 1o the most, will be the foremost thing that could be done.

SAGER: May I just say I am for morc money for everybody.

Browk: But I believe that before asking for more money we should make
the best possible use of what we have. Relative Lo that, let me say that those
who have been deeply involved in Washington for many, many ycars, had a
very strong group of friends in Conpress, people like Senator Lester Hill,
Leverett Saltonstall, Warren Magnusen, Albert Thomas, and others. But times
change, people die, some retirc, many pet defeated for re-election, and one
of the great difficultics we have at the present time is thal most of the people
who are urging funds for support of rescarch are cngaged in this, and we are
naturally suspect as having special interests. In this country—and I know
England well enough to know the same applics there, and I know what gocs on
in Sweden—we do not have an adequate clientele willing to speak for what
wc think is imporiant. Legislators and foundation executives have heard us
say what we say many, many times. In industries that are dependent on the
continued development of science, they speak very seldom on our behalf,

I remember several years ago when the National Science Foundation sud-
denly came up against a particular crisis and, in order 1o fulfill our obligations
1o universities, we wrote to about 20 universily presidents and said, “Look,
this is your problem as well as ours. We are (rying o help you, you have a
senator, you have two senators from your slate, get busy.” And within a
couple of weeks the whole picture was changed.

So that we bave, as Dr. Sager has said, to start with beginning cducation,
develop a grealer awarcncss of the role and the bencfits as well as the handi-
caps and disadvantages of certain types of technology. We bave to spread
this more widely unless we are poing to have a very different type of govern-
ment than most of our countries have.

UNIDENTIFIED DiscussanT: | am just an observer from Sweden, but I
would like to pgive a point of information on this. I have come from a con-
ference on the future in Kyoto, Japan, and there was a mosr interesting paper
from the University of Heidelberg, They had done opinion polls about research
politics, and it was found, more or less irrespeclive of educational back-
ground, that they had a common framework about what was important, and
that was in the biological sector and was, to a preat extent, at odds with the
aclual politics of the German Government, which stressed nuclear research
and military research.

HirscHHORN: In thinking about some of the cemments that have been
made aboul the question of ethics for future generations, I think we must be
careful here o divide those aspects of individual freedom of choice which do
not, in fact, affect the current individuals and those that do. For example, 1
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can very well agree with the comments thal if we continue lo allow complete
jndividual frecdom of choice of how many children every family is going lo
have, this may well have a slrong detrimental affect on the biological environ-
ment of fulure generations.

On the other hand, because we have no concept at this time, in view of the
rapidly chapging environment—which, over the years becomes exponentially
gven greater—of what future adaptive values will be, we cannot sensibly plan
a biology 1o adapt 1o an unknown cnvironment, Nevertheless, we must
strongly consider at this point that any of the genelic engineering type of
changes not only will affect those future generations, but will, in fact, very
strongly affect the individual on whom such manipulation is practiced.

UNIDENTIFIED DiscussanT: I wark in environmental medicine, somewhat
on the firing line because I am often called aboul people who have specific prob-
lems about environmental effects and human disease. And I was very unhappy
to hear what Dr. Bronk said, because if it is true—and it may very well be—
and if Dr. Sager’s help is not realized for the future, I think we are in for a
great deal of trouble.

I do not know whether even the scienlific community is thoroughly aware
of the very scant resources that our socicty in the United Stales and elsewhere
is now applying to solutions of environmental problems. In this country, for
example, this year's budget of the Natitonal Inslitute of Environmental Health
Sciences, which is charged with all the basic research for the study of the
biological effect of environmental changes in-house, extramural support, etc.,
is 318 million, and that is all. The other agency in our Government which
has any relation to these problems, and which in the past had the major
responsibility, is the Bureau of Occupational Safety and Health, and their
budget this year for noise and accidental death amd asbestos and carbon
monoxide, elc., is 310 million for all research—their own, extramural, their
administrative costs, etc. There is, for practical purposes, very little in the
way of actual support, of putting our money where our discussions are, in
this country. I don't think the sitvation is very much better in Great Britain,
where there are some 14 research associations now looking at problems of
waler pollution, eight looking at problems of air pollution, and some at
noise as well, and their total finances this year are two and-a-half million
pounds, one and-a-half million for airport noise.

I would like to compound this pessimism by pointing out that the excel-
lent discussion that we heard from Dr. Waddinglon and others really is almost
like fighting the last war. The problems of the question of environmental
changes are more complex than the microbiological approaches, which are
basically a one-io-one relationship in many of these effects, whercas in
covironmental changes they are long-term, low-level, muliiple-factor, and
highly complex. The human cffecis are even more complex than this: they
involve lifetimes, because most disease occurs in adults and their study
requires delailed and long-term obscervation, Therefore, if we do not reorder
our priorities in the sense, not of exchanging the funds that are now available
for basic research for the long-ierm environmental research, but rather of a
great extension of support available for environmental-factor research, we
really are in for a great deal of (rouble.

WoLF: I am the legal adviser of the International Labor Office. I was
very much interested in what Dr. Ruth Sager had to say about the Bill of Rights,
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and I am very happy she said it. Indeed, we have a Bill of Righis. We have a
Bill of Righls on an international level, but what we nced is more implementa-
tion of what exists. And it is possible.

In my orpanization, for instance, we started to protect the workers and
indeed, all those who work, which is the whole world, against certain risks
due to the environment. The predecessors of the ILQO, just before the First World
War, claborated an international treaty against the use of white phosphorus,
We have always continued in such fields, framing international treaties to pro.
tect the working man from all the dangers to which he is exposed. We were the
first to lay down international regulations for the protection of icnizing radia-
tion. And now we are preparing an international instrument on protection
against benzine.

1 think that through repulations on definite problems, a lot can be done
to implement those rights you describe, Dr. Sager. The trouble is that we
lawyers—and I think we are on equal footing with scientists and with politi-
cians—despile all our cfforts, lack imagination because we cannot foresce all
_the dangers. I will give you an cxample outside the sphere of the law of
tnlernaticpal regulation.

I live in Geneva, near the lake. Ten or 15 years ago, nobody thoupht that
lake would be completely polluted, neither the lawyers nor the politicians nor
the scientists, In a way I think the only human beings who had sufficient
imagination to foresee this probably were the poets, because they are probably
more sensilive to things than we are. But today that beautiful lake is com-
pletely polluted, I think a great effort has io be made by all of us to increase
our imagination and (o (ry lo implement what we all believe.

WaDDINGTON: 1 want to make one remark in relation to the last lwo
speakers, and this is the question of some of the fundamental studies of
eovironmental pollutants, and the low-level, long-term, toxic cffects, This
was quite a fashionable nation in the early days of nuclear bomb testing, when
the public got very excited about the genetic hazards from ionizing radiaticn
and faltout, and there was a strong movement to set up one large international
laboratory under the auspices of the WHO to operate the facilities simply to
test radiation damage alone. Of course, this is only one of the sort of low-level,
long-term pollutants that cmit thousands of substances about which we have
0o nolion of what their Jong-term effects are going to be except that they are
going to have long-term effects. It scems to me this is really too big a job
probably even for the United States to take carce of, particularly in its present
situation. It is an eminently suitable job for international organizations because,
unfortunately, much of this work boils down to prelty boring routine, and
you are really going to have to test long-extended experiments at low levels.
And it is a question of statistics’ continuing to 20 up froem the national level
of one or two effects, and so on.

On the other hand, it could provide very good training grounds for coun-
tries whose scientific efforts are just getting off the ground and who are
perhaps turning out more people capable of undertaking scientific research
than they actually have facilitics of their own to cmploy. I believe it is an
extremely suitable subject to be organized by the international neiwork of
laboratories for rtesting cnvironmental cffects. And I belicve that to work
royvards this is one of the things thar an international mceting of this kind
might endorse as a suitable policy.
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BroNK: In regard to the moving remarks about Geneva, I am reminded of
the fact, especially with rcgard lo the esthetic environmen, that they are
joternational. I believe 1 have a righlt to have the Lake of Geneva and the
Baltic and the Highlands of Scotland preserved so that I can enjoy them as
well as the Hudson River. And I think if we all had a greater awarepess of a
decent environment and a decent gquality of life, we would have the sort of
bill of righis that Ruth Sager has referred o, generally, rather than regionally,
accepted. And that, perhaps, is relevant 1o an old German folk saying, if
every man would clean his own doorstep, the whole werld would be clean,

Moss: 1 am somewhat concerned that the irend of fragmentation and
specialization and superspecialization in the feld of the medical sciences has
caused the development of many deficits in our system of medical care. This
is true not only in medicine but in other fields of science as well. And perhaps,
as we give our concern to this topic, the potential solutions may evolve.

Alfrecd North Whitchead outlined three stapes of progression in the
educational process: the stage of romance, when knowledge is novel and
exciling; the stage of specialization, when informalion and technique touch
and test the intellect; and, finally, the stage of generalization, when freedom
again dominates and the mind fuses culture with expertise, Few physicians
attain this third platcau. Nine to 15 years of wearing academic blinders in
our traditional undergraduate college, in medical schoal educalion, and in
subsequent graduate \raining programs narrow the accepted defipilion of
getting an education down to passing examinations, increasingly brief exposure
to a greater number of departments and subdepartments, writing papers on
increasingly fragmented subject matter, and becoming more vulnerable to
specialization al carlicr and earlier phases of the educational process. Con-
comilant with these devclopments has been the unabated progression of
departmentalization into which the young trainees ncatly fit and from which
they rarely emerge to atlempt assault on the third plateau of education.

All of this is adding to the crisis in American medicine and in the delivery
of health care. The public is caught in a trap in this system, and perhaps this
trend toward superspecialization over the past iwo decades has lent itself o
some of the overt failures in our system to fill the void created. There is a
Jong historical background as to how the specialization in various areas has
tended to occur. Many contributions have been made, but I think that ulti-
mately all of us will have 1o develop more interdisciplinary kinds of ap-
proaches to problems, We must somchow devclop the capability for the
broader sweep, we¢ have in some way to provide leams of capable individuals
so that they can provide a service 10 the public.

In medicine this may mean more emphasis on group practice; it may evolve
in terms of our prepaid system of health care, it may mean that the emphasis
in medical schools and in universities should be 10 reward those who have
the capabilities and the contributions of the superb generalist rather than have
smaller and smaller arcas of knowledpe being exploiled. And perhaps each
individual who makes such contributions in these specialized arcas should not
necessarily be the only one who can reccive such rewards in the academic day-
to-day competition.

We must have more synthesizers of some of the knowledge that is taking
place in each of these fragmented areas. Unlike the emerging nations of Africa
that so desperately need specialists in all fields of science and medicine, we in
this country have successfully devcloped copious numbers of such specialists,
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a muliitude of analyzers in one field after another, penetrating into smaller
and smaller crevices, and secking finer and finer (ragments of learning, We
have to develop a more intensive training program for the Kind of individual
who has, perhaps, almost disappeared completely (he may not have disap-
peared completely, but his ranks have certainly thinned). We must create this
kind of fine peneralist in the image of a captain of a tcam, a strong and
vigilant leader in intellectual insight and technical know-how in multiple
fields. He must be able to overcome the Hippocratic aphorism that the art
is getting longer and longer—with the art of the student not gelting bigger and
bigper.

The development of the team approach is beginning to gain some increasing
acceptance, and even among physicians. Ten or 135 years ago there was o small
but rather abortive altempl at this, bul then it began to come into less accepted
kinds of roles in most hospitals and in most medicul centers around the
country, There secms 1o be an aura of acceplance now, a general recognition
that our pattern of medijcal care and health care is not necessarily the optimum
that we thought it was and that our delivery system must be further stream-
lined and improved.

This, then, leuds to the increasing emphasis (hat preventive approaches
1o health care ar¢ an area for the future that must be supported both financially
and professionally and that will allow us to treat carly-stage diseases wilh
rather greatcr effect than we now achieve in the trealment of lale disease.
Certatnly in the ficld of cancer, which is an area of special intercst for me,
the results, the end results of therapy over Lhe last 30 years, have demensiraled
that from 1940 to 19535 wc made a dramatic improvement in the overall
five-year survival results for major sites of cancer.

Bul since 1955 there has bcen a platcauing ¢ffect, so that very, very litlle
improvement has occurred in Lhe last 15-year period, with one major excep-
tion, and that has to do with carcinoma of the cervix, where there has been
sipnificant improvemeni on the basis of the contribution of the Papanicolaou
smecar. It is the effort of developing much more emphasis on preventive and
early diagnostic tests that may perhaps lead us o the early-stage diseasc treat-
ment to which we must devote our efforts. And the theme of many of the
younger medical sludents and younger faculty members indicates this as a
major objective in our overall medical care system.

Bronk: There is an old aphorism that scientists should know something
abour everything and everything about something, but the first part seems to
be so ofien forgotien. The academic world, which should be ithe home of
those who are at the frontiers of knowledge, should be concerned not, God
forbid, with relevance but with the relations between one field and another.
Tf T may be forgiven a personal experience, afler three years in graduate work
in physics I decided I wished o become a physiologist, but [ also wanted to
conlinue some of the work I had done in physics. So I finally got permission
from the exccutive committee of the graduate school of the University of
Michigan to take my degree in both, When, aficr what scemed to me a lot
of hard work, T passed my final examinalion, I weni to the office of the Dcan
of the Graduate School and saw my friend Ruth Rauss, and said, “Ruth, I'm
all finished, it's done.” She said, “Have you finally decided in what deparl-
ment you wanl to take your degree?” And I said, “Physics and physiclogy.
This has been approved.” And she said, “By whom?” And I said, “By the
execulive commitlce of the praduaic schoels.,” And she said, “I run the
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pean’s office and I don't care anything about the executive commiltee.” And
I said, "Why can’t I?" And she thought hard for a moment and said, as her
face lit up, “Because therc is only onc line for a head of a department on
which {o sign.”

I finally persuaded her that one might sign above the line and the other
below, but ever since then I have found that trying to bridge merely two
fields of science has been a difficult matter.

UNIDENTIFIED DMSCUSSANT: As one who is more or less foreed into being
a generalist by circumstances, slarting out as a scientist, I would like (o
suggest that part of the preblem is the very structure of our own profession.
It is not possible to be a generalist and slill remain in good repute with your
colleagues. You become suspcct the instant you depart your field of specializa-
tion.

Bronk: [t is interesting being suspect, occasionally.

UNIDENTIFIED DiscussanT: And as a result of this, the heads of almost
all research institutions in both Government and academia have a strong
tendency lo be specialists. The only exception is industry. I would like to
suggest (hat one of the most imporiant things this mecting might do to advance
the cause of the future environment would be o come oul with some form
of resclution in favor of more generalism in science,

Bronk: Will you allow me to present some consideration about something
that perhaps has been discussed too much but that I would like to emphasize?
1 would like to formulale a questien., The problems of how to improve the chal-
lenge that is necessary for man to survive in a changing world must be con-
sidered here only in this part of the world, that is, the minority, the afffuent
society. Or we must consider this problemn on a planetary scale—because, as
you know, the problem is quite different in the two worlds.

The first problem is how to do something lo change man. The man of
today has more or less the same type of brain—the same weight and the same
number of cells—as Neanderthal man. What has changed in man is his
cultural approach. So if we have 1o do something Lo survive, we must try to
promote 2 counterrevolotion in man, to adapt man to a world that is quite
different from the world befere the atomic era.

Can we do this? What kind of motivation will convince people that they
need to do something to avoid the difficultics and complications of tomorrow?
And that is not easy, especially in whal we call backward areas. You must not
forget that in traditional society every acl of man is a ritwal, and you cannot
change a par! of the ritual if you do not change all the ritual, It is not casy
o inocubale a trait of culture in a systiem of ideas on a cerlain culture.

If you will allow me a few seconds {o tell you what I observed in a
couniry that tries to change things for the better: Many years ago in the
Soviet Union I said lo my colleagues, “You are nutritionists in this country;
do you have some kind of food deficiency or not?”’ They locked at each other
and told me, *“No, all kinds of food deficiency have disappeared with the Revolu-
tion.” But I said, “You have no kind of vilamin C, you have no greens, you
bave snow everywhere. Don’t you have some scurvy?” They said to me, “No,
we have not.”

I said, “Why, what do you do not lo have it without vitamin C?" They
said, “We¢ have vitamin C." “In which way?" One of them said to me, “We
give vitamin C to children in tablets, in pills, and everybody has cnough
vitamin C." 1 said, “That is very good,” but after the meeting some of them
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took me aside and said, “Would you like to see sipns of scurvy some 20 kil-
ometers from here.” And I said “Why?” “Because in cilies we can give vita-
min C rablets, and cveryone takes it, but o of the cilics the old woman says
‘I will not give this pill to my children because this pill s just so that they can
become Communists’.”

So they conlinue lo have scurvy. And yet this story shows (hat even in a
regime of force it is nol easy lo inoculate an isolated struin, IF 1 tell thig
story, it is hecause everybody here, or most of you, tell about the tremendous
problem of pollution becausc humanity is increasing. You must control that.
So we must convince the people thut they must have birth control, It is noy
casy 1o convince, First, I don’t know if you are all quite sure Lhal it is necessary
to do this, und that it is the best way.

Let us see whal happens in Lalin America. Suppose 1 am u Brazilian. My
countcy has ninc people to each square Kilometer. In the Amazon area, which
is larger (han Europe, we have onc-gquarter of a person per square kilometer.
Could you recommend 1o these people not to reproduce beeuuse they have 1oo
many? It is difficult. So it scems to me (hal we need bciter motivation,
molivation really capable of proving that you urc in the right way and not in
the wrong. If you continug Io bc in the wrong, 10 ke decisions thal are
very good for the well-developed countries, but nol for the rest of the
world, if i1 is not integrated in positive sense in the economy of the world,
it is integrated in the ncgative sense becausc the demographic explosion is
in the third world, it is in the backward areas. So wc must do something, bt
with good motivation, with reasonable arguments, not because il is in the
interest of our afluent socicty. in countries that have not yet the minimum of
people 1o develop themselves. That contradiction must be clarified and clarifica-
tion must be interdisciplinary, around a board of science, lhe crossline of
science, the point al which many sciences contact cach other. It scems 1o me
that you must discuss openly. telling what everybody thinks. to counierpose
points of view, because nobody is a prophet of truth; truth is everywhere.
We must confron1 points of view, sce our contradiclions—and nothing is more
contradiclory than our own civilizalion,

EmiLy Mupp: I wonder if in Latin America therc was no overpopulalion in
the slums of Rio de Janeiro and other cities.

UNIDENTIFIED Discussant: If you will permit me. T want Lo come back to
this problem of overspecialization—which is, of course, of basic concern, I
spcuk not as a scientisi, not even as a university person, but someonc who
worked in international organizations and who is concerncd with communica-
tion. Our biggest problem is the Fact that both intellectually and administra-
tively we have separate specialties, separate concepls. separale inlerests, scpa-
rate empires, and T quile agree that the real issue is not an intelleclual one
but an administralive one. If you do not make a career, the funds are not
obtained until you fil into a clear-cut framework that forces you to specialize,
This, to us in intcroational agencies, as to everybody else. is a primary handi-
cap when it comes to a subject like ecclogy that cannot be solved by any onc
discipline because i involves communication, which involves the social
sciences, which involves the natural sciences and common action.

And this is why T would like to make a plea Lo the academic community
and cqually (o the organizalional communily, that instead of focusing on the
discipline, we have to be able to focus on the problem. And we must express
such focus on the problems in organizational and adminisirative terms; other-
wise we will never be able Lo get to it
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The issue is a very complicated one in cach individual institution, but the
academic community itself prescrves thc disparity of cflort throughout the
academic community, and whatever we can do herc to reorient the focus I
think will be welcome.

pE CasTRO: May I say one word? I would like to answer the comment
about the slums of Rio and the other slums in Latin America. We do not have
slums in Latin America because Lalin America is overpopulated; we have siums
pecause Latin America is exploited in a colonial way: its produce is very
padly puid for in relation to industrial goods. So the people who work in
agriculture leave these areas lo live in slums in cities. It is a problem of
economics, not of overpopulation.

HEDiin: Of course, Dr. de Castro knows much more than we do in
Europe about the situation in Latin America, and certainly what he said about
pirth control in Brazil, for instance, is obviously true. It is nol because popula-
tion densily is too high that birth control, or contrel of the development of
growth of the population should be considered in Brazii. This argument,
which is pood in India and Asia, is not at all applicable in Africa or in
Latin America. In thesc countries, if you have a stable population (wice as
pumerous as il is now, the standard of living could be higher. But the diffi-
culty is that if the yearly prowth of population is too high, (three percent in
Latin America is the average) il makes it exiremely difficult to raise the stan-
dard of living of the population. One very important point: it is impossible
to give instruction and education to children because there arc no school-
houses. 1t would be much easicr to raise the standard of living in Brazil if
the population were growing by one percent a year instead of growing by
three percent a year, and [ think this is completely independent of the actual
density of populations growing too fast.

UNIDENTIFIED Discussants: I would like to comment upon this question
about generalists, with which 1 am very much involved. 1 have dropped out
of the universily consciously because 1 could not accept the one view that was
presented of a fragmentized world, because I cannot comprehend reality in
this way. And I have becn trying to fil 1he word “interdisciplinary™ with some
real contenl. Many people talk about this, but there is very little cffort to put
real conlent inlo it and really try to identify the problems involved, And I
would like 10 pinpoint a few problems that may be of intercst.

What is called the interdisciplinary approach is not at all interdisciplinary,
it is al best multidisciplinary, That means you have, in one corner, a sociolo-
gist and in another corner a psychologist and in other corners other scientists,
and they come forward and discuss their papers and together, in somcway,
modify the papers. Interdisciplinary means more thorough sessions and com-
ing to a final conclusion together. The real thing that is needed is what you
call transdisciplinary, in which, from the very beginning, you come together
and make the basic definitions of what should be included in the study or
research logether, and write, as much as possible, in joint session.

Then I would say thal among the problems I think you mentioned, a
generalisl is not accepted because you are looked down upon, you lose status:
the status system is bascd on the specialist approach, and it is also a question of
individual scientists’ daring to do this. It comes down lo somc psychological
problems I have expericnced myself: you suddenly start lo lose—you're not
sure you are doing something scnsible, and you have a feeling of what should
be included and nol be included. And it is much easier when you have a
clearly defined field. I would like to know if there is any research, from a
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psychological point of view, on how you can overcome Lhis insecurity or the
need for the kind of security of a specialist approach. 1 think that if one
could solve that problem, a lot more scientists would dare o challenge their
administration more strongly.

MEeAD: We have donc a great deal of work looking at the people who
come from interdisciplinary or muliidisciplinary conflicls. 1 have had about
30 years of (his, studying the people who went 1o pieces and who had temper
tantrums and said that we ought 1o abolish this pgroup and setlle down to
seven instead of 20. And I think we can make one generalization: not every
scientist is pood at this kind of transdisciplinary work, and some of them are
severely hurt by being asked to do this. They should be left right in the
field of their litlle laboratory and never raken out. And if they arc taken out
and pet intercsied in interdisciplinary work and get put in charge of imporiant
institutes, that is one thing. There is nothing worse than a narrow scientist
converled to multidisciplinary work.

The other thing is, we can say reasonably carcfully who the pcople are
who can do it. They arc people who do not have 10 command every step in
a process but who can cross over al the top, take something that another
group of people say, trust them, and who, on the whole are logical thinkers.
Someone who is able to tell people, in the center of their laboratorics studying
sleep, that that is on¢ of the things they should study. And let the people who
can bear crossing over the top not control the processcs at all. Pecople who
can bear lwo or three others talking 10 each other with equations they do not
control—they are the group of people who make good transdisciplinary
people. And I think we ought to starl building our 1cams and looking at our
students and saying which sludents are going to do well in one kind of field
and which in the other.

Bronk: I am poing to call on Hudson Hoagland next, but first, I remem-
ber very well when I wus a research student and I asked him whether i1 was
danperous for a person with broad interests to go inlo scientific research. He
said, “I cannot think of amy good scientist who has broad interests.” And 1
thought, alas'—but then he wenl on Lo say, “But I cannot think of any first-rase
scientist who does not.”

HoagLanp: This group reminds me of a passage in Chapter 12 of the
Book of Danicl, where it says “Many shall run to and fro and many shall be
increased.” I hope this is the prediction of this occasion.

I was asked to prepare a paper on what 1 thought were important develop-
ments in biclogy, medicines that would have marked impact on man and men’s
relations with each other over the ycars. In puzzling about this, it seemed to
me that there were lhree major fields (hat are appropriate for this purpose.
One is obviously molecular biology, with the implications of so much that has
happencd with the development of our knowledge of biochemistry in relation
to 1he genetic process. A second question that scemed 1o me of great importance
was the impact of new discoveries in brain and physiology of the brain on
behavior and the possibility of controlling behavior through increased knowl-
edge of the brain, which has implications of considerable magnitude. And
third, the question of fertilily control—which, after all, is a biolopical problem.

It is a question of how we may conlrol fertility and so control what 1 regard
as a major social disease, the social disease of overpopulation in various areas
of the world, which, unless it is brought under control, can be a disaster for

mankind.
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T]:]E.SE three topics all have implications for our concept of values and
our views about ethics, and it is in thal perspective that [ have been thinking
about these matters in relation to these questions. I agree with Dr. Sager that
the most exciting development in science in my lifetime has been the discovery
of the mef:hanism of gene actlion through DNA, RNA, prolein synthesis, and
all that this implics for our views about the number of processes in biomédical
science. I feel that what I have writlen in my paper about this is not as
morr:)ugh or as good as what Dr. Hirschhorn discussed earlier. He covered
cansferlably more azpects of this, because I was lrying to put too much in
too short a space, and I recommend tha i
100 R herrene. t you ignore that part of my paper and

But I am very much interested in the role of our advancing knowledge of
mole_cular I:!|ology in connection with cancer and its control, and the nature
of dnﬁ'ell'enuation by way of nucleic acid processes, and the role of viruses
and their DNA—perhaps in realizing orderly growth processes that result in
cancer——_—and what can be done about this and how it may affect our future

I think it is almost certain thal aging, something Lthat we have alread:,;
heard about today, human aging, aging of anmimals as il is delermined by
molecular processes, DNA in particular, is determined by the genes. And the
life span differences of individuals, 1 think, is determined by the genes. Thus
we ali know: people who become senile at 60 and others who po into their 905,
with very litde sign of senility. These remarkable differences certainly are
not lt?arnec! Processcs, nor are they nutritional processcs; they certainly reflect
genetic activity, I think we must approach this question of longevity through
these new discoveries in molecular biology.

Fertility control is a topic that has been of great interest to me over many
years. The pill was discovered by my colleagues at the Worcester Foundation
some 18 years ago, by the late Dr. Pincus, Dr. Chang, and a group of collabora-
;l:jll'!li, S0 that_ we have been immersed in aspects of ferlility control and are
biocl::r:ic?;tll::cll.n our laboratory in working on problems of conception at a

Certainly something must be done about the ve i
world population growth, which averages two percel?t’, 9‘21;11::;15 CIIJ;'EEII:;H ﬁ?g
world population in 35 years. An infant born loday would, at the age of 70
k_n.ow a world not of 3.5 billion but a world of 14 billion people; his grandsori
living to the age of 70 would know a world of 60 billion people. I:Jobody thinks
t_.ha; tlhe wm_‘]f:l could acc_orr]modate 60 billion people in anything like a mean-
Lllgdlén:lzgggﬁz. So this is not very remote, and something certainly must

We have becn concerned with the population growth rate i
developed countries primarily; the povertypof Lhesegcountril:s l:n::ln l]?;enl;l;*ldl:;
of unpl:oductlve mouths to feed has been the most conspicuous aspect of the
popu.laU()n exp}osion. We recognize that starvalion is very likely now, and
massive slarvation in the very near future, The green revolution probabl, will
g:‘t:age able loBrcducc starvation and perhaps can posipone it for oﬁly a

€ or (wo. But ion i i it1 is 1
ot i b the Sl:'lmiz‘;sn'lm:lg as the population is burgeoning as it is, this is not
.We know that in the developed countries, whose growt i
L!mted States, the Soviet Union, and Japan have abgul aho;:t;;ic:::l‘re;nn:lgi
birth rate—this growth rate will double the population in 70 years. But our
population growth has a much more damaging impact on our em;ironment,
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a much more serious ecological impact because of the pollution that we speyw
arcund and because of the tremendous consumption of irreplaceable raw ma.
terials as the standard of living goes up. We represent, in the United States,
only six percent of the world's population, and we are using 40 percent of
the irreplaceable fuels and metals. In addition, it has been calculated that the
birth of one American child, in the development and amount of material he
consumes, lakes up anywhere from 25 to 50 times what will be consumed by
an Indian child. So the impact of our scciery on utilization of materials and
our introduction of very scrious pollution is a matrer of great concern.

Now, the conlraceptive agents are being studied and worked with, byt
I do pot believe that better contraceptives are going o be the answer (o this
at all. Beticr contraceptives are on the way. The pill has been a good one,
and it has been efiective, particularly because it introduced new concepis to
many people aboul control of population. When we siarted work on the pil],
we were insulted and got letters telling us that we were murderers, but now
all of that has changed, We are in a Catholic country, and there has been no
indication of that ar all in recent years. In fact, it is quite the contrary, But
despite the fact that a number of women are using the pill, its major impact
has been in changing the atlitude of the public toward some of these problems
that are so serious. I also think that population control is really a psycho-
social problem, and how to change this is a preat question, We have been
seeing a remarkable liberalization of our abortion laws. 1 would not have
believed it possible that the New York State Lepislature, in my lifetime,
wouid have voted as it did in liberalizing aborlion. And this is true in many
other states, a very cncouraging sign. The exiension of vasectomy as a
population-controlling aid is gaining considerably. And these are very signifi-
cant changes,

However, voluntary family planning may not be the answer at all because
in India and in other underdeveloped couniries—in most of the larger couniries
where population problems are acute—women say, yes, we would like to have
family planning, and they say this is preat. They take pills or IUDs, and
instead of having eight children, five or six of whom used to die, they now
decide they want five children all of whom live, so that the net effect is to
increase the population rather than decrease it.

Perhaps we will have to face the fact that people will have to be more or
less forced to control the size of the population. This is a most unhappy
thought, but in order to have [reedom we have 1o obey laws, and if we are
going 1o lead our so-called spaceship earth down with an incredible number of
people, it will curtail frecedom all down the line.

What are the ethics of population control ar this social level? There is a
great deal of talk about tax reductions for those who refrain from reproduc-
tion for a period of time. There is a question of licensing the having of
children. All this is shocking to most people. I remember IS or 20 years ago,
the Indian ambassador told us that whal India needed most was a safe,
inexpensive contraceptive that could be put in food and drinking water, willy-
nilly. Otherwise, he felt little hope for India's future, The idea of putting a
contraceplive in the drinking water is horrifying to people, particularly when
they think of what complications fluoridation has had, This bizarre idea
might not be so far away, because a substance has been developed by Upjohn
that can predictably reduce the offspring of mice and rabbits when put in their
drinking walter. It is tasteless and rclatively untoxic to rodents, and for
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humans it is not too toxic. It is horrifying to think that this substance may
pecome available in the near futurc and may be accepted in the countries
where population is becoming a problem.

There are a number of other approaches, of course, The need for a form
of social security of people in the underdeveloped countries is very great. In
India, the number of sons one has can assure social security, becausc sons are
necessary to carry on the farm and say prayers for the parents when they die
and sce that they get taken care of in their old age. With some form of social
security, the need for many sons becomes increasingly unimportant. With the
education of women, their emancipation so that they can get jobs and do
something outside the home is of great importance. A study in Egypt shows
that the university women have just about as few children as our university
women here; as one goes down the educational scale there is a progressive
increase in the average number of children for each group. The freedom of
woren to be educated and to have jobs is an imporiant aspect of this.

Amnother sugpestion has been made of reversible sterilization of women
after they have had a child. Presumably this could be done in the future, per-
haps by a contraception agent that is being developed at Rockefeller University
by Sheldon Segal. It is a tube that can be fitted into a hypodermic needle.
Inside the tube i5 a very small amount of a steroid substance that will seep
out continuously from the tube into the circulation after it has been injected
into the skin. The evidence is that this will produce a failure of the woman
to conccive. It does not block ovulalion the way the pill does. It would
appear 1o affect very much more subtle chemical processes involving the action
of the sperm with the egg, and this is confirmed. And if it is as harmless as it
seemns, it might be used as a way of guaranieeing that a woman would not have
a child for a period of time, because one injeclion of this material is good
for months and perhaps even years.

Fipally, in dealing with thc other subject that T am concerned about,
behavior, we do know that neurosurgery in various arcas in the brain, the use
of specific agents and injections into the circulation that goes to the brain,
electrical stimulation of certain parts of the brain with cranial implant elec-
trodes can markedly change the personality of the patienl. Animals can be
converted from highly aggressive to tame. There are very [rightening, very
wide-ranging ethical implications that ¢an be discussed av great length.

CaLHoun: I wounld [ike to commenl on what Dr, Bjorksien was saying
about priority to focus on senescence rather than on the many particular
aspects that lead to it, and that, with a ten percent increase in our efficiency
in dealing with the senescence problem, we could double the life span. This
again is a selection of priority, In the definition of ethics, we can broadly
interpret a widespread consensus 1o focus on something that would double
the lifc span, The selection of direction is the generic issue in priorities.

If, for example, we double the life span, we will have compounded the
question of population, which we have not yel solved in any way. Even if
the population queslion is a very simple one, we focus on numbers; we have
to say numbers of what? And it is a much more complex issue in deciding
these very generic problems, I think we must turn lo a poetic examination
of the issues, as Dr, Porler mentioned in physics, the Iittle black spots in the
universe where no information is being disseminated, We are at the critical
slage in evolution, within a century of the end of the new phase of evolution
introduced with man some 40,000 years ago, The guestion is whether evolu-
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tion will continue, and this is the salient issue thal overrides all other issues,
We have to make some decision aboul this now, and by rmow I mean withig
no more than 15 years, We have to make major decisions that will alter the
total course of cvolulion. My favorile example comes from Africa, g;
Lake Manora, where the fishermen pull out 40-pound fishes, but those fish
disappear from time¢ Lo time; the lake dries up and those fish go down in the
mud, You can drive trucks over the top, and these animals have very effec.
tively made an adapiation to rigorous changes in the environment by which
they avoid change and avoid stress. We are in just abourt this point in evoly-
tion at which we can cut ofl all the threatening aspects of our environment, ang
I see this as a major issue. And il defines health, the gencric concept of
healih, and fer that I would like 10 go back to Lhe early Roman pharmacolo-
gists, who gave written symbolic incantations 1o Jupiler Lo bless 1heir com.
pounds. Normally, we have carried over this tradition under the Rx, Lhe sigg
for prescription. And if you will continue a word 1hai is now commonly unsed
on college campuses and elsewhere in the world, butl now spells revoluiion,
with this symbolic incantution (o Jupiter in front of il, it reads design of
evolution, or prescription for evolution, and I Lhink this is the major definition
of heulth; that we are healthy only to the extent thar we are involved in
commitment to the design of evolution,

I bave worked in population problems, and you have lo keep siepping
back from the immediate issite 1o these longer-range issues, try to see what
we are really involved in, I believe that this is 1he major generic direction:
that we, living now, arc the ongs who will decide whether the main process of
[ife will continue. And that is (he evolutionary process itself.

UNIDENTIFIED DiscussaNT: Dr, Hoagland took up the question that I
thought a little frighlening, namely that you should spread contraceptives in
the water, whose palure must alfect not only man but also the animals. [
think this is extremely dangerous. I would rather believe, as Prof, Ruth Sager
said, that one should Ity 1o establish certain rights, such as the right of every
woman to know how she should proceed in order not to have morc babies.
The experience from Euvrope is that that is enough. We¢ have already too
few babics in muny counlries in Western Europe and certainly in Eastern
Europe. In Hungary, they do nol even reproduce lhemselves, the population
is falling, So T think it is more than nccessary that we give this ripht to
everybody.

Bul this clearly has political implications because we have to force a
change in the family siructure, for inslance, in the Moslem countries, so
that the womun geis cducation, We have to challenge the Catholic church
in this respect. One has to ask if it should not be the right of the woman in
the Catholic woerlds to decide for hersell on this point, because 1 understand
this is not what is happening now.

DE CasTro: I agree. I am nol against what is called a populalion policy.
Thal is absolutely necessary. | am ugainst what | could call generalized
populition contrel, because nobody has the right 10 say that we are over-
populated; we have used only 15 percent of the soil thut can be uscd to enrich
our people. We know that most of the counlry is not overcrowded, so the
problem is too complicated 1o be oversimplificd. And urging ihis solution
for underdeveloped countries is wrong and dangerous.

First, il is dangerous because, if you do that and forget to do (he other
things, it is a ncpative solution; you do not bring real devclopment, you stop
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development just to mediate a shorl-tcrm program. And we must get at the
neart of the real solution. ]

Another reason is that I am not quile surc any program _of birth t,:on_lrol
compelled from outside could be a success. It must be a falll_.lrc_, so it is a
failure in (WO senscs; if it does not go well, it is a fa:lu_rc, and if it poes well,
;o 20 years it is a failure because the populalion of this couniry becomes an
old population without young people 1o reproduce. 3o the fcal problem of
what I call the population metabolism is devcloped by education, because the
real development is the human development, the devclopmenl of man.

If you educate pcople, you have the relevant formation of peup_le by real
knowledge of their own problems, they know that they can control in reason-
able measure the size of their families. That is the right solution of the prohlt;m.

To finish, 1 agree completely with Monsicur Perrin that the population
explosion is a factor that can block the development of the underdeveloped
countries, such as India. But ihal underdevelopment bega.n before the explo-
sion of population. Overcrowded and exploited populations are a product
of underdevelopment and not a factor of underdevelopment,



THE WORLD WE WILL LIVE IN *

Jonas Salk
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Every senlient human being is aware of the dangers as well as of the op
portunities that now confront man. He is also aware of the pressure of forces
wilhin himsclf and the pressurc of forces around him. Cauphi between his
inner world and the outer world, he feels dissonant more often than consonany,
He feels siress, longing, and frustration. His soul feels weary, and he yearns 1o
find, and to express, the meaning of his life, Some among the mosl “success.
ful,” and many in the midst of “great riches,” appear to hope for something else,

Science and techoology are indicled by some as the cause of this malaise,
and somc even recommend antiscience and antitechnology remedies. How-
ever, in the absence of a true understanding of the current syndrome, it is un-
wise to ascribe the cansative role 1o something that may not be the cause or to
prescribe as a remedy the elimination of somelhing that could even help in
the development of remedics. Although science and technolegy are unlikely as
a cause they are, nevertheless, a force with which man must cope.

The views just expressed are similar lo those contained in the preface of a
book called Living Tomorrow Today! which says:

As we are brought closer in touch with the world in which
we live, it is apparent that the physical and spiritual health
of a single individual, and mankind os a whole, should be
the final yardstick in measuring both progress and problems.
As tomorrow comes closer to becoming loday, we are re-
minded that, (o a degree far greater than in any Lime in his-
tory, the future will depend on whether our ethics and valies
can keep pace with our scientific and technical knowledge.

And in the prologuc of this book, in reference to scientific and technical
growth, Isaac Asimov says the following:

Bur all these advances, coming upon us fasler and faster
from every direction must be correctly handled, and that
isn't easy. Living tomorrow today involves confronting he
cnormois problems which must be worked our in order
thar onr limitless opporiunities may be properly ised to
the benefit of all people. All of socicly is alering widely
under the impact of advancing science, and alf mrankind is
being carried furionsly forward in a mad race toward a nor
completely visible goal. We must stay in controf so that to-
morrow's life will be worth living and that roday's hope
will begat greater lope.

* A version under the tille The Two Epochs was originatly presenied before the
American Instilute of Acronautics and Astronautics in October, 1969 and the present
version was delivered beforc the National Association of Manufacturers in December,
1969,
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If the progress and the problems of man are to be measured in terms of
effects on the single individual and on mankind as a whole, we nced to examine
the nature of the relationship between the individual and mankind, and if the
future of magn depends on cthics and values, let us also examine ethics and
yalues in relation to the individual and to mankind. Because ethics, values,
individuals, and mankind arc all bound together in the effects exp}-cssed i_u the
physical and spiritual health of man and the qu'fllity of human life, as is the
survival of mankind, not only do we need to look into the pasi but we must also
iry, through our imaginations, to see as far as we can into the future.
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Ficure 1. World population eslimates, 2000 B.C. 1o A.D. 2000.

We must not overlook Lhe long cvolutionary history before the beginning
of man's own history. Man's population history is shown in Figores 1 and 2.
Here we sce the long gradual increase in world population until recent time,
when the rise became almost exponential. The only interruption in this pro-
gression was a dip due 1o the effects of the bubonic plague, in the 14th century
when the world population was reduced by about one-fourth, It soon returned
to the level the resources then available could support and man’s biological and
ecological condition would permit. As time advaaced, as territories opened, as
resources were developed, and with the improvement in hygienic conditions and



138 Annals New York Academy of Sciences

food supply and hence in man’s physical health, there was a prolongation of
life expeclancy, and the annual excess of births over deaths resulted in the
enormous increase in numbers now present on the face of the earth.
Projections based on current trends reveal, in FIGURES 1 and 2, an unfinisheq
picture, through the year 2000. A world undergoing such rapid change wij
affect both the individual and mankind—with profound implications not only
for ethics and values and the quality of life but for the survival of man,
Shifting our attention to amother species, we see what bappens to a fly
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Ficure 2. Population by world areas, A.D, 600-2000. By permission of John
McHale and George Braziller, Inc., from The Fulure of the Future, © 19695.

population in a closed system—a system in which space and resources are
finite. In FIGURE 3, the curve of growth of a fruit-fly population is shown.
This curve, the first part of which resembles the world population curve,
reveals a deflection at the mid-point, along the sicep slope, because of a change
from acceleration 1o decelcration and then a plateau. This deflection is empha-
sized in FiGURE 4 by interruption of the curve at the point of change from
progressive increase to progressive decrease; in FIGURE 5 the difference is sill
further emphasized by displacement with the creation of curve A and curve B.

It is of particular interest, in the present context, Lo note that curves such as

Biological and Medical Sciences 139

HUMAEER OF FLIFY

| N N N T O O N Y T T I |
1 IDIII416 1120322428 20302 4 & & 10 12 WIS

Arm, Mar
Figure 3. Growth of fruit-fly population.

these resemble curves that describe other sclf-conirolled or self-regulated phe-
pomena in living systems that are referred to as homeostasis, a ferm coined by
physiologists. Homeostasis refers 1o the maintenance of “optimal levels" through
control and regulatory mechanisms, and is semetimes metaphorically regarded
as evidencing the “wisdom™ of the body—or, more breadly, the “wisdom™ of
nature—the seeming “purpose” of which is “survival” of the individual and
the species. Such innately programmed phenomena, in whioh deccleration of
production occurs when “cnough” is produced, arc seen, for example, in the
formalion of a specific hormone, or an amtibody, or blood cells afier blood
loss, or tissue cells in repair after injury.

“Optimal levels” arc the cumulative and inlegrated result of the natural
selecion of forms Lhat best At prevailing circumstances. The biological
uwisdom™ so revcaled expresses ilsclf through a complex constellation of
physiological systems that sensc and signal “not yet enough,” or “enough,” and
then respond appropriately. Such systems for sensing and responding vary in
degree of sensitivity and in degree of rcspomsiveness—some reacl to smal
stimuli, others to large; some have a short lag, others a long one; some have
short-term effects, others lonp; some are reversible, others irreversible; but all
are part of an order that we recognize functionally as health and that evolved
by trial and error.

Ficure 4. Schema of population growth and decrease in aceeleration.
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As I look at these curves, and feel myself in them, my imagination b_ecorncs
playful and begins to ascribe human atlributes to the My populali(z:'_l. I 1m,:,1ginc
that if fies possessed thc human auributes of “foresight” and “insight,” the
ourlook of each succeeding genermion would differ, and furthermore, the on.
look in what I think of as Epoch B, would be qualitatively different from that
in Epoch A. ) ) )

I even imagine, in cach generation of this fy pol::!ulalmn. a sensc of re-
sponsibility” for the future and a need for a mechanism for discharging this
“responsibilily.” If control is al least parily “volunlary"‘ralher 1han_cnure1y
“autonemic’ or “physiologic,” (as is, in fact, true of the fruit-fly p0pquL]0n) the
flies would have to “cvaluate™ and “decide” before “taking action.” This would
mean that for puiding effective action the “system of values” in Epoch B
would have Lo be different from thut of Epoch A. These are the (thoughis ihat
occur 10 me as I imagine myself a part of these curves.

When I then look at the curves of population growth of man, T sense the
cxistence within us of an innate “scnse of order” similar 1o the “sense of

—

Frourk 5. Hlustmtion of break between population growth and decrease in accelen-
lion.

order” that exists in such physiologically regulated biclogical syslems, as
systems of melecules, or a population of flies in a closed system; and that
through this innate “sense of order” we become aware when we hepin 10 have
“cnough.” 1 also semse that we are now hecoming awarc of a need fc_:;r a
fundamental change in our value system—a change appropriale to the differ-
ence belween Epoch A and Epoch B.

In historical terms. I conceive Epoch B as starting with the gencration now
maturing. From all parts of the world there is widespread evidence suggesting
that Epoch B is already well underway and that a new ethic for the new epoch
has alrcady hegun 10 evolve, ) ) )

In the new epoch, we need to look at ourselves from a biolegical viewpoint,
rather than from such olther viewpoints as have been dominant in Epoch A, 10
be able to shape a mew value systep: for our time.

The idea that the biological viewpoint might provide a point of departure
for developing a workable and livable ethic for the new cpoch requires further
elaboration. The biological way of thought is herc used in an atlempt 10
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develop an understanding of whal appears to be an epochal change in man’s
yiew of himself ar a point in time when his survival is threatened by products
of his own creation and when the need for self-discipline to avert disaster is
required more than ever before.

It would seem, from the present stale of man and the world, that an un-
compromising ethic based upon something as real as “survival” is needed.

Evelution is a game of life and death in which there can be no loser and
po winner for evolution itself 10 survive. Thus, life and dealh must coexist for
the survival of life in evolution. In a similar way, lifc’s problems and solutions
are incxtricably related, because solutions almost always lead to the creation
of other problems, as we sce, for example, in problems created by Lhe solutions
produced through science and technology. In the same way, species and the
individual are inseparable. It i1s not possible 1o have a species without indi-
viduals or individuals without a specics. It follows from this that any ethic
for man requires that whatever is regarded as of value for the individual must
also be of value for thc species, and, conversely, what is judped to be of
value for the species must also be of value for the individual, Such an ethic
would be based upon the idea that man and species are one—and, ullimately,
that rration and mankind are one.

Species that have survived possess well-developed, gene-controlled, self-
regulating mechanisms that respect the environment and are “species-oriented”
rather than “individual-oriented.” As far as 1 know, there is no other species
that is “individual-oriented” to the extent seen in man., In an “individual-
oriented” sociely is Lo be maintained, then an ethic and a system of values must
be developed that will make this of value for the species as well as for the
individual. Such a culture would require an equal sense of responsibility for
others and for oneself. Greed and self-service would be of nepalive value in
such a culture and would have to be regulated and controlled.

Thus, an ethic and a value system are supplementary to biologically
operated mechanisms of regulation and control and can also be inhibitors of
the matural mechanisms for regulation and control. Changes in ethics and
values, and changes in moral and religious codes, should be looked on as part
of the evolution of effeclive human control and regulatory systems toward the
goal of an ethic in which man and species are one—when nation and mankind
can then be one.

For the foregoing ethic Lo become operable so that we may then be able to
use our limitless opporiunitics for the bencfit of all, it will be necessary to
understand scif-regulation and self-control, both within individuals and within
groups. Man seems to know this intuilively and seems to desire this. More-
over, he seems 1o be moving in Lhis direction. At times, in utopian euphoria, he
goes too far one way—and then to opposile exiremes, as he continues to acquire
the cxperience necessary 10 support the faith and confidence that, given Lhe
opportunity, man cun more often he gencrous, kind, and loving.

This is the sense that moves young people o reject the prevailing ethic and
to look at earlier metaphysical philosophies for guidance in their search for
meaning in their lives. The peed for a philosophy could be satisfied by a
realistic idealism, such as can be developed from the biological point of view.
This will requirc an ¢normous amount of imagination and thought, Simple in
the abstract, its accomplishment is perhaps the most difficult and crucial chal-
lenge with which man will ever be faced. What is involved is the ultimatc
question of man's survival and the nature of the qualily of his life in the future.
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A self-consciousness of evolution could be of great value. Will man sup-
plement his less experienced wisdom with the more expericnced wisdom of
nature? Wiil the ethic he espouses and the value system he develops follow
patterns of proved value in nature?

Life is an error-making and an error-correcting process, and nature in
marking man’s papers will grade him for wisdom according to the judgmeny
he makes as measured both by survival and then by the quality of life of those
who survive. Although the lives of individuals have been prolonged and made
mere secure, and man has been able to go 10 the Mcon, the survival of the
species here on Earth is threatencd by uncontrolled populalion growth as wel|
as by an atomic holocaust—which one individual could touch off. Al thesa
are the accomplishments of science and technology.

The dinosaur, in its day, was jeopardized by environmental change and by
predators, both of which led 10 its exicrmination. Man is now the cause of
major environmental and ccologic change and makes predators out of his
fellow men through an ethic and a value system that permits and Cncourages us
to so conduct our lives. Man, thercfore, is pitled against his species,

It is necessary for man to see himsell as he really is and e¢xamine the
paradoxes of his life if he is not to destroy his species by a progressive climina.
tion of options. Will man scc himself as he is, in relation o his future, and act
appropriately on behalf of his own survival?

Those in positions of leadership, who are able to influence the course of
events, will soon reveal whether they possess wilthin themselves and whether
mankind  possesses within itself the capacity for long-term survival—with
meaning and satisfaction in life—or merely for a chronic, agonizing, short-term
survival. It will nol be long before we know. The dangers are great. Will we
see that the opportunitics are greater—and Ihat the choice is ours 10 make?

Will we help the cvolution of an cthic and a value system appropriute for
our time, and will we contribute toward the devclopment of a trajeclory for
man that will lead 10 the destination he scems 10 wanl to reach? The price for
this is high in terms of his personal epo or image and his national epo Or image,
but the reward is great in lerms of his lrue and natural self. Will man have
the wisdom, the courage, and the strenglh o tuke the course 1o long-term
survival, or will he—in ipnorance, fear, or weakness—accept the world we now
live in as the best we can create?

WHY FERTILITY CONTROL?

Hudson Heagland

President Emeritus
Worcester Foundation for Experimenisal Biology
Worcester, Mass.

Continuation of the present rate of population growth is a threat to all
mankind. The application of techniques of modern medicine and public health
since World War [I to underdeveloped countries has markedly reduced death
rates, leaving birth rates, always large, either unchanged or increased as the
result of improvements in heallth and longevity. In many of these developing
countries, increases of 20 years in life expectancy have occurred in the course
of one or two decades—increases that ook roughly a century to bring about
in the United Stales and in western European countries. Population growth
today depends only on the difference between birth rales and death rates,
heczuse there are no more vacanl lands for colonization by people from crowded
countries.

World population loday stands at some 3.6 billion and will double in 35
years al ils current growth rate of two percent, so that by the turn of the century
we will have some 7 billion people on earth, and in an additional 35 years, at
our present growth rate, there will be 14 billion of us. Thus, a child born today
and living on into his 70s would know a world of this number of people, and
his grandson would live to see 60 billion people. Even the most optimistic can
hardly think that ¢ur planet can supporl such a burden of humanity,

Most concern with the population explosion has becn expressed for the
underdcveloped countries, which are being held back by the production of
excessive numbers of children who are consumers, bul not preducers, who
grow up hungry, and oflen with less cducation and job opporiunities than were
available to their parents. Capital for industrializalion, for agricultoral
machinery, and for fenilizer plants is very hard to get, because produce for
exports to oblain capital must be consumed locally. Competent economists and
demographers predict mass starvation on a scale hitherto undreamed of in
countrics of Asia, Africa, and the Near East in from ten to 20 years. The
so-called green revolution, the production of improved rice and wheat crops,
is no answer. At best it can fend off the day of reckoning by only a decade
or lwo.

But, quile aside from food, there are other very serious considerations,
because direct correlalions have been made between occurrence of wars and
revolutions, poverty, and rates of population growth, so that the likelihood of
draslic population reductions by a third World War, with nuclear, chemical,
and biclogical weapons, is increasing as human misery expands with numbers
of hungry, ignorant, and frustrated peoplc.

Studies of animal societies have demonstrated conclusively the pathology
of crowded living—of “pathological togetherness,” as John Calhoun has called
it. Animal societies are organized in ierms of dominance hierarchies, and their
structur¢ makes possible effective social living with a high biological survival
value. Under crowded conditions, even with ample food, the social systems of
gregarious animals collapse because of the stress of crowding, which operates
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via the hypothalamic-pituitary-adrenocorlical axis. This has heen demonstrated
for many spccies. both in the natural siate, in zoos, und under experimental
lahoratory conditions, The social collapse resulis in much fighting, highly ah.
normat bchavior. loss of sex drives, failure 10 make nests, and cannibalism of
the young. As a conscquence, Lhe population density falls to Ievels in which
social orpanizafion can be re-established effectively, then the population builds
up again und the cycle repeats. There is evidence that crowding of people in
concentration camps also has resulted in pathological hehavior, and many of
the problems of the slums and ghellos may very well be a byproduct of the
stresses of social overcrowding, wlthough this has not heen adequately invest-
gated.

We often overlook Lhe tragic consequences of our increascs in pepulation
in the developed counirics, A one percent growlh rate, which is an average
for some major industrialized countries, c.g. the Uniled Stales, the USSR,
and Japan, will double populutions in 70 years. The United States, with our
present growth rale, will have some 300 million people by the turn of the
century, and it is the rich countries thal are doing most Lo destroy our bio-
spherc by pollution. So serious is this queslion of pollution of land, air, and
waler and the consumption of irrcplaccable metals, fuels, and natural resources
by the industrially advanced countries that compeient scientists believe the
world cannol indefinilely support cven lhe 3.6 billion people we have on
carth toduy, let alonc the horrendous numbers anticipated for the relatively
near future.

We are assaulted by noise and poisoned by carbon monoxide and other
noxious [umes from a hundred million motor vehicles. Thousands of tons of
pellutunts, many of them highly toxic, are heing pumped inlo the air from
industry, jet planes, and automobiles, producing widespread smog, which is
increasingly visible over relalively deserted areas far from indusirial ceoters.
Already a thousand million acres of arable land huve been losl o erosion and
saly through human activily. and two-thirds of our forest lands have been lost,
A hundred and fifly species of birds and mammals have vanished altogeiher in
the past lwo cenluries, primarily as Lhe result of human aciivities.

In the United Siales, annual wastes and pollutants amount to 142 million
tons of smoke and noxious fumes, 7 million junked auiomobiles, 200 million
tons of paper, 48 billion cans, 20 billion botlles und jars, three billion lons of
wasle rock and mill tailings, and 50 trillion gallons of hot water. These figures
have been furnished by Lhe staff of the Secretury General of the United Nations.

Reports from West Germany note thit millions of dead fish were found
floating down the Rhine, poiscned by the accidental spilling of some 300 pounds
of an insecticide inlo the river. The danger of conlamination was so scrious
that Amsterdam, Rotlcrdam, and the Hague swilched (o emergency supplies
of drinking water. Prior o this accident the Rhinc was referred to as an
800-mile-long sewer. Pesticides in 1960 wiped out vas| numbers of fish in the
lower Mississippi, and industrial wasles long ago exicrminaled shad in the
Delaware and in the Conneclicul rivers, shellfish in the Merrimack, and all
edibte fish in the Hudson nearly 1o Albany. Various hawks, including ospreys
and eagles, at the end of food chains that concentrale DDT, are facing cxtine-
tton, The United Nations report links the dangerous deterioration in world
resources to the simullancous world growih in population. Thc problem is
indeed a global one. The fat of seals on the Anrarclic icecap has been found
contaminaled with DDT and other pollutants—and, of course, our burgeoning
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ppsurge in numbers of people makes the extensive use of pesticides a necessity
in order to feed them. Our skill in producing washing dclergents and such
plastic materials as wrappers has produced a vast amounl of wastc material
that cannot be attacked by bacteria, and thus rendered innocuous, or destroyed,
with the result that our advances in technology are costing our environment
dearly.

Carbon dioxide and toxic gases from industry and motor cars is increasing,
and CO. in the atmosphere has a “greenhouse” cffect. It slows radiation of
heat from the earth, particularly at night, while having relatively little effect
in blocking entering heat from the sun during the daytime, This tends (o
raise the temperature on carth, and it has been calculated that, in something
of the order of a thousand years, we may expect a sufficient risc in the mean
temperature te melt the Anlarctlic icecap, which would raise the ocean levels
by some 300 feet and swamp out all cities within miles of coastlines. Happily,
the temperalure’s rise is not as rapid as it would be were it solely from the
“greenhouse™ effect of CO,, because solid pollutants producing our damaging
smog, including discharges from jet planes, have the effect of retarding the
entrance of heat from the sun, tending to balance out the *'pgreenhouse” effect of
carbon dioxide.

In a recent book, Dr, Charles F. Park, of Stanford University, holds that
the world population already is well beyond the number that can be supported
by our planci. He bases this on the fact that we are consuming our mineral
mesources at a rale thal cannnot be continued for long and he discounts the
argument that ample mineral resources can be obtained from the sea because
of the excessive cost. QOur technological society is consuming metals at an
appalling rate, which will rapidly increase if and when the developing countries
become industrialized, In 1967, the United States had a per capita consump-
tion of about onc ton of iron. He argues that, if global consumption reaches
that level by the year 2000, and the population has doubled, the world’s annual
demand for iron will be 12 times that amount. In similar considerations, assum-
ing the doubling of the population and industcialization of global areas not now
developed, he shows that there will be a 16-fold demand for lead and an 11-fold
demand for copper over loday. These figures are based on the assumption that
there will be no increase in per capita consumption by our highly technological
society between now and the turn of (he century, and such stagnation is highly
improbable.

We are, of course, rapidly exhausting our supply of fossil fuel, with the
expectation that nuclear reactors will take the place of the oil and coal burners
to supply energy. With the shift to nuclear fucls, there will be increasing prob-
lems of disposal of nuclear wastes in air, land, and water and this will markedly
accelerate dangerous contamination of our biosphere, with threals of increasing
malignancy and genelic damage.

It is the industrialized rich countries that do most damage to their environ-
ments, Indeed, most scrious overpopulation has been defined as cccurring in
thal nalion whose people, because of their numbers and activitics, most
rapidly deplete the ability of land-to support human life. The United States is
generally regarded to hold first place, in view of our affluence and vast industrial
complex, with the pollution il pours forth and its consumption of raw materials.
Wayne Davis has compared us to India. He sugpests that we speak of our
nun_'lbers in “Indian equivalents,” which he defines as the average number of
Indian citizens required to have the same detrimental effect on the land’s
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ability to support human life as would the average American. This value g
difficult to determine, but he lakes an extremely conservative working figure of
25 and concludes, with this Indian equivalent of 25, that the populalion of
the United States is now cquivalent to at least 4 billion in its environmental
damaging cffect compared to India, and Lhe rate of our growth is even more
alarming.

There arc only two solutions 1o the social discase of overpopulation. One
is to increase death raies and the other is to decrease birth rates. No one that
I know advocaies the former solution, although an all-out nuclear war would
solve the population problem. Fertility control on a rational basis is the only
other answer.

The “pill” was developed by the lale Gregory Pincus and M. C. Chang at
the Worcester Foundation for Experimental Biclogy and their principal col-
Jaborators, John Rock and Celso Garcia. It has proved to be a safe and effec-
tive oral contraceplive, despile scare headlines abowt side effects. Present oral

contraceplives are a beginning, and work with other compounds and other

" methods of fertility control ar¢ of great importance in coping with population
problems. This is so even while we recognize that ignorance, prejudice, and a
variety of soctal and psychological factors are the primary limiting conditions
of population control, In time, governments may find it necessary 1o act to
protect their people against their prolific reproduction. This is indeed an
abhorrent idea to most people, bui voluntary family planning is not cffective
in most couniries and the presenl growth rate can be utlerly desiructive of
civilizations if uncontrolled.

How can governmenis act to control population? Various supgestions have
been made.

1. Senator Packwood of Oregon is proposing a bill to limit Federal income
tax exemptions for increasing numbers of children. He would have 51,000
exemplion for the first child, $750 for the second, and $500 for Lhe third, but
none for subscquent children. On the other hand, Paul Ehrlich would eliminate
all tax deductions for all children and would add luxury taxes on diapers, baby
bottles, and baby food.

2. Various cash awards could be given for couples who refrain from having
children for definite periods.

3. Bachelors in many Europcan countrics have been taxed rather heavily
to encourage marriage and children. This process could be reversed, and single
people could be given tax advantages.

4. Late marriages could be insisted npon by governments.

5. Liberalization of aborlion laws and encouragement of male sterilization.

6. Temporary sterilization of all single girls by means of an implanted
time-capsule contraceplive, and of all women after each delivery, with re-
versibility allowed only on government approval, based on government deci-
sion as to population size,

7. Compulsory sterilization of men with three or more living children.

8. Various studies have shown that education and jobs for women reduce
the numkbers of children. Therefore, more education and more jobs for women.

9. A Fedcral bonus could be given for child spacing, and tax and welfare
benefits, with penalties for those who do not.

10. It has been pointed out that the devclopment of government social
securily systems in devcloping countries can have a marked reducing effect on
population growth. In India, for example, the only social security parents now
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have is the production of at least one son, who will carry on the farm and
provide for their old age, including the necessary religious.ntu_als so that they
can join their ancestors. In the past, with death rates very high, it was necessary
to have many children 1o assurc that one son would survive to care for the
parents. A Government social security system could take the place of the
securily furnished by surviving sons, as it has done in industrialized countries.

11. Some L5 years ago, the late Indian Ambassador, Mr. Chagla, said that
Indian's most pressing need was for a safe, cheap, effective oral contraceptive thal
could be put in food or drinking water to reduce fertility. Recently, Melvin
Ketchel has pointed out the probability that one or more such substances may
become available in the near future, and he discussed the ethical and social
problems that would be associaled with its use, He pointed out that such a
substance would, of course, not be used to sterilize a population corr_ap!etcly
but, depending on concentrations employed, could reduce fertility statistically
to predetcrmined desired levels, including, of course, the level of zero _grow_lh.

Considering the furor over fluoridation of water supplies, one can imagine
the public wproar that even the discussion of such a procedure would induce.
Compulsory government control of fertility in any form is abhorrent to most

cople, but it may well become necessary for survival itself if voluntary meth-
ods fail as they seem to be failing in many countrics, including those whose
governments accept and promote voluntary family planning. 1f we do not
control our populalions, I believe that a nuclear war will do it for us, Man is
the only animal that can dcliberately controf his own evolution. Let’s hope he
chooses rational procedures rather than a nuclear holocaust.

The American people are deeply enamored of the virtue of growth for its
own sake—pgrowth in population, growth in business enterprises, growth in
armaments, growth in gross national product, We even measure the virtue of
our automobiles by their size—the bigger, the better. It is my hope 10 sce the
time when quality of life will be separated from quantity in our value systems
and that any politician who boasts that he has ten children would be regarded
as too socially irresponsible to be elected Lo important public office.

If and when this day comes, we shall have control of our population prob-
lems as well as most of the problems of pollution,



CONTROL OF POPULATION: NUMBERS

John B. Calhoun

National Instituee of Mental Health
Bethesda, Md.

Inclusion of this topic on the agenda of the present assembly reflects a wide-
spread concern about this poorly defined topic. No solution of the human popu-
lation problemn will be reached unless we can gain morc appreciation of the
item man 1o be counted or of the meaning of control, Furthermore, neither
control nor counting may proceed rationally without placing the human present
into an evolutionary perspective embracing both past and future. My intent
here will be to consider sequentially (1) evolution, (2} counting, and (3} con-
trol. In treating the subject in this manner, it will be apparent that 1 am
forced into a holistic view of the issue. Much of the position taken here is
developed in detail clsewhere>®? 1 am purposely not irying to summarize
the opinions of others relating to population control. Rather, my purpose is to
develop a philosophy about the problem that will help us navigate a resolution
of the populalion crisis.

Evolutionary Perspective

Man as a biological species reached his presenl form about 57,000 years
ago. At that lime, the world population stood at about four-and-one-half
million. This population was formed by nearly 150,000 hunter-gatherer bands
averaging 12 adults and 18 children. The average band inhabited a territory
nearly 15 miles in diameter. Despite intervening changes in body size, terri-
torial extent of bands, or range of lhe specics, it is highly unlikely that the
biomass of man increased more Lhan tenfold during the previous million or
so years. During this long period of relative constancy of mumbers and bio-
mass, technological innovations of both genetic and cultural origin permitted
those groups that were more ¢fficient in extracling resources 1o supplant less
efficient ones,

However, beginning about 40,000 years ago, a drastic transilion in popula-
tion growth occurred, The world population doubled repeatedly. We arc now
witnessing the ilenth doubling, and those now born may sce an ecleventh
doubling--to nine billion—a 2,000-fold increase in only 40 millenia, Each suc-
cessive doubling required only half the tme of the prior doubling. From the
first doubling, requiring 20,000 years, the 11th could lake only 20 years.
Initiation of this unique irend marked lhe transition from biological-man-only
to man-become-human. Unless we appreciate the impori of this patiern of
populalion growth, unique in the animal kingdom, seclution of the present
population crisis will remain illusory.

Up to the beginning of this human era of evolution, man, like so many of
his progenitor species, lived in relatively closed social groups, which, on the
average, rarely excecded 12 adults. Through millions of years of evolution,
genetically based alteralions of physiology and behavior arose that optimized
salisfaclion from life within such small groups. Conforming to these altera-
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tions required maintaining a way of living that would ensurc continuance of
this small-group cxistence from generation 1o generation. Mecting this need
for intimate social living became the barrier that prevented biological man from
becoming human. Man, like his lesser brethren, could optimize gratification
from social living only if contacts with associates continued ar the rate that
pormally occurred within a small group of about a dozen adults.

The capacities for reproduction, with survival into adulthood, regularly
caused proups lo exceed this optimum number. As the size of any group ap-
proached twice the oplimum, the rate of increase in frustration from unsatis-
faclory intcrpersonal contacts became maximum. At this time, the group
would split and one portion would emigrate. Its only chance of survival lay in
jts capacily 1o replace a less efficient neighboring group. By this means, tech-
nological efficiency increased and rotal world population was preserved rela-
tively unchanged. :

The essential limiting factor to an increase in toral population was the
genctically built-in need of cach individual 1o experience meaningful contacts
wilh neighbors at a rate consistent with that in a small serniclosed group, Move-
ment within the bounds of the band’s lerritory ensured this rate of contact.
Becausc all available inhabitable space had long since been filled with territorics
of hunter-gatherer bands, no increase in total population was possible. Increase
remained impossible wuntil an essential discovery simulated invasion of unin-
habited physical space. It permitted social contact ai greater physical density
1o proceed at the same rate as if the members of cach larger group were dis-
tributed over a greater physical space.

Elaboration of social roles provided the key to this simulation of physical
spacc, Whenever a group invented or adopted new social roles, its numbers
within the former domain could increase accordingly without the necessity for
emigration. At the first social breakthrough, some 40,000 years ago, a simple
sexual differentiation of roles was sufficient Lo permit the group to increase
from 12 10 24 adulis. Within each of Lhese {wo role-defined subgroups, most
members gained most of the satisfactions of social living from within their own
subgroup relaticns. By this tactic, the rate of social contacts was preserved in
harmony with that demanded by the genclic constitution of every individual.
Each doubling of group size and each doubling of population demanded a
related increase in the number of social roles,

Such increase in social roles required comparable increases in the conm-

cepis Lhat made social relations more effective. As the population increased in
a given physical area, added concepls permitied more efficient mining of re-
sources. Both of these categories of concepts derive from the rotal information
pool available at any time. This total pool of information represents an
equivalence to physical space and may thus be termed “conceptual space.”
. At the time the world population stood at about four-and-one-half million,
it was primarily limited by available physical space and by the unmodified
natural resources containcd therein, Beyond this level of world population,
every further increase in the numbers of man required discovery of additional
conceptual space. At present, 99.9% of the space we live in is conceptual.
.{This is not to gainsay the importance of the 0.1% of the space we inhabit that
1s physical. Our present environmental crisis reveals how mismanagement of
lhls_n0w very small compenent of our “spatial” requirement threatens our
survival.)

Codification of the information forming this conceptual space into usable
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concepls has proceeded at a rate that makes this total pool of concepts pro.
portional to the square root of the magnilude of conceptual space. We may
equate this pool of concepis with human potentiality. Because increases ip
conceplual space are proportional to the increase in 1otal world population
it follows that with each quadrupling of population, human potentiality doubles:
the itern that is the average man so doubles. '

These trends of increase In population, conceptual space, and human
potentiality were possible during the past 40,000 years only 1o the cxtent that
two related bul independent processes exhibited paraliel devclopment. The
first of these includes such prostheses for information storage, transfer, and
transformalion as written documents and computers. The second linked larger
and larger numbers of individuals inlo cffective sociopolitical networks, Both
of these contribute Lo the rapidily and cffectiveness with which we “move"
through conceptual space. By sustaining thesc two processes, man has beep
creating successively larger and Funclionally more complex social brains. Brain
as a generic concept merely relales to the union of elements that permit the
storage, transfer, and transformation of information, Progressive devclopment
of social brain largely replaced the evelution of biological brain that terminated
as the current, or sapiens, cra of human evolution and population increase
began, 40,000 years ago.

This eruptive increase in man’s numbers will nced 1o continue only ag
long as it contributes to the evolution of social brain. Increase in numbers
should continue until all adult members of the world population are cffectively
united inte a single sociopolitical network. As we look back over the character
of prior unions during the past 40,000 ycars, a general pattern may be secn,
On the average, each doubling of world population has been accompanied by
a set of seven of rhe then exlant larger sociopolitical unions coalescing into a
new and larger social unity, Thus, each time world population doubled, the
geographic extent of the social brain increased sevenfold, Continuation of this
general trend has led to an increase in sociopolitical enclaves, or social brains,
from a diameter of about 15 miles to the exient represented by larger nations
today. This evolutionary course makes a world population of four-and-one-
half billion consistent with achicvemcnt of a stale of union in which seven
sociopolitical entities encompass all mankind. Conforming to this evolu-
tionary picturc means that by about 1985 there will have ariscn seven such
unions. In a similar fashion, final world union should be reached during the
first quarter of the next century. Attainment of this union will demarcate the
level of population beyond which further increase will no longer contribute
to evolution of social brain or o an increase in human potentiality.

Upper Optintum Popuiation

If the past trend of population increase conlinucd unabated to this time of
world union, Lhe total world population would stand at nine billion, which
might be defined as the upper optimum. “Unabated” includes the criterion of
a ratio of three children per two adulls in the standing population. If this
ratio dropped to 2.2 children per two adulls, consistent with approaching a
stable populalion, the optimum would drop to about seven-and-one-half bil-
lion, However, there arc reasons for suspecting Lhat continuing the evolutionary
process of enlarging social brain and increasing human potentiality beyond the
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tme of world unjon will require a continuing slow decline in worlq populaticn.
To initiate such a decline as average life expecctancy increases requires a furthc?r
reduction of the number of children to 1.5 or less per two adults. If this
degree of fertility decline is achieved by the time of worl_d union, the upper
optimum world population would stand at 6.3 billion or slightly below. Thu.:;,
\aking an cvolutionary perspective leads to the conclusion that an upper opti-
um world population will contain approximately 3.6 billion adu.lts. and enough
children to produce either a stable population or a slowly declining one.

Ideomass and the ltem Mon Being Counted

In either case, the nature of the item being counted has been treated onl.y
by implication. We are concerned with the individual as measured by his
otentiality for adding to the total information pool (conceptyal space) and
from its creating new concepts and acquiring and utilizing existing ones. As
already pointed out, the polentiality of the individual doubles each time the
population quadruples. This means that with each fourfold_ increase in popu-
Jation, the total capacity of mankind as an assembled species increases eighl-
fold. Multiplying the average potentiality of the individual by the total num-
ber of individuals provides a measure, ideomass, of the capacity of man as a
species. Therefore, when we speak of controlling population, we are conce_rn_ed
with numbers only to the extent that their product, with the average potentiality
of the individual, affects ideomass. To place individual potentiality, world
population, and ideomass into perspective, we may look a the degree of in-
creasc each should have attained by the time of world union early in the next
century, in contrast to their magnitudes at the time of transition, 40,909 years
ago, from biological-man to man-become-human. Individual potentiality will
have increased 45-fold; adult world population 2,000-fold, and ideomass,
90,000-fold. Qur present crisis is only pariially one of numbers; the main
crisis pertains to ideomass in which numbers and individual potentiality are the
basic factors.

Over the evolutionary-historical past, ideomass has continued to increase.
This increase has been made possible by linking more and more people lo-
gether into a social network to form more effective brain. But at the time of
gitaining the upper optimum world population, the linking of people with
people, as neuroms in a social brain, can na lenger contribute (o increase in
individual potentiality, which can arise only as brain in its generic scnse
enlarges. This enlargement of brain previously arose from an interaction
(product) between expanding nctworks of people and an expanding reper-
loire of information storing and processing prosthescs. With only this latter
factor functlioning to increase brain, the rate of increase in human potentality
will be so gradual that it will fail to provide the stimulus for further invention
of those informational prostheses required to further expand human potentiality.
For all praclical purposes, as long as world population is unchanged in numbers,
ideomass will remain constant. This means that human potentiality will remain
constant. The pattern of life will become ever more rigid and traditional.
Complete cultural traditionalism will then terminate the continuing experiment
that has been man. His cultural template governing behavior will make him as
strictly instinctive as are the simpler creatures controlied by genetic templates
that elicit predictable behavior in constant environments.





