
I ]lave used the phrases lines of inducliue forcc 
and curi)ed lines of folce in a general sense only, 
just a s  vre °peak of lines of nlaglzetic force. 

He  does not represent field intensity by 
lines. 

lfax~trell~ changed the meaning I~ou~ever, 
by calling Paraday's lines of force lines 
of induction and using the term lines of 
force for lines of intensity only. 

And rye ? We use the words sometimes in 
Faraday7s sense, sometimes in Xaxwell's 
sense. TITe introduce them when speaking 
of fielcll intensity and later on make the 
glaring mistake of asserting that the in- 
duced calectrornotive force is measured by 
the cutting of lines of force. The Ameri- 
can Institute of Electrical Engineers has 
proposed to call the unit of magnetic in- 
tensity the "gauss"; it seems to be a gen- 
eral understanding. judging fro111 papers 
appearing. on magnetic subjects. that it is 
also the unit of induction. Perso~lallyI 
prefer lo discard the troublesoioe term al- 
togethey, but it ]nay be that i t  has become 
so familiar to the scientist and is so gen- 
erally used in engineering practise, though 
usually there in the meaning of lines of 
induction, that i t  is too late to abolish i t  
altoqc~ther. If TTe must keep the lines 
of force in our text-books, let us use them 
in one sense only. We should certainly 
stop confusing our students about the real 
nature of these two totally different quan- 
ti lie^.^ 

I hope to have proven that we lack in 
the presentation of several topics that ac- 
curacy of expression of which in general 
the physicist can be justly so proud, and 
that greater uniformity in the use of eel*- 
tain terms is very desirable. Our ideas as 
to the fitness of proposed names for the 
quantities in question as well as to the 
choice o F definitions, may be widely differ- 
ent. Your speaker clearly realizes that 

#See also a paper by Professor Patterson, 
"Michig,~n Technic," 20, NO. 2, I). 35, 1907. 

t h ~ r eis ample room for discussion and that 
the sporadic attempt of a single scientist 
to correct the apparent faults in our teach- 
ing can not better the conditions appreci- 
ably. 

Reforms of a lasting nature can be ac- 
complished and the desired result reached 
in shorttat time, only, if definite proposi- 
tions be made by a conlmittee consisting of 
a number of representative physicists. 
With their influence behind a reform 
i-iiove~nent of this kind we shall soon reach 
practical unanimity. 

In conclusion, let me assure yon from 
n1y own experience that it is not an ex-
tremely difficult nlatter to teach the stu- 
dent to make these fine distinctions between 
different physical quantities. I t  is true, i t  
reclnires some deep and accnrate thinliing; 
but, the result has always been that in the 
encl the subject has become clearer to the 
student and, as I have been assured, even 
niore interesting. 

H.E. GTJTHE 

WE recognize two very distinct types of 
physiological functions : (I)activities con- 
cerned with the inner worl~ing of the bodily 
n~echanism-nutrition, internal regulation, 
etc.-and called vegetative or visceral func- 
tions; (2) activities concerned with the 
atljustments of the body to outside, or 
environmental influences. These we call 
sonlatic functions. 

These reaction types are, of course, al- 
ways intimately related and interdepend- 
ent ;  nevertheless, as we ascend the scale 
of animal life the history of the evolution 
of both structure and function shows a 
progressive elaboration of each of these 

'Addres? of the vice-president and cliairman of 
Scction F-Zoology. An~erican Association for  
the Advancement of Science, Boston, 1909. 
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t x o  functional systelns and cliKerentiation 
from the other, so that in higher vcrte-
brates the distinction between them iltay be 
said to be fimdamental both to anatonly 
and to physiology. 

As children we probably considered the 
cliief distinction b e t ~ ~ e e n  plants and ani- 
n ~ a l sto 7)c the uhility of the latter to move 
lreely about : but one of tlie first lessorls in 
our elementary biology was the correction 
of this notion, by fIie strrdy of sedentary 
animals 2nd locomotor plants. Keverthe-
Jess, I fancy that in  the broad ~ i e ~ vthe 
childish idea has the root of the n ~ a t t e r  in  it. 
The planis and sedentary aninlals lrtay 
have their reqetntive functions of internal 
adjustment never so liighly specializecl al~cl 

parture in an  examination of the phylo~cn-  
etic history of belravior types. 

On anatomical and zoologjcal grotlnds 
zoologists are in  the habit of subdividing 
the auiinal lriilgtlom in the xvay roaghly 
suggested by tlie acconlpanying scheme. 
Most of the in~portant  groups are naturally 
arranged in  tnTo great phyla which have 
appareritly heen rlnite ilistinct as f a r  down 
as the Ilat worms. One of these, which we 
inay call the artic~alale phylum, incIudes 

yet remain relatively low in  tlie biological 
scale because their relations with the en-
sironinent are necessarily Iii~iitecl to the 
s~na l l  circle ~- i t l i in  ~ r l ~ i c l ~  they first; take 
~ o o t ,~~here i? , sthe power. of locoinotioll car- 
ries with it, a t  least potentially, the ability 
to clioose be tmen  rizany more environ-
merltal factors. It is only the free-movinq 
nnimals that liave angtliing to gain by loof<- 
ing aheacl in the world. and bere only do 
we finrl I\-ell-developed distance receptors, 
i. e., sense organs adapted to receire im- 
pressions froin objects remole from contact 
with tlie body. Ancl the clistance receptors, 
nr we shall see, have clol~jinateit and set the 
direction of the erolntion of the nervous 
systen~ in vertebrates. 

Thus arose the anirnaf head, with its 
three important P~mctions of feeding, 
breathing and the recogi~itioxl of mates and 

the segmented ~vorms, crt~staceans, spiders 
and insects; tlie otllel* pl~ylum, after pass- 
ing through a series of obscure invertelul-ate 
stages, largely a t  the present time extinct, 
culirlinutes in the true vertebrates. It inay 
be termed briefly the vertebrate phylain, 
and all of its members, froin the lowest to 
the higliiest, are sharply distinguished from 
those of the articulate p h y l ~ ~ r n  by several 
characteristics, among 1~1lich is the clevel- 

enemies, Parker llas recently r e v i e ~ ~ e d "  opment of 1~lesoilcrmal gut  ponclres. All 
in  an illuininating way the earlier stages 
in  the differentiation of the nervous sys-
ten1 and I shall not attempt to go over this 
grouncl again. but will take a bilttterally 
symn1etric:tl segmented aiiirnal with a dif- 
Terelltiatecl head encl as the point of de-

Parlter, G .  EI., Popzc7rrr scirncc ilfo~ztlzly,1909. 

Porms al~ove the Enteropnenstn have gill 
clefts, either embryonic or adalt, tvhicl~ 
likenise tlevelop as grit poilchcs and a dor-
sal ttibular ~ ~ e r v n u s  ~vhicl*is de- system. 
rived from the mid-t1or.sal ectodernl and is 
separated fro111 tho gnt t);v a supporting 
notochord. The articulates, on the other 



9 JAKUARY SCIENCE -7 ,  19101 

hand, have a ladder-like nervous system 
ventrally of the gut and of totally different 
origin. 

These are illustrations of the nature of 
the data on the basis of which zoologists 
are in quite general agreement in recog- 
nizing the wide divergence of these two 
g ~ e a t  phyla of metazoa. 

Now, students of animal behavior have 
recognized also two fundamental behavior 
t ~ p e s  among the higher animals. This is 
clearly stated by Perkes when he points 
out3 that the animal kingdom presents di- 
vergent lines in the development of action 
types. 

Certain animals are markedly plastic or volun- 
tary  in their behavior, others are as  markedly 
fixed or instinctive. I n  the primates plasticity 
has reached its highest known stage of develop-
ment; in the insects fixity has triumphed, in-
stinctive action is predominant. The ant  has 
apparently sacrificed adaptability to  the develop- 
ment of ability t o  react quickly, accurately and 
uniformly in a certain way. Roughly, animals 
might be separated into two classes: those which 
are in high degree capable of immediate adapta- 
tion to  their conditions, and those which are 
apparently automatic since they depend upon 
instinctive tendencies to action instead of upon 
rapid adaptation. 

I f  time permitted us to develop this con- 
ception, many striking illustrations might 
be cited of the predominance of now one, 
now the other, of these action types in 
different animals. The most striking fea- 
ture of such an examination is the dis-
covery that, while the generalizeci members 
of both of the zoologists' phyla exhibit an 
extreme development of neither action 
type, those forms which are structurally 
highly specialized generally have one or 
the other action type also highly devel-
oped; and in these cases an arrangement 
of animals according to their type of be- 
havior follows closely the diphyletic ar-

a Journal of Conzparative Xeurology ancl Psy-
chology, Vol. 15, 1905, p. 137. 

rangement previonsly elaborated on purely 
structural grounds. The anatomical basis 
of this harmony is readily apparent when 
the nervous systems of the two phyla are 
compared. 

The central nervous system of the articu- 
lates is fundamentally a segnlenteci ladder- 
like chain of nerve tissue with special gan- 
glionic enlargements in the head related t o  
the leading sense organs. It is dominated 
by the general body metamerism and the 
segmental reflex arcs are li-ept relatively 
distinct by the anatomical configuration. 
Some of the componnd and chain reflexes 
are very complex; yet they tend to follow 
the appropriate stimuli with a mechanical 
precision which is simply an expression of 
the accurate vor l~ ing  of a pre-formed 
mechanism. Since this is an inherited 
mechanism, all members of the species 
exhibit similar reactions and these do not 
require experience for their performance. 
This is instinct. 

On the other hand. the vertebrate nerv- 
ous system is fundamentally an epithelial 
tube, only imperfectly segmented, which 
contains not only direct reflex mechanisms 
of the articulate type, but also a massive 
continuous column of nerve cells and con- 
necting fibers, the reticular formation, 
which is a diffuse correlation center related 
to all of the reflex arcs. I n  the head there 
are special enlargements derived from this 
(incompletely) segmented reticular forma- 
tion, which make up  the greater par t  of 
the brain in a higher vertebrate. These are 
the special correlation centers or the supra- 
segmental apparatuses of Aclolf Meyer's 
terminology. 

The entire vertebrate plan of nervous 
system is totally different from that of any 
member of the articulate series and, while 
adapted to perform stereotyped reflexes 
and instinctive modes of behavior, is also 
capable of wholly diEerent types of reac-



tion based on the functiollal plasticity of 
the reticular formation and its derivatives. 
There is, of course, some measure of plas- 
ticity in the behavior of arthropods, e .  g., 
some ability to learn by espericnce, and 
they posscss solme tissnc corresponding to 
the reticular formation; bixt in the broad 
vietv the distinctions just drawn are char- 
acteristic of the two phyla. 

Without going into further cletail, we 
may, then, generalize that the higher in- 
sects mark the culn~ination of the stcreo- 
typed or instinctive type of behavior, while 
the primates represent the cul~r~ination of 
the plastic, docile or rational typc, and that 
the strnctitral basis of this pl~tsticity of the 
vertehratcs is lound in the relation of the 
reticular formation of their nervons sys-
tenis to the other elements of the nenral 
tube and especially in the snpraseginental 
correlation centers derived therefrom. The 
lower vertclbrates are far inferior to the 
higher insects in many respects-often per-
haps in the very ability to profit by esperi- 
ence of which we have been speaking; but 
their physical organization is such as to 
favor f~lhlre differentiation in this clirec- 
tion, while that of the insects is such as to 
forbid it. 7'hns it appears proljable that 
the doininance of the vertebrate type was 
foreshaclo~+-edfar hacli among the ancestral 
crawling things in which no truly verte- 
brate character was manifest, foreshadowed 
merely by a structural type with clifferent 
latent potencies. 

The arthropod type of organization and 
aetion system is rigidly stereotyped in the 
race as wcll as in the individual; i. e.,  it 
tends to be trans~nitted without modifiea- 
tion from generation to generation. I t s  
pattern can be changed only by natural 
selection 01, some other agency which can 
act throngh heredity. ?'he more plastic 
vertebrate type is not fixed completely at  
birth by heredity, but its precise form is 

more largely acquired as inclividual experi- 
ence advances. As i~itelligence plays a 
progressively greater part in the behavior, 
infancy will be prolonged to afford the 
necessary opportunity for the plastic nerv- 
ous system to be shaped in adaptation to 
the indiviclual needs of the animal. The 
instruments of I-acial progress here arc not 
rnerely natural selection acting through 
heredity, but also clocility, social htrecl- 
ity and organic selection, acting largely 
through intelligent adaptation. 

In  the vertebrates tlic amount of prc-
formed or inborn organization, both of 
structure and of function, is in general 
greater than in arthropocls; hut there is 
superposed upon this riyidly predeter-
inined tissue in higher vertebrates the un- 
specialized embryonic correlation tissue, 
the ctetails of whose organization are not 
laic1 clown in the hereditary pattern, but 
are inrlividually acquired during (levclop- 
ment. The ultimate pattern which will be 
assumed by this plastic lissne is largely 
shaped by the exigencies of function dur- 
ing the period of its immaturity ant1 this 
in turn rests upon the nature of the en-
vironnlental factors. In  short, the educa- 
tional period is limited to the age d ~ x r i ~ ~ g  
whieh the epigenetic tissue, i. e., the corre- 
lation centers nrl~ose fovnl is not prcdeter- 
minedl in heredity, retains its plasticity 
under environmental influence. 

Ultiinately even the cerebral cortex ina- 
tures and loses its power of reacting except 
in fixecl modes. Its unspeeialixed tissue 
-originally a diffuse and eqilipotential 
nervous meshwork-becomes dificrentiated 
along definite lines ancl the fundamental 
pattern becomes more or less rigid. The 
docile period is past and, tliougli the man 
may continile to improve in the technique 
of his performance, he can no longer do 
creative worlr. ITe is apt to say, "Tlie dog 
is too old to learn new triclis." Wliether 
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this process oecurs at  the age of twenty or 
eighty years, it is the beginning of senility. 
And, alas, that this coagulation of the 
mental powers often takes place so early! 
Many a boy's brains are curdled and 
squeezed into traditional artificial molds be- 
fore he leaves the grades a t  school: His 
education is complete and senile sclerosis of 
the mind has begun by the time he has 
learned his trade. For how many such 
disasters our brick-yard methods in the 
public schools are responsible is a question 
of lively interest. 

We who seek to enter into the kingdom 
of knowledge and to continue to advance 
therein must not only become as little chil- 
dren, but we must learn to continue so. 
The problem of scientific pedagogy, then, 
is essentially this: to prolong the plasticity 
of childhood, or otherwise expressed, to 
recluce the interval between the first child- 
hood and the second childhood to as small 
dimensions as possible. 

The docile or educational period of a 
mammal is largely devoted to the progres- 
sive mechanization of the in-born plastic 
tissue of the higher correlation centers, i. e., 
to habit formation, or otherwise expressed 
to the elaboration of acquired automatisms 
and reflexes of the type commonly referred 
to as lapsed intelligence. Much confusion 
has arisen from the failure to distinguish 
these individually acquire8 automatisms 
from those performed in the hereditary 
pattern, i. e., lapsed intelligence from true 
instinct. 

Now to return from this digression, let 
us consider some data bearing on the phy- 
logeny of the nervous functions in verte- 
brates. We have commented upon the fact 
that the tubular form of the vertebrate 
nervous system presents niechanical advan- 
tages over the ladder-like form of the ar- 
ticulates for the development of correlation 
tissue and that the parent type of this 

tissue is found in the central gray and 
reticular formation which borders the gray 
matter in the spinal cord. 

The nervous mechanism of the remark- 
able adaptiveness, the apparent purposeful- 
ness, of the spinal cord reflexes has been 
lucidly explained by Sherring-ton in his 
Silliman lectures, where he shows that one 
of the chief functions of the correlation 
cells of the gray matter (cells of the retic- 
ular formation type) is the elaboration of 
a single final common path adapted to 
serve, as occasion may require, a large and 
variable number of receptors and afferent 
paths. Although this apparatus reacts 
largely in a fixed and invariable mode de- 
pending on the internal c?onnections of the 
neurones of which it is composed, never- 
theless it possesses a certain amount of 
flexibility growing out of a variable internal 
resistance at  the synapses, or points of 
physiological union of one nerve cell with 
another, and particularly the modification 
of this resistance by practise or habit. 
This modifiability is not per se evidence of 
anything psychic ; for we find it in unicel- 
lular animals and plants with no nervous 
system and even in many dead mechan- 
isms; yet this feature is the point of de- 
parture for those higher types of correla- 
tion centers which serve as the organs of 
mind par excellence. 

In the head end of the neural tube there 
is an obvious tendency for the peripheral 
nerves serving a single function to con-
verge just before or just after they enter 
the brain so as to reach a single primary 
center. This concentration of functional 
systems is obviously advantageous in facil- 
itating the distribution of afferent impulses 
to their proper motor organs, especially 
the total reactions so characteristic of ver- 
tebrate life as distinguished from the seg- 
mental reflexes characteristic of worms and 
insects. The enlargement of these primary 
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sensory centers, which son~etirues attain to 
enormous size, docs not inlply any more 
highly developecl psychic powers than 
those of allied species with smaller brains; 
but rather a higher elaboration of certain 
reflex activities only. 

The sanie is in large measure true of cer- 
tain suprasegnlental or secondary correla- 
tion centers. Thus, each one of the organs 
of higher sense discl~arges its afferent im-
pulses into a niassive primary receptive 
center and this in turn transmits i t  to cor- 
relation centers of the second, third and 
higher orders, where tllese n e r w  impulses 
are brought into relation with those from 
other sense organs and with the appropri- 
ate efferent pathways to the inuselex o r  
other organs of response. The correlation 
centers of this sort, which malie u p  a large 
par t  of the thalamus and midbrain, are 
derivatives of thc forrnatio reticularis tis- 
sue and are functionally of the same type. 
They permit of wonclerf~~lly conlplex dis- 
criminative reactior~s and are inore readily 
modifiable by experience than are tl~ose 
of the spinal cord and medulla oblongata. 

There is another type of highly devel- 
oped correlation center ~vhose psychic 
value is still less than the sensori-motor 
stations of which x ~ e  have just been speak- 
ing. P refer to the central mechanism of 
what Sherrington calls the proprioc~ptive 
system." Of this the cerebellum is the 
most important example. The chief fune- 
tion of this system being the coordiii a t'ion 
and regulation of the slieletal musculature 
and other organs of somatic response (as 
distinguished from the iateroceptive or 
visceral eEcctors) , it is naturally purely 
reflex and its function is disturbed rather 
than facilitated by v o l ~ ~ n t a r y  interference. 

The correlation centers of the cerebral 

* O n  the relation of this systcrn to the extero- 
cepti+e, sce my article on the " hforphological 
Subdivision of the Erain," Journal of Comparative 
Neurology and Psychology, Vol. 18, 1008, p. 395. 

hemispheres occupy a unique position. 
Their interpretation is l~ossible only i n  the 
light of their origin in the lower groups of 
vertebrates. Numberless researches by 
our  most able anatonlists and physiolo-
gists have accurllulated a vast wealth of 
data on this subject, which hare, ho~vever, 
stubbornly resisted correlation and inter- 
pretation. Our debt to the generalizations 
ant1 luininot~s terminology of Sherrington 
appears on almost every page of this ad- 
dress. Let us begin our inquiry into the 
origin of cortical function with an exami- 
nation of a typical feeding reaction. 

The primitive feeding reactions are very 
simple reflexes, but even in  the lowest ani- 
mals they are easily modifiable, as Jennings 
has shown for protozoa and Parker for sea 
aaeunones. E're(1aceous species anlong the 
lowly vertebrates conlnronly hesitate long 
before they strike, but once the action is 
initiated it follows to completion in a very 
precise and invariable fashion. The pike 
or the frog will match the nloviilg prey 
long before the forward leap is made to 
seize i t ;  but when once taken i t  will gener- 
ally be stvallotved a t  once whether i t  be a 
living fly or an artificial one. 

Sherrington in cliscussing this reaction 
divides it into an  anticipatory phase--
fixation, coordination of sonlatic move-
ment for the leap and seizure-and a 
consunli~iatory reaction of mastication, 
stvalloming, ctc. It is the  latter alone 
which gives satisf:~ction and in the interval 
which elapses between the beginning of the 
anticipatory reaction and tlie roilsumma- 
tory reaction we shall find the key to the 
problein of cortical Innction. 

Tlie whole feeding reaction in thc lowest 
animals is so fa r  as we can judge a blind 
reflex ; the consumnlatory phase is largely 
so even in the highcst animals, for once a 
morsel is in the lrlolxth the processes of 
mastication and deglutition go on quite 
antomatically. 
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With the anticipatory phase, however, 
the case is quite different. The more com- 
plex the feeding act becomes, the more 
prolongecl and difficult is this phase of the 
process. In  the case of carnivorous verte- 
brates tlie prey must be recognized at  a 
distance and carefully stallied and at-
tacked from the most advantageous side, 
and all of these details ~vill  vary with 
each trial. No conibination of siinlde re- 
flex arcs can be laid do~vn in advance 
within the nervous system which will be 
adequate to meet the infinite variations of 
these problems. 

We may hypothecate the course of the 
evolution of this reaction as follows: In  
the lower animals, as in the spinal c o r h  of 
the hiyher ones, the whole formatio reticu- 
laris, or correlation tissue, is relatively un- 
specialized and receives all kinds of affer- 
ent impulses from the primary sensory 
centers; these in turn it delivers over to the 
final conlnion efferent pathways. There is 
thus a constant collateral avenue of nerv-
ous discharge through the reticular for-
mation parallel with that in the primary 
reflex arcs and reinforcing, inhibiting or 
otherwise modifying these prirnary simple 
reflexes. 

The character of the efferent discharge 
from this reticular formation will depend 
upon the sources and strength of the affer- 
ent inipulses, the fluctuating internal re-
sistance of the chains of neurones of which 
it is composed and other variable factors, 
some of which, like the resistance at the 
neurone thresholds, inay be modified, as 
already pointed out, by repetition of func- 
tion (habit formation). 

The suprasegmental coi.relation centers 
present essentially the same dynamic as-
pect, but with the afferent pathways more 
sharply defined and limited and the whole 
more perfectly adapted to effect definite 
types of more complex correlation. Thus, 

the thalamus becomes a great center for 
the correlation of somatic reflexes and the 
hypothalamus for visceral and olfactory 
reflexes. Accordingly, all of tlie lower 
primary correlation centers send strong 
secondary tracts UPIT-ard into the dien-
cephalon. 

Now to return to the feeding activities, 
so fa r  as these are contact reactions, such 
as nosing about in the mucl for food, the 
interval between the anticipatory and con- 
summatory phases is not necessarily long 
and a very simple reflex mechanism is 
adequate to distinguish between food and 
other objects. 

But in the more complex cases the inter- 
val between the anticipatory and consum- 
matory phases is occupied by the discharge 
into the higher correlation centers of a 
series of inomentarily changing stimuli 
from the distance receptors, and 1;he later 
acts of this phase will be the resultants of 
all of these influences plus the effects in the 
centers theniselves of vestiges of similar 
reactions in the past. The whole system 
is in a state of neural tension which varies 
constantly as new impulses from the per- 
iphery reverberate through its substance. 
The high neural resistance of this complex 
tissue raises the threshold of discharge 
from it so that a certain summation of 
stimuli takes place before tlie tension is re- 
lieved by a discharge of the neural energy 
into the lower mechanisxn of the consum- 
matory reaction, which is already so ad-
justed as to perform its functions when 
once actuated more or less mechanically 
and therefore without the clevelopment of 
such internal resistance as characterizes the 
anticipatory mechanism. 

I n  the storm and stress of this interval 
just preceding the consunimatory reaction 
the higher mental faculties are born. 

The stream of nervous influences ponr- 
irlg into the higher correlation centers from 



the peripheral sense organs contains many 
elements of no significance to the immedi- 
ate capture of the quarry. These stimuli 
the animal learns to ignore, per1~aps in the 
first instance unconsciously, by an npplica- 
tion of the biological law of habit; for 
those reflex arcs which have adaptive value 
in this particular situation will leacl at  
once to the desired consum~natory reaction, 
leave their permanellt vestiges in the nerv- 
ous system and so be inoi-e easily re-
peatecl, while the irrelevant stimuli do not 
lead to a relief of the tension, come to 
nothing and leave no such vestiges. Upon 
later repetition of the series, the adaptive 
stimuli find a more open path through the 
nervous system than the non-adaptive, and 
accordingly they froin the start tend to set 
the direction of the nervous discharge 
through the correlation centers, ancl dur- 
ing this process the sense organs are re-
flexly acljustccl to the sources of these 
relevant stimuli to the exclusion of the ir- 
relevant. This is tlie origin of attention. 

The analysis of other types of distance 
reactions, such as avoidance of enemies, 
search for mates, etc., wonld show for 
them a similar significance for psycho-
genesis. The important point is that these 
complex forms of distance reaction de-
mand for their hiqhesl efficiency greater 
flexibility and modifiability of response 
than do the visceral and contact reactions. 
Here only is a high degree of intelligence 
necessary. The cortex cerebri dominates 
cerebral architecture only in mammals 
where complex anticipatory reactions dom- 
inate the behavior, ancl foresight, literal 
and figurative, plays the leading r81e. 

The cerebral cortex is a correlation cen- 
ter of a higher order, i. e., farther re-
inoved from the primary sensori-motor 
reflex arcs, than those of the brain stem. 
I t  is not clifferent in kind from those cen- 
ters, but only in the extent 01its removal 
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physiologically from the pril~lary centers 
and the nature and complexity of the as- 
sociational connections within it. I n  the 
lower vertebrates the steps by which it has 
been gradually lifted above the lo7~7er cor- 
relation centers can now be traced with a 
considerable degree of precision. Some of 
this evidence will be revie~veci in the syni- 
posiurn on comparative neurology to be 
held to-morrow in the infeting of the 
Association of Anatomists. We have time 
here rnerely to state in brief suinmary a 
few salient features. 

We owe to the genius of Edinger the 
suggestion that the earliest stages in the 
origin of the peculiarities of the cerebral 
hemispheres rnnst be sought in a study of 
the character of the reflexes connected 
with the nose and lips, particnlarly the 
feeding reactions. These have been ternied 
collectively the "oral sense" (Eclinger) or 
"Scl~nCffclsin?~" (Kappers) and niay pel*- 
haps best be called the m~xzzle reflexes. 

In  lower vertebrates the sense organs of 
the nose are probably the most ii~ipor-
tant receptors in the muzzle reflex com-
plex, and these are distance 1-eceptdrs and 
not contact receptors. Accordingly, the 
cerebral Iremispheres were built up on the 
basis of the olfactory correlation centers, 
or rhincncephalon. In  fishes, long before 
we find a true cerebral cortex, ascending 
tracts pass from the visceral sensory cen- 
ters of the hypothalamus (probably mainly 
gustatory in function) and from the so-
matic centers of the thalarnns and mid- 
brain (mainly tactile in function) to enter 
the large forebrain correlation centers re- 
lated to the olfactory apparatus. The as- 
sociation of these sensory elements nncl 
their return motor tracts produces the so- 
called corpus striatun1 of fishes, an appa- 
ratus which is probably largely concerned 
with reflexes of the nose, lips and mouth. 

In  Aniphibia important optic projection 



fibers are added, passing from the external 
geniculate body of the thalamus to the 
hemispheres, and also acoustic fibers from 
the inferior colliculus of the midbrain. 
Though there is no true cerebral cortex 
here, the tissue from which it is to arise in 
reptiles can be definitely identified and 
this tissue is in the frog clearly divided 
into a medial part, serving primarily the 
corre1:~tion of olfactory and visceral re-
Aexes, and a lateral part, serving primarily 
the correlation of olfactory and soil~atic 
reflexes. The former gives rise in higher 
animals to the hippocarnpns, the latter to 
the pyriform lobe (ancus), while the rest 
of the cortex, or neopalliam, is in these 
animals differentiated dorsally between 
these two masses and serves chiefly for the 
correlation of non-olfactory reactions. 

The two parts of the pallium which we 
call archipallium and neopallium (i. e., 
olfactory and non-olfactory cortex) are 
not of different age, as the names imply. 
They probably both arose at the same time 
to serve the delicatc discriminative reac-
tions of the muzzle reflexes. Their pre- 
cursor9 are found in fishes and amphib- 
ians, where their cells are minglecl in an 
undifferentiated tissue which has been 

several Binds of sensory projt7ction fibers 
terminate in other more or less definite 
areas. But these so-called sensory and 
motor areas are in no proper sense centers 
for the performance of definite functions. 
Such a "center" is merely a nodal point in 
an exceedingly complex system of cells 
and fibers which must act as a ~rhole in 
order to perform any function wbatso-
ever. Their relation to cerebral functions 
is analogons to tllttt of the rail~vay stations 
of a big city to traffic, each drawing Erom 
the ~vhole city its appropriate share of pas- 
sengers and freight, and their great elin- 
ical value grows out of just this segrega- 
tion of fibers of like functional systems in 
a narrow space, and not to any mysterious 
powcr of generating psycllic or any other 
special forces of their own. 

The essence of cortical function is cor- 
relation and a cortical center for the per- 
formance of a particular function is a 
physiological absurclily, save in tho re-
stricted sense descrihccl above, as a itoclall 
point in a, very complex system oC associ- 
ated conducting paths. 'I'hose reflexes 
whose simple lunctions can be localized in 
a single center have their nrechanism 
abundantly provided for in the brain 

called hy some authors the epi~t~ia tn in .stern. 
They finally (in reptiles) become separated 
and within each division in mainmals sub- 
ordinate "areas" wM11 more or less char- 
acteristic connections are differentiated. 
The incompleleness of this differenti at '  ion 
is responsible lor much of the controversy 
which has waged regarding the presence 
and significance of localizable cortical 
arcas. 

hTo cortical area can properly be de-
scribed as the exclusive center of a par-
ticular Function. In  higher mammals i t  is 
true that the several final common paths 
for particular effectors leave more or less 
clearly defined areas of cortex and that the 

I n  the broad ~ i e m  we may say that in- 
telligence is a function oE the cerebral cor- 
tex, but only in the sense that here are 
found the most conlplex correlations in the 
chain of vital response whose initial phase 
is to be sought in the environment which 
supplies the stimulus and whose final 
phase is also foan(1 in the changes wrought 
in the environn~el~t bodily reaction. by t h ~  
A similar function is performed in a less 
perfect way in lower animals which lack 
the cerebral cortex, and doubtless even in 
man the subcortical nervous apparatus 
still plays an important part in all con-
scious processes. 
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The resting brain is probably ilornially 
during life in a state of neural tension in 
more or less stable erluilibrium. An effect- 
ive stimnlns disturbs this eqnilibrium and 
the precise cffect will depend upon variable 
synaptic resistance or neurone thresholds 
which change with different functional 
states of the organism as a whole and of 
the brain in particular. If this activity 
involves the cerebral cortex of a human 
brain, it may be a conscious activity, tho 
kind of coilsciousness depending on the 
kind of ~lischarge. But the consciousness 
urnst not be thought of as localized in any 
cortical area. 

The discllarge in question may rever-
berate to the extrrnle limits of the nervous 
system ancl the peripheral activities niay 
be as essential ill determining the conscious 
content as the cortical. Indeed, we have 
consicterable evidence that many oP our 
consciolls acts take their most clistinctive 
psycliic claalities froni the "back sti-olre," 
or reverberation of a neural discharge from 
the periphery back to the cortex. 

Thus far  v e  have tacitly assumed that 
consciousness is an integral part of the 
complex of bodily functions. This assump- 
tion lies a t  the basis of most modern worlr 
in the field of co~r~paralive psychology 
and rests on the thoroughly scientific basis 
of a large body of observation and iufer- 
ence. In tlie nature of the case deinonstra- 
tive proof is impossible, for consciousness 
as I linom it is a purely individual experi- 
ence; but without the assumption that lilre 
behavior in other men inipliesl experience 
like my own in siniilar circumstances the 
science of psychology can not go on, and 
without the fnrther assumption that other 
animals have like experience in proporti011 
as their behavior is like my own compara- 
tive psychology is an impossible science. 

Now keeping in mind the dynamic con-
ception of the workings of the nervous 

mechanism clevelol>ecl above, lct u.3 see 
~ rhe t l~e r  cxan~ination of the introspective 
sonie veyy simple conscious reaction can 
be put into scientific relation with other 
biological proccsses, or whether i t  must be 
left out of our science in the cold isol at 'Ion 
of mere epiphenomena and similar ineta- 
physical abstractions. 

An unfamiliar or unexpected sensation 
is experienced; let us say n noise. Thwe 
is a monient of hesitancy while the sensory 
stimuli, numerous arval;ened lrleniory ves- 
tiges, each perhaps with its own eniotional 
coloring, and many half-for~lied impulses, 
surge in conscionsness. When the prob- 
leln prescntecl by the new situation is 
solvecl, the rnental tension is relieved and 
the intellectual process crystallizes at once 
into action. I a m  lki,tkirlg about i t  no 
longer: I ?iave got an idea; and the ap- 
propriate act follows imlnediately and au- 
tolnatically unless inhibited by some extra- 
neous influence. ITere we have an active 
and complex interplay of conscious ele- 
ments corresponding to what in the ob- 
jective manifestatio~i we called the antic- 
ipatory phase of the reaction, and the 
conscious process comes to an abrupt end 
as soon as it passes over into the already 
stereotyped form of reaction. That is, 
t l t is conscious process ends, though of 
course it may be followed at once by 
another similar chain of events. 

IIere we see how intelligence and feel- 
ing are developed as the servants of action. 
They do not appear so long as the action 
can be effected \vithout then1 and they 
vanish as soon as the reflcx niacllinery of 
an adaptive action is set in motion. Con-
scious?zcs.s i s  a funct io~zal  phase of the  
??tore conzplex 2:)zeclzaltisnz of those higher 
nolt-stereotypecd uclions for wlticlt the  
reJlez m a c h i r ~ e r y  i s  i~zadequate ,  in m u c h  
t h e  same zcay t h a t  tlte tropisms of Para-
mecizlm a?zd t h e  s z ~ c k i ~ g  reflex of a n  in-



fawt are fu~tctional pl~uses of the simple 
inborm neuro-nzusczilur mecltnnisms o f  
tltese organisms. 

We do not know whether any glimmer of 
consciousness. is involved in t h e ~ e  simple 
processes; but if we study the behavior of 
the ~~rhole series of animals from Ameba 
to man objectively, we can find no point 
where to an outside observer the behavior 
which we called discriminative reaction in 
a protozoan passes over into conscious 
choice as we see it in our fellow men. The 
series of stages is complete and unbrolien 
until I begin to study my own choices, 
when I find by introspection that the 
whole. mental fabric is involved-ratio-
cinatjon, swayed perhaps now this may, 
now that, by waves of feeling, and finally 
mill. Out of the psychic chaos of hesita- 
tion and doubt I say, and I say truly, "I 
have made up illy ~ n i n d , ' ~  re-and action 
sul ts. 

Now this seems to me a very different 
thing from the discriminative reaction of 
an amceba, or even the deliberately judi- 
cious act of a fellow man. Both of the 
latter are alike in that I do not directly 
experience feeling, will, etc., in connection 
with them. Possibly if I could be succes- 
sively for a time an amnba, a sea ane-
mone, a frog, a man and all the types of 
anim:lls between by the act of some benev- 
olent Buddha, and if I could carry my 
memory of each stage through all of the 
others, then perhaps the psychic series 
woultl appear at  the end a simple and 
unbroken graded series, as the objective 
physiological series does to me now. 

&leanwhile, without intending at this 
time to penetrate far  into a field of philo- 
sophical speculation which clearly lies 
beyoncl the prcsent limits of biological 
science, I wish to make one further obser- 
vation on the great probleiii 01the relation 
of mild and body. l i e  have seen that 

animal bodies can be arranged in a graded 
series (not a simple linear series, to be sure, 
but a true series, nevertheless) of genet-
ically related forms; that animal activities 
can be arranged in a similar graded series 
of functions; and that these two series are 
closely related. In fact, they are abso-
lutely inseparable except by logical ab-
straction or some artificial scientific pro- 
cedure, for their respective inenlbere are 
related to each other as structure and 
function, as objects and their properties, 
and neither can exist apart from the other. 

There is, however, a third series, the 
psychic series, of which I know directly 
only one member-my own experience. 
But I have satisfactory indirect evidence 
that the psychic series also extends for at 
least a part of the distance parallel with 
the other ttrro. And wherever T can 
analyze this evidence it teaches that 
psychic processes, like physiological proc- 
esses, are related to living bodies as func- 
tions of their structures. If it be permis- 
sible to generalize from these facts, and 
say that both physiological and psycholog- 
ical processes may be included in the one 
category of function, we may conclude 
that we have not to reelion in science with 
three independent genetic series, anatom- 
ical, physiological and psychological, but 
with one-a single series of functioning 
structures, whose genetic continuity is 
unbrolcen from its siniplest to its most 
complex members and which can be disso- 
ciated, as is commonly clone, only by doing 
violence to truth. 

The prcsent isolated position of thc three 
disciplines of anatomy, physiology and 
psychology is due partly to the exigencie~ 
of practical pedagogical and methodolog- 
ical convenience and partly to our incom- 
plete linowledge of the facts. 

It is perhaps well to add that the posi- 
tion here defined is as far  reriloved a s  
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po%ihlc fro111 Illat nai'vc ruatc~ri:ilisnl wt-~icli 
~vould postulate a. c,ingle series of ol),jeets 
ns the ultimate realities with morex or. lrsr 
adve~lii t io~lsfunctions pcrtainjng to then1 
a s  epiphenomena. l'he analysis 11et.e at- 
tempter1 is ~riercly praqm;~tic and proxi-
.mat?, not r~ltirtrntc, n n ~ lit 1c.aiies cl~xite to 
one sitEe ant1 nntouchccl tht: metaphysical 
problcru of. the nltiulate natuve of the 
pl~enolnt~rralseries, whctller i t  is material- 
istic or idealistic or both or n e i t h ~ r .  

Looking back T I O W  over the field ~vhich 
we hare  traversird, in our analysis of the 
belza\1ior of animals and its ~neehanisn~s we 
s ta r t  with the tropjsill ant1 the reflex. This 
t ~ p cof r.esl,onse is in some of its simpler 
phases iucljstinguishable from the reactions 
of (lead n1achjnc.s to the forees ~ ~ l ~ i c h  actu-
ate them. R a t  the nlore complex reflexes, 
on the other harltl, grade over into those 
beliavior types ~vhieh we call intelligent. 
No one has yet sacceedccl in for~nulating 
a clear-cut deiiiiitiovr of the lilnits of the 
rcflcx at  either its lo~vei* or i ts  h i g h e ~  ex-
trerne, and perhaps no one ever will; for 
the whole list of Pbcharior types from ma- 
chines to Inen probably Corirls a closcly 
graded series. 

Even the silrlpler reflexes eslljbit a megs-
urablc refractory phase, or pause, in the 
center where the al'fercnt impnlse is made 
over into the efferent. When reflexes are 
corupoancled, there is anotller factor whiclz 
may tend to modify: or delay the response. 
This is the tlilem~ira wklich arises when two 
o r  more refiex centers are so related that a 
gjvcan affe~acnt impulse conling to olie of 
them may take any one o f  scvcral final 
eonrmon paths to tha organs of response. 
The J-ellcx rr..;polise \c-hich actually emerges 
in s~xclis case will generally he the adap- 
tive one, i .  c., the oncx which is best for the 
orzrrnism. The selection of the adaptive 
resljonse in ~ 1 1 ~ 2 1a case nlay be termed 
a)?!~/.siologicnl~h oicc, atrd i t  always involves 

ii lenglhi~ning of llle rc3i'ractory p h a s ~ . ~  In 
the r:cural Icasiolls of 1111: refractory phase 
of pl-rysiological ~ho icc  wc find the geril~s 
of the colriplex anticipatory reactions 
which in tnrn b a ~ e  nurtureit the malren- 
ing intelligence. 

1 have aternptccl to illr~strnte tlre thesis 
that  the con~l~arative s t~l t ly  of animal be-
havjor in the broaclest sense of tllc term is 
as essential 219 other branches of physiol-
ogy to the cotnprehcnsion of anirr~al struc- 
turcs nncl that the enlal*gcrnent of our 
lrnonledge of scientific fact in this field 
will contribute greatly to  the more periect 
integration of the thrt.e great branches of 
biology-anatonlg, physiology and psy-
chology-and the correlation of the whole 
with othey departments of Imowledgc. 
Our philosophy of nature is sound just in  
proportion as we succeed in effecting these 
correlations of expcyiencc.. 

~'I-~EN, on  January  1,1909, the matrageinent 
of the Alaskan fur-seal f i~heries  was trans-
ferred to  the Unjtetl Stitteq 1:ureaix of Fisher- 
ies, the Secretary of Corninerce and Labor 
dcsignatecl Dr .  Davitl S t a r r  Jordan. Dr.  
Zeonhartl Stcjncger, Dr. C!.  ITart Afcrrixm, 
Dr .  Frerleric '1. Lucas, Ilr. Chai. IT. Tomn-
send, Ifon. F r a n k  11. IIitc2~cock and ITon. 
Edwin IT. Sims. t o  act as a n  aclvisory board 
t o  recomnieild measurcs designated to con-
serve this valuable arliinal life now being ex-
terminated tllrough sea-lrilling of breeders. 
On November 23, labt, this board met  a t  the 
Eurcau of Fislierics in Washington and 
arlol~ted the following rccornmendations, which 

VPliysiological ehoicr, in fact, is not dependent 
upon a ncrvous system at  all, hilt has bcen d(~ni- 
onstrated in rudimentary forrn eve11 arnong Pro- 
tozoa, tlrough i t  remains on a very low plane in 
these orgtznisrns. 

lI'uhlished by p~rmjzsion of Eon. Gco. &I. 
Cowers, U. 6. Cornmissioner of Fiihcrics. 


