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INVESTIGATIONSundertaken in the course of instruction are of- 
ten carried on in college laboratories, but it is rarely that individ- 
uals or institutions, othrr than the State and National surveys, 
have undertaken extensive and expensive geological operations. 
We must except, of course, in this statement those of an economic 
'nature. 

The reaeon of this is that individuals seldom, and commercial 
organizations never, devote their means to purelj~ scientific inves- 
tigations; and inasmuch as these investigations require large sums 
of money, and as they are conducted largely with a view to in. 
creasing human knowledge, the expense of them must be borne 
by the public treasury. 

With our official organizations, most of t,he working geologists 
s f  the country, excepting those called cor~sulting geologists, are 
connected either as salaried assistants, permanent or temporary, 
o r  as volunteers. But these organizations carry on their work 
independent of each other, irideed, without any regard to one 
another's existence, while individual investigators go each his 
own way, pretty much as if he had the tvhole world of geology 
t o  himself. 
' 

Abstract of an address before the Section of Geology and Geography of 
t h e  American Association for the Advancement of Science, a t  Indianapolis, 
Ind., on Aug. 20, 1890, by John C. Branner, vice-president of the section. 

Practically the United States Geological Survey has carte 
blanche to carry on geologic investigations over the whole terri- 
tory O F  the United States, and in every branch of scientific work 
directly related to geology, such as geography, topography, pale- 
ontology, physics, chemistry, and statistics. 

Now, over this same area, though limited to the States carrying 
them om, we have our several State geological surveys; while pri- 
vate individuals, educational institutions, scientific societies, and 
commercial corporations are a t  liberty. to carry on such investiga- 
tions as they see fit, and all regardless of each other. 

In  the earlier work carried on by the Federal Government, 
however, the various Territories were the specified areas to which 
the National surreys were confined, and now that the whole area 
of the United States is open to this work a broad-minded and co-
operative direction seeks to aid and strengthen the State organi- 
zations instead of antagonizing or annihilating them. 

But I wish to emphasize the Fact that the classification of the  
geologists of the country, the work within the domain of the Na- 
tional survey, the work within the domain of the State surveys. 
and that which can be or will be accomplished by private insti- 
tutions, corporations, or individuals, demand tbat there should be 
some definite and better organized co-operation or co-ordination 
in all this work and anlong all these men. 

The statement has been made that the United Stiates Survey 
does co-operate with nearly every State survey in the country, but 
the fact is that the National survey does not know what the State 
surveys are doing except in a very general may, and that the 
State surveys know but little or nothing of what the National 
survey is doing, except, perhaps, as it may happen to be picked up 
in private conversations and in private correspondence between 
personal friends. 

Please bear in mind that this is not intended as reflecting upon 
the Director of the United States Survey; co-operation can only 
exist by the common consent of all the parties concerned, and it 
is quite as much the fault of the State surveys that there is no 
such co-operation as it is that of the United States Survey. 

What I have to say, however, refers to the internal arrange- 
ments and the working of geologists as affected by our own bear- 
ing toward the official surveys, toward each other, and toward 
the science, rather than toward official relations and toward legis- 
lation. For these are not matters to be fixed by laws: laws ~vould 
interfere with that freedom of movement that gives health, vigor, 
and activity to our scientific bodies and to our scientific men; 
they can only be determined by conlmon consent and by usage. 

The United States Geological Surrey stands at  the official head 
of all our surveys and of all our geological work. National work 
encourages and stimulates State work, and State work re-acts in 
favor of national work, and both stimulate private enterprise and 
investigation. The return from all this no man can measure, for 
it is both material and intellectual, and in both these senses it  is 
felt in every nook and corner of the land. 

The National survey is thus doing a work that no other institu- 
tion can do, and it is able to maintain an organization of geolo-
gists that no other institution could maintain. For nowhere, in 
no country, is there, and at no time has there been, a corps of 
working geologists superior to that of our present National sur-
vey-a body of geologists of which every scientific man, and, in- 
deed, every citizen of this country, rnay well be proud. 

Having no connection with that organization, either present or 
prospective, I feel a t  liberty to express this a frank, clisi~lterestecl 
and independent judgment. 

TVith its splendid equipment of men and means, what can the 
National survey best do, and best leave to State surveys and to 
private enterprise? The question is not asked as implying that 
the officers of that body are not perfectly competent Lo decide 
these matters, but becau~e we feel that a nlore effectual co-opera- 
tion can be brought about to the great advantage of every one 
concerned. So long as more than one organization must occupy 
tile same field, some understanding can certainly he arrived at  
that will prevent the duplication of work and the waste of energy 
and of funds. The appliances, libraries, laboratories, eqnipments, 
and the large number of special assistants required by a National 
survey, are quite beyond the means of our rnodest State surrefs. 
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The great size of our country, the wide sweeping character of 

its general geologic structure, and the limits placed by civil boun- 
daries on State work, must throw most of the important general 
questions into the hands of the National survey. Local details 
can and sl~ould be worked out by the State surveys, and these re- 
sults should be placed as soon as possible a t  the disposal of the 
specialists of the National survey. I t  is self-evident that prob- 
lems that can be solved only after a wide experience and ac-
quaintance with the whole country can not be satisfactorily un-
dertaken by the State surveys, but that they must be solved by 
She larger and stronger organization. 

There are certain classes of work that, of necessity, fall upon a 
Kational rather than upon the State surveys; such are triangula- 
tion, preci~e levels, topography, paleontologic work, almost all in- 
vestigations falling under the head of what is usually known as 
pure science, and all those investigations requiring much 
time and labor and rnoney and many specialists. The reasons 
why State surveys can not do work of this class are not 
far to seek. The men with whom the National survey has 
-to deal are our broadest minded statesmen,-men who compre- 
hend the scope and importance of purely scientific work, while, 
a s  a rule, State legislators look to immediate and what they call 
practical results. Such men can not be con~inced of the impor- 
tance of an) work that looks not to the immediate material pros- 
perity of the State, while they are but little concerned, as a rule, 
with the ~ntellectual income from it. 

I t  1s entirely beyond the means of any State survey to make a 
topographic map of the entire area of the State: t h ~  best it can do 
is to select a few typical areas and nlap those. But maps are ab- 
solutely essential to satisfactory geological work, and map making 
has come to consume a constantly increasing share of the money 
appropriated for geological surveys, both State and National. 
The National survey, however, having large appropriations for 
topographic work, and contenlplating as it does the mapping of 
t h e  entire area of the United States, ought to do this work. 

That these maps must meet various demands, and must there- 
-fore be constructed with varying degrees of accuracy and detail, 
every one \<ill admit. As a matter of fact, however, the maps 
made :&re usually, as they should be, parts of a plan, and upon a 
scale for mapping the whole of the United States. This plan and 
scale may be pertect for that particular purpose, but it  often hap- 
pens that neither the plan nor the map is adapted to the purposes 
of the State surveys. And certainly nothing can be plainer than 
that the maps m,tde by a geological survey ought to be available 
for geological work, or that, failing to meet the denlands of geol- 
ogy, there is no geological excuse or reason for their existence. 

Geodetic work can not he carried on by the States, because 
States are but small parts of and furnish but few points in geo- 
detic questions. European countries have even been obliged to 
unify their work. In the United States work of this character 
must be left to some institution of the general govelnment. That 
pale~ntologic aorlr should be relegated to the National survey 
seems to me scarcely to admit oL question. 

I t  might be urged against these reason? that the States of Illi- 
nois and Nerv Pork afford striking examples of the fact that 
States may and can and do carry on a high grade of paleontologic 
work. But it should be remetnbered that the conditions under 
which these excellent results have been obtained have passed or 
are about to pass away. For, while the States of Illinois and New 
York hare grown in wealth and intelligence since their surveys 
were begun, the Legislatures of those States could not to-day be 
induced to take up and carry forward works of so parely a scien- 
tific nature; and if those States could have seen the end from the 
beginning it  may well be doubted whether they would have un-
dertaken the great paleontologic intestigations carried on so long 
and so successfullp by EIall and by Worthen. 

Another point which I must insist upon is thab it is the place of 
a State geolog~cal survey to do what is wanted in the State, and 
as  a rule economic results are wanted. The people are entitled to 
what they pay for. Not that the survey r~lust go on every wild- 
goose chase suggested and examine every prospect and claim in 
the country, but the problems which the people wish to have 
solved should be solved if they can he solved. 

These very demands define the work of the State surveys, and 
separate it pretty sharply from that of the Government survey. 
If we are to be perfectly honest with ourselves, we must confess 
that State surveys have, as a rule, failed to do what the people 
have expected of them, and one of the principal reasons for these 
failr~resis that the geologists have not had the counsel and the co- 
operation of a National survey. The geologists who have encour- 
aged the making of appropriations for the work have invariably 
held out the hope that these surveys would be devoted to eco- 
nomic geology, while members of Legislatures who have sup- 
ported such bills have invariably done so in the expectation that 
they would do something of direct economic importance. But 
there are but few exceptions to the rule that these State appropri- 
ations have been devoted to paleontologic problems and to pure 
science, while economic problems have been entirely lost sight 
of. 

These economic problems, or such of them, or rather, perhaps, 
such phases of them as can safely be dealt with by a State, should 
be the special province of the State surveys, while the broader 
questions which can be satisfactorily studied and safely discussed 
only over wide areas should be left to the National survey. 

I t  is true that economic and purely scientific problems cannot 
be entirely separated, and there is no necessity that they should 
be, but geologic work may give preference or prominence to one 
or the other phase of the question as the case may demand. I 
have said that economic problems should, in so far as possible, be 
left to tlte States. There are cases, however, in which this can-
not be done, for there are often those which, requiring study over 
a wider area, cannot be solved in a singlg State. These should be 
studied in part or entirely, as  the case may demand, by the Na- 
tional survey. 

I t  seems plain, in so far as the relations between the National 
and the State surveys are concerned, that the National survey 
should leave all that it  can safely leave to private enterprise and 
to State surveys, and it  should deal with those problen~s which 
State surveys ant1 individuals will not or can not satisfactorily 
deal with. 

I t  is my opinion, also, that the National survey, being better 
informed of what is going on in the way of geologic work than 
the State geologists, and being in every respect the strongest of 
our organizations, should hold out a helping hand to the State 
surveys, and from their wider and more valuable experience, 
give advice and encouragement to State worlr. In this way State 
aid to scientific work would be en<-ouraged and the National sur- 
vey mould widen its helpful influence. 

I t  goes without saying that State and National surveys 
should not ride rough shod over each other just because there is 
no law to prerent their duplicating each other's work or their do- 
ing work that will interfere wit11 each other's plans or efficiency. 
I t  would be easy for a Government survey to discredit and embar- 
rass a State survey to such a point that the State would put a stop 
to its own work. Fortunately, our National survey has been con- 
ducted rather with a view to aiding the State surveys. But this 
aid can be rnade much more effectual than it  ever has been, and I 
have no doubt it will be made so whenever we ace all ready for 
such co-operation. 

What must a man's feelings be when he brings his contribution, 
to find that it is in the wrong place, or that it is not wanted. 
Mistakes of this sort are constantly being conlmitted in geologic 
work, and in abundance too, all because we have no recognized 
directing head for the work done outside of the United States 
Geological Survey. 

The bulk of geologic literature must yearly become greater&and 
unless it becomes a t  the same time better, we must expect a day 
to arrive when geologists ruay well stand appalled before it. Much 
of the literature is practically worthless; it is an encumbrance 
rather than a help to the progress of science, and we should feel 
grateful to any method that would deliver us and geology from a n  
evil which is coming to be a more ant1 more serious one. 

In one of the States in which the United States Survey has been 
doing topographic work, an area of 3,000 square miles that had 
already beer1 surveyed had to be remapped by the State survey to 
meet its own demands. Here, I think, no one will have any diffi- 
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culty in understanding the necessity of co-operation &ween the 
State and the  National surveys. 

Take aa another example the chemical analysea rpade for geo- 
logical purposes. The chemists of State and National surveys 
have thrown upon them a vast amount of heterogeneous work, 
while but little or no time is left them for original investigations. 
A great many of their analyses are duplicated elsewhere, or may 
be duplicated in any number of laboratories, so that investigations 
that might otherwise have been possible are prevented, and both 
chemistry and geology are hindered. 

The errors made by geologists not connected with the surveys 
are mainly due to haste, or, in other words, to expression of 
opinion based upon too limited observations. But only limited 
observationsare possible to men of limited sime for the work, and 
limited means to work with, a limited area to work in. limited 
acquaintance with field geologists, and limited opportunities for 
publication. There are many young geologists and men of but 
little experience-amateurs-whose efforts are not so directed as 
to be of as much service as tbey might be. They lack neither zeal 
nor means in many cases, but they do lack some one to guide 
their tottering footsteps. Their want of experience gives them but 
a restricted view of the field in which they are laboring. Their 
labors can not, therefore, unless directed by some one who has a 
sufficiently broad view of the whole field, be of any value to geol- 
ogy. Who will direct them 'l Or shall they go on piling higher their 
wasted energies, and find themselves when they have come to the 
end mith the mortification of knowing that, though they have 
worked hard and faithfully, they have, in reality, contributed 
nothing to the sum of human knowledge? 

If we could have some sort of co-operation, a man at  work upon 
a particular subject would have some assurance that his field of 
operations would be, within all reasonable limits, left to him. As 
matters now stand a geologist is often obliged to mount guard 
over his own grounts and his own work to keep the unscrupulous 
and unbridled camp-followers of science from walking off with 
and getting the credit for the results of his labors. 

Co-operation would enable each one to concentrate his efforts 
upon that line of work or that investigation in which he is espe-
cially interested. As matters have gone heretofore, no State sur- 
vey and no man on a State survey has been able to take up  any 
one subject in a systematic and thorough manner unless it has 
happened that some one group of facts has been available in his 
own State alone. Take any topic you may choose for a test, and 
you-will find this to be an invariable rule. 

Do the best we may, there is not one of us who may not be 
benefited more or leas by a friendly criticism. And it is of great 
importance to the science that these criticisms be made before our 
results or observations are publijhed. In  this way we may avoid 
adding to that vast talus of geologic trash beneath which the 
science of geology is buried more and more each year. Such 
criticism is not possible except under conditions that enable us to 
know the lay of the land with reference to other geologists and to 
what they have done and are doing. 

I t  should l,e distinctly understood from the outset that such 
work ie to be,'not subordination, but co-ordination, and above all, 
co-operation. The demands of scientific work do not require, and 
the conditions and peculiarities surrounding scientific ambition 
and devotion do not admit of the most successful and satisfactory 
work being done by machinery. 

I would not by any means destroy the autonomy of local soci- 
eties or of independent workers not formally connected with the 
public surreys. Certain independence of thought and action is 
essential to scientific advancement, and friendly rivalry is not 
only not injurious, but it  is extremely helpful, and in many cases 
absolutely essential. I have no idea that a " perpetual motion" 
sort of a geological machine can be devised, or that any arrange- 
ment or adjustment of parts is possible which will entirely do 
away with friction. 

I t  is scarcely possible that any device that can be made or sug- 
gested would be perfectly satisfactory, but it certainly is reason- 
able to expect that some system of co-operation can be devised and 
put into practical operation. If ever such co-operation should be 
brought about, several points must be kept in mind by us all. As 

much latitude as possible would have to be allowed individuality. 
Men are not like pieces of coal to be separated and classified by 
sizes o r  by specific gravity. , 

Administrative methods devised for scientific work, like those 
of diplomacy, are often a seriee of comgromises, and good sense 
must make up for the defects of any system. 

No plan of co-operation can succeed if we do not all take a broad 
and unselfish view of science and its functions. Local talent 
should be utilized. I t  would in many cases save a good deal that 
now goes to pay travelling expenses, to say nothing of thc impor- 
tance of keeping all the geologists of the country actively inter- 
ested in geological work. 

Now, if geologic work can be improved by being under the 
nominal direction of those best fitted to direct, where are we to 
find our directors? The men who have done most to popularize 
the science of geology in this country are our professional geolo- 
gists, and it is not unnatural that we should turn to them. But 
the teachers of a science are not necessarily the best directors of 
research, wllile they are probably in no case thoroughly conversant 
with the work being done by the various State surveys and by the 
National survey. 

The direction of work over the whole country would be quite as 
impossible, or even more so, from the States. 

The National survey, standing as it does at  the head of all the 
geologic work done in the country, having the whole national 
domain as its field, and composed, as it  is, of our best geologists, 
and having the most thorough organization, is, or shduld be, the 
natural head and director of all geological work in this country. 
I have no doubt that the National survey would be glad to help, 
in so far as it can, to unify and give useful direction to this work. 

I take this ground in the face of the statement of the distin- 
guished Director of the United States Geological Survey, who has 
said that " all of this scientific research under National, State, or 
local patronage cannot be controlled by some central authority as  
an army by its general, from the fact that scientific men, com- 
petent to pursue original research, are peculiarly averse to dictation 
and official management. Scientific men spurn authority, but 
seek for co-ordination." 

Such a statement as this must necessarily be taken with some 
allowance. The function of a director or of a superior, in science 
a t  least, is not, to be sure, that of a commander ordering here and 
there men who must act like machines, who must have no inde- 
pendent oGinions or plans of their own; he must rather be a helper, 
a man to encourage, to suggest, to fire with enthusiasm those 
under him, and to unify the work of the organization of which he 
is the head. Scientific men do not spurn authority if there is any 
reason for it, and as a proof of it we may cite the United States 
GeologiCal Survey itself, as well as all the State Geological 
Surveys in this country, or, for the matter of that, in the world. 
The members of these surveys submit to all reasbnable authority, 
but they are also put upon congenial work, and they are per- 
mitted to do that work pretty much in their own way. Now, 
why can there not be an organization of all geologists, more or less 
similar to this ? 

We may disabuse our minds of the thought that there is a 
probability or even a possibility of the Government monopoliz- 
ing geology. I t  can't do i t ;  geology belongs to the geologists, 
whether the Government helps cdrry on geologic investigations or 
not. 

My conclusions are :-
1. That the great and valuable contributions to geologic knowl- 

edge must be made by our oEcial surveys, for they alone hare 
the means for producing them-for gathering the facts, giving the 
necessary time to philosophical thought and discussion, and for 
furnishing the necessary illustrations and distributing the publi- 
cations. 

2. That economic problems should be left, in so far as i t  is pos- 
sible, to the State surveys, while the National survey should deal 
with those requiring larger means and a wider range of observa- 
tions. 

3. That all the working geologists of the country should be 
brought into official or quasi-official relations with the State and 
National surveys, and their efforts and skill thus utilized. 
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I an1 free to adrnit, horverer, that  no plan of operation or co- 

operation car1 be devined that will work to the co~~ ip le t e  satiufaction 
of evergbody. 1%-e sornetinies h a t e  men to deal with who are  not 
amenable to either law or reason. 

In  his presidential address before the  American Association a t  
C l~ re l and ,  Professor Langlry cempared the  advance made by sci- 
entific men in their search after truth to that of a pack of hounds 
folloning a trail. Perrnit nie to carry tliis simile still further.  
IIoondq nndrrstand that it is their business to follo\v the game, 
mi l ,  \\.hen left  to tlieir own i~istincts and R-ishes, they will follow 
it Yon. imagine a bull dog seized with the ambition to become 
a liuntei arid joining tlie pack of hounds. Eoerg one knows that  
the h111l dog !rill. in spite of any thing that  can be ilone, ha re  a 
figlit ~ r i t h  half a dozen, or. more likely. with tile ~vhole  pack of 
hounds. I)? the time tlie chase is well under way. 

I t  is not a pleaqing rvflection to rernember that the great search 
after trutli, in xhich every genuine man of science is engaged, 
heart and ~ o n l ,  is often interrupted in tliis same fashion by the 
pttgnacious dlspo4tion of some companion. 

Let tile recapitulate sollie of the  henefits to he derired from 
r-oluntary and cordial cn.operation t~ettveeri all geologists and all 
geolog~c organizations in this country: 
1. Geologic research being under the nominal direction of the  

leading investigator;, monld be so conducteti as to be of the great- 
e-t utility to tlie largest numher. 

2. When a piece of ivork was done by one it vvoulil be done for 
all. and iitil~lication hy State silrrrgs and h - individuals and the  
conseqrirnt ca s t e  of energ- ,  titnr, and money would cease. 

3. Tlie frr~ictioni: and fields of official organizations heing better 
defined, State and Yational survegs and indiridnals could so di- 
rect tlieir efforts as to serve the  purposes of others without neg- 
lecting their own i ~ n m e d ~ a t e  w ~ t h o u t  infringing upon aim3 and 
each others' grounds. 

4. Sational and State surreys mould be strengthened. and local 
orparr~zatiolis and individnal effort encouraged. 
i.It would pice us a better geo1o;ic literature, better instruc-

tion, Ihetter geologists, and more thorough specialists. 
R. And finall:. me trust,  i t  \rould put a stop to those oracles of 

science ~ v h n  are so ready to prophesy in its name. This ideal 
state of affairs ma- nevrr he bronglit about, but it is none tlie less 
decirnhle that xr-e sliould aim a t  it. For the more nearlr 1%-eap-
prnsiniate to it the  rnore rapid mill be the progress of science, and 
the provress of science is the progress of civilization. 

To paraphrase a recent utterance of Bishop Potter,  " I t  tTould 
IIP a monstrous concelrlion of science i f  any one of us were to es- 
tpem it only as  a selfish weapon with which he was to carve his 
\x-ny to per~oual  fame :ind fortune." It has often been used for 
jlist that Iiurpose. Higher ideals XI-ill give us nobler mot ire^. 

O S  CFRTAIS PHESOlIEN.4 O F  GROWIXG OLD. 

AFTER a fen. introrliictory remarks on tlre choice of a subject, 
Dr. Minot said that he Iiad been guided in his selection by the idea 
of taking a siibject xvliich ~t-ould be of general interest and indi- 
cate, if possible, tlie new directions in which hiology is developing. 
For thi? reason lie llarl chouen the sribject as announced in the 
titl? of the ;idtlres;. IIe spulie first of the larv of variations as 
conllected \\-it11 the age of tile living orpanisin. TTlien variations 
occur ii.lniclr are due simply to chance, it is found that the: are 
distrihuted nrcorcling to a regular curre  on either side of a maxl- 
niuni ; tint w11e11 \re sttidy the variations xvhtcli occur in the living 
organism !re fir~tl that there the  curre  is irregular, ari~i that  there 
is a certain point of maximum which occurs a t  a definite age, and 
tlint the ascent of that  curre  to\?-ard the  masirniitii issteeper upon 
tile Tonng side than lipon the older. The speaker presented a 
number of exarr~plei of tliis taken from the age a t  ~vhicli Harva1.d 
stn!lents enter coliegc, from tlie growth of cl~il . lren, from the age 
a t  rrliicli niatusit: i q  attained in the female sex, from tlie age of 
noth hers and tile nurnher of childrcn which they have had a t  each 
age, ;ind gi~- ing otlier examples, withont, however, presenting 

1 Ahstrnct of nn nddiess before t h e  Section of Biology of t h e  American 
Ascocintiiln for t h e  Advancement of Bcience, s t  Indinnnpolis. Ind., d u g .  20, 
IS!)@, hp Char les  S Mlnot ,  r ice .pr rs ident  of t h e  section. 

them in statistical form. In  all of these cases the same peculiarity 
of tlle curve being Fteep on the young side, and less steep npon the  
old side. recurs. But in all these cases the niaximum occurs a t  a 
comparatively early period of life. In  other cases, as. for instance. 
v h e n  we discuss the relation of suicide to age, m-e find that  t he  
maximum frequency occurs a t  a mnch more advanced period, 
and in this case the cnrre  becon~es steep upon the old si.le. $0 tha t  
there is here a large field of statiqtical ~ n q o i r r  n.l~icli is to be 
worked out, and there is a large amount nf material \vliir.h might, 
if  properly put into shape, yield raluahle results. We mii-lit stndy 
from this point of view the relation of rariour ilivenses to age. the 
relation of the birth of the first child to the  age of the parent. of 
the acquisition of  fame, tlie age of seeonel marriage. tlie age a t  
which distinquished authors have published their firsf book, the 
age of entering the United States Senate, etc. -411 these and 
other similar data miglit he utilized for tlie purllose of tile biologist 
to st11dg the law of rariation in connection with a g e  -it the 
present time there is not snfficient xvork done in this direction to 
enable us to draw any more general conclusion than titat rrhich 
has been presented above. 

The peculiarity of the curve of variation i* nnqoestinnal~ly d ~ t e  
to what niay be called senescence, or growing old. This senescence 
?bows itself in the fact that torvard the younger period tile same 
range of alterat~on takes place as toward the oltler per~nd in rnore 
adranced aye. This is particularly \veil illustrati.,l h r  a series of 
elaborate experiments npnn guinea piqs and their groi r t l~  mail? 
by the  speaker. These experiments ix.hic11 were interri~jiteil I,y 
an accident which riestrojeri the whole stock of an~mnls ,  shorn 
that the Joss of vital power commences !ritli hirth, and rliat in 
order to add a giren percentage to the ivciglit of an  anlola1 a much 
longer period is required rvhen it is old than when it I S  youns. 
This was illnqtrated hy statistic.; anil rliagrams. The qeneral re-
sult may best be expressell hy r a ~ i n g  t i ~ a t  tlit? d d e r  an ol.gar~is[n 
is. the more time it requires to prorltlce a eireu change, anil this 
indicates that there is a progressire 103s of vitalit!. The diiFerence 
between this view ant1 the cnrre l~t  sne  is that.  in tile spenker'3 
opinion, there is, scientificnlly speaking, no periocl of derelojiment. 
but onlr  a steady decline from birth onwards. 

The speaker then turned to the second part of liiq subject. anr1 
discussed how far  anatomical peculiarities can he found to he 
correlated with this progressive line of vitality. He took n p  tile 
various tiss~ies of the body, considering them one after another in 
tlieir order of development, and slio~ved that i n  eacli one of the 
principal t i s~ues  and organs the cells composing them exhibit the 
same peculiarity; namely, that  in their yonng condition the7 con- 
tain only a small amount of protoplasm, and in tlieir ailnlt conrli- 
tion a verq. mucli larqer amount, so that the proportion of proto- 
plasm to the nucleus increases with the age of the organism. 
This fact,  which can he readily verified in the  case of the higher 
animals, finds also certain support in the development of inianp of 
the lo\r.er forrns. which were also briefly discussed. Hence tlie 
conclusion that the development of protoplasm is associated \x.ith 
the loss of ritality, and that instead of ?peaking of protoplasm as 
the physical basis of life, we might speak of it as tlie pligsical 
basis of advancing decrepitude; or,  pinee the changes inrolred in 
growing old lead to death. we miglit designate it as the jrliysical 
cause of death. Thesedefinitions of protoplasm are too tlictio~iary- 
like, and might be misleading if taken strict1~-, but the? can aL 
least teach us that protoplasm is by no means a s i m p l ~  jellj- x\\-liicli 
explains in a sirnple manner all the phenomena of life. but it is In 
reality an extremely complex substance, as complex as life itself. 
W e  see in this prohleni of age a series of pliei~oruena \r.liicli a r e  
not especially associated i ~ i t h  any organ or any sgstetn of organs 
of the body, but something which inrolves ail parts ;~lilie. Snch 
a stnrly as this goes, strictly speaking, in the direction of general 
biplogy. Hitherto we ha7.e had coniparatire an:ltoni- aiiil phh-si- 
ology, but of general biology entreriiely little. Tine spcakcr ex-
pressed his belief that  ttie future of biology \vould lead in this 
direction, and that the study of the organiirir a; a 4-hole ~ ~ o u l d  
supercede in t h e  near future to a large extent the prrsi'nt stnrly 
of the  separate organs, both in their ph!siologicaI and nrorjilidlogi- 
cal aspects. 

There is a great deal to he done, for it is only in the domaiin of 


