
SCIENCE 

-------- P_--__-__---d__l-

FRIDAY, 10, 1909 DECEMBER 

OO&TTE?i7TS 

The Food Supply of the Future: PROFESSOR 
H. P. BRVSBY. . . . . . . . . . . . . . . . . . . . . . . . .  817 

A Defence of Sani ty:  FREDERICPROFESSOR 
S. LEE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .823 


Anton Dohrn, Pounder and Director of the  
Naples Aquarium: DR. STEWART PATOK. . 833 

The Palemtfological Society of America . . . . .  835 
The American Association for the A&mce- 

ment of Science . . . . . . . . . . . . . . . . . . . . . . . 836 
The Convocation Week Xeeti,ngs of Scientific 

Societies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .837 
Scientific Notes and Xetvs . . . . . . . . . . . . . . . .  838 
University amd Educatio+wl h7ews . . . . . . . . .840 
Discussion and Correspondence :-

International Language: DR. W .  J. SPILL-
&IAN, KARL F. KELLERMAN.College Soli- 
darity:  F, M. PERRY. . . . . . . . . . . . . . . . . . .  841 

Quotations:-
Secondary Education i n  Agricultuve i n  t he  
United Sta.tes . . . . . . . . . . . . . . . . . . . . . . . . . .848 

Scientific Books :-
Richards's E~per imente l te  Untersuchungen 
iiber Atoqngewichte: DR. F .  W .  CLARKE. 
Johannsen's E l emmte  der Ercakten Erblich- 
keitslehre: PROFESSOR 850CHAS. B. DAWKPORT 

SpeciaJ Articles :-
The Action of Radium Salts on Rubies: 
PROFESSORCHAS. BASKERVILLE. Demon-
stration of Electrical Oscillations: DR. 
WALTERG. CADY . . . . . . . . . . . . . . . . . . . . . .853 

Sodeties and Academies:- 
The  American Philosophical Society. The  
Biological Society of Washington: &I, C. 
MARSH. Northeastern Section of the Arner. 
icam Uhemical Society: K. L. MARK...... 755 

B18S. intended for publication and books, etc., intended for 
review should be sent to the Editor of SCIENCE,Garrison-on-
Budson, N, Y. 

T H E  FOOD SUPPLY OF T H E  FUTURE' 

FROMvarious sources we have heard of 
late warnings of a deficiency in the food 
supply of the future population of the 
United States. 

Thus President James J. Hill in his ad- 
dress before the Bankers' Association, and 
Inore elaborately in his recent article in 
Tlze World's W o r k ,  sets forth in striking 
terms the growth of our population and the 
present limits of wheat production and 
predicts a shortage of not less than 400,- 
000,000 bushels by the middle of the pres- 
ent century unless radical improvements 
in the prevailing methods of farming are 
speedily inaugurated. 

Davenport, in his address at the dedica- 
tion of Agricultural Hall at  the University 
of Maine, calculates that if the rate of in- 
crease of population in the past one hun- 
dred years be maintained, the end of the 
twentieth century mill see us with a popu- 
lation of twelve hundred millions, and 
emphasizes the fact that the agriculture 
of the future must be enormously produc- 
tive in order to feed these teeming mil-
lions. He says: 

The conditions t ha t  have just been discussed 
will not be temporary and transient; they will be 
enduring, yes, permanent, and they  must  be met  
b y  a permanent agriculture-a thing t he  world 
has never yet succeeded i n  establishing. Xo race 
has ever yet learned t o  feed i tsel f  except a t  the  
expense o f  the fert i l i ty  o f  i t s  own or some other 
country. Other races have come u p  against th is  
problem and have gone down under it. . . .  

There i s  t o  be, i n  the  kery  near future,  a 
struggle for land and the  food i t  will produce 

Presidential address delivered before the  Amer- 
ican Society o f  Animal Sutr i t ion  a t  Chicago, Ills., 
November 27. 1909. 



such as  the world has never yet bcheld. He ~vllo 
knows where and how t o  look can see i t  coming. 
The African artivity among western European 
nations is a part  of it. It is always cheaper to 
move when over-population and failing fertility 
threaten a shortage of food-providing there is 
any place to  move into; that is, providing we can 
dispos3ess the other party and his land is worth 
the contest. 

ISowcver that  may be as  an abstract proposi- 
tion, for us there is no moving. Bor us there are 
no more "new worlds." For us there is little 
more "out west." Our fortune and our future, 
whatever they may be, are stalred down on the 
American continent. Literally, "here we rest," 
and whether we like i t  or not, we must devise and 
establish a permanent agriculture or go down in 
the attempt. 

Much the same general line of thought 
was followed by President J. L. Snyder in 
his annual address before the Assocjation 
of American Agricultnral Colleges and 
Experiisrent Stations, but with special 
emphasis on the social significance of a 
straitened food supply. He said: 

. . . agriculture has contributed to democracy 
more than we can estimate by furnishing our 
people with an abundant food supply. So fertile 
has been our land, so extensive our fields, so 
abundant our harvests of grain and fruit, that 
the best anlt highest grades of food have been 
within the reach of every citizen who has been 
willing to do an honest day's work. It matters 
not what his occupation and social position, be 
they ever so humble. We and his family enjoy 
practically the same kinds of food a+ that  enjoyed 
by families of wealth and prominence. I n  the 
dinner pail of the man who works in the mill, in 
the mine, or dig3 the ditches in our city streets, 
can u ~ u a l l y  be found wheat bread, meat, butter, 
fruit  and coffee. What more does any one 
have? . . . 

Caste and class distinction can make little 
headway among a people who all live on the 
same kind of food. As long as  the working man 
has in  his t in pail as  good a dinner as  his super- 
intendent or as  the mayor of his city, his preju- 
dices mill be moderate. IIe will maintain his self- 
reqpect and feel and act the man. It is when the 
pangs of hunger begin to pinch that  men give way 
to prejudice and passion. 
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After pointing out that unless the food 
sllpply keeps pace with tlie increase of 
population, there will not be enough of 
the better foods to go around, he says: 

The history of othcr countries tells us what 
would soon follow. Two families could not or 
~vould not occupy the same pew in church while 
one lived on white bread and meat and the other 
on blaelr blcad and potatoes. There is a social 
distinction there that can not be bridged. They 
would not even attend the same church or belong 
to the same social organizations. Our people 
would separate into classes and become estranged 
from each other. The power usually gocs with 
wealth, but the men compelled to live on cheap 
food would soon get into the same political party 
and perhaps gain control of the national gov-
ernment. 

and quotes from a letter of Lord Macau- 
ley to an American friend as follows: 

. . . The day will come when the miiltitudes 
of people, none of whom has had more than half 
a breakfast or expects to have more than half a 
dinner, will choose a legislature. I s  i t  possible 
to doubt what sort of a legislature will be chosen? 
. . . There will be, I fear, spoliation. The spolia- 
tion will increase the distress; the diistress will 
produce fresh spoliation. . . . Eithcr civilization 
or liberty will perish. 

Bven if we question the estimates of 
rate of increase in population on which 
these warnings are based, and however 
milch weight we lnay attach on the other 
hand to estimates of increasing agricul- 
tural prodnction per acre, i t  mould be 
foolish in the extreisre to close our eyes to 
the fact that the intensity of the dc~nand 
for food by our future population will ex-
ceecl anything we have yet known. Whether 
this state of affairs is to come about more 
or less rapidly is important chiefly as it 
gives us more or less time to prepare for it. 

This is not the occasion to tliscuss prob- 
Ieins of crop production nor of the conser- 
vation of soil fertility, but there are other 
aspects of the question which intimately 
concern 11s as stock feeders. 

The problem of food supply is essentially 
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a problem of energy supply. While a 
small proportion of our food during the 
earlier years of life serves to build up the 
bodily machinery, by far  the larger part 
of i t  is simply the vehicle by rlieans of 
which chemical energy is introduced into 
organism, to be liberated again as work or 
heat in the performance of the vital func- 
tions. Briefly and crudely stated, food is 
the fuel of the body. The ultimate source 
of this energy, so f a r  as we are concerned, 
is the sun. Crops are produced by means 
of solar radiation and food represents the 
stored-up energy 01the sun's rays. The 
continuance of life upon the earth is con- 
ditioned upon the ability of the plant to 
effect this storage of energy and the den- 
sity of population which a country can 
support from its own resources is limited 
absolutely by the amount of solar energy 
which can be recovered in the form of food 
products. 

I n  view of this absolute dependence on 
solar radiation, i t  is a rather startling fact 
that the larger part of the energy stored 
in an acre of orop is contained in inedible 
products. From one half to two thirds of 
the organic matter of the corn crop, for 
example, is contained in the stover and 
cobs and about sixty per eent. of that of 
the average wheat crop in the straw. 
Furthermore, grain itself is not adapted 
for direct consumption by man5 but under- 
goes various processes of preparation, giv- 
ing rise to numerous unavailable by-prod- 
ucts. For  example, in the milling of 
wheat, about 25 per cent. of the grain 
passes into the offals and only 75 pcr cent. 
serves for purposes of human nutrition. 
In  other words, out of the total energy 
stored up by the growth of an acre of 
wheat only about 30 per cent. serveks 
directly for the nutrition of man. Sub-
stantially the same thing is true in greater 
or less degree of other food crops, while the 

grasses and leguminous forage crops which 
play so important a r81e in modern agri- 
culture are, of course, entirely useless as 
human food. 

I t  is clear that as population becomes 
denser artd agriculture more intensive, it 
will become essential to utilizc! the energy 
of these by-products as completely as pos- 
sible. When we number 500,000,000 we 
can not afford to throw 60 per eent. of the 
energy of the wheat crop into the nianure 
heap if i t  is possible to save any of it. The 
agency for effecting this saving is our do- 
mestic animals. They are able to corrsume 
these by-product materials which man can 
not use and to render available a portion 
of their energy, using i t  in the first in- 
stance to support their own lives, but also 
storing up for man's use a certain part  of 
what would otheiwise be a total waste. As 
the demand for food grows more intense, it 
will become increasingly important to so 
husband these by-products and combine 
them into efficient rations, and to feed 
these ratioas under such conditions and 
to such types of animals, as to save the 
largest possible percentage of the energy 
which they contain. 

I t  scarcely need be said that we are still 
far  from doing this. Our rations are too 
often faulty and fed to inferior animals 
under unfavorable conditions, and only a 
short railway journey is necessary to con- 
vince one of the enormous waste of forage 
taking place every year, while our by-
product feeding stuffs compete with native 
products in the markets of the old world. 

With our relatively sparse population, 
this has hitherto been a country not only 
of cheap food, but especially of cheap meat, 
and we have been fond of drawing the con- 
trast between the diet of our laborers, with 
its abundance of animal food, and that of 
the European laborer, and whether rightly 
or wrongly, have attributed much of the 



greater efficiency of our worlimen to this 
difference in diet. a b u n d a ~ ~ tThis ineat 
supply has been drawn especially froni the 
vast corn fields of the Mississippi valley. 
Not only have our by-products gone to 
waste, but material available as human 
food has been convertecl into meat and 
niilli. While this concentration of grain 
into higher priced and more marketable 
products has been in the past and to a de- 
gree still is entirely justified economically, 
nevertheless, the conversion of corn, or of 
any food grain, into meat is an exceed-
ingly wasteful process. Jordan2 computes 
that in the production of beef or mutton 
only about 2 ;  per cent. of the digestible 
organic matter consumed by the animal is 
recovered as human food in the edible por- 
tion of the carcass, while even in pork pro- 
duction this percentage rises to only about 
15+ per cent. Facts like these make 
it evident that we can not continue in- 
definitely to use edible grains as stock 
food-to take the children's bread and 
cast i t  to the beasts. The waste of energy 
in the transforn~ation is too great. Nor 
is i t  any answer to say that wheat and 
not corn is the bread grain of the west- 
ern world. The irresistible economic pres- 
sure of population will sooner or later 
compel us either to use corn as human 
food or to utilize the land now devoted 
to corn culture for other crops which 
shall yield more available nutriment, while 
the &ockman will be forced to utilize by- 
product feeds to the utmost, not simply as 
a means of continuing meat as a promi-
nent ingredient of our diet nor of provid- 
ing animal foods as luxuries for the tables 
of the wealthy, but primarily as a means 
of conserving energy for human use. The 
feeder of the future will utilize by-product 
feeds to an extent as yet unrealized. He 
will pass in review the crude products of 

"Tlie Feeding of Animals," 5th edition, p. 40.5. 
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the farin, and all the hundred and one 
wastes of manufacturing operations, to see 
if perchance they still contain energy 
which he can extract. hilie the miner, he 
will be ready to work low-grade ore, pro- 
vided there is a sufficient margin of profit. 
Even the small amounts of available 
energy contained in such feeds as oat hulls, 
corn cobs and the like mill be utilizect and 
their waste energy saved as rapidly and as 
far as econoinic conditions render profit- 
able, and to aid in rendering this possible 
is to render service to mankind. 

It mnst be clearly understood, however, 
that this desirable end is not to be attained 
by any species of pious fraud. The manu- 
facturers of mixed feeds, are of late making 
much of the importance of by-product ma- 
terials, a most sound proposition in itself, 
but one which hardly justifies all the corol- 
laries which some of them appear to draw 
from it. That corn cobs, for example, con- 
tain a certain small amount of available 
energy does not render i t  an act of benevo- 
lence to induce the farnier to feed them, as 
Mili-e wanted his whiskey supplied, "un- 
belinomnst," in some mixed feed with a 
high-sounding name or as an inconspicuous 
admixture to some well-known material. 
S l~ch  surreptitious kindness is in danger, 
in the long run, of recoiling upon its au- 
thor. We shall not effect the needed econo- 
mies of the future by coaxing or begnil- 
ing the feeder into utilizing these low-grade 
niaterials as ingredients of patent feeds or 
pre-digested mixtures or ready-balanced 
rations, but by teaching him their true 
value and educating him to make his own 
mixtures and balance his own rations. 
Personally, I am opposed on principle to 
mixed feecls, as I am to mixed fertilizers, 
not because Inany of them are not good of 
their kind, but for the reason that they 
minimize the intelligence of the farmer 
while they open a wide door for fraud ou 
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the part of unscrupulous manufacturers 
ancl dealers. 

The questions which we have been con- 
sidering are very broad ones. They sig- 
nify nothing less than a revolution, no less 
real because gradual, in the rnethods of 
agriculture as a whole ancl of the procluc- 
tion of animal foods in particular, and the 
conditions which we must expect in the 
future will call for a much higher degree 
of sl<ill in adapting means to enck than 
has been necessary in the past. What, 
then, should be the attitude of the institu- 
tions for agricultural teaching ancl re-
search towarci the problem of the future 
food supply ? 

ZIitherto a large share of our experi-
inents in feeding have had for their chief 
aim the improvement of present practises. 
They have sought to demonstrate how n-e 
]nay most efficiently convert grain into meat 
rather than how inucli of it can be saved 
for man's direct use. TJThile such experi- 
ments have heen of undoilbted in~mediate 
utility, yet we shall soon have to reverse 
the point of view. Our experiment sta- 
tions must take up in earnest the conserva- 
tion rather than the exploitation of food 
resources, and our agricultural colleges, 
while still teaching the approved practises 
of the present, must as their chief aim seek 
to equip their students with a sound knowl- 
edge of underlying facts and laws and 
thus prepare thein to meet the changinq 
conditions of the future. In  passing, too, I 
can not forbear calling attention to the 
fact that such an attitude to.c~~ai-d the snb- 
ject of animal hushandry and such meth- 
ods of teaching i t  will serve to impart to it 
a higher pedagogic value than i t  generally 
has a t  present and will tend to make it a 
discipljnary as well as an infornlational 
subject. 

Investigation of the questions here out- 
lined must be of as broad and comprehcn- 

sive a character as the problems to be 
solved. It should proceed, as I view it, 
along two main lines. 

The first of these is a far  more exten- 
sive and profound study of the scientific 
principles of animal nutrition than has yet 
been made. 

That he may utilize the materials of 
which I have been speaking as completely 
as possible, the stockman needs to know in 
the first place what proportion of the 
energy -cvhieh these various materials con- 
tain it is possible or practicable to recover. 
This knowlecige will enable hinl to effect tl 

wise selection in the compounding of ra-
tions, as well as have an influence upon the 
whole system of farming. I n  the second 
place, he needs to know the relative effi- 
ciency of diflerent species, breeds anci 
types of anirnals as converters of energy 
and how their efficiency is influenced by 
their natural or artificial environment. 

These, however, are questions of ani-
mal physiology. I n  effect they ask how 
cices the animal mechanism operate when 
supplied with different raw materials or 
placed under varying conclitions. They 
are problen~s for rigorous scientific re-
search and too much stress can not be laid 
upon the importance of such research. A 
well-linown investigator, in a private com- 
municatioii from which I am permitted to 
quote, says: 

If  me are to find nen things, to  get new ideas 
and to  establish new lines of practical experi 
mentation, we must first increase our field of 
opportunity by discovering new facts of general 
application. Tlle progress of every branch of np 
plied science has been nlatle in this way and ngri 
culture as  well as the rnrcllanic ar ts  llas sllared 
in the benefits. T l ~ e  immense in~provements of 
recent years in agriculturnl practise are largely 
founded on tlle purely scientific investigation of 
tlle preceding generation. The progress of thr. 
future must be founded on tllc scientific research 
of the present. That researches directed t o  imme. 
diate practical results frequently fail to yield all 
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t h a t  may be expected of them i i  largely due to  
the  imperfections of the scientific work of the 
past  and so makes evident the importrlnce of 
undertaking in the pre<ent pnrely scientific strrd~es 
~vhicll a i l1  lead to more definite and val11~~hIe 
results when future experiments a r e  directed t o  
the solution of practical problems. 

KO field of study opens so ~xldely or presents 
so mmiy opporlunitier for gaining linowledge of 
untold practicirl importance a s  t h a t  of animal 
nut1 ition. 

As nn illnstiation of tlre importance of gaining 
info~inatioil rr.;pccting the fundamental problems 
of nutrition, the knouleiige gninril during the labt 
few years respecting the constitution of the pro- 
teins may be mentioned. 

-4s a result of these recent di-covcries the whole 
quebtion of protein asqimilation is pul in an  
entirely new light, multitudes of new questions 
are  raised which must be answered before the  
feeding of these substances can bc carried out on 
a scientific and intelligent basis. Reretorore in 
conducting feeding experiments proteins ha\ e been 
assuined to  he of equal nutritive valiie and no 
definite evidence has been oht:rincd which shows 
vhether or not th is  is  so. The wide difference? in 
the  constitution of t he  proteins of d~fferent an in~n l  
and ~cpetable  tissurs a t  once raises tlic question of 
thcir relative nutritive val i~e  and the  he5t method9 
of feeding then^. Definite information respecting 
the n u t r i t i ~ e  + d u e  of each of the proteins coin- 
manly employed for food cnn not fail to show the 
way t o  ncw experiments ~ ~ i t h  the use of cominer- 
ci:d feeding stuff's and ought sooner or later t o  
show the  way to  more p lodnc t i~e  and economical 
uscs of these foodstuffs. -2 similar lrnowledge of 
thc actual nutritive relations of phosphoru, con-
taining subrtances3 would liltewise douhtlr.;s lead 
t o  sirnilnrly important rcsults and deserves far  
more attention from .L purely scientific standpoint 
than i t  has  yet received. 

Concerning a11 these questionci we l i no~r  some- 
thing, but how little this is in comparison with 
what rernairis to  be discovereil. These are hard 
problems but they inust he solwd, before agricul- 
tura l  practise can have the benefit of what science 
can do for it. 

Such work is intensely indiviclual in 
character. The prime factor is the man. 
The principal service, and a Irigl~ly impor- 

sThe  experiments of XcCollu~n, a t  the Wiscon- 
sin station, published hinee this was written, are 
most important on this point. 

tant one, which an orgauization can render 
is to aid in providing the opportunity. 
Such service I earnesWy hope our society 
]nay be able to perform, especially in the 
direction of impressing upon public, senti- 
ment as represented in legislative bocljes, 
on the one hancl, and upon the minds of 
benevolcrlt men of wealth, on the other, 
hand, the fundamental importance of sci- 
entific research for the snccessful solution 
of the problem of the fntnre rood supply. 

The other main line of espei.imcnta1 ef- 
fort relates to the ecorlomic application in 
practise of the principles tliscovc~'e(1 by 
scientific invesligatjon. Along this line, as 
T see it, there is a wide field open for fruit- 
ful experi~nental worli, but this aspect of 
the s~lhject was so f~ l l ly  dealt with last 
year in the report of the conimittee on or- 
ganization that i t  seems superfluous to 
enter into i t  anew at this tirne. 

Finally, along botli lines of effort. but 
especially the scconcl, there should be ra 
coordination of effort and of spirit com-
bined with the largest possible scope f o r  
individual initiative. This society owes its 
origin largely to a feeling of dissatisfac-
tion over the inore or less fi*agmentnry 
and clcrrrentary nature of our past worli. 
The discussions of the Cornell confer-
ence and of the last annual meeting of 
the rociety, as ~i-el1 as the incorpora-
tion illto its constitution of the provisioil 
for a conimittee on experiments, clearly 
sl~ows a desire on the part of iuvcsti-
gators for closer relations with each other 
and a more broadly conceived program 
of investigation. It is hoped that the 
meetings of this qociety and the v~orlr of its 
cornlnittee rnay at  lead be serviceable in 
defining problcins and improving methods. 

But 110 program of agricultural investi- 
gation can be truly national in its scope 
which does not incll~de the greatest agri- 
cultural agency perhaps in the world-
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certainly the predominant one in this 
country-the United States Department of 
Agriculture. No one would think of inti- 
mating that this great department has neg- 
lected the interests of the stockmen of 
the United States, but nevertheless, i t  is 
true that until very recently its work for 
them has been chiefly of the nature of 
veterinary and inspection work, as indeed 
it still is to a relatively large extent. The 
Bureau of Animal Industry has, it is true, 
established a dairy division and has begun 
to take up problems of fcecling ancl espe- 
cially of breedinq with the modest appro- 
priation for this purpose which congress 
has put at its clisposnl. The department 
should be put in position to clo much more 
than i t  is doing, however. Its work in this 
field should be productive as well as pro- 
tective. If the development of our water- 
ways and the cons~rvation of our forests, 
mines and water powers are subjects of na- 
tional concern, wncly the conservation of 
the food supply is worthy of attention. 
The magnitude of the live stoclr industry 
in itself, and especially its iinportant re- 
lations to the future food supply of the 
nation which I have been endeavoring to 
point out, are such as to amply warrant 
the department in  entering upon compre- 
hensive investigations, both scientific and 
practical, into this subject and to fully 
justify congress in niaking all necessary 
appropriations. It is not alone our food 
supply, but our democracy, which is at 
stake. 

I t  goes without saying that such an 
effort on the part of the national govern- 
ment should be made in harmony with the 
investigations which may bc undertaken 
by o.ther agencies. All tho available 
forces should unite in the study of these 
iinportant questions and no local jealous- 
ies should be allomed to stand in the way. 
While there may be prohleins of coordina- 

tion and correlation still to be solved, I am 
confident that they are readily solvable, 
while it seems not impossible that in some 
respects this society inight advantageously 
serve as an unofficial intermediary betweon 
state and national authorities. 

I congratulate the society upon the 
notable increase in its membership during 
the past year and upon the very en-
couraging attendance upon its first an-
nual meeting. If I understand the spirit 
and temper of its memlners, they desire to 
:nalie the society something more than a 
pleasant club or a gathering for the read- 
ing of papers. I t  is my hope, which I be-
lieve 1 share with every member, that it 
may become an active agency in forward- 
ing the solution of soine of the problems 
which I have attempted to indicate in tlds 
adctress. 

IT. P.ARMSBY 
--

A UEPICNCE OF R4,V17'P1 

EVERsince the reign of the illustrious 
Emperor Augustus, when IIorace taught 
that all men are mad, there has been a 
tvicle-spread belief in the trath of the Bo-
man poet's assertion. l'et few of us are 
wholly mad, and we &all not go far  astray 
if we agree with a modern essayist that 
"every man has a sane spot somewhere." 
The actual degree of insanity from which 
any one of us suffers is a lnattcr difficult 
of determination, since it, call be made 
known only through the verdict of one's 
peers, who themselver in turn are de-
mented. One can arrivc at a correct 
judgment in an individual case only by 
comparing it with that which the most in- 
telligent of the multitude, after long study 
and deep l<nomledge, have established as 
the norm. Any pronouncecl diversion from 

'An  address delivered a t  the opening of the 
fifty-seventh year of the College of Medicine of 
the University of Vermont, Burlington, November 
3, 1909. 


