
per hectare would represent only nine- 
tenths of 1 percent of the total. This 
suggests a remarkable ability of these 
undisturbed systems to entrap and hold 
nutrients. However, if these calcula- 
tions were based on actual amounts 
of calcium circulated each year rather 
than on the total, the percentage losses 
would be higher. 

On its completion, the Hubbard 
Brook study will have yielded estimates, 
for individual elements, of many of the 
parameters and flux rates represented 
in the nutrient !cycle shown in Fig. 1. 
These data will increase our under- 
standing of fundamental nutrient rela- 
tionships of undisturbed northern hard- 
wood forests, and they will provide 
baseline information from which we can 
judge the effects on nutrient cycling 
of such practices as cutting, burning, 
and the application of pesticides. 

Studies similar to these at Hubbard 
Brook could be established elsewhere 
in the United States. There are thou- 
sands of gaged watersheds operated by 
private and public interests (17), and 
some of these must meet the proposed 
requirements. On selected watersheds, 
cooperative studies could be made by 
the agencies or organizations control- 
ling the watershed and university-based 
investigators interested in biogeochemi- 
cal cycling. Just such cooperation, be- 
tween federal agencies and universities, 
has been urged by the Task Group on 
Coordinated Water Resources Research 
(21). 

Cooperative studies of this type have 
the advantage of providing a useful 
exchange of ideas between scientists in 
diverse fields who are working on the 

same ecosystem. The studies would pro- 
vide a larger yield of information on a 
single system, the prospect of new con- 
cepts arising from the available infor- 
mation, and a greater scientific yield 
per dollar invested. Finally, coopera- 
tive studies would make available, for 
interpretation from the standpoint of 
nutrient cycling, an invaluable record 
of past hydrologic performance and, 
in some cases, of the responses of 
watersheds to experimental manipula- 
tion. 

Conclusion 

The small-watershed approach to 
problems of nutrient cycling has these 
advantages. (i) The small watershed is 
a natural unit of suitable size for in- 

-tensive study of nutrient cycling at the 
ecosystem level. (ii) It provides a means 
of reducing to a minimum, or virtual- 
ly eliminating, the effect of the diffi- 
cult-to-measure variables of geologic 
input and nutrient losses in deep seep- 
age. Control of these variables makes 
possible accurate measurement of nu- 
trient input and output (erosion) and 
therefore establishes the relationship of 
the smaller ecosystem to the larger bios- 
pheric cycles. (iii) The small-watershed 
approach provides a method whereby 
such important parameters as nutrient 
release from minerals (weathering) and 
annual nutrient budgets may be calcu- 
lated. (iv) It provides a means of study- 
ing the interrelationships between the 
biota and the hydrologic cycle, various 
nutrient cycles, and energy flow in a 
single system. (v) Finally, with the 

small-watershed system we can test the 
effect of various land-management prac- 
tices or environmental pollutants on nu- 
trient cycling in natural systems. 

References and Notes 

1. L. C. Cole, Sci. Amer. 198, 83 (Apr. 1958). 
2. E. P. Odum, Ecology (Holt, Rinehart, and 

Winston, New York, 1963). 
3. R. Revelle, W. Broecker, H. Craig, C. D. 

Keeling, J. Smagorinsky, in Restoring the 
Quality of Our Environment (Government 
Printing Office, Washington, D.C., 1965), pp. 
111-133. 

4. L. C. Cole, Saturday Rev. (7 May 1966). 
5. E. P. Odum, Fundamentals of Ecology 

(Saunders, Philadelphia, 1959). 
6. J. D. Ovington, in Advances in Ecological 

Research, J. B. Cragg, Ed. (Academic Press, 
New York, 1962), vol. 1. 

7. A. G. Tansley, Ecology 16, 284 (1935). 
8. L. B. Slobodkin, Growth and Regulation of 

Animal Populations (Holt, Rinehart, and Win- 
ston, New York, 1961). 

9. H. 0. Buckman and N. C. Brady, The Nature 
and Properties of Soils (Macmillan, New 
York, 1960). 

10. W. H. Pearsall, Mountains and Moorlands 
(Collins, London, 1950). 

11. E. Dahl, "Rondane. Mountain vegetation in 
South Norway and its relation to the environ- 
ment," Skrifter Norske Videnskaps-Akad. Oslo 
I, Mat. Naturv. Ki. 1956 ( 1956). 

12. D. A. Ratcliffe, J. Ecol. 47, 371 (1959). 
13. C. Bould, in Plant Physiology, A Treatise, 

F. C. Steward, Ed. (Academic Press, New 
York, 1963), vol. 3. 

14. J. R. Bray and E. Gorham, in Advances in 
Ecological Research, J. B. Cragg, Ed. (Aca- 
demic Press, New York, 1964), vol. 2; K. J. 
Mustanoja and A. L. Leaf, Botan. Rev. 31, 
151 (1965). 

15. D. W. Cole and S. P. Gessel, Soil Scd. Soc. 
Amer. Proc. 25, 321 (1961); , in Forest- 
Soil Relationships in North America, C. T. 
Youngberg, Ed. (Oregon State Univ. Press, 
Corvallis, 1965). 

16. D. W. Cole, Soil Sci. 85, 293 (1958). 
17. C. 0. Wisler and E. F. Brater, Hydrology 

(Wiley, New York, 1959). 
18. R. E. Dils, A Guide to the Coweeta Hy- 

drologic Laboratory (Southeastern Forest Ex- 
perimental Station, Asheville, N.C., 1957). 

19. R. H. Whittaker, Ecol. Monographs 23, 41 
(1953). 

20. A. N. Strafier, The Earth Sciences (Harper 
and Row, New York, 1963). 

21. R. Revelle, Science 142, 1027 (1963). 
22. Financial support was provided by National 

Science Foundation grants GB 1144 and GB 
4169. We thank J. Cantlon, N. M. Johnson, 
R. C. Reynolds, R. H. Whittaker, and G. W. 
Woodwell for critical comments and sugges- 
tions during preparation of the manuscript. 

Where Is Biology Taking Us? 

Robert S. Morison 

Others in this symposium (1) have 
described the expected improvement in 
our knowledge of perception, cogni- 
tion, and learning, and have shown 
how these improvements can be ex- 
pected to facilitate the educational 
process. It remains for me to try to 
identify some of the long-term practical 
consequences of these trends, so that 
we can prepare ourselves to exploit 
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the advantages and minimize the dan- 
gers which accompany any advance 
in knowledge or technique. As formal 
education improves in effectiveness, it 
seems natural to suppose that its public 
image will continue to be enhanced. 
We in the United States have always 
held institutionalized education in high 
respect and, second only to our Soviet 
friends, have looked to it to solve all 

manner of individual and social evils. 
As it becomes more and more capable 
of actually doing so, its prestige must 
necessarily continue to increase con- 
comitantly. What, then, are the prob- 
able consequences of the increased 
prestige of institutionalized education? 
No doubt there will be a considerable 
number, but I should like to look 
particularly at its effect on more tra- 
ditional ways of transmitting accumu- 
lated experience to a new generation 
and to lay before you my reasons for 
believing that, as public recognition 
of formal education continues to rise, 

The author is director of the Division of Biolog- 
ical Sciences, Cornell University, Ithaca, New 
York. This article is adapted from a lecture 
presented in October 1966 at the California 
Institute of Technology, Pasadena, on the occa- 
sion of the Institute's 75th Anniversary Convoca- 
tion. 

429 



the prestige and influence of the 
family will continue to decline. As 
you will see, many if not all of the 
reasons have a strong biological cast. 
Whatever the reasons, if the conclu- 
sion is approximately correct, we 
would do well to try to predict and 
prepare for the consequences-some 
of which will be of biological, and 
all of which will be of great psycho- 
logical and sociological, importance. 

The principal reasons for expecting 
a decline in the prestige of the family 
may be briefly listed as follows. 

1) The family, which is a fine me- 
chanism for transmitting conventional 
wisdom in a relatively static society, 
is relatively poor at assimilating and 
transmitting new knowledge essential 
to survival in a rapidly moving world. 

2) Growing awareness of the popu- 
lation problem and of human genetics 
weakens the prestige of the family as 
the basic unit of human reproduction, 

3) Increasing knowledge of the 
plasticity of the human nervous system 
in early life will encourage further in- 
vasion of the home in the name of 
ensuring equality of opportunity. 

Let us now explore each one of 
these propositions a little more fully.: 

Inadequacy of the Family as a 

Transmitter of Knowledge 

Survival in the modern world de- 
pends on a rapid mastery of new 
knowledge. One of the clearest ex- 
amples, and a nice biological one at 
that, is to be found in the production 
of food. By and large, the most suc- 
cessful nations today are those that 
have conscientiously applied modern 
biological knowledge to the raising of 
food. The invention of the spinning 
jenny made such a difference in the 
social and economic life of Western 
Europe that, ever since, we have been 
taught to think of the industrial revo- 
lution in terms of the dark satanic 
mills of the 19th century and the spot- 
less, brightly lighted production lines 
of the 20th. But none of this would 
have been possible if agriculture hadn't 
been made more productive at the 
same time. In recent years the rate of 
production per man-hour has been in- 
creasing more rapidly in agriculture 
than in conventional industry. Ironical- 
ly enough, it appears that the continu- 
ing backwardness of most Communist 
countries, when measured in terms of 
standard of living, has been due pri- 
marily to a failure to assimilate mod- 
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ern agricultural practices-partly for 
doctrinal reasons, and partly because 
of simple errors in planning. 

When we shift our view from the 
survival of nations to the survival of 
the individual farmer, the principle is 
the same, but the poignancy of the 
situation becomes much clearer. The 
individual farmer who fails to keep 
up with the flow of new knowledge 
is out. In my own state of New York, 
the dairy business illustrates the trend. 
In 1930 the number of individual 
dairy farms reached a peak of 70,000. 
In 1964 the number had fallen to 
36,000, and it is still declining rapid- 
ly. Milk production has nevertheless 
increased by nearly 50 percent. To be 
sure, individual farms are larger in 
terms of acres, but the number of men 
employed per farm has remained rela- 
tively constant, more constant than any- 
thing else in the dairy business. 

One obvious social consequence of 
this change has been the heartache of 
35,000 farmers who have had to admit 
defeat, suffer foreclosure, or sell out 
just ahead of the sheriff. Another has 
been the growing recognition of the 
importance of new knowledge and its 
rapid assimilation. Farming is highly 
competitive and operates on a very 
close margin. In recent years the pro- 
duction of broilers has declined very 
sharply in New York State simply be- 
cause New York can't compete with 
states farther south in such matters as 
the cost of heating the chicken houses. 
In circumstances such as these, a farm- 
er survives only if he keeps abreast 
of a mass of rapidly changing bio- 
logical knowledge and of the even 
more unpredictable shifts in economic 
trends. The source of such knowledge 
for most farmers is the land-grant col- 
lege or university and its network of 
extension agents. Consequently, the 
rural community in the United States 
has developed a healthy respect for 
scientific knowledge and the institu- 
tions which produce and promulgate it. 

Inevitably, the prestige of more tra- 
ditional repositories of knowledge and 
know-how has declined. Of these 
changes, the change in status of the 
family is perhaps the most important. 
The young boy or girl on the farm 
no longer looks to mother to learn 
about the setting of hens or to father 
to learn how to plow, fertilize, and 
harvest; instead he joins a 4-H club 
to learn about inbred and hybrid strains, 
antibiotics, hormones, and artificial in- 
semination. 

Farming provides but one example; 

expertise has replaced conventional 
wisdom in an ever-widening circle of 
human affairs. The trend began, of 
course, a long time ago and became 
particularly noticeable in this country 
at the height of the massive immigra- 
tion from Europe. Observers of the 
social consequence of this movement 
have pointed out that the low estate 
of fathers in the United States can be 
traced in large part to the fact that 
the conventional wisdom of the immi- 
grant European peasant was of little 
use to his children in their effort to 
adjust to a new world. By now, this 
inadequacy of immigrant fathers has 
lowered the status of almost all males 
over 35, since the New World is no 
longer a Geographical concept but a 
chronological one. A similar loss of 
status is found in the scientifically 
based professions, notably in medi- 
cine, where the senior member of the 
hospital staff is no longer the court of 
last resort simply because he has ac- 
cumulated the most experience. In 
some ways the young man who has 
just finished his residency has the most, 
or at least the most relevant, experi- 
ence because he has been the most 
fully trained in new and more pene- 
trating methods of seeing, hearing, and 
smelling. 

Particular interest attaches to the 
status of what might be called moral 
wisdom in this rapidly changing world. 
In earlier times the repositories of 
knowledge, wisdom, and morals were 
inextricably intertwined. The high 
priests of the early riverine societies 
were the astronomers, the biologists, 
the philosophers, the lawyers, and the 
religious leaders, all wrapped into one. 
To a large extent, scientific and theo- 
logical knowledge coincided. The rapid 
growth of scientific knowledge in our 
own time has resulted in a greater and 
greater gulf between natural and theo- 
logical knowledge and a considerable 
decline in interest in the latter. Ethics 
and morality occupy an uneasy posi- 
tion somewhere in between. 

Although it is customary in all ages 
to throw up one's hands in horror 
over declines in standards of behavior, 
the astonishing thing is that the decline 
in respect for fathers, mothers, and 
priests as repositories of expert scien- 
tific knowledge has not been accom- 
panied by more of a decline in respect 
for their moral influences. As com- 
pared to our views on the nature of 
matter, the origin of the seasons, the 
control of the weather, and even on 
the creation and nature of man himn- 
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self, our views on private property, mur- 
der, rape, and adultery have changed 
very little since the time of Moses. 

I suggest that we may be approach- 
ing the end of this dualism. There 
are several reasons for believing that 
we can no longer keep our system of 
moral values and our system of sci- 
entific expertise in separate water-tight 
compartments. Perhaps most impor- 
tant is the fact that science, and es- 
pecially biological science, has pro- 
duced evidence to reinforce some an- 
cient exhortations and weaken the hold 
of others, and has invented, or at least 
called attention to the significance of, 
an entirely new range of good and 
bad behavior. 

To take a perhaps morally trivial 
but practically very important ex- 
ample of the first of these points, the 
Surgeon General's report contains far 
more and far better reasons for not 
smoking than all the exhortations of 
the Epworth League put together. 
Admittedly, the statistics do not yet 
support the notion that appeals to 
scientific analysis will be any more 
effective as guides to right conduct 
than appeals to divine revelation or 
parental authority have been in the 
past. So far, unfortunately, it is easier 
to show how the progress of knowl- 
edge weakens the older sanctions than 
to demonstrate its ability to establish 
new ones. 

Nevertheless, it seems reasonable to 
expect that, however slowly, we will 
increasingly look to careful evalua- 
tion of evidence on outcomes of al- 
ternative courses of action as guides 
to right conduct. Insofar as the fami- 
ly is unable to assimilate and transmit 
such evidence it will continue to lose 
its already dwindling influence in the 
area of morals and ethics. 

Let us turn then to our second 
point, the impact of biological knowl- 
edge on the concept of the family 
as the unit of human reproduction. 
No longer can a mother and father 
take satisfaction in unrestricted repro- 
duction as the straightforward fulfill- 
ing of God's injunction to go forth 
and multiply. The evidence is convinc- 
ing that, beyond a certain point, re- 
production is not a social good but 
an overwhelming social evil. 

The father of a large family must 
increasingly exchange the swelling 
pride of the pater familias for an em- 
barrassed giggle over his carelessness 
or ineptitude. 

Even if we admit in principle, as 
most of us do, that some families 
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ought to have more children than 
others, it is not easy to specify the 
numbers in particular cases. For so- 
ciety as a whole it is not too difficult, 
perhaps, to arrive at some quantitative 
figure for the rate above which a popu- 
lation curve should not rise. For the 
individual, the problem is far more 
complicated, since, before he can settle 
the quantitative question, he must con- 
sider some very difficult qualitative 
questions and make some difficult value 
judgments as well. 

Even if a- government decides that 
the average family should consist of 
2.5 children, the ultimate social de- 
cisions must emerge as the sum of a 
very large number of individual de- 
cisions. The presumption is that fami- 
lies with "good genes," a mother and 
father skilled in raising children, and 
sufficient money to sustain a good 
standard of living but not so much 
as to spoil or corrupt their children 
should have more children than fami- 
lies that don't enjoy these advantages. 
But who is to say what are the 
good genes or the most suitable child- 
rearing practices, and who will weigh 
out just the right amount of money? 
Even the purely biological considera- 
tions are not simple. Perhaps the 
easiest cases are the clearly negative 
ones. For example, a known carrier 
of a more or less fully expressed dom- 
inant defect as disastrous as Hunt- 
ington's chorea will probably have 
little difficulty electing to forgo the 
raising of natural offspring. But what 
about the unusually talented who carry 
a recessive gene for something like 
pancreatic fibrosis or sickle-cell anemia? 
If they marry another carrier the 
chances are 1 to 4 that any children 
they have will exhibit the defect. How 
is this to be balanced against the 
chances of producing unusually ca- 
pable offspring? If the carriers try to 
avoid the dilemma by identifying non- 
carriers as prospective mates (and the 
progress of science makes such iden- 
tification increasingly possible), they 
will merely contribute to spreading 
the defect ever more widely through 
society, so that succeeding generations 
of carriers will find it ever more 
difficult to find suitable mates. 

It is considerations like this that 
have led some very eminent geneticists 
to suggest abandoning the concept of 
the family as the unit of human re- 
production in order to follow theo- 
retically more suitable models derived 
from animal husbandry. Even more 
dramatic are the possibilities now be- 

ing conjured up of eliminating de- 
fects and producing unimaginable vir- 
tues by tinkering with the genetic code 
itself. Even though it seems unlikely 
that a substantial number of people 
will shortly abandon classical methods 
of reproduction for the models de- 
rived from animal husbandry or bac- 
terial transformation, it is undeniable 
that the progress of science is bring- 
ing about a growing separation be- 
tween the phenomena associated with 
sexual attraction and those involving 
reproduction per se. Much of the con- 
ventional moral apparatus of almost 
all societies has, however, been based 
on the assumption of an extremely 
close tie between the two. Clearly, 
we are in for some big changes, the 
social consequences of which are not 
easy to see. 

Much attention has of course been 
given to presumed changes in the pre- 
marital habits of our adolescent and 
college populations, though there is 
relatively little evidence as to how ex- 
tensive these changes really are. Much 
more important, it seems to me, are 
the changes which may come in the 
institution of the family if sexual 
behavior and reproduction become 
completely separated from one an- 
other. Many of us who have become 
impatient with the Roman Catholic 
church for the deliberate way in 
which it has approached the popula- 
tion problem must sympathize with the 
reasons for its reluctance. Although 
one has noticed a tendency to play 
down the purely theological aspects, 
the problem for the church is still 
based on a reluctance to abandon the 
natural-law position that the point of 
sex is reproduction. Once sex and 
reproduction are separated, society 
will have to struggle on the one hand 
with defining the nature of inter- 
personal relationships which have no 
long-term social point other than the 
satisfaction of the individuals con- 
cerned; on the other hand, it will have 
to seek new ways to ensure reason- 
able care for infants and children in 
an emotional atmosphere which lacks 
biological reinforcement through basic 
sexual and parental drives. Although 
there are plenty of successful foster 
mothers and fathers, the application 
of the principle of foster homes oan 
a much wider scale than the present 
one would seem to require a far 
higher degree of moral sophistication 
than the average person is likely to 
possess. It may, for example, be only 
the unusual husband who will feel 
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very warmly about the children that 
result from the artificial insemination 
of his wife. 

As pointed out above, a third type 
of assault on the integrity and au- 
thority of the family is almost cer- 
tain to grow out of our increasing 
knowledge of the biology and psy- 
chology of infancy and early child- 
hood. Although relatively little is 
known in this area with any real cer- 
tainty, all the evidence we have points 
to the importance for future develop- 
ment of influences brought to bear 
during the first 5 or 6 years of life. 
These are the years which the child 
ordinarily spends in the bosom of his 
family, and evidence is accumulating 
that it is this fact that is primarily re- 
sponsible for the relative fixity of the 
socioeconomic class structure of a 
country like the United States. 

Just as a wider appreciation of the 
science of genetics has made a pleas- 
ant 18th-century fantasy of the stir- 
ring phrase "all men are created 
equal," growing knowledge of the 
plasticity of the human nervous sys- 
tem, of critical periods in develop- 
ment, and of the phenomena of im- 
printing and releasing as well as of 
conditioning and stimulus-response 
learning has made it quite clear that 
it is idle to talk of a society of equal 
opportunity as long as that society 
abandons its newcomers solely to their 
families for their most impressionable 
years. The institution of such pro- 
grams as Head Start testifies to the 
growing awareness that society must 
in effect invade the sanctity, or at 
least usurp some prerogatives, of the 
home if it is to assure equal oppor- 
tunity for all. As society itself be- 
comes more complex and demands an 
even higher standard of emotional and 
intellectual competence from all its 
members, it seems increasingly un- 
likely that at any level it can rely 
exclusively on the haphazard educa- 
tional procedures provided by home 
environments during the most impres- 
sionable first 6 years of life. 

I am not advocating that the family 
be abolished. I am merely pointing 
out that some of its functions have 
already been taken over by other so- 
cial agencies and that more are likely 
to follow. 

We have already accepted, with 
only a minimum of protest, the prin- 
ciple that children who don't get 
enough food at home should be prop- 
erly fed at school (though it must be 
admitted that this social advance was 
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facilitated by the fact that many nor- 
mally Republican states were at the 
time producing excessive amounts of 
grain and dairy products). There is 
still some difficulty in providing sex 
education in school for the children 
of parents too dogmatic or too 
squeamish to provide it at home, but 
the opposition is crumbling. Some- 
what curiously, the major public op- 
position to invasion of the home by 
the State seems to center at present 
on the right of the parents to decide 
whether or not their children shall 
have dental caries. 

While on the subject of idiosyn- 
cratic defenses of parental prerogatives, 
I can't forbear mentioning an old 
friend and former boss of mine, now 
a highly placed official in the Great 
Society, who used to lecture the 
Scarsdale School Board on the dan- 
gers to individual liberty inherent in 
courses in driver education. 

As evidence accumulates that in- 
fants who have mobiles floating over 
their cribs develop hand-eye coordina- 
tion faster, and that those who have 
books at home learn to read earlier, 
than those who don't have these 
amenities, it seems inevitable that so- 
ciety will provide aids to development, 
just as it now provides vaccination 
and school lunches. 

Certain other functions of the fami- 
ly-notably the maintenance of a 
reasonably stable emotional atmos- 
phere, with some more or less regu- 
larly available mother figure for the 
child to cling to in time of stress-are 
likely to be most effectively and eco- 
nomically provided, for some time to 
come, by the family as we have tra- 
ditionally known it. Presumably, some 
inventiveness will be needed to pre- 
serve and, if possible, enhance these 
roles while allowing for the inevitable 
decline of familial function in other 
areas. 

Although I believe it to be a matter 
of great importance that those func- 
tions which the family can perform 
better than any other social mech- 
anism be defined and strengthened, it 
is not my purpose to propose how 
this may be done. What is equally 
important is for society in general to 
recognize what is happening and to 
become more conscious of the need 
to develop a new mechanism for sup- 
plying the individual rewards and 
satisfactions, and for strengthening the 
ties between human beings, which used 
to be provided almost wholly through 
family life. 

It is not very hard to believe 
that, on balance, the expected erosion 
of parental responsibility in certain 
areas will be good for the child. It is 
less easy to be sure of the effect on 
the parents. The principal fear of those 
who would keep society, or the even 
more frightening State, out of the 
home is that too much control of 
growth and development will reduce 
the freedom of the individual and, in 
the long run, produce a colorless, con- 
formist society. I have relatively few 
worries on this score. Education has 
never turned out the exact product 
the educators had in mind, and I 
am reasonably confident that it never 
will. To use a phrase taught me by 
L. J. Henderson, "it is an induction 
from experience" that it is the most 
educated people in a society who are 
the least conformist and the most in- 
novative. The Reformation was 
sparked by highly trained monks like 
Luther and Calvin, and, in our own 
time, the leaders of the Russian revo- 
lution were drawn from the intelli- 
gentsia of the old regime. Conversely, 
those who worry about the con- 
formity of the organization man 
should reflect that the greatest con- 
formist of all history has been the 
unlettered peasant, whose ways are 
much the same on every continent 
and have scarcely changed in 4000 
years. 

No, the real point of bringing edu- 
cation into the home at the earliest 
possible age is not to induce con- 
formity but to cultivate the plasticity 
-the almost infinite adaptability-of 
the human nervous system. Deprived 
of appropriate sensory inputs at an 
early age, it may never realize more 
than a fraction of its capacity. Stereo- 
typed behavior is the result not of 
training but of deprivation. It is hard 
to see how enriching the environment 
and increasing the contacts of young 
children can do other than increase 
their capacity for intelligent choices 
later in life and thus free them from 
both external and internal constraints 
that normally limit personal freedom. 

The difficulties that are likely to 
arise are of quite a different sort and 
would, in the first instance, be visible 
in the parents. Insofar as parents are 
relieved of responsibility for their chil- 
dren and the functions of the family 
become diffused throughout society at 
large, the parents are likely to feel 
less significant in the scheme of things. 
It is now widely noted that it is in 
the so-called advanced countries, 
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where the problems of immediate sur- 
vival have largely been solved, that 
men are least convinced that life has 
any real point. Lacking the spur of 
hazards to their own lives, many 
people find a feeling of significance 
in their role as parents. As a personal 
example, let me note that I have not 
felt seriously anxious in an airplane 
since my children reached the age at 
which they could quite obviously take 
care of themselves. One way of in- 
terpreting this phenomenon is to say 
that life means somewhat less to me 
now that I recognize that my con- 
tinued existence is less important to 
my children. 

If we are right in predicting that, 
in the future, almost everyone will 
have fewer children and that an in- 
creasing number of people, for sound 
genetic reasons, will have none at all. 
and if, furthermore, we are right in 
predicting that society will take a 
larger share of responsibility for the 
welfare of the infants and children 
who do manage to get born, it seems 
inevitable that larger and larger num- 
bers of people will be deprived of 
the pride of parenthood and that by 
so much will their sense of worth be 
diminished. 

Alternatives 

If all this is even approximately 
true, it would seem essential to set 
about devising substitutes or sublima- 
tions. Somehow people must be made 
to expand their sense of loyalty and 
responsibility to include a larger 
share of the human race. 

Such an expansion of responsibility 
is pressingly important on other 
grounds, for, as I hinted above, the 
advance of biological knowledge has 
created new misdemeanors if it has 
not induced new sins. As Wadding- 
ton (2) and others have shown, it is 
no longer sufficient to assess our be- 
lhavior in terms of its results on those 
immediately around us. Much of what 
we do has some sort of numerical 
probability of injuring someone else 
we have never seen-on another con- 
tinent, perhaps, or even in a genera- 
tion yet unborn. As we sum the in- 
creasing probabilities of these adversi- 
ties we find life growing intolerable 
for a large share of the human race. 
We are thus becoming statistically re- 
sponsible for the purity of the air we 
breath, the water we drink, and the 
safety of the highways we drive on; 
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but, so far, it is hard for us to feel 
a statistic. And, without the proper 
feeling, few of us can be moved to 
change -our behavior. Perhaps the 
most important social consequence to 
be hoped for from our increase in 
biological knowledge is development 
of the ability to feel statistical mean- 
ing so keenly that we will modify 
our actions in adaptive directions. 

Maybe it will take some drastic 
biological mutation, but, when we 
do develop the ability to feel statistics, 
we will give up smoking when we 
read the Surgeon General's report, 
feel as pleased with ourselves for not 
having children as we now feel for 
having them, and be delighted to get 
together with our fellows to fluoridate 
our water or to cease pouring in- 
completely burned hydrocarbons into 
our atmosphere. 

What can we do short of the pro- 
posed drastic mutation, which in any 
case will come too late? Clearly, we 
must turn to the more rapid way of 
changing human behavior and rely on 
cultural rather than biological evolu- 
tion. Here we find that one of the 
very real difficulties in reaching a 
general solution of the human predica- 
ment lies in the inescapable biological 
paradox that we experience life as 
individuals while in the long run we 
survive as members of society. 

Our homeostatic apparatus, which 
has come down to us from a former 
generation, is geared to producing in- 
tensely personal sensations of hunger, 
pain, fear, and rage whenever our 
existence as individuals is threatened. 
Our dependence on a social context 
is less clearly defined in immediate 
consciousness. At the level of social 
organization represented by the family, 
certain basic attractions and respon- 
sibilities are built into our biological 
structure in the form of sexual and 
maternal love and a somewhat more 
uncertain and ambivalent sense of filial 
dependence. 

As we go up from there through 
the village, the tribe, and the state 
to the comity of nations, the ties that 
bind derive less and less from in- 
stinctive patterns or immediate con- 
scious sensations and more and more 
from inference and abstraction. 

Society has therefore had to invent 
ways of coupling its needs to the 
emotional apparatus of the individual. 
Religion and art were two of the 
most important of such inventions. In 
an earlier time a large proportion of 
artistic production served a patriotic 

or religious (and, in consequence, a 
social and moral) purpose-for ex- 
ample, by making the individual feel 
in his bones the importance of dying 
for his country, or, at a higher and 
more abstract level, the mystical unity 
of the brotherhood of man as children 
of God. 

Now we seem to face unprecedented 
needs for mobilizing all possible aids 
to help the individual perceive the 
needs of society at large and to 
identify himself with them. Not only 
have the social and economic develop- 
ments of the last few centuries made 
everyone far more dependent on 
everyone else for the means of sub- 
sistence but, as I have tried to show, 
the responsibility for development of 
the individual personality, even at very 
early stages, is shifting from the fami- 
ly to society at large. Conversely, an 
increasing number of individuals must 
seek emotional security and a sense 
of significance in roles which greatly 
transcend the classic limits of family 
or village. 

In view of these obvious and press- 
ing needs it is certainly curious and 
probably rather frightening that so 
large a proportion of the artistic and 
literary community has elected to stand 
aside like a Greek chorus, chanting 
over and over again, "See the un- 
happy man who can do nothing other 
than endure the existential suffering 
forced on him by a hostile and mal- 
formed society." 

These are not merely the thoughts 
of an unfeeling biologist striking out 
at random against another culture. A 
far more penetrating analysis of the 
state of modern literature and its im- 
pact on the university and intellectual 
world may be found in the recently 
published essays and lectures of one 
of the finest humanist critics of our 
time, Lionel Trilling. The principal 
message of these papers is quite ex- 
plicitly that modern letters are oriented 
against society-not, as used to be the 
case, against a particular society, or 
a particular outmoded social norm, 
but against the very idea of society-in 
other words, against any society at all. 

As a biologist, I find the predict- 
able biological consequences of such 
an attitude terrifying. 
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