
attractive personality which endeared him 
to all who were intimately associated with 
him. Iiis kindly interest in his stuclents 
and assistants and his many generous and 
helpful deeds in their behalf mill long be 
reinembered by those who had the good 
fortune to work with him. 

THOMASB. OSBORNE 

1'ElE BXITI8B AASXOCIL~TION FOX THE AD-

T-A VCEAIIIIE'Yl' OF RCIENCE ' 


ADDRESS OP TIIE PRESIDENT TO TIIE 

PEI'~ZOLOC:ICAT, mcTror 


THE PIlYSIOLOGICAL 138SIS OF SUCCESS 

DURINGpast years i t  has been customary 
for the presidents of sections in their ad- 
dresses either to g i ~ e  a summary of recent 
investigations, in order to show the posi- 
tion and outlook of the branch of science 
appertaining to the section, or to utilize 
the opportunity for a connected account 
of researches in which they tliernselves 
have been engaged, and can therefore 
speak with the authority of personal ex-
perience as well as with that imparted by 
the presidential chair. The growing 
wealth of publications with the special 
function of giving summaries and surveys 
of the different branches of science, drawn 
up by men ranking as authorities in the 
subject of which they treat, renders such 
an interpretation of the presidential duties 
increasingly unnecessary, and the various 
journals ~vhich are open to every investi- 
gator make it difficult for me to give in 
an address anything which has not already 
seen the light in other forms. The associa- 
tion itself, however, has undergone a cor-
responding modification. Folinded as a 
niediurn of conimunication between work- 
ers in different parts of the country, it has 
gradually acquired the not less important 
significance of a tribunal from which nlen 
of science, leaving for a time their labora- 
tories, can speak to an andience of intelli- 
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cent laymen, including uii(lei. this term 
all those who are engaged in the work of 
the world other than the advancement of 
science. Tliese rnen wolxld fain linotrr the 
lessons that science has to teach in the liv- 
ing of the common life. By standing for 
a moment on the little pinnacle erected by 
the physicist, the chemist or the botanist, 
they can, or should be able to, gain new 
hints as to the conduct of the affairs of 
themselves, their town or their state. The 
enormous advance in the comfort and 
prosperity of our race during the last cen- 
tury has been cine to the application of 
science, and this meeting of the association 
may be regarded as an annual mission in 
which an attempt is made to bring the 
latest results of scientific investigation into 
the daily routine of the life of the coni- 
munity. 

We physiologists, as men who are lay- 
ing the foundation on \\-hie11 rnedical knoml- 
edge must be built, have as our special 
preoccupation the study of man. Al-
though every animal, and indeed every 
plant, comes within the sphere of our in- 
vestigations, our main object is to obtain 
froill such comparative stucly facts ancl 
principles which will enable us to eluci-
date the mechanism of man. In  this task 
we view man, not as the psyc2iologist or 
the historian docs, by projecting into our 
object of study our own feelings and emo- 
tions, but by regarding him as a machine 
played upon by environmental events and 
reacting thereto in a way determined by 
its chemjcal and physical structure. 

Can we not learn something of value in 
our coininon life by adopting this ob.jective 
point of view and regarding man as the 
latest result of a continuous process of 
evoh~tion ~vhich, begun in far-off ages, has 
forined, proveil and rejected myriads of 
types before man himself appeared on the 
surface of the globe? 
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ildnpta2ion.-In his study of living be-
ings, tlic physiologist has one guidii~g priri- 
ciple 117hicl.i plays but little par t  in the 
sciences of tlle chemist and physicist, 
namely, the principle of adaptation. Adap- 
tation or pnrposiveness is the leading 
characteristic of every one of the func-
tions to which we devote in our text-books 
the chapters dealing with assimilation, rcs- 
pivation, movement, growth, r~production. 
a n d  even death itself. Spenccr has defined 
3ife as "the continuous acljustment of in- 
' t e ~ n a l  ~Selations to external relations." 
r33very phase of activity in a living being 
i s  a sequence of some antecedent change 
in its environment, ancl is so adapted to 
this change as to tend to its neutralization 
a n d  so to  the survival of the organism. 
'This is what is meant by adaptation. I t  
will he seen that  not only does i t  involve the 
teleological conception that every norrrial 
activity must be fop the good of the organ- 
ism, but  also that it must apply to all thc 
relations of living beings. It must there- 
fore  he the micling principle, not only in  
physiology, with its sl,eeial preoccupation 
with the internal relation3 of the parts of 
the organism, bllt also in the other branches 
of biology, which treat of the rclatioi~s of 
the living animal to its environment and 
of the factors whir11 clete~.mine its survival 
in  the struggle for existence. Adaptation 
therefore must be the deciding factor in 
('the origin of species and in the succession 
(of the different forms of life upon this 
earth. 

Of'igim of Life.-A living organism may 
*be regarded as a highly unstable chemical 
s y s k n ~  which tends to increase itself con-
tinuously urlder the average corlditions to 
whicll it is subject, but undergoes disin-
tegration as a result of ally variation 
Prom this average. The essential condi- 
tion for  the survival of the organism is 
. h a t  ally such disintegration shall result in  

so nlotlifying the relation of the system to 
the ~nvironinent tha t  i t  is once more re-
stored to the average in which assirnil. nt'ion 
can be resumed. 

We may imagine that the first step in  
the evolution of life was taken whw, clur-
inq the ch:iotic chemical interchanges 
. ~ ~ ~ h i e haccon~panicd the coolir~g clown of the 
molten surface of the earth. some com-
po~lncl was f o ~ m c d ,  probably with absorp- 
tion of heat, endowed with the p~soperty 
of polymerization and of growth a t  the ex- 
pense of su~.rounding material. Such a 
substance conlcl continue to grow only a t  
the expense of energy deriver1 from the 
surrolrnding rnediuii~. and ~vould undergo 
destruction with any stormy change i n  its 
environment. Out of the many such com- 
pounds u~hich might have corne into being, 
only such would survive in  which the 
process of exothermic disintegration 
tencled towards a condition of greater sta- 
bility, so that the process might come to 
a n  end spontaneously and the o~.ganisin or 
compound be enabled to await the more 
favorable conclitions necrsairp for the 
continuance of its growth. llTith the con- 
tinued cooling of the earth, the nrw pro-
duction of endothermic colnpounds would 
probably become rarer and rart3r. The be-
ginning of life, as we know it, was possibly 
the formation of some eomplcx, analogous 
to the present chlorophyll corpuscles, with 
the power o l  absorhinq the newly pene-
tratinq sun's rays ancl of utilizing these 
rays for  the  endothermic formation of 
further unstable compounrls. Once given 
a n  u~lstable system such as we have imag- 
inrcl, with two phases, viz., ( 1  ) a condition 
of assimilation or. growth by the endothev-
niic formation of new material ; ( 2 )  a con- 
dition of "cxhanstiou," in which the exo- 
thermic clestructive chilayes excited by 
unfavorable external conclitions came to an  
end spontaneously-the grcat principle of 
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natural selection or survival of the fittest 
would suffice to account for the evolution 
of the ever-increasing complexity of living 
beings which has occurred in the later his- 
tory of this globe. The adaptations, i. e., 
the reactions of the primitive organism to 
changes in its environment, must become 
continually more complex, for only by 
means of increasing variety of reaction 
can the stability of the system be secured 
within greater and greater range of ex-
ternal conditions. The difference between 
higher and lower forms is therefore merely 
one of complexity of reaction. 

The nalied protoplasm of the plasmo- 
dium of Myzomycetes, if placed upon a 
piece of wet blotting-paper, will crawl 
towards an infusion of dead leaves, or 
away from a solution of quinine. It is the 
same process of adaptation, the deciding 
factor in the struggle for existence, which 
impels the greatest thinkers of our times 
to spend long years of toil in the invention 
of the means for the offense and defense 
of their community or for the protection 
of manliind against disease and death. 
The same law which determines the down- 
ward growth of the root in plants is re- 
sponsible for the existence to-day of all the 
sciences of which mankind is proud. 

The difference between higher and !ower 
forms is thus not so much qualitative as 
quantitative. I n  every case, whatever part 
of the living world we take as an example, 
lire find the same apparent perfection of 
adaptation. Whereas, however, in the 
lower forins the adaptation is within 
strictly defined limits, with rise in type the 
range of adaptation steadily increases. 
Especially is this marked if we take those 
groups which stand, so to speak, at the 
head of their class. It is therefore im- 
portant to t ry and find out by a study of 
various forms the physiological mechanism 
or mechanisms which determine the in-

creased range of adaptation. By thus 
studying the physiological factors, which 
may have made for success in the struggle 
for dominance among the various repre- 
sentatives of the living world, we may ob- 
tain an insight into the factors which will 
make for success in the further evolution 
that our race is destined to undergo. 

It is possible that, even at this time, ob- 
jections niay be raised to the application lo 
nian of conclusions derived from a study 
of animals lower in the scale. I t  has in- 
deed been urged, on various grounds, that 
man is to be regarded as exempt from the 
natural laws which apply to all the other 
living beings. m e n  we inquire into the 
grounds for assuming this anomie, this 
outlawed condition of man, we generally 
meet with the argument that man creates 
his own environment and can not therefore 
be considered to be in any way a product 
of it. This modification or creation of en- 
vironment is, however, but one of the 
means of adaptation employed by man in 
common with the whole living liingdom. 
From the first appearance of life on the 
globe we find that one of the methods 
adopted by organisms for their self-preser- 
vation is the production of some artificial 
surroundings which protect them from the 
buffeting of environmental change. What 
is the mucilaginous envelope produced by 
microorganisms in presence of an irritant, 
or the cuticle or shell secreted by the out- 
ermost cells of an animal, but the creation 
of such an environment f All unicellular 
organisms, as well as the units composing 
the lowest metazoa, are exposed to and 
have to resist every change in concentra- 
tion and composition of the surrounding 
water. When, however, a body cavity or 
mlom, filled probably at first with sea-
water, made its appearance, all the inner 
cells of the organism were withdrawn frorn 
the disturbing influence of variations in 
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the surrounding medium. The ccelomic 
fluid is renewed and maintained uniform 
in  composition by the action of the orpan- 
ism itself, so that  we rnay speak of i t  as an 
environment created by the organism. 
The formation of a body cavity fillecl with 
salt solution a t  once increased the range of 
adaptation of the animals endowed there- 
with. Thus it enabled them to leave the 
sea, because they carried with them the 
watery environment which was essential 
for the normal activity of their coiistit-
uent cell units. The assumption of a 
terrestrial existence on most parts of the 
earth's snrface involved, however, the ex- 
posure to greater ranges of temperature 
than was the case in  the sea, ant1 indicated 
the necmsity for still further increase in 
the range of adaptation. Every vital 
process has its optirnum temperature a t  
which i t  is carried out rapidly and effect- 
ively. A t  or a little a b o v ~  freezinc point 
the chemical processes concerned in life are 
suspended, so that over a wide ranqe of the 
animal liirigdom there must be an allnost 
complete suspension of vital processes dur- 
ing the minter months, and a t  all times of 
the year a great depenclence of thc activity 
of these processes on the surrounding tem- 
perature. I t  is evident that a grcat ad- 
vantage in the struggle for existence was 
gained by the first animals which succeeded 
in  securing thermal as well as chemical 
constancy of environment for their cells, 
thus rendering then1 independent of 
changes in the external medium. It is in-
teresting to note that the maintenance of 
the temperature of warm-blooded animals 
a t  a constant height is a function of the 
higliei, parts of the central nervous sj7steni. 
A n  animal with spinal cord alone reacts 
to changes of external temperature exactly 
like a cold-blooded animal, the activity of 
its chemical changes rising and falling 
with the temperature. I n  the intact mam- 

mal, by accurately balancing heat loss from 
the surface against heat production in the 
muscles, the central nervous system en-
sures that the body fluid which js supplied 
to all the active cells has a teniperature 
ahich is independent of that of the snr- 
rounding medium. These are fundamental 
exarnples of adaptation effected by crea-
tion of an  environnsent peculiar to the 
animal. Numberless others could be cited 
which tliffer only in degree from the ac-
tivity of rnan himself. I n  some parts of 
this country, for  instance, the activity of 
the beaver in  creating an artificial envi- 
ronment has until lately been more marlied 
than that  of man himself. We are not 
justified, then, in regarding mankind as 
immune to the operation of natural forces 
which have determined the sequence of 
life on the surface of the globe. The same 
laws which have determined his evolution 
and his present position as  the dominant 
type on the earth's surface will determine 
also his future  destiny. 

We are not, however, dealing with or 
interested in simple survival. L o ~ ~ r e r  
forms of life are probably as abundant on 
the surface of the globe as they were a t  
any time i n  its history. Survival, as Dar- 
win pointed out, is a question of differen- 
tiation. When in savage warfare a whole 
tribe is taken captive by the victorious 
enemy, the leaders and fighting rnen will 
be destroyed, while the slaves will con-
tinue to exist as the property of the vic- 
tors. Survival, then, nsay be determined 
either by rise or by degradation of type. 
S u c c e ~  involves the idea of dominance, 
which can be secured only by that type 
~vhich is the better endowed with the 
mechanjsrns of adaptation required in  the 
struggle against other organisms. 

Among the many forms of living matter 
which niay have come into being in the 
earlier stages of the history of the earth, 
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one form apparently became predominant 
and must be regarded as the ancestor of all 
forms of life, whether animal or vegetable, 
viz., the nucleated cell. The almost com- 
plete identity of the phenomena involved 
in cell division throughout the living king- 
dom indicates that all unicellular organ-
isms and all organisms composed of cells 
have descended from a common ancestor, 
and that the mode of its reproduction has 
been impressed upon all its descendants 
throughout the millions of years which 
have elapsed since the type was first 
evolved. The universal distribution of 
living cells renders i t  practically impos- 
sible for us to test the possibility of a 
spontaneous abiogenesis or new formation 
of living from non-living matter at  the 
present time. We can not imagine that all 
the various phenomena which we associate 
with life were attributes of the primitive 
life stuff. Even if we had such stuff at  
our disposal, i t  would be difficult to decide 
whether we should ascribe the possession 
of life to it, and there is no doubt that any 
such half-way material would, directly it 
was formed, be utilized as pabulum by the 
higher types of organism already abound- 
ing on the surface of the globe. 

Integration and Diferentiatio?t.-An 
important step in the evolution of higher 
forms was taken when, by the aggregation 
of unicellular organisms, the lowest meta- 
zoon was formed. I n  its most primitive 
forms the metazoon consists simply of a 
cell colony, but one in which all individ- 
uals are not of equal significance. Those 
to the outer side of the mass, being ex-
posed to different environmental advan-
tages from those within, must even during 
the lifetime of the individual have ac-
quired different characteristics. More-
over, the sole aim of such aggregation 
being to admit of cooperation by differ- 
entiation of function between the various 

cell units, the latter become modified ac-
cording to their position, some cells be- 
coming chiefly alimentary, others motor, 
and others reproductive. Cooperation and 
differentiation are, however, of no use 
without coordination. Each part of the 
organism must be in a position to be af- 
fected by changes going on in distant 
parts, otherwise cooperation could not be 
effected. This cooperation in the lowest 
metazoon seems to be carried out by utili- 
zation of the sensibility to chemical stimuli 
already possessed by the unicellular organ- 
ism. We have thus coordination by means 
of chemical substances ("hormones") pro-
duced in certain cells and carried thence 
by the tissue fluids to other cells of the 
body, a mechanism of communication 
which we find even in the highest animals, 
including man himself. To such chemical 
stimuli we may probably ascribe the ac-
cumulation of wandering mesoderm cells- 
i. e., phagocytes-in an organism such as a 
sponge, around a seat of injury or any 
foreign substance that has been intro-
duced. By this mechanism i t  is possible 
for distant parts of the body to react to 
stimulation of any one part of the surface. 
Communication by this means is, however, 
slow, and may be compared to the state of 
affairs in civilized countries before the in- 
vention of the telegraph, when messengers 
had to ride to different parts of the king- 
dom in order to arouse the whole nation for 
defense or attack. 

Foresight an,d Control.-Increased speed 
of reaction and therefore increased powers 
in the struggle for existence were obtained 
when a nervous system was formed, by a 
modification of the cells forming the outer 
surface of the organism. By the growth of 
long processes from these cells a conduct- 
ing network was provided, running 
through all parts of the body and afford- 
ing a channel for the rapid propagation of 
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excitation froin the surface to the deeper 
parts, as well as fro111 one part of the sur- 
face to another. From this same layer 
were produced tlie cells 1%-hich, as rnuscle 
fibers, would act as the motive mechanism 
of the organism. Thus, from the begin- 
ning, the chief ine;lns of attack or escape 
were laid down in close connection with 
the surfl~ce froill wliich the stimuli were 
received. il fllrthcr step in the evolution 
of the nervous system consisted in the 
withdrawal of certain of the sensory or 
receptor cefls from the surface, so that a 
specially irritable organ, the central aerv- 
ous system, was evolved, which could 
serve as a distributirlg center for the mes- 
sages or calls to action initiated by changes 
occurring at the surface of the borly. At  
its first appearance this central nervous 
system ~vould hardly deserve the epithet 
of "central," since it formed a layer lying 
some distance below tlie surface, and ex-
tending over a eomiclerable area; though 
we find that very soon there is an aggrega- 
tion of the special cells to forrn ganglia, 
each of which might be regarded as pre- 
siding over the reactions of that part of the 
animal in which i t  is situated. Tllus in 
the segmental tvorm-like animals a pair of 
ganglia is present in each body segment, 
and the chain of ganglia are nnitecl by 
loiiqitndinal strands of nerve iibcrs to form 
the rpanglionated cord, or central nervous 
system. 

Such a diffused nervous system, in which 
all ganglia were of equal value, could. how- 
ever, only act for the comniorl weal of tllc 
whole body when a rcaction initiated by 
stirliulatioii a t  onc part mas not couuter- 
acted by an opposing reaction exciter1 from 
another part of the surface. For survival 
i t  is- necessary that in the presence of 
danger, i. o., an environment thlwtening 
the life of the individual OY race, the 
whole activities of the organism should be 

concentrated 011 the one common purpose, 
whethev of escape or defcnse. This could 
be ei'fectcd only by malijng one part of the 
central nervous systein predominant over 
all other parts, and the part which was 
chosen for this predominance was the part 
situated in the neighborhood of the ~nouth. 
This, in animals which move about, is the 
part 11-hich always precedes the rest of the 
body, and therefo1.e the part which first ex-
periences the sense irupressions, favorable 
or dangerous, arising from the cnviron-
n~ent. It is this end that has to appreciate 
the presence or izpprol~ch of food xiaterial, 
as well as the nature of the medium into 
which the animal is being driven by the 
movements of its body. Thus a predom-
inance of the front end of the nervous 
system was detc~mined by the special de- 
velopment at  this end of those sen8e or- 
gans or sensory cells which are pmjicient 
-i. e., arc stin~ulated by changes in the 
environrnent proceeding from disturlrances 
at  a distance from the animal. The sen- 
sory organs of vision and the organs which 
correspond to our o1f:lctory sense organs 
and are aroused by minute changes in 
chemical composition of the surrounding 
medium, arc always found especially at  
tlie front or mouth end of the organism. 
The chances of an animal in the struggle 
for existence are determined by the degree 
to which the responses of the animal to the 
i.rlz??zediatc environment are held in cliecli 
in coawqnerice of stinluli arising from 
approaching e~rents. The animal, without 
power to spe or smell or hear i h  enemy, 
will receive no impulse to fly until i t  is 
already within its enemy's jaws. N must 
therefore bc an advantage to any animal 
that thr ~vhole of its nervous system 
shor~ld be subse~-vient to those ganglia or 
central collections of nerve celk which are 
ill dircct connection with the projicient 
sense organs in thc head. This snbservi- 
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ence is secured by endowing the head cen- 
ter with a power, firstly, of controlling and 
abolishing the activities (i.e., all those 
aroused by external stimuli) of all other 
parts of the central nervous systenii, and, 
secondly, of arousing these parts to a re- 
action immecliately determined by the iin- 
pression received from the projicient sense 
organs of the heacl and originated by some 
change in the surroundings of the anirnal 
which has not 3-et affected the actual snr- 
face of its body. 

Educution by Expol.ierzce.--The factors 
which so fa]. determine success in the strug- 
gle for preclominance are, in the first 
place, foresight and power to react to com- 
ing events, and, in the second place, control 
of the whole activities of the organism by 
that part of the central nervous system 
which presides over the reaction. The ani- 
mal therefore profits most which can sub- 
ordinate the impulses of the present to the 
exigencies of the future. 

A11 organism thus endowed is still, how- 
ever, in the range of its reactions, a long 
way behind the type which has attained 
donlinance to-clay. The machinery we have 
described, when present in its simplest 
for~n,  suffices for the carrying out of 
reactions or adaptations which are deter-
mined irnrnediately by sense impressions, 
advantage being given to those rcactions 
which are initiated by afferent stimuli af- 
fecting the projicient sense organs a t  the 
head end of the animal. With the forma- 
tion of the vertebrate type, and probably 
even before, a new faculty malies its ap- 
pearance. Up to this point the reactions 
of an animal have been what is termed 
"fatal," not in the sense of bringing death 
to the animal, but as inexorably fixed by 
the stnlctnre of the nervous system in-
herited by the animal front its precursors. 
Tlilis it is of advantage to a moth that it 

such a reactivity is a f~~nc t ion  of the strue- 
tnre of its nervous system. When the 
light object happens to be a candle flanie 
the same response takes place. The first 
time that the rnoth flies into and through 
the candle flasne, it may only be scorched. 
I t  does not, however, learn wistiom, bul t he  
reaction is repeated so long as ihe moth calk 
receive the light stimuli, so that the re-
sponse, which in the average of casw is fop 
the good of the race, destroys the indivicl- 
ual under an environment which is differ- 
ent from that under which i t  was evolved, 
There is in this case no possibility of eclu- 
eating the individual. The race has to be 
educated to new conditions by the ruthless 
destruction of millions of irtdividuals, until 
only those survive and impress their stamp 
on future generations whose machinery, 
by the accumulation and selection of mi-
nute variations, has undergone sufficient 
modificalions to detersnine theiv automatie 
and "fatal" acoidunce of the harinfuE 
stiinulus. 

The next great step in the evolution of 
our race was the modification of the nerv- 
ous sptern which should rencler possjble 
the education of the individual. Tho 
mechanism for this edncability was sup. 
plied by the addition, to the controllin@ 
sensory ganglia of the head, of a mass of 
nervous matter which could act, so to 
speak, as an accessory circuit to the various 
reflex paths already existing in the original 
collection of nerve ganglia. This acces-
sory circuit, or upper brain, comes to act 
as an organ of memory. Witliout it a child; 
might, like the moth, be attracted by al 
candle Aame and approach it with its hand. 
The injury ensuing on contact with the 
flame would inhibit the first nloveinent and 
cause a drawing back of the hand. In  the 
simple reflex mechanism there is no reasons 
why the same series of events should not be 

should be attracted by, and fly to~~rardsrepeated indefinitely, as in thc case of the 
liqht ohjectsl--e. [I., white flowers-ancl moth. The central nervous system, how- 



SCIENCE [N. S.T-OL. XSX.  No. 769 

ever, is so constituted that every passage 
of an inipulee along any given channel 
makes it easier for subsecjuent iinpulses to 
follow the same path. I n  the new uerre 
center, which presents a tlerivecl circuit for 
all impulses traversing the loxirer centers, 
the response to the attraactive ini1)nlse of the 
flame is succeeded immediately hy the 
strong inhi'r)itoi-y impulses set up by the 
pain of the burn. Painful inlpressions arc 
always preclominant. Since they arc 
harmful, the continued existence of thf 
anirnal depends on the reaction caused by 
such inlpressions tilking thc precetlencc of 
and inhibiting all others. The effect thcre- 
fore of such a painful experience on the 
new npper brain ~lnxst f a r  otstweigli that of 
the previous irnpl~lse of attraction. The 
next time that a similar attractive imprcs- 
sion is experienred the derived impulse 
traversing the upper brain arouses, not 
the  previous primary reaction, but the 
secondary one, viz.. that determilled by the 
painful inlpressions attending contact with 
tlie flame. As a result, the whole of the 
lower tracts, along which the primary re- 
action wonld havc traveled, are blocked, 
and the reaction-now an  educated one- 
consists in mithdr;twal from or avoidance 
of the formerly attractive object. The 
burnt  child has letwnccl to  dread the firc. 

The upper b ~ a i n  represents a nerve 
ineclianism withont distinct paths, or 
rather witli numberless paths presenting 
a t  first equal resiqtance in the various di-
rections. As a result of experience, d&-
nitc tracts are laid down in this system, 
so that  the. individual has tlie advantage 
not only of his lower reflex machinery for 
reaction, but also of a machinery which 
with aclvance in  life is adapted Inore and 
more to the environment in ml~ich he hap- 
pens to be. This educable par t  of the 
nervous system-i. e., the one in  which the 
direction of irnpnlses depends on past ex-

pi'ricnee and on habit-is represented in 
vertebrates by the cerehral hemispheres. 
From their first appearance they increase 
steadily in size as we ascend the anirnal 
scale, until i n  man they exceed by niany 
tinles in  1)ulk the t~rholr of the rest of the 
nervous system. 

Tj7e have thus, laic1 down automatically, 
increased power of foresiqht, founded on 
the law of uniformity. The candle flarile 
injures the skin once tihen the finger is 
blaougkt in  contact wit11 it. TITe assume 
that the sarne res~llt  will follow each time 
that this operation is repeateti. This nni- 
formity iq also asw~med i n  the growth of 
the central nervous system and fnrnishrs 
the bash on which the nerve paths in  thc 
brain are laid down. The one act of in- 
jury whiclr has followed the first trial of 
contact t,rxffrces in inost cases to inhibit and 
to prevent any suhsequerit repetition of the 
act. 

Thp FacztZfy of Rp6eck.-If n e  consider 
for a. nloment the vastness and complexity 
of the stream of impres~ioas m~hich inlist be 
ronstantly pouring into the central nerv-
ous systerr~ fro111 all the sense organs of 
the botly, and the fact that, a t  any rate in 
the growing animal, every one of these im-
pulses is, so to speak, stored in  the upper 
brain, and affects the whole future belrav- 
ior of the animal. even the rnillior~s of 
nerve cells and fibers which are to be found 
in the hnrnan nervous system wonld seen1 
to be jnwxfficient to carry out the task 
thrown upon thcni. Fur ther  development 
of the adaptive pourers of the aninla1 would 
probably have bfxen renclered i~npossible 
by the very exigencies of space and nntri- 
tion, had it not been for  the development 
of the power of speech. A word is a fairly 
silnple noto or ar t  and produces a corre-
spondingly simple sensory jmpression. 
Every ~vortl, however, is a shorthand es- 
presion of a vast sum of experirnce, and 
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by using words as counters jt becomes 
possible to increase enormously the power 
of the nervous systein to deal with its ourn 
experience. Eciucation now involves the 
learning of these counters and of their 
significance in  sense experience; and the 
reactions of the  highest animal, man, are 
for the most par t  carried out in response 
to words and are governed by past educa- 
tion of the experience-content involved in 
each word. 

The power of speech was probably de- 
veloped in  the first place as a means of 
communication among primitive nlan liv- 
ing in groups or societies; as a means, that 
is to say, of procuring cooperation of dif- 
ferent individuals in  a task in  which the 
survival of the whole race was involved. 
B u t  i t  has attained still further signifi-
cance. Without speech the individual can 
profit by his own experience and to a cer- 
tain limited extent by the control exercised 
by the older and more experienced mem- 
bers of his tribe. As soon as experience 
can be symbolized in words, i t  can be dis- 
sociated from the indivitlual and becomes 
a par t  of the common heritage of the race, 
so that the ~vhole past experience of the 
race can be utilized in the education-i. e. ,  
the laying down of nerve tracts-in the 
individual himself. On the other hand, the 
community receives the advantage of the 
foresight possessed by any individual who 
happens to be endowed with a central nerv- 
ous system which transcends that of his 
fellows in its powers of dealing with sense 
impressions or other symbols. Tlie fore- 
sight thus acquired by the whole commn-
nity must be of advantage to i t  and serve 
for  its presel*vation. It is therefore 
natural that in  the processes of clevelop-
men& and division of labor, which occur 
among the members of a community just 
as among the cell units composing an  ani- 
mal, a class of individuals sho~xld have 

been developed, who are separated from 
the ordinary avocations, and are, or should 
br~, maintained by the community, in 
order that they may apply their ~vhole 
enlergies to  the study of sequences of sense 
impressions. These are  set into words 
which, as summary statements of sequence, 
are known to us as  the laws of nature. 
These natural laws become the property 
of the whole community, become embodied 
by education into the  nervous system of its 
individuals, and serve therefore as the ex- 
perience which will determine the future  
behavior of its constituent units. This 
study of the sequence of phenomena is the  
office of science. Through science the 
whole race thus becomes endowed with a 
foresight which may extend f a r  beyond 
contemporary events and may include in 
its horizon not only the individual life, but  
that of the race itself as of races to come. 

fJocia1 C0~duct.1-I have spokr~n as if 
every act of the animal were determined 
by the complex interaction of nervous 
processes whose paths through the h i g h ~ r  
parts of the brain had been laicl clown by 
previous experience, whether of phenonl-
ena or of words as symbolical of phenom- 
ena. The average conduct, however, of the 
individual, determined a t  first in this way, 
became by repetitioil automatic-i. e . ,  the 
nerve paths are so facilitated by frequent 
usc that  a given impulse can take only the  
direction which is set by custom. The gen- 
eral adoption of the same line of conduct 
by all the individuals of a community in  
face of a given condition of the environ- 
menlt gave in most cases an  advantage to 
those individuals who were endowed with 
a nervous system of such a character that 
the path could be laicl down quiclrly ancl 
with very little repetition. Thus we get a 
tendency, partly hy selection, largely by  
education, to the establishment of reap-
tionrr which, like the instincts of animals, 
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.are allnost automatic in character. 11s 
31acL3ouqall has pointed out, the represen- 
tations in conscionsness of automatic tend- 
encies are the emotions. Nora1 conduct, 
being that hchavior which is adapted to the 
individual's position in his eo~~nnanity, is 
Zargelg determined by these paths of anto- 
matic action, and the inorill individual is 
be ~vhose antornatie actions and consequent 
emotions are most in accord tvith the wel- 
fare of his community, or at  any rate with 
what has been accepted as the rule of con- 
duct for the community. 

R i e  in T y p e  dcpc7zdent 09% Br.aij.1.-

coming events. We thus have with the 
rise in type a gradually rising scale in 
powers of foresight, in control by the cen- 
tral nervous systcm, and in the solidarity 
of the units of which the organism is com- 
posed. 

In  the st~*nggle for existence the rise in 
type has depended, therefore, on the central 
nervous system and its servants. Rise in 
type implies increased ranqc of adaptation, 
and we have seen that this increased range, 
from the very beginning of a nervous sys- 
tem, was I~ountl up with the. powers of this 
systrm. Wh:rtcver opinion wc map finally 

7'hns, in the evolution of the higher f~~orn  ai-rive a t  ~vith regard to the types of ani- 
the lower type, the physiological ~nechan- 
isms, which have proved the decisive fac- 
tors, can be summed up under the head- 
ings of integration, foresight ant1 control. 
an the process of integration we have not 
<only a combination of units prcvioi~slg 
discrete, but also differentiation of strue-
ture and function ainong the units. 'They 
have lost, to a large extent, their previous 
intlependence of action and, indced. power 
of independent wtion, the whole of their 
h-nergies being now applied to fulfilling 
their part in the eomrilon work of the or- 
ganism. At first bound together by but 
slight ties and capable in many cases of 
separating to form new cell colonies, they 
have finally arrived at  a condition in 
rvhieh each one is absolutely dependent for 
its existence on its connection with the 
rcst of the organism and is also essential 
f o  the well-being of every othcr part of 
the organism. 

This solidarity, this subjection of all 
selfish activity to a common end, namely. 
preservation of the organism, cot~ld only be 
,.ffectcd by a gradual increase in the con- 
trol of all parts by one master tissue of 
the Body, whose actions were determined 
hy impulses arriving from sense organs 
which themselves were set into activity by 

lnuls which we may claim as our ancestors 
on tlic line of descent, there can be no 
doubt that aaskcll is right in the funda- 
rncntal idea which has guided his investi- 
gations into the origin of vertebrates. As 
he says, "the law for the whole animal 
kingdom is the same as for the indivithal. 
Success in this ~ ~ o i - l ddepends upon 
brains." The work by this observer which 
has lately appeared sets forth in greater 
detail than I have been able to give yon to- 
day the g~ountls on which this assertion is 
based, and furnishes one of the most note- 
worthy contributions to the principles of 
evolution which have been published dnr- 
i11g recent years. 

MTe must not, however, qive too restrict- 
ive or common a meaning lo the expres- 
sion "brains" used by Qaskell in the 
dickmi quoted above. T3y this ~vorcl we 
imply the whole reactive system of the 
animal. I n  the case of man, as of some 
othcr animals, his behavior depcnds not 
~ncrely on his intellectual qualities or 
powers, to which the term "brain" is 
oftcn in popular langnage confined, but on 
his position as a member of a group or 
society. I-Tis mtom:~tic activities in re-
sponse to his ordinary environment, all 
those social acts rrhich we ascribe in our-
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selves to our enlotions or conscience, are 
determined by the existence of tracts in  
the higher parts of his brain, access to 
which has been opened by the ruthless 
method of nlatural selection and which 
have been deepened and broadened under 
the influence of the pleasurable and pain- 
ful impressions which are included in the 
process of education. All the higher de- 
velopment of Inan is bound up with his ex- 
istence as a member of a community. and 
in trying to find out the factors which will 
determine the survival of any type of man, 
we must give our attention, not to the man, 
but to the tribe or community of which he 
is a member, and must try to find out what 
kind of behavior of the tribe will lead to 
its predominance in the struggle for exist- 
ence. 

Poliiical Evo1zctio.n.-The comparison of 
the body politic with the human body is as 
old as political economy itself, and there is 
indeed no reason for assuming that the 
principles which determine the wccess of 
the animals formed by the agg-regation of 
unicellular organisms should not apply to 
the greater aggregations or communities 
of the multicellular organisms themselves. 
I t  must be remembered, however, that the 
principles to which I have drawn your at- 
tention are not those that cleterniine sur- 
vival, but those which determine rise of 
type, what I have called success. Evoln-
tion may be regressive as well as progres- 
sive. Degeneration, as Lankester has 
shown, may play as great a part as evolu- 
tion of higher forms in  determining sur-
vival. The world still contains myriads of 
unicellular organisms as well as animals 
and plants of all degrees and complexity 
and of rank in the scale of life. All these 
forins are subordinate to man, and when 
in contact with him are made to serve his 
purposes. In  the same way all mankind 
will not rise in type. Many races will die 

oat, especially those who just fall short of 
the highest type, while others by degrada- 
tion or differentiation may continue to 
exist as parasites or servants of the higher 
type. 

Mere association into a community is riot 
sufficient to ensure success; there must 
also be differentiation of function among 
the parts, and an entire subordination of 
the activity of each part to the welfare of 
the whole. I t  is this lesson which we Eng-
lish-speaking races have at the present time 
most need to learn. I n  the behavior of 
man alnlost every act is represented in 
consciousness as some emotion, experience 
or desire. The state of subordination of 
the activities of all units to the common 
meal of the community has its counterpart 
in consciousness as the "spirit of service. " 
The enormous value of such a condition of 
solidarity among the individuals consti-
tuting a nation, inspired, as me should say, 
by this spirit of service, has been shown to 
us lately by Japan. In  onr own case the 
subordination of individual to state inter- 
ests, such as is necessary for the aggrega- 
tion of smaller primitive into larger and 
more complex communities, has always pre- 
sented considerable difficulty and been ac- 
complished only after severe struggle. 
Thus the work begun by Alexander Ham- 
ilton and 'Tivashinqton, the creation of the 
TJnited States, is still, even after the unify- 
ing process of a civil war, incomplete and 
marred by contending state and inclividual 
interests. The same sort of difficulties are 
being experienced in the integration of the 
units, nominally under British control, 
into one great nation, in which all parts 
shall work for the good of the whole and 
for mutual protection in thc struggle for 
survival. 

The Lesson of EvoZuti~n.-Just as pain 
is the g-eat educator of the individual and 
is responsible for the laying down of the 
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nervous paths, which will determine his 
whole fnture conduct and the control of 
his lower by his higher centers, so harcl- 
ship has acted as the integrator of nations. 
It is possible that sorne such factor with 
its attendant risks of extermination may 
still be necessary before we attain the uni-
fication of the British empire, ~ ~ h i c b  would 
seen1 to be a necessary condition for i ts  
future  success. Bllt if only our eonntry-
nlen can read the lesson of evolution and 
are endowed with sufficient foresight, t l~ere  
is no reason why they should not, by as-
sociating themselves into a qreat eommu-
nity, avoid the lesson of the rod. Such a, 

comn~unity, if imhued by a spirit of wrv-
ice ancl guided by exact knonltclge, 
might be successful above all others. I n  
this conirnunity not only must there be 
subordination of indiviclual to coininunal 
interests, but the behavior of the crlJnmu- 
nity as a whole must be determined by 
anticipation of events-i. e., by t l ~ c ~  systern-
atized knowledge which TI'C call scie~ice. 
The universities of a nation must be like 
the eyes of a n  animal, and the nlessages 
that these universities have to deliver 
must serve for  the guidance and direction 
of the whole community. 

This does not imply that the scientific 
men, ~ v h o  compose the universities and are 
the sense organs of the community, shoulil 
be also the rulers. The reactions of a 
inan or of a higher rnalnrnal are not dctcr- 
mined i~nlnecliatcly by impulses conling 
from his eyes or ears, but are guicieci l ~ y  
these in  association with, and after they 
have been weighed against, a rivh web of 
past exppricnce, the organ of which is the 
higher brain. It is this organ ~ ~ h i c l l ,  as 
the states~nan of the cell community, Pxer- 
ciscs ahsolute control. And i t  is well thwt 
those who preciicate an absolute equality or 
identity among all the units of a co~linin- 
nity sl.~ould remcrnber that, although all 

parts of the body are active and have their 
par t  to play in the common work, there is 
a hierarchy in the tissues-different gracles 
in their value and in  their conditions. 
Thus every nutritional mtx'hanism of the 
body is subordinitte to the need3 of the 
guiding cells of the brain. I f  an aninla1 
be starvecl, itr tissues waste; first its fa t  
goes, then its muscles, then its skeletal 
structures, finally even the heart. The 
brain is supplied ~ir i tb  oxygen ancl nout-- 
ishatrnt up to the last. When this, too, 
fails, the  animal dies. The leading cells 
have iiist call on the resources of the 
body. Their needs, ho~l-ever, are soon sat- 
isfied, and the actual amount of food or 
oxygen used by then1 is insignificant as 
compared with the greedy demancls of a 
-~or l i ing  muscle or gland cell. In lilie 
manner every community, if it is to suc- 
ceed, must he governed, and all its re-
sources controlled, by men with foreseeing 
pon er  and rich cxpcricnce-i. e., with the 
w i d o m  that mill enable them to profit by 
the teachings of science, so that every part  
of the orqanism may be p u t  into such a 
conclitioa as to clo its opti~nurti of work for 
the colnnlunity as a whole. 

A t  the present time i t  seems to me that, 
although it is the fashion to acquiesce in 
evolution bccanse i t  is acceptcd by biolo- 
gists, we do not sufficiently realize the im-
portitnee of this p1.inciple in our daily life, 
or its vahre as a guide to conduct and 
policy. I t  is probable that this doctrine 
had inore influence on the behavior of 
thinltinq rnen in  the period of storm and 
controversy which followed its pmnulga-  
tion fifty years ago, than i t  has at  thc prtls- 
en t  day of hllre~~rarrn emotions and second- 
hand opinions. Yet, accorciing to their 
agreelrien: with biological laws, the politi- 
cal theories of to-day murt stand or fall. 
I t  is t rue  that in ir~ostof t?ic.m the doc- 
trine of evolution is invoked as supporting 
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one or other of their chief tenets. The 
socialist has grasped the all-importance of 
the spirit of service, of the subordination 
of the individual to the coinmunity. The 
aristocrat, in theory a t  any rate, would 
emphasize the necessity of placing the 
ruling power in  the hands of the individ- 
uals most highly endollred with intelligence 
and with experience in the affairs of na-
tions. I Ie  also appreciates the necessity of 
complete control of all parts by  the cen-
t ra l  government, though in many cases the 
sense organs which he uses for  guidance 
are the traditions of past experience rather 
than the science of to-day. The liberal or 
individualist asserts the nceessity of giv-
ing to each individual equal opportunities, 
so that there may be a free fight between 
all individuals in xirhich only the most 
highly gifted will survive. It might be 
possible fo r  another Darwin to  give us a 
politic which would combiiie what is true 
in each of these rival theories, and would 
be in strict accord with our knoxledge of 
the history of the race and of mankind. 
As a matter of fact the affairs of our states 
are not determined accordi~lg to any of 
these theories, but by politicians, whose 
measures for the conduct of the community 
depend in the last resort on the suffrages 
of their electors-i. e., on the favor of the 
people as a whole. It has been rightly 
said that every nation has the government 
which it deserves. Hence i t  is all-impor- 
tant that the people themselves should 
realize the meaning of the message which 
Darwin delivered fifty years ago. On the 
choice of the people, not of its politicians, 
on its power to foresee and to realize the 
laws which determine success in  the strug- 
gle for existence, depends the future of 
our race. It is the people that  must elect 
men as rulers in  virtue of their wisdom 
rather than of their promises. It is the 
people that must insist on the provision of 

the organs of foresight, the workshops of 
exact knowledge. It is the individual who 
must be prepared to give u p  his own free- 
dom and ease for  the welfare of the com- 
munity. 

\TThether our type is the one that will 
give birth to the super-man i t  is impossible 
to  foresee. There are, however, two alter- 
natives before us. A s  incoherent units we 
may acquiesce i n  an  existence subordinate 
to  or parasitic on any type which may 
happen to achieve success, or as members 
of a great organized conlmunity we may 
make a bid for determining the future of 
the  wovld and for securing the dominance 
of our race, our thoughts and ideals. 

VACCINE TIIERAP17 A S D  I31UUSIZAI'ZON 

Two of the great hospitals of I,ondon, as 
we learn from the London Times,St. Mary's, 
a t  Paddington, and the Mount Vernon Hos- 
pital for Consumption, a t  IIampstead aild 
Northwood, have recently issued appeals on 
behalf of their special funds for the study and 
practise of vaccine therapy and for the 
further development of immunization. 

At  the Nount Vernon Hospital the direc- 
tion of the department has been committed to 
Dr. R.TY. Allen, who has been directing his 
attention largely to afforcling protection 
against catarrh and influenza, and who will be 
applying the saine principles to the treatment 
and, i t  may reasonably be hoped, to the cure 
of the forms of tuberculosis of the lung 
which are still confi~led to a somewhat limited 
area. I n  these, as ill trlberculosis of the joints, 
there is every reason to expect the ultimate 
subjugation of the invading bacilli by the 
natural forces evolieil through the agency of 
inoculations; but, in the one case as in the 
other, the demand for special resources arises 
from the fact that the application of the 
principle involved has not yet been brought 
within the scope of merely bedside observa- 
tion, and nlust still be guided by laboratory 
work of a lrilid which occupies inuch time and 


