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INTRODUCTION
1o tha English Tramslaiion

by
Brofersor E. W. MacBride, D.Sc., FR.S.

Iv offering to Englsh readers a translation of Prof.
Rignano's work, * Biological Memory,” we shoukl
like to call atteation to two facts—frst, that the title
couveys oo adequate idea of the fmportaoee of the
theory set forth in it Pref, Rignane aims at nothing
lesd than an exhaustd lysis vf the diffi
which distingulsh living from oon-living substance
and he attempts to account for these differences ax the
manifold effecia of o single quality ; and secondly, he
acknowledges in the preface that although he has
dealt with all the phencmena ¢f Hin Inclyding those
of mind, he is not a epecialist In thess matters, but
bas corsidersd them from the philmophic point of
view.

If we consider the second point first, we may
support Prof. Rignane'y plen that in treating of such
fundamentsl goestions a5 the nature of life, there is
roum for the synthetle philesopher who ix able to take
4 trvad ontlock over the whole fielil and to emphasise
what appear t¢ him to be the real points at isue.
In the presemt state of science, when such exirema
specialsaticn is necessary in order to make it possible
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for the researcher to obtain any resnlts at al! within
the span of a bupen life, the sutlook of the scientific
worker is apt te be 50 restricted that he ia unable to
see the wood for the treea. But the aynthetic
philosopher labours ooder the great disadvantags of
having to take all his facts second-hand ; and conse-
quently is liakle to base hiz conclusions on observations
which workeys in the snbject consider ohsalede ot badly
attested. Prof. Rignaoe is acutely conscious of this
handicap and he expressly puts forward his theoryisa
provisional hypothesia, which he expects to be
subjected to much cxlticiom ; nay mere he invites
¢riticism by the experts in special fiekds in order that
he may ke in a pesition to modify his views 3o as to
bring them ioto better accordance with ascertained
facts,

If Prof. Rignano reslly had besn able to elabarate
& theory of life which was complete and satisfactory
io ull its details, he would have succeeded in solving
one of the main problems of our existencs ; and snch
fortune i3 greater than Nature aflots to any man.
To oone of us is granted more than to lift a mmall
corner of the covering concealing that weiled Isis the
Trath; whilst those of us wha have muceeeded in
doing &0 are too apt to fmagine that what we have
thus revealed is the whole truth instead of only 2 small
part of it. It i= instructive to obzerve how svery
disteverer of 8 new principle sttives to apply it to the
selution of every possible question, in a word, te ron
it to death. In his enthnsiasm for the new truth, its
fist p dgater inevitably damages it; for his
opponents fasten on the cases to which he tries to
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npply it where it does oot apply and thus they attempt
n being the whele thing Into discredit,

‘Wenow revert to thes frst point which we emphasised
viz., the theory itvelf, a0d we may say at once that
althangh we eonsider thet thiz will require muoch
modification in detail, we regard [t as an astoundingly
suceessful effort to analyse vital phenomena, If it is
oot the truth, it ut Jeast bears u strong resemblance to
what the truth must be. It may be divided into two
parts, the biological and the peychological ; in what
follows we rhall deal almost exclusively with the
biological portion ; leaving to other experts the task
ufwlhmngth:psychplogmlpnrt ‘We caonot te-
frain, I , from g that we ider Prof.
B:gnnnnsmﬂydsn{mmtal{mﬂommranrd{nm]y
interesting and suggestive ; his msthods of interpreting
reason, attention and will are in many ways clearer
aod more convincing than any which we have so far
ecountered in the writings of other psychologists.
But e must register our entite distent from his

ful di | of metaphysical ing. If this
trengletion is a1 widely read ax we hope it will be,
we anticipate that Prof. Rignano's remarks will
presvoke such o repsrcussion ™ on  the part of
mataphysiciany as will induce him to roodify his
positien, Metaphysics which deals with the subjective
element in experience bas as good a Jurtfication for
itself us seience which deals with the ohjective factor.

Lf we now axamine the biologieal portien of Pref.
Riguanc's theory we find that be discovers the essential
differance between living and non-living things to be
this :— Nving things remember, dead matter dosa

3
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00t remember.  But the word ' memary " is employed
by o to deacte two different things. Whea we recall
pest experlences—faces that we have seen and places
that we havs vislted in the pust—we are said to
remember them, and this may be termed semacrial
memory. When aguin we have learmt to play & gume
hike tennis, of acquired an accompiishment sach ax
swimming, in sar yonth, and for many years bave bad
nn opportunity of exercising our skill in either respect,
then if in middle life we are called vn rither te play
tecuis or to swim we shzll find that a great deal of the
skl which we once acquited, thengh not all, still
remains with us; this mey be termed habitudinal
memory. We a3 Living beiogs possess both kinds of
memory, tot when memory is regarded ax a nnlversal
uttribute of iving substunce, it is of course habitndinal
memocy that is meant.  So far as we yet know we wre
not justified in attributing sensorial memcry to an oak
tres,

Prof. Rigoano teriss his theory ' centro-spiganetic ™
by this he meana that the fertilised rgg embodies in its
puclens all the memories acquired during the past
history of the race, and that when it begins to develop,
all thess memories are handed oz to the danghter
ooclel which ate developed from the division of the
egg-nuclens intzct, but that very soon one part of the
growing embryo acquires a dominance over the rest
wnd 20 to speak leads in the development. This
goverpance Prof. Rignano pictures ay a scries of
impulses emitted by the nucld of the central zone
which radizte out to all parts of the organism and
control its development ; the nuclsi ontside thiz zone

4
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mmppmmhwmmmunymw
aml to be iy red:

I.nwhchthuynnlongﬂpmmm‘ethmnﬁwbm

of their original potencies.
Thepath:llml;whxhthﬂemﬂumndhnm
mipposad to be the i lnlar bridges

cells togather, As the animal grows and increasss in
complication of struceure, some of these bridges are
converted into nervous fidres, and in animaly which
have i developed nervems system the cemtral zane is
wupposed to be constitnted by a portion of thix ystem.
The trophie influence of the nervons system in animals
which possess it is supposed to prove that all influsaces
by means of which one part governs the develspiment
of another are at bottom of a nervous natore.
Whmanm'gnnmmﬂunlasammnfhtmud
the it is not h d an a
sumﬂarpue:eod’dudmbshmewuﬂdbe Tt it
* reacts,” that is, it responds to the change by an
actlive output of energy.  This bs termed a ' reaction.”
Now Rignano astames that o resrtion leaves some
kind of trace of itself in all the muclei of the body
jocluding those of the central rome. This trace @
what is termed memory. It has the power of facil-
tating the reprodaction of the reection which called it
forth—zo0 that this reaction oceurs the second time ns a
response to a slighter stimnlus or is even evoked by 0
portion only of the stimnlus which originally called it
inte being. This recurrence of a reaction ns a resqlt
of the return of a portion of the original condition is
termed ™ ecphery,” n name inveated by Semea,
The garm cells do not form part of the central zona

5
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of the wnimal, but they receive materials emitted by
the nucla of the cells constitnting this zone. These
latter contain the resl effective germinal substance ;
tbatisthaaubstannemadcupohhgvmnuapedﬂc

Tk

memery. \\"he'ntheguml:d]sdew.lnp,the"tmcs"
which they contain become active one after another,
and bring about respenses in the growth of the embrye
which cause it to pass through e series of steges which
represent the stages through which the race passed
when these memories were originally acquired.
 Instinets ** ara but the engrained memerles of
former ** valuntary ** reactions ; when the memory-
traces become very powerfol owing to the accumu-
lation produced by an enormous number of repetitions
carrizd out throngh nuribestless pmerations, then they
are able to produce the appropriste reaction in res-
panse to e very sight stimulus or in the absence of a
stizpulos. Thos is axplained the existeoce of inatincts
designed for future purposes of which the animal in
which they become active can bave oo knowledge, ns
when, for instance, the Ichneumon 8y plerces the body
of the caterpillar in ocder to lay its sgg which will
develop into the fly which the mother will caver see.
Now the mainr-outlines of Rignanc's views have been
experimentally proved to be correct. ‘I“hnhn‘mts
called Jorth as tions to o changed
bocome gasier with constant repetition, we all know
38 a peyult of onr own experience, but few realise that
in the Lust twenty years the fact that the results of
hnhtmﬂmedwmhtheuﬂiprhlgmm
T d by fully devised
6
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crocial experimants, The possibility of this trans.

toisgion was dogmatically denmied by We on
theg'mmddhnsmmdethmeﬂulmmpﬂm
of the of which

hubmmdetolookludjmuabythemmhuuf
Hartwig, Drlesch azd others of that school ; and this
dogma uncritically copied from text-book to text-
book bas acquired in many soclegical minds something
of the fizity of a religions tradivion ; it has indsed
ayakaned what Rignano would call & sirong ™ afiec-
tivity * in its support and those imbued with this
* afiectivity " have left no stone unturned to damege
the credit of the results which overtum their favourite
dogrma.

Kammerer in Vieona and Durkhen in Breslaw bave
both showa that in animals which react to differences
In illumiration by & change In their akin eclour, this
reaction pocurs in greatlyincreased degres i 2 second
generation is exposed to the same conditions as their
parents, and even when the second generation are
teturned to what may be cafled the typical conditions
of the species, the reaction still shows ifself sspeciadly
during the sarlier siages of prowth though, of course,
in lesnemed Jegree,

Durkhen wotked with the gupe of the white
butterfiy. These pupe have wsually an integument
of o chalky white coloar, but in about 4 per cent, the
caticle i5 transparent and then the animal appears
green owing to its green blood shining thwongh. When
these pupe are expased during the process of pupa-
tion to crange Light the formation of this chalky
white pigment is interfered with and &5 pet cent
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hecome green ; when a second generation are exposed
to similar eonditions, g% per cent. become green; and
when this gensration sre reared in ordiary daylight,
34 per cant, still become green. Drurkhen's resulis
have besn rep d oo the p k butteclly (Vanssss
ic) in Vienoa by Mixs Brecher and confirmed.
Kammerer worked with the spotted Salamander
(SaZewsasidrs wacnlose), which in two generatons he
comverted iote o form indistinguishable from the
black Salamundrr {S. afre).  In addition, he socceeded
in a marvellous way in " ecpharixsing " lost habits ic
the midwife toad [Altes ohsteiricans) and in the blind
cave-newt (Profris auguintss]. The midwife toad in
coptradistiocton to all octher toads pairs oo land,
and the skin of the female remains dry wod horoy ;
the male therefore experiences no difficnlty in retaining
2 held on hix partner and he; ia devold of the horny pad
on his band which other male toads which pair in
water bave developed in order to enable them to keep
the slippery female within their embraces. But the
midwife toad it withont any deubt a secondary
modficatien of the ordinary type of water-inhabiting
toad, and K ded in ing the
midwile toad to pair in water and in five generativns
he successfolly * ecphorised ™' the horny pad in the
male. The blind cave-newt bas lest its eyes by a
sojoutn fur thousands of years in complete darkness,
but by subjecting the young to periods of illumination
by maby tight Xammerer ** ecphocised " perfect eyes
endowed with powers of gight in one generation.
The Alytes with the horny pad and the Protens
with the large eyes were exhibited at the Linnean
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Soclety in London in 1g23.  Hanmmerer's critics in the
vain attempt to digcredit his evidence were driven o
aasert that in the erdinary amphibian the harny pad
never appears on the palmar surface of the band in
amphibia, but coly on the dorsal aspect ! Surely a
cause which is in peed of such emgnmenmts is lost 1
Suraly the distinguished biclogist who made this
statement had never 4 d to an el ¥
class ; it is impossible to lock at a dozen irogs in the
beeediog senson withont secing the extension of the pad
te the palmer surface in most af them.

Herbert Spencer ontw termed the demonstration of
the iesibility or the £ ibility of the
efiects of habit, the cardinal problem in biology ; for
on jtd antwer depends our estimate of the racial valoe
of sducation, and of course the whale validity of Prof.
Rignano's theory depends upon the assumgption which
Eammezat and Dorkhen have shown to be coreet.

The next point in Prof. Rignano's theory is that, in
development, one particalar pottion of the embryo
assumes the lead and dominates and controls the fate
of the rest. Mow this has also been proved to ba
literal'y true in many cases, and it is therefore o fair
astumption that it is troe in all, Spemansn and his
pupils have shown that in amphibian development
the central gone ik tonstituted by the dorsal lip of the
blestopere in the gastrula stage. This doczal lip in
normil development forms a portisn of the spinal
comd. Trwion alpesiric and Tritom tasmicins are two
newts which produce eggn and embryos of different
dwgrees of pigmentation. When a =mall portiom of
the dorsal lip of the blastopore of one species is

[} a
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gmftedmtotheupperplrtoilhahhstulaoithg
second, it can be gized by its pig

The foreign tissne then controls the development of
the ¢gg with which it has been brought imte
contact and causes the formation of 2 spinal cord and
notochord jo the latter, starting from the positicn
where the new tizsue has been introdnced.

The Ophiurid Amphivra sywamaia is a small brittle-
star with a ropnded dise and fivw erms radiating
from the mouth, stuated om the veniral surface.
‘The disc contains the stormach and the genital organs,
The whle dis¢ is often spontanecusly cast off, leaving
only the framewerk of ossicles surrounding the month
to which the army are attached : embedded in this
framewtek is the highly developed necve-ring.
Starting frem this basie the animal is able to re-
generate a new disc, including the stormach, but the
old disc capnot regenerate new aoms,

The feather-star, Axicdom rosaccy, posseases a
conical dise and ten graceful arms with lzteral branches
termed pinnules rediating out from the mouth.
Surrcunding the month 18 a Blendar narve-ring com-
parable with the more highly developed nerve-ring of
the britile-star. In the apex of the disc hewever,
apposite to the mouth, there in embedded an inde
pendent and mwmch more pewerful nervoms syftem
whith i derived, not like the oetve-rings alluded ta,
from the skin, but from the wall of the body cavity.
If the disc of the feather-siar be gouged cut and the
whele of the alimextary canal, genital orgacs and
nerve ring be removed, the activities of the animal
are not much interfered with, and in & short time it

i
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regenerates an entlrely new alimentary camal and
nerve-zing, tut i the Jarge nerve centre sitnated in the
apex i desiroyed, the animal iz permanently paralysed
and soon dies. The main nervens system seems in al}
these cases to be the contralling factor in devalop-
ment.
Thef\muonoitaalammmmlsuumadmtby

minate " buds " of specialised s 1 in
the mides of the circnmvallate papille of the tongue.
Thest only appear in pment when the branch

of the seventh nerve reach the epidermnis ; when these
branches are cut the taste-buds spesdily disappear,
‘The thecry, however, that one part infloences
another i development hy means of impuises of a
fieryoua nature, emanating from the ouclei, requires a
considerable amount of modification. First we must
notice that one part of the embryo, besides acting on
the rest by impulses of this kind, hax also the power of
influancing it by means of substances called * hor-
mones " which are thrown into the circulation and
carried to all parts of the body. Thus if the thyreid
gland of & tadpele be cut out, the tadpole will grow in
size, but will never metzmorphose into a frog, but i
such a tadpole is fed on the thymid of an ox, mefa-
morphesis speedily fellows.  If in a man the pituitary
gland ynderneath thes brain grows to an aboormal
size, the men becomes a giant, wherees if it remain
emall the man remains s dward with infantile
characteristica, It has besn quite recently shown
that this double method of trapsmitting infinence
exigts in plants as well as in animak.  In the sensitive
plant irritation can be handed on when the Hving
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tismes nre completely ent through and anly the wood
remaing ; it is then carzied by a chemical substance
(hormosne) disselved in the water of the transpiration
current, But a quicker infuence in carried by the
phioem which pesmn to act as & pervous system.

Secondly it is ly Goubthul if inpules can
properly be zald to procasd from the nucleus at el
An Ameeba deprived of its noctens continues to live
for some tme eod exhibit all the characteristic
reactions of the animal, but it is unable to asimilate
food, repair waste and build up new protoplasm. It
seema to b more joat to regard it as the function of
thie guciens to serve ad & manafactory of new irmitable
substance by the explosion of which the impulses wre
preduced.

Ancther view of Prof. Rignane's which requires
modification i the theory that the nuclei lying
outside the central rome become progressieviy
specialised as development goes cn. Whilst it may
be true that in old functional cells the nucleus may
became specizlised, it is then soen that the kife of the
cell in whick it is ined is tending isan end,
for such nuclei cannot undergo regular division or
tejuvenation. 5o long ox a nuclens is capable of
dividing by ordinery karyokinesis it shows by its
definite and typical number of chromosomes that it
has retainad all the potencies of the criginal onclens
of the fertilized ogg Intact | what becomes spocialined
is nof the mwclows bui the cyteplasm. Iz the develop-
ment of the Ascidian Cynthis when the stage of tha
gastrola is renched there is along the dorsal Up of the
blastopora & crescent of ¢ells which Cooklin calls
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chords-neural celis becsose they give rise both te nerve
eord and to notochord. Each cell has only 3 single
oncleus, but each consists of two separate kinds of
cytoplasin— i Dluesh and a clearer kind At the
pext division of the cell the mmoiens divides into two
quite similar onclei, but the clear protoplasm all goes
into ome danghter cell which is added to the growisg
nerve~cord, whilst the cell ¢comtriniog the blue proto-
gliam jelns the developing notacherd.

Thus the nucleus seems to preserve the powers of
the whele organism in itself whether inside or cutside
the cemtral zone, and the porticn of these powers
which will come to development seems o depend an
loeal circurestances., This wiew which was put
{orward by Drissch, is accepted even by Morgan.

Frof. Rigoano attempts to get nearer the natore of
this faculty of memory exhibited by living organi
by attributing life iteelf to 4 special modification of
energy, characterised by thix property of leaving
mnemenic traces behind it which distinguishes it from
all other formz of energy. This special variety of
energy is said to obey the general laws of energetics,
that is o say, we presume, that it is convertible into
other forms of energy.

This * vitalsti getic  hypothesis of Prof.
Rignanc will awaken, we doubt not, a great deal of
interest and discossion. We do not think, however,
that it can be upheld in its present form. We mmst
sk at pnoe what does Prof, Rignane mean by 2 "kind™
of energy ? Is not all epergy at bottom one and the
same, and are aot ita so-called modifications merely
difierent manifestations caumer by its association with

3
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aggregations of matter of different sizes? When
elactronn move alone we have an electric corent
when they move in aystema connected by protoos,
then we have atomic t which is ifested
by chemical . When . e
aggregates then we have molecolar movement or heat
and finally when molecules move jn connected
masges we obtain the gross visihle mechanical energy
of metion. The sowrcs of the energy manifested in
wital phemomena &5 to be found io the chemical energy
of the food whith the organisn absorbs and in the
energy of the medium in which it lives ; thus as we
all know, the vital energy of green placts is derived
from the radiant snergy of suzlight and vitel processes
are gearly at @ stapdatill in yeptiles duripg the winter,
mt they wake pp and became active with the
returning heat of spring.  After having operated in the
living tisxuea the energy passes out again as mechanical
movement, of is stored in potentisl form in the
chermical energy of the products produced.

It wonld seem therefore to ba more correct to aay
that energy manifests itself in o peculiar way when it
snters llving tissue, and the question arises what iy
the canse of this peculiarity. It ssems to ns that there
are only two possible altermative answers to this
question, and that there is 0o wey of wedging a thind
altemative beiwamn them. Either the peculiarity ia
dus to the way in which the atgma and mobecuies of
the living subst are ged in ref to one
ancther, or thess is in every crganiam 4 ** something,"
an * entelechy  or ** psychoid * which feels, remem-
bers, and strives towards an end, which directs and

14
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combines forces, but is oot itself a foree. The first
alternative is the mateclalistic or physico-chemical
one, which was fragkly adepted by Huxley, who
defines an animal et a * melecular machine of great
¢omplexity ™ ; the second altcrvative is what Prof.
Rignano calls the pgycho-vitalistic one, which. thangh
long under 2 cloud, han heen revived and pressed with
great force by Driesch and 1= adopted by cur leading
comparativa  prychologist, Willam MacDougall
Driesch ehows in detail and Prof. Rigoano would
agree with him, that no machine could pessibly be
lmagined which would perform like a living being ;
and the only answer which his opponents can make is
that whilst tlus is troe nnw and here, yet in the future
wme tal ‘i may be
cwmved.dwhlchmﬂbeadequabemthgtaakl
On the other hand Driesch's * paycheid " or
"ente.lechy " has been ob]ecteﬁtonanemptywwd
pable of definiti Prof. R enshles us in
mmmatlusttuamﬂusnbjecmn. We
can say that an entelechy i4 a “* group of memariea”
Further we can say that if, as every evolutionist
believes, our own patmre is akin to the nature of other
Uving beings, thez 23 no coe, not even Sir Charles
Sherrington himself, conld or would deny that there
it a ““subject " in man, it i more natural to assmme
with MacDougall that thers {s some kind of a ” sub-
ject ** in the humblast ameeba also, than to establish
hetween man and his peorer relations an impassable
chasm by confining the possession of mind to the
human race.
Materialism as nn explamation of human fedlings

15
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and actions proves to be 3o absnrd when examined iz
detail that it cantot evan be consisbently stated.
Even Huxley wavered, when he stated that * will "
‘was non-tnaterial and thet he was oot a materialist
becamse he could ot comctive of the existence of
matter without mind to picture it in.

It is of great interest that Prof. Rignano aiternpis
to base an explangtion ¢f the affectivities and conse-
quently of all the feelings which inspire and govern
humtan action on biological memery, aod we believe
that he is in large measure right, for in the main we
dlesite to retmin what we zre eccustomed ta, and
“b i d"” is habitodival memory.
Of course, this iz not a complete explanation for It
furnishes no account of the desire for novelty and
change, bat ws we have already said we leave the
drtailed eriticism of this part of Prof. Rignano's work
to experts in peychelogy.

E. W. MacBriDx,

TImperial College of Science and Technology,
Leondan.

16



AUTHOR'S PREFACE

Tae author of these essays Lt not o blologist in the
ordinary sense of the word ; he has sever worked in
a laboratory, nor has he ever looked at a cell through
the pe, por amalysed chemically the prod
of & phywialogical process eyoked by any kind of
siimulos ; he bas pever made en experiment om
muscnlar gontraction or on the mpidity of trans-
mimicn of paryous cicitation. He in smply &
* matural philoacpher,” who stfives te norave the
theoretical significance of the resolts obtaimed by
laboratory spetielists, with the object of catching a
glimpse of pew cnalogies, of proceeding to new
generalisations, of disclesing new hotizons, of framing
new hypotheses, in a word, of attempting to efect
o synthesis and unification of the sciences of e,
If such is his function, and such are the contri-
buticos which he hopes to make to the progresa of
the sciences of life, the guestion at once wrises:
‘Whet are the advantages and what the d.lndmhgu
whirh he p as ppared with the speciali
in expenmenzal science ! I shall endeavour o
Anewer this question in the briefest manoer, solely
in order to Justify myself for having ventured to give
spocial thought to the moat fundamental queations
of life and couscicusness, though T am not » speciatist
at all,

Thz reascns for considering the " theorist™ or
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" natural philmopher ” inferfor to the specialist in
experimental science are certainly not neghigible.

The former never pogsess the complete picture of
the phenomena which constitute the subject-matter
of his researches, since he only imows these through
the information impartsd to him by the experimenter.
Bnt what the latter describes and notes in hix ex-
periments and his cohservations comstitute oniy a
mmall part of what he has really seen and cbserved.
A multitude of small detzils, of which the greater
part heve not been considered by the experimenter

ffirlemtly Imp t to be jomed] in his Jescrip-
tiens, and of which a largs part hava even almost
acaped his petice, makes up, neveriheless, a precious

kground, which pk the picture of the
dewvel t of the ph No verbal descrip-
oo, ne dmawing, and no photograph can ever
reproduee jo all its fullness the glittering spectacle
which presents itself to the eager and admiring eyes
of the abseryer. The theorist might be compared
to A colonz-hiind man, who, in a landscape focded
with light, perceives only the dry and bald ontlines
of the things in it.

Besides, all these small details of secondary im-
portance which the experimental specialist has
observed, but which he bas not described, all the
uosuccessful experiments, all the proofs axd centreln
which be has repaated befors he has succesded in
Enally writabHshing each of his results, and which hava
made op his owa particular apprenticashin, all thic
procious materlal, of which nothing appears in the
written agcotmt of his work, constitutes a rich harvest
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of Iacta of which ihe theodist necemsarily remaina for
ever ignomot. The thecrist, contequently, in each
branch of stlence, is necessarily in possesslom of mucl
less mumnarons details: he is mnch less “ master ™
of the subject ; much less confident in his statements
about any given detail than the specalise,

The thegrist, finally, canuot at once submit his own
theecisa and hypotheses {0 the test of experiment,
pot can be dissipate by means of direct cheervation
the varicus doubts by which he is incessantly assailed.
For zach new experiment of which he has need, be
must bave recourss to the work of others, and for this
work he must very often walt an mdefmita time, and
he finda it very diffienit, even if be encounters the
best of goodwill en the part of the experimenter,
to arrange that this work shali be carried out along
the linges and by the methods which he desires.  Thax
in yiry any cases the thectist s a little like the
paralytle, who {a unable to grasp or move anything
that he sees before him, and therefors may remain for
a long time uncertain as te the accuracy of his idea
about suy given object, which he only sees but cannat

But ¥ oll these cicwustances place the theorist
in an inferior position to that occupied by the ex-
perimentsl specialist, there are nther aspects of the
<ase which make the position of the specialist inferjor
to that of the thearist.

Fot if we must admit that the more schematic and
meagre pictures and representations which the theorist
forma of phenomena, comstitote from one point of view
a disadvantage, seen from enother standpoint they
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are oAl nod peculiar adweotages, in so far as they
permit of 3 more generalised view of the phenomena
in the place of the too conerete view which has became
impricted on the mind of the specialist as a result of
his prolonged and careful observations.

Any whematic representation of facts is already a
genecalisalion deduced from the cobservatien of
individuat facts ; it 15, in 8 word, a synthesis of the
&rst order, and it constitutes the fost and most
important step toward the attainment of synibeses
of higher orders.

The thecrist, jo his pursait of ever wider geperali-
sations and higher syntheges, has thug the advantage
of beginoing at a point more advanced than that
reached by the specislist,

Nolooger becad with 3 maititude of individual
facts and concrete details, which are actively present
in the mind of the specialist, the thearist poasestes L
greater ease and facility of ascending still higher along
the path of further generalisaticns and syntheses.

The thecrist has alto much wider opportunities of
aod much greater facility in getting into touch with
the actual gtate of fundamental questions in quite
different branches of sclence, His time is not faken
up, tven in minor degree, with actual manipulatios ;
in a single half-hour of reading be can become ac-
quainted with resulis obtained by sny particular
specialist : results, it mey be, at which this specialist
has only arrived after a foll year of amsiduous, long
and diffical? expetimentaticn, Besides, wheo one

iders the question of techoigue, so delicate, end
at the 3ame time so diferent in the various hranches
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of science, iod even in the diSerent sub-Givisions of the
anma branch, it must be admitied that the specialist
finds great difficilty in passing from one arder of
phenomena to enotber. The long apprenticeship
necessitated by the natore of certain rescarches, often
leads the specialist to persist In following one Line
throughout his life, even if this is a very narrow one.
Qo the other hand, if the power of getting into touch,
by means of reading, with the essential features of
any science requires for its attainm:nt a real amd

falized techni though it moy appear to the
spmﬂmtbobemuchmerthmitreﬂlym—ithat
least the samme for afl classes of phencmens.

Consequently the theorist w difficulty
when he traverses all the divisions and sab-divisions
of evan a very wide field of regearch, It becomes
thos ey to him to take in with a single glance sven
the moest diverse sciences, and thus to bridge the wide
abysses which stil! separate them.

The thearist, finally, is less exeintive, Jesx one-sided,
and more neutrsl iz his point of view than the experi-
mental specialist. The latter, in fact, does not
procsed by chance in his cbeervations and experiments,
bat is always guided, whether compeiously or un-
canscinusly, by some idea, conception or hiypothesis,
which in either his own, or which he has borrowed
from someone else, Now, from the fzct that he has
been for a jong time, during the whole period of his
observatiens and experiments, an adherent of some
domizant wview, it results thet this view becomes
crystallised and changed inte 2 mental habit suffi-
ciemily strong to owerpawer every other point of view
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which might conflict with it The theorist, on the
other hand, sinte be can take zccount of the most
diverse and opposed points of view, zod since he gives
to the considargtion of each in its turn the same time
and the same amennt of mentsl effort, does not
polarise his mind in any particular direction, and does
not feel himself irresistibly bound to coe way of looking
at things mather than snother,

Tins he is better able to judge with serenity and
impartialfty the argoments and obfectons of each
side, und 5o he often succeeds in extracting from the
manypomtsnim,l]lmmorlusmded which
he bas ined, a lesz idad which
iwthltv:rymwnmllhwemchmoimu—
ponding better to what really exista,

Therefore, the theorist may often officiate a8 an
impartial {ndge in the frequent, heated, and endless
controversies in which different schools of specialists
endeavour to gain decisive victory. He also gome-
times wucceeds in solving certain famous alleged
antinomies, which are usually regarded as insoluble,
but which, ssen in the Night of broader koowledge,
tmn out to be non-existent,

If the atate of poatiers iy really os we have described
it, then we can understand that the tasks of the
Wﬂnndﬁmupﬂimmtnlupedam.inﬂudnf
being ive, ace really compl Y-
'ﬂmdegreeuidmnm.tmduplh]mpuﬂmwhmh
shonldmddoucharwhnsethemkdthethmt
in the b ical and even more
Ihnnmthephyﬂﬂlm,sduelntheﬁctthx
in the former group of sciences the mews of individual

2
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facts to be systematised in much more complicated
and penhed than in the latier group.  Further, in the
former gronp, the independent aub-divisions of the
sobject wre much more numercus end speciakised ;
and on that very acegunt the peed of co-ordination
and synthesis ix much more acute than in the latter
group. This, indeed, is the point which we hope to
prove, and to bring inte greater promitence in the
ewsys which we have collected in this vohme,

Let us add that it is pre-eminentdy biclegy and
peychology which more than any other sciences yield
the highest degree of philosophic interest, because
i6 a ward, on them depend the sclution of the questions
of vitalism, of purpose in life, and of the relations
between the soul and body, All of these are questions
which, since Man has thought at al!, have tormented
philosophic minds. Moreover, snce it ia jnst these
peobloms, with regard to which the specialist has
pothing to say, which we bave dared to consider in
the pages which follow, we may hepe that, even on this
greund, the part which the theorist or ' natoral
philosopher ” bas to play in biology and peychelogy
in addition to, and with the objest of synthesieing the
wrork of the specizlists, will not be regarded as entirely
uselexs.

E. ®.
Milan, October, 1025.
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Toz TeAWsFORMIST HYPOTREGIS LEAD TO THE
MyeuMonic THEORIES OF DEVELOPMENT

Pldwmﬂl " g theary
the continnhty of perm-plsam.  Weikmanm's deduction of the
impnnlﬂltyndﬂuluhnnumod uired charactera. Jrc-

hotis to the All-kuBcan:
Eituer, The I!ﬁtdily increasing nmmber nd nb.u'vltl
In favons of the i 5
difficnlt gueation of the whmm eﬁec'h this
'ﬂwnmubhs_-igmkmumm m:mlnﬂonh nmmnix:
Orrlnd. 3 ‘l'hmmc theaties of Hsm( S

of tho astwre of
b :“ plnnnmu;.

AS everygne knows ft was the French
Lamarck who, at the beginming of the ni 1
centary, frst pat forward o complete theory of the
tranaformation of species. Accarding io this theory
it was the new efforts made by an organiam to satisfy
rew needs which are doe to the conptinual changu
of the i which produced
treorpholegical modifcations i.u each speciu whlch
nnderwent evolution,

Sines thess modifications are trapsmitted to
postexity exd, consequently, what every geremtion
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acquires becomas addsd to what the previous gensra-
ticn had acquired, it follows that each spscies shonld
gradually become i dl into what would be
regurded as gnoiher species. In this way one might
conceive of all the Lving species being derived froo
the same ancestral stock.

But this theory of Lamarck which regarded the
inheritability of ired ological modificetions

29 the essential factor in the evolution of wpedies,
whilst 1t hardly mentloned natural selection at all
#xcept fn pome vagne and neimportant statements,
was for a long time practically ignored.

‘The famous book of Darwin on the Origin of Species
which appeared about the middle of last century,
wis, on the cootrary, af everyone knows, received
with favour by the majodty of witoralists and
rapidly acquired wide-spread fame, Without dengy-
ing the inheritability of the effects of use and disnss,
Darwin pushed them into the background as factors
iz evolotion in order to bring ioto prominence the
factor of selection. Since that fime, althongh Darwin
bkad net mentivned Lamarck™ nume, Lamarck was
rescued from oblivion and compared or, rather, con-
trasted with Darwin, becyse [amarek had overlooked
the factor of selection and bad laid weight only on
the other factor, vie., the inheritebility of acquired
moedifications.

He benefited, even by this contrast, from ali the
fame which Darwin's theory had cbiaized ; so well,
indeed, that there aross the two schocls of the Neo-
Lamartkians and the Neo-Darwinians who, a3 wa
kuow, still wage war with each other; il former
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pnn:tu:l]ly meeptmg only the factor of the inheritance
of ters, the latter admitting ounly the
Eaml' of selection.

1t iz sasy to d ohat a vast hesiz was
constitnted by the bare idea of the avaluticn of
species, whatever factor in this evolutionary procesa
cne might consider the most impartant.

Al Hving organisms were =een to belong to one
enormons family. Man, that [avonrite of crextiom,
stepped down from his high pedestal t¢ mingle with
the bumble ranks of the animals,

Tha dlﬂm betwean animals and pla.nix that
ix to say b beings idered
and others which were cmdemd inanimate, lost in
its twen all 2pp of 13 Na
syuthesis in the inorganic werld had em heen broad
toough te be compared with the syothesls effected
by the transformist theory in the organic world.

Nevertheless, when the first stupefaction which
was progoced by the impact of 0 powerful a
synthesis had passed away, people began to examine
and znalyss the contents of the pew thecry. Whilst
this patient examination stimulated many to under-
takes new resmrches in the most varled directions, in
order tn verdfy the mote obyious postulates of and
deducticus from the theory, it at the same time gave
rise to the creation of further subsidiary hypotheses
in order tc support the main theory. These
ypotheses have attached vety differant branches of
blalogical science to the main stam of the evolutisnary
theory, and have at the same time joined the various
branches te each other.
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Thus for Instance since, aoocding to Darwin,
natural selsction was supposed to act on purely
fortuitons variations, which turmed up net coly
amongst individualy of the same species or variety,
bat alwo ogst the offspring prod by the same
palr of parents, it became necessry to concentrute

ion en these Galton's abservations
on the differences which distingwish the brothers of
the same family from cne azother, led him to the
discovery of the phencmenon which he naroed
* partigulate igheritance,” o term which might be

txplained by the periphrasis, ™ the indepesd

inberitability of dif gt Tincitien'”
This ph ppeared so striking that the
ity of pting a further explanation of it

became apparent. An explanation by the mid eof
hypothetical preformed germs wes put forward |
that it to eay, the hypothesis that, onsidering that
each special characteristic could vary and be in-
hetited independently of all the others, each most
be represented in the seed or geres which corresponded
to the whola orgapism by an infinitely small geom,
distinct from the enormous number of other germs
which corresponded to other characterisdcs. The
" gemmuies "' of Darwin, the " pangenes" of De
Vries and the * determinants " of Weisrnann are voly
%0 many different oames which have been given to
these hypotheticel preformed germs.  This pre-
formist hypothesls of the germ led in turn 1o another
hypothesis even more remarkable and Froitfol, vix,
that of Wel on the ¥ of the gam-
plesm,
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Darwin, indeed, had snpposed that each cell of the
organizm, whether it had been produced fn the
ordinary way by the develor of the fndividual
or whether it had been acquired after the develop-
mnto{lhemdludua]aaarﬁnlto{somem

g i ita own p
and that thm were umd about by the urcu]abﬁﬂl
of the blowd, and were taken up by the genital organs,
which he regarded simply as glands lnt:ndediorﬁn
storing and isgion of the 1
But Galton transfused the blood of one varisty of
rabkit into the veins of another vudety, and found
that the descendant of the second vamiety never
acquired the characters of the first, and he therefore
conciuded that this circulation of gemmules in the
blowd did not eoist,

S50 he was led te consider that the germ-plagm
was composed of an enormons number of different
kinds of gemmules, that each kind of gemmuole pro-
duced an jodefinite onmber of athers like itself which
wert incerporated in the germ-plasm, but that at the
beginning of develepment oaly & very amall pro-
portion of gemmules, each of which could grow into
a cell, took part in the formation of the body er
soma “ ; the remainder, which Galtem called the
“atirp " [stock), was collected in a corner of the
ofganism, in order to serve later as the ™ germ-plasm "
of the organizm.

It will be easily seen that this hypothesis is funda-
mentally the seme as the famous theory of the
* Continuity of the Germ-Plasm ™ of Weismanu.
Wed in fact elaborated the theory of Galtem
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and Darwin gtill further, and issued it in & mere
definite and perfect form,

We need not be ished by the i I
had almost said the enthusiaem, with whirh Weis-
mang's theorywumelwd. Sohras the develop-
ment of org is the biclogist finds
himaeif confronted with two colossal difficnlties, wir.,
{z} how the micrescopic particle of matter which
congtitutes the germ-plasm c2n succesd in determining
in its mest mingte details the abructure of & complex
orgamitm guch as @ vertebeate, and (2) how such an
organism in jts turn can reproduce o amall perticle
of matter endewed with the same astonishing pro-
perties,

Now the bypothesis of the continuity of the
gertn-plasm surmounted the second of thege difficulties.
According to this theory it was not the organism
which formed anew the germ-plasm, but on the
contrary it was the germ-plasm itself which, con-
timually incresged in guantity, wmaintained itself,
and was transmitted from one ecgenism to amt!m
without having gone any qualitative al
and it wos from the germ-plasm that small portions
became successively detached in order te form eze
generafion after another of the species. These
generations consequently were oot related to coe
anvther as mother ta daughter, but were realiy only
eider and younger sisters of gch other,

Bot if the germ-plasm, after it had emitted the
mitute partion of tiself destined to form the new
ofganism, ratired into @ nook of the devaloping body
and remained there unaltered notil in doe course ¥

»
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gave rise to the sexual celly of this body when the
lotter had become adult, then whatever modifications
this body might undergo—modifications, that is to
say, which bad beem acquired by the individual
mhequantmhrthasammequemdmnw

13 1 it thv difice £ would not
Iﬂmtbemdﬂm Such at lrast was the con-
clusion which bas besn drawn from the theory.
Thereiore atquived characters were not transnizsibie
1o subsequent generations.

Thns was born Neo-Darwinism or Welsmannism ;
a theory which denies, in the post uncompromising
way, the kind of jzheritance which the Lamarckizn
hypotheshs makes into the mainspring of its working,
and which Darwin himself accepted even though ba
atiriboted o it secondary importance.

However, old objections and still more faroidahle
De% ones were urged againat the Weismannian
doctrine that natural seleciion was the sole factor
which had brought about evolution; the palemies
oo this subject—of which the first and most tuwilliant,
woged between Spencer and Weismann bimes=lf, 1 a3
become hlstoric—eventually undermined the almost
universal acceptance accorded to t.he theery of the

t isaibility of acquired whith
Weismann had snunciated a.nd:whch the greater
number of kis jollowers regarded as implicitly involved
in the doctrine of the continuity i the germ-plasm.

The difficulties which beset natural selection when
it ix put forward as the sole explanation of the
maryellons strpcture of certain tasues and the shapes
of certain organs and groups of organs sikingly

3
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adapted to their functions led to more careful study
of the pature and manifestations of structural adapta-
tion, and brought into preminence the importance
of simul and i d variati which
matural selection is incapable of explaining

The objection to the idea that natural selection
could operate on minute individual variatiomn, drove
De ¥ries to study the phencmenon of mutations, that
is, of certam sodden and comspicucus variations
which were alleged to have preduced, in a single
step, veritable new species,

But the sporadi of this ph
and the important part that atavistic phenomena
seermed to play in it, and the small importance which

1 Iy it was posible to it toitas a

factor jn evolotion, impelled other scientific men to
prefer the  Orthogenetic ' theories of Nageli and
Eimer. These theori d a tendency of the
germ-plasm {always supposed to possess & " Was
manniaz * continuity) te become gradually medified
by its own internal conditions, and 30 to give rise to a
phylogenctic evalution which would be equally
jondependent of the direct actien of the envirmment
in the Lamarckian sense and of its indirect action
in the Weismannian sepse.

Bui as these orthogenetic theonel prmd nqna]ly
i ble of explaining how sz
detemuned by internal conditions, could zueceed i |.'n
giving rise to oganismd 5o well edapted to their
environment and to their functions, biclogists en-
countered again the old diletoma now brought more
sharply than ever into preminence, vig, " Either

n
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natural selection as sole factor in evelution ** or * the
co-opnmﬂon wnh it af the factor of the inberitability
of ters.” The d of this
dilmma.ahugthh the undermining of the faith in
the exclusive impartance of nziurel seleciion, led the
most sceptical ty give a more favonrable conslderatinn
to the Lamarckian doctrine.

Experiments, nbserwtlons and arguments in

pport of this doctri d in ooumber. The
conviction began to dawn in maoy minds that it
had been a kind of collective scientific madness to
r&]e:tllheorywhmhthrewsmhlbnﬂunth;htm
all the fand tal of evol which,
without it, wers toul!y insxplicable. But along
with this conviction, which becass more wide-spread
lndmomﬁ:mlyhnmd,thmeywuplpmnfnl

ppreciation of the formidable p in
tha pt to elucidate the mechanism of this kind
of hereditary transoisson,

Thiz problem, this enigea, was the sscret and
powerful motive which, admitted or not, consciousty
er sub-cnnsdnns.ly drove a whale army of bold re-

fellowing the & ps of Wilkelm Roux,

to busy themsel\rn with all that series of cbeeryations

and experiments comprised under the title ™ The
hanics of the develog of the orgamism.”

Az, however, the number of minnte cheervatione on
the manner of the succession of embryonic stages in
widely different species became incrensed as o reanit
uf the study of “ developmental mcc.hnnlu the
maryellogs ph of the pltalk of

phylogeny by ontogeny stood cut in ever clearer
33
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i This ph which was dis-
covered by Frits Hullu- bit which hed Jwen
particalarly elucidzted by Haecke! and which was
generally known as Haeckel's " fundamental law of
biogenesls *', bad always boen regarded as tme of the
strongest arguments in fayour of evolution, but now,
mthahghtthmwnonnbythethaxyniﬂle
suberitabllity of scqui it ia
new aspect and ovt of fundatemtal importance, that
ix, it was seen to be o Muemsnic phenomenan.

In fuct Haeckel himself and Butler, Orr and Cope,
asked what meaning could be assigned to this repeti-
tion, however alridged, of phylogenetic stages during
ontogeny, other than that it was evidence that
living substance remsmbered all the modes of heing
through which the species had passed aa a result of
the continual acquisition of gew characters guper-
imptyed ou the old,

Thus wa see how, in spite of the vagueness which
thix mode of speech involves, the way was prepared
for apcther theory stil more comprehensive and
remarkahble which way pot forward for the first time
by Hering in 1Bra at o meeting of the Academy of
Vienns under the Htie of " Ueber das Gedichintss als
eine allggmeine Funktion der crganischen Materie,”
according to which memory i= the nniversal and
{ondamental function of all liviog substance. This
was the theory which Semon adopted in his work
' Die Mneme als erhaltendes Prinzip in Wechsel des
organischen Geschehera,” and which he developed
atill move widely, supporting it by a large series of
facts which showed the despreated aualogy which

H
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could be traced & blological ph in
general and thoss of bwlog:cal devalopment in
particular on the one hand, and on the other hand
those of memory in the narrower scase,

Everyone an see what & magnificent synthesis of
biology aud peychology, that in of twe oat of the
four or fve main sub-divisicas of hnman knowledge,
would be eﬁacted. if this affirmation of deep un-

L vital and mnemonic
phenomem could be substantiated, for it would
eonble s to conceive these latter as constituting the
fundamental subatratum and essence of all life.

Cellular specialisation in virtne of which each tell
responds in its normal manner, cven when it is cxcited
by stimull of widely different tharacter from those
to which it is accustomed, the trapsmissibility of
acquired characters zod the ontogenetic develop-
ment of organisms, the inoate instincts of animals,
pyochic phenomenz of whatever matnre from simple
memory tp to their highest manifestation in logical
reasoning, which is only a complex variety of memory,
all these phenomena, thanks to the mnemonic sab-
stratum which can be detected in all of them, may
be considered as merely very difierent manifestations
of owe and the same fundamental phengmensm,

Even asimiliation, that principe] characteristic of
living matter—that mystery which chemistry fails
to solve—meay nnt ask whether it a]sn is anything

tmore than an 1| h i
Fox reully, 1{ we mtemp]nte lmng substance which
is ition in the

mﬂﬂed.mdumm:duhmtmwm
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1l i and which is re-
Fodnoeddmlngao-nlludpumdaoihmﬂmﬂ
repose, of organic icn end of assimilatory

vynthesis, which remains through all changes
Wentical with itself, and i5 always ready, when it
decomposes, to manifest agzin the sarme fupctimel
activities, must it not appear that it is the resnit of
an activity of a mnemenic nature ? Moreover, ame
can ser that it i3 just because magimilation in itself
a mnepondc  phenomence that all other vital
phenomena are likewise of & mnemonic pature.
But at this point a formidable preblem arizes. The
oompnnm oc'gmenlwbal phenomens wilh mnemonis
¢ the deep eozlogies which
ﬂ disclosas, cannct avoeld appearing forced, even if
it dots oot become rednced 1o a mere metaphor, if
one ignores the real nature of mnemonic phenomena
properly %o called. For these phenomeza, pamely,
ordinary paychic memory, belong to e categoty of
phencmena less genersl and more ¢omplex than
vital pb for every ifestation of psychic
memary is ceriainly a vital phenomenon whilst the
oppesite is not true ; how then, it may be asked, can
moemonic  phenomens be used te explin vitel
phenomena?  Nevertheless the analogies betwesn the
two types of phenomena are 50 evident that the
cotpparison of one with the other irresistibly forces
jtgelf om the mind. We are therefore driven ta
enquire wheither both classes of phenomena, ie.,
vital and mnemonic in the narrower sense, might
Bot be explcable by the ption of a third still
more geoeral and el ¥ type of activity of
kS
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which both might be merely two aspects or two
special manifsstations. It b3 ewy to grasp the
importance whith would accrue to such o thecry:
guch an elementary activity which it postuiates
wooid then serve as the ground of all vital

and woold make the great mywtery of life a Little lean
atscure to ns.

This I , will be Idered in the
c!upters which follow. ‘.ln the present chapter wa
have attempted merely to emphasize the Fact that

lutionary dectripe 1 h ell the most varied
attempts et its explanatlon. and iz spite of the most
acute theoretic differences, has led to mnemomic
theories of which p as the basis
of organic evolntfon, nay of life itself, a fandamental
chararter similar to the maemonic property, which
i just that which discriminates, in the last resort,
living matter from the incrganic world.




CHAPTER 11

Tae HYPOTHESIS OF A PLASMATIC ACTION RADIATING
FROM & CENTARE A% TUE Baziz oF 4 MHEMONIC
THroRY oF DEVELOPKENT

threw dilmitaps of hrﬁ‘lqu mﬂﬂtdnemnu:
Pulonnaﬂnn or Epigensse ¢
lomulwwmmnluwm uuwmr The:
bird diltmuma 5 ngwaqunﬂuﬂvdqu
mleleu dnduoni Natur: of "pllnmﬁe wation.  [ntor-

Ih' w}wh d.cvnlnplng crganuam. The phnmane uﬂen n‘ lhll
irradinted nuclear enery dewelipmment. C
L 1l b muh of

ha, Do
s of aerad ratos of Tocallsed ;. -
Wilbels Fomn). Facta. S Mgnmnta n nppnﬂ:%
thoory that nu ** plasmatic ** ia sosentially of &

nerveus nature,

Tux Tuary DuEukas or Euanvorocy

Iv the study of the dewlopment o! organisms bicic-
gists three fi bl more of
less mutnally dependent, which can b: Iormulated in
the three following dilemmas, viz.

(1) Is develop ‘-‘*“by, jon or
epigenesis ¥

{a) Iz the garm-plasm compesed of preformistic
gemmules or it it made up of mbstances which are
altogether devoid of the pewer of representing wod of
determining each a xogle morphological charmcier
of u specinl process of development 2
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(9 Is there specialisation of nuclef er i mucler
division quelitatively equai ?

A rapld analysis of each of these throe fondamental
problems will show oa that it is 4 mistake to suppose
thai they can be adequatety stated in the three alleged
dilemmes.

IL—TEe Fmst Diiewus.
PrEFoRMATION OB EricEnesss ¢

The first of thesr three problems, as everyune
knows is this

Does each portien of an embryo contain everything
wlnchzs:eqmdtodetmnem{uﬂhudneloplmnt
except the jal ¥ for its i
sourishment ; in other words : could each portion of
an embryo if it were at & given mement detached
ﬁvmthermamdero{thzm‘gamsm,mdliltwe

placed in an i itable for ity
life, contlnue to develop as if it still formed part of
the ism ; or is the develop of each part of

the arganism, on the contrary, determined by the
actions and reactions which all parts of the crgenimo.
exert on each other during development ?

In the first case one would say that development
wus due ta preformation, in the secomd elternative
that § took place by epigenesis.

Stated thus the prollem sesms tasy to solve, and
¥yot we find that, whilst o whole series of facts
contradict i1 the most aheotute manoer the idea of
prefonoation, apother series of facts ap equally
Irecomcileable with the theory of epigenesis,
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The muoat ch istic facts which contradict the
1dea of preformatics can be briefly subsumed in the
fiye fclipwing categories, the ftst of which comprises
all casea of general regeneration whilst the four others
include different types of special regeneratinon,

Gonaral Rigencration

This alore comstitutes o strong argument agwrinst
paef; i For & 1 If the determi of
the leg which are presumably contained in the first
indistinct rudiment of the imb 2t the beginning of ita
formation are distributed to ity different, parts during
l!s d-vdnpmmt wlwnce does it derive the new

quired for ity ion }  These
who supporl ! preformaticn * answer that all the
are not distributed during
but that at each Jevel of 2 developing rnb:r thers
remaing 4 residue termed * reserve idicplasm ", which
s ready to begin the regeneration of the part to which
in ordinary growth it would give rise, as soon as that
part i d. But this explanntion, which is afzer
all little more than verbal, is rendered nugatory by the
four cases of special regeneration already alluded to.

Regensraiion sui generis, ovdinarily termed  Post-
Leneration

This type of regeneraticn was obsarved by Roux in
the hali-embryos of the frog which he obtalned by
Killing with & red-hot needle one of the first two
blastomeres,

We shail discum Iater the significance which is to be
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attributed to the hall embryos themselves, Hers we
shnll merely indicate the course of the reguneration
which takes plage. In the injured blastomere, which
haz not developed at all, and which has remained
adherent to the intact blastomers now develaped into
a oormal half-embryo, thers begins at a certain
moment & process of dissemination of nuclei derived
by division, either fram the sill survlving maeleus of
the injured blastomere of from the malei of the
developed germ layers of the hali embryo or from both
cources. This dissemination of pwcled cansez a
belated divislon of the cytoplasm of the injured
blastomers into amall cells which are, hewever, quite
undifferentiated and show no traces of the typical mer-
phological arrangement. But Jater a change soper-
venes and we can cbserve in the injured blavtomete
the formation of germ Jayers, nxing as materials these
undifferentiated cells ; the process of the formation of
theae new layers appears to start from the germ
lzyers belonging to the uninjured hall of the egg,
nnd gradpelly invades the injured hall zo that it comes
about that this fatter half is brought to the same
wtage of development as that which has been attained
by the uninjured half. Here then we can clearly see
the * plasmatic influence ™ exerted by the fully formed
germ layers of the unfnjurad half of the egg on the
cellular material in the injured half.

Reganeration by Different Motkods from ihase jolowed
in Ordinery Developineni.

Af an instance of this we may cite the celshrated
case of the lem of the newt’s eye which, after being
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cut off, is regenerated by a proliferation from the
wdge of the double spithelial Jayer of the irit; in a
word, the lens which has an ectodermic origin since it is
developed from the cuter ectoderm of the head in the
embryo, iy regrnerated from the epithelium of the iris
which is the front edge of the reting. Here it i
clearly impossitle to pestulate * reserve idioplasn,"”
for this, de-Rypothess, {5 situated In the path traversed
by the organ in its pormal development and cannot
thercfore be presant in the different path followsd by
the proceas of regeneration.

Reg on By R v

‘We shall confine Ives to the i don of
the reg ion of Planana Ixta gs this const-
tutes the most typical i of this ph

Fragments of this worm obtained by transversc cots
will regeaerale head and tail respectively by the
formation of new cells. Once formed, however, the
new head and the new tail do not continge to grow in
length ; all the subscquent clongation of the body, on
the contrary, takes place in the original fragment which
is more deeply pigmented than the newly regenerated
portions. In this part the nl:lmmbucnmu.hnnged
by rear into new tissues which

different. “In the same way in animals regeoerated
from lateral fragments, remeved from one or other side
of the criginal longitudinal rxis of symmetry, it often
happens that the longitudinal axds of the now wotm is
situated in the old pigmented tissne. In thix case
again tissues belonging to the right side of the original
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animal, which were constitments of definite organs
iz it, come to Lis on the left side of the regenerated
animal, and enter into the composition of totally
different organk fram those of which they originally
{ormed part. These are cases of regeneration by
re-arrangernent which prove, a3 Whitman justly
remarks, that it is the whole organism which governs
the formatlen and fate of cells and net the c,el.l.i
which govern the ism, ag the * pref
would have ma believe.

Regonpration with Shoriered Devpclopment.

Everyons knows that the salamander regenerates
its tall in the routhded adult form and that the tail
does not pass through a flattened stage such as it
exhibits in the larva, and that the shrimp regencrates
its clavw in the adult condition and that the regenerated
claw does not pass thraugh = stege in which it
resembles the corresponding linth of the zora larea,
These facts indicate that these regenerations are not
caused by “ reserve idioplasm,” which would canse
development passing through the same stages as those
traversed in normal g but that reg i
in thess cases i dut to the influence exerted on the

img part by the inder of the
In faet, this lofluence when the organism is adult is
certeinly different from what it is when the organizm
is in an earlier developmental stage, and o it lollows
that regeneration mmst pase through stages different
from those of normal ontogeny.

The foreguing i3 1 rapid and incomplete summary of
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the princlpal facts which alone suffice to demonstrate
in the mast absolute manner the ipadmissibility of
development by preformation. »

But cther facts prove in 2 manner not Jesa absolute
the inadmissibility of the theory of spigenesiv. Iz
order to confine ourstIves here to the bricfest summary
of these we shall mention only the frog half-embcya
obtained ky Kemx and the experiment2 of Bom,

Tt was, in fact, these hall-smbryos which indneed
Roux to put forward his celebrated working hypo-
thetis of ** mosaic development.”

Sinte it is posaible to obtain tha notmal development.
of either the right or left half of the animal or of its
anterior or pasterior portion, one is driven to conclude
that each of the four guarters of the organism derived
from ont of the first four Blastomeres is capable of
develoying quite independently cf the rest and that
consequently, s0 far as concerns these four main
sub-divisions, the embryo has & mosaic constitution.

The experiments of Born ia grafting portions of
amphibian larvs lead te the same conclusion. A
larva of Rawa escwlenia for instance, from which the
anterior portion of the head had been removed, was
grafted cu to the ventral surface of o complete larva,
After a dozen days of development all the organs of the
mutilated Jarva had developed completely and
pertectly normally as far as the surface of amputation.
The anterior part of another Jarya, cut off & iittle

* For u poory comyplete acrquot of the incts mtlved and »

Taore adeqosts discumion of them wee our woek Onthuln-
Eeritance of Acquired Charmciars.” B, truniation,

Court Py . ol
i P S S
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behind the beginning of the spina] cord and grafted on
the b of o complate larva, p 1 the normal
eourse of its development ; the mesoderm out of which
the skull is formed was, at the time of the amputation,
almest completely undifferentiated and yet, neverthe-
lesx, the cartilaginons trabeculs, the qeadrate
cartilages with their covering of masticatory muscles,
Meckel's cartilages with the labial cartilages of the
lower lip, and the hyoid cartilage itsel wers formed
just as well az i the head had continued to form
part of & complete organism. That this resalt
was net dus te the fact that the development of
puch an important organ as the besd was involved
mptuved by the fact that 2 tnil grafted under
similar likewise T d a nermal
course of development. 1

‘What conclusion can we draw from all the facts
which have been cited? Simply that the dilemma
“ preforniation cr epigenesis,” Irom which until now
binlegists imagined that they could not free themselves,
appesars to be non-ax and that quently we
must seek some meant of evading it

A bypethesis whick is capable of reconciling these
apparently contradictory facts is that of “ centre-
epiganesis " According to this theory a ' plasmatic
influence,"” which governs development, radizies out
from a special region of tha organism termed
the " central zone of development.” So that, il a
pertion of this zome i situated in an embryonic
fragment detached from the rest of the organism, this

* Sue the work elind Chapter 1V, Section 1, "‘.Fll:uihlnh
<oopel om ko refect the thetry od p]nepigm
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fragment will be able to pursue it proper course of
development. !

With this hypotkesis there would be no further
difficulty in explaining the hali-mbryos of Roux and
the partial developments of Born,  All the apparently
contradictory results of experiments on the influence
of the nervous system on development and regenera-
ticn are also easily explained if one agsmmes that the

ceniral zome of develop in ver is
constituted by u partion or a glven layer of the spinal
cord extending throughomt ity entire leogth, for
instance by the most infernal peri-ependymal layer
and in the first stagee of development by thoss
blastomeres and cells which later give rise to this

layer,?
In a word, in the light of t'Ile mtro—epdgmaﬁe
hypothesls the develop of icellul

i& seen to be of the same nature as that of nnicellular
animals ; in these latter, as is proved by the experi-
ments of cutting the animals into pieces, the presence
of the nucleun, or at least a fragment of it, is necesaary
and aiso sufficient to aliow of tha camplete regenera-
tion of a separated portion of an individoal ; and
thus the nucleus acts es & troe " central zone of
development."”

But before developing owr hypothesis further it is
adyisable to examine the second of the dilenmas

'Smlnihawlcﬂmpwﬂl,sacﬂml " Fhanomans.
which lead ns tn woy pwt exigtenicr of & cenkral some of
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mentioned above which have excited 20 much

&l & N

II.—Szconn DoEMMA

Iz THE GERM-PLASM MADE UP oF PREFORMISTIC
GRuMuiES ok Does 11 Cowsist oF Nox-
REPRESENTATIVE MATHRIAL ?

Let us notice to begin with that this sscond dilemina
ia not guite indissclubly ronnacted with the first
dilemma s might at first sight be suppozed.  Thua
de Vriex who, like Welsmann, assnmes that the germ-
plasm i3 comstituted of preformistic  gemmules,

also in i to Wei that
devalopment ls epug\enetu: in its mature, and although

ical theories of the devel

of the egg, which reject the view that the e.gg is
compoted of preformistic gemmules, there are some
which afirm the epigenetic mature of development,
there are, nevertheleas, gthers which incling towards a
" izt " view of devr.lopm:nt According to
T erieal

these latter the of dif]
processes on which the dcvelopment of each part of
the otganizm ds, goes on ind dently in that

part withont I:em,g influemced by the similar emeees-
sions of other chemical procestes which take place iz
the cther paris,

We sball now indicate briefly the principal argument
which has been advanced in support of the theory that
the germ-planm i3 composed of preformistic gemmules.

This argument consists in stating that it would be
impossible withont this theory to account for the
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factx of particnlate inberitance. This 2t least is the
view of all the supporters of * preformistic gemmules
from Parwin sod Galton to De Vries and Weismano,

The phenomepa of the mived inheritance of
characters from father and mother, the phenomena of
atavizm, the cheracters of hybrids, the phenomena of
sponianeous vadation, all combine to show that the
most trivial cl of iamg cae be icberited
quite independently of all other ; and hence the hypo-
thesis is naburally suggested thet each of these
characters is specially determined by a seed or germ
which bears the same relation to this chavacter, as the
whole seed or germ sustaine towards the whole
orgazism.

It ix certain that hypothases Nke those of Spencer
which esgume that the germ-plasm is mede up of 2
homeg; E are incapable of ing
for this power of the independent hereditary trans-
micion of particular characters ; they cannot explain
why two Individusls may differ frem each other only
in ome special character localized in a single detes-
minate position in the bedy.

Tha sarne {ailure is found in theories which assume
that the germ-plasm i5 2 mixture of diffecent chemieal
substances, all of which are in action from the begio-
ring of development, Indeed, sven if we assnme the
existence of twn getm-plasros of jdentieal patures
except as regards coe of the numercus substances of
which they are compased, if this substance begins to
act from the first moment of dcwopmt, 1t5
different effect will be ifested from the beginning

on the hol, | iamn, which will theraf:
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differ slightly In all its parts and not merely in ome
limited part from the other crganism in which this
substance is replaced by another.

Om the other hand, if for the sake of brevity we
leavs out of acesunt all the sther formidable objections
which can be raised against the theery of preformistic

and if we, tt , do not refer to the
circumstance that according to this theory every cell,
und indeed every ome of the smallest pertions of each
call, must have its own le, there i en arg
which is sufficient te prove in the most ehsolute way
that the whale theory is untenable, and this arpament
is that if the " gemmules ™ are guing to eaplain
particulete inheritanocs, and it is only for this purpose
that they have been introduced, it is necessary to
suppose that they are connected together by a rigid
framework. In this point Weismann is perfectly
right in his controversy with De Vries.

Lot us consider for instance the "nbm striping ™
which sometimes as an
in cectain horses whl:h are otherwise quﬁe similar to
the pormal type of horse. This striping cannct be
mue]yduetotbep(mumthr.gmn p]a:mm‘t'hu:

horses of of producing what may
be briefly termed whril.e and I:lnck eells, The
of stripes d ds on the fact that at the

comp]nﬂcm of dewlopmnl the white and black cells
are arranged in a determinate way in a determinate
place in the organism. We must suppuose, therefore,
that in the gzrm-plasmn or nuclous of the fertilised egg
thase gemmules zre etranged with mapest to wach
other in a rigid strocture so that s the nucleus divides
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it is theye gemmules and oo others which come to lie
in given positions in the organism 2o as to give rise to
the correspending cells in the ng'ht place.

Sunch a fixed des s,
mdud,juﬂ.whﬂtmmmdmthetnmwt‘hmryei
Walsrann on the structure of the germ-plesm.

Put this theory of a rigid architectors of the
gemmules collapses at once when sbjected to even
the most superficial critical uamma}.wn For 11 we
wsume fuch an archi it i P
hew the germ-plasm, nfterhannggmwnhubnlk,
conld divide and continoally ghve rise te new germ-
plasms which retain the same structural arrange-
ment.

On this theory the conrse of devalopment should be
rigidly determined; and this is irreconcllable with
the great capacity for adaptation which erganisms
possess not only in their adult state, but wlso during
the course of their developmoents; that is mede
perfectly clear by all the phencmena of temmtology.
Davelopment shemid take place according te the
" preformist " plan and we have meen that the best
established facts comiradict in the most abaolute
maanes the theory that development is of 2 * pre-
formist " nature,

And so convincing arguments, of which we have set
forth emly the mast important, force us to reject the
theory of preformistic gemmules. At the same time
o less important facts and srguments forve us
equally, »% we bave seen, to teject both the views
thatthegwmp]amhnfahomnganemmhmor
that it is compased of &
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substances all of which enter into actien from the
beginning of development.*

Thereiore, the second dilemma from which biclogists
have imagined that they could not escape appears on
closer examination to be of very dobicus reality, and
the suxpicion arises that in thiz case also we might
have reccurse (o 2n intarmedizte theory. Such &
theory might be as follows : Let ws suppese that the
germ-plagm is composed of a number of elements of
" specific potentiality,” that is to say, if 1 may s
express myself, of & pumber of elementary accomu-
lators of a hitherto undefined * vital enengy ** which,
perhaps, might benenmus energy ; these accumulaters
might be capable in disch th lves oot of
giving back this form of energy indiferently in all the
multifarions specific variations of which this energy is
capable (as de electric accumulaters in respect of
electrical energy, all intensities of which can be given
as discharges by the same accumulator], but of giving
batk each only & certain specific variety of this energy
Let us forther soppose that theee potential el
which are at first contained in thc macles of the
fertilised egg and afterwards in the nuclel which
make up the central zona of development, are dis-
charged one after the other in & fixed arder from the
rmoment when the egp beging to segment until the aduli
atate is attained, cach of these discharges initiating
and controlling & cotresponding phese of the process of

* For tha farther dﬂ:ﬁpﬁ.ﬂ:uddﬁwﬂuno[mfxmmg
mumm ach&::’_(aan“;, hadmimwxz
menl
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development itasll, These accumclators would be
prﬁumiatmgmmnlummm Jostead of being

or ives of different parts of
thnnfgunhmcomduedapartﬁmem‘h other, they
would be d i or fep fves of each stage

in catogeny; but they wopld ba this solddy in
consequence of the fact that each, entering into
achntyattwnlpredeceum.wﬂdﬁndthempm
in a mr.e panding to the tage
| ding, und wenrdd g atim-
ulate the nrglnum to develop until it reached the
next stage in ontogeny.
In this way, whilst one wopld no longer have to
ter the formidable objectfons which can be
msedagmltthetheuyofpﬂfmhcgemmnlﬁ,m
could explrin, aod in this case without any difficalty,
oll the phenomenz of particulate inheritance for which
* preformistic gemmules ” haye been hitherto cops
sidered indispensably.
annltnmen‘wconnduthemeoimembryo‘
whitch bave already nearly d the adult condition,
and which up till pow beve remained absolutely
ideaticel in thelr b and If we suppose that in
one of then a new " specific potential element
suddenly comes inte activity which is =ither absent in
the other or rep d there by a diff ] t,
and i in virtue of itz pecoliar spectlic variety this
melmmtmonlyutunuspeaalputnﬁthebody
they the twe organi might
exch other in all their other characters and diffier
from coe another enly in one character Jocalised in
single region of the body.
[
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So we could explain all the varied phesomena of
the independent inhetitance of particular characters,
mdwrmdﬂlum:thepnnﬂpdargumm:nhmu
uf the exist of which
W iered to be d ive and
ahwlutalyirrefuhhle.

Tae Tarro DinEuma

Is THERE SPECIALTSATION COF NUCLEI OB 13 HUCLEAR
Drviston QuALITATIVELY Egquar ?

Beth those who oppese and these whe support the
doctrine of ngclear specialisation bave thought it
necessary to bring this dilemma jnto promizence
because the qual\tatwely equsal division of onclel and
nuclear specialisation have been comsidered to be
two incompatible thiogs. For i each nmcleus,
dividing, gives rise to twe danghter mcled which are
qualitatively alike, then, 5o runa the argument, all the
noclel of the edult organism must be like not only to
each other, but also to the nucleus of the fertilised egg.
whence all have been derived by succestive nuclear
divisions.

Now in this casz also a whole series of facts and
arguments may be adduced in favour of the equality
of nuclsar Avision, and ancther series of facts and
erguments may be trought forward in support of
tuclear speciailsation,

The principal [acts and in fayenir of the
qnn]itynfnucleard:mmmwell]mm Tt will be
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Tcient to 40 in the briefest possible mazver the
moat impertant of thase which are as follows :

(1) Isolation and disPacemsnt of blasiomeres,

S0 faras concerns the isolation of blastomeres every-
one is familiar with the experiments of Chabry om
ascidians, of Wilson on amphicxus, of Herbst on the
sen-urchin, of Doeach on Echénus microtuberculatus, of
Raffacle Zoja on mednae, not to speak oI athers.

These imenty have d lin an unami-
MOUs Way that in all eggs iz which the nutritive yolk
or deatoplaam is neither too abundaat, too dense, ar too
viscous, each of the {solated blastomeres, sometimes
tven one of the first 8, 16 or 32 blastotneres, is capable
of giving rise to a complete embryo normel iz every
respect, bot naturally of proportionately reduced size,
In a similar way experi: on the displ of
blastomeres, experiments in whmh the sp}mml mans
made up of the ficst bl
two glass plates, and 5o deformed in shape, have shown
that when the upper plate is removed 2nd 2 new mass
of blastomeres is obtained in which the mutual
positioms of the different Hlastomerss have been
completely modified, navertheless o pecloctly nermal
lndividual develops from this mass. These experi-
ments aleo therefore d the equivel of
the ] th fves up a9
far as the stage of the morula

{2) Doxbe Moaxiers Originating from a Single Egx.

Under this head we may mention the double

gasirule obtained by Wilson from the egg of
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Amphioxus, by slightly displacing the first two biasto-
mueres with respect to one another, end the double
mopaters obtained by Oscar Schulze from the aggs of
the frog by loverting the slides Between which the
eggn were compressed immediately after the drst two
Hastomeres had been formed. These experiments,
which are essentially similar to those in which blasto-
rmeres are isolated, confirm the results givem by these
latier.

{3} Singlz Emdryo arining from the fusion of iwo

Blaxinie.

It was Morgan who observed the spontansous
fusion of twa blastulz of Spheerechinus. The twe
Hlastule gava rise to 3 single binstula from which an
entirely normal larva developed.

All theae experiments on the isolation and displace-
ment of bl on the prodection of demble
mensters from a single egg and on the development of a
single individual as resuft of the fusion of two blastule
with ¢oe another, constitute the most direct, tangible
and irrefutable proof that one could desire, that alfl the
nuclei of the fimt blastomeres are equivalent to each
other and to the nueleus of the fertilised agg which is
their common mother,

To these esperiments on the esrliest stagea of
development may be added others relating to the
adult state of the lower organiems. We know, for
instanece, that any smell piece of n hydra or of a
medusa will trameform itself without azy inn'ense
in size inta an entire individual of p
teduced dimensions,

EE PPN
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At Brat =ight this case seams to fall—and sometimes
really falls—into the category of regeneration by the
reqrrangement of Hssnes, such as we have met with,
for instance, in Planaria. However, when we take
into ideration the i and almest go-
differentiated character of some of these pleces,
many authors are inclined to think that the restito-
tion cof the camplete animal from such small fregments
ought mther to be interprated as a new process of
developme.nt which is traversed anew from its first

il of the inal propertiea
retained by the fragment or by the nuclei in it.

In the same way we koow that fragments of the
lezves of Begponia phyllomanizcy planted in earth in
a moist atmosphere give rise to small plants situated
at the cut end of each nervure of the leai.

From these facts we must consequently infer that
the mecled of cells, which certalnly in the case of hyrira
as wel os in that of the leaf of hegonia per-
formed some special somatic fenction in the original
Crganism, retain nevertheless algo all thair germinal
powers,

Nevertheless, in spite of all the experiments which
we have mentfoned, and of many other similar ones
which seem to bear unanimous witness in favour
both of the qualitatively equal character of nuclepr
division and of the fart that in the lower animals and
in plants some of the somatic noclel of the adule
retain ell their germinal pcmers, it iz undeniable that
the great majority of bicl inue to support
the defenders of nuclear :peualwlhm who assert
that the muclel of celly histologically specialised and
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different from ope wocther are alse specialised and
different from one aother.

Why do the epinicns of the mafority, in spite of
everything, incline in favour of muclear specialisation ?

Thix iz dne to the fact that in mamy cases the
nucle, like the cells of the same organiam, appear to
be helogically diff from one ther, that
iummythatmeyappﬁrbowreyutudnﬂu&m
ons another in certain peculiarities of their structure,
of their proceszes of division, ete. At the same time
chemial analysis ssems to confirm the theory of a
i of H bet nuclei of different
tissues.

But there is above all the very strong argument,
ang it is tha principal one, dadueed from the fact that
the nucleas, as appeared to be fully blished, is
the portion or organ of the cell which for the greater
part, or almost exclogively, determined the specificity
or tha varioms spacificities of sach cell. Consequentiy
cells histologically different l’.tm one anciher, that
ia, eells which if, By di physic-
logical characters, cunld. only be conceived of as
provided with nuclel apacifically distinet,

Tt is sufficient to coneider that, if the hypothesic
of muclesr specialisation is rejected, we must
Tegard the noclei of all the nervoms centres as
qualitatively equal to each other and te the mucldl
of tha other tissues |

To sum up, we see in this case also, as in thoss of
the twe dllsmmas which we have previously cem-
sideved, that thess s g whole series of facts and =rgn-
ments which support the view that pusltey division
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it qualitatively equal, and mnother large series in
favour of the hypathesis of nuclesr spacialisation.1

Wheace it follows that this dilemme, which notil
now bas seemed mevitable to binkogists, cen have
no more real existence than the two previoms ones,
and we must therefore seek some inh diate view
which will recouclle the opposite mides of this
question,

The first intermediate hypothesis which suggests
itself to the mind s as follows :

Lat nx axsume that npelear division ix qualitatively
equal, in a word let us assume that each nocleus in
dividing gives rise to fwo danghter nocki smilar to
itzelf, and that consequently in jts first division the
nuicleus of the fertilised ¢gz gives rise to two nucled
similar to iteelf, each containing all the elemants of
the germ-plasm; let us assume further that the
same thing takes place when the nucleus of each of
the frst two blastemeres divides 50 25 to produce the
nuclel of the first four blastomem and 8o on, but
that later, a3 devel , other el it
which wa shal! term "snmahc"mgmduaﬂyaﬁded
to the primary elements of the germ-plasm, an a
consequence of the different position successively
occopied by the muecleus in question, of the relations
which deyalop betwoan the nucleus and its neighbonrs
and of the somatic functions which it assumes in

quence of its relations to its neighbours and of
other gimilar l:irv:umstance& Thess * somatic ™
+ Fex th i di ing of the fazte xnd
wuncniy lndlgnmse rpu:ilJinahon.muth

i

citmd, Chap, ITI, s.m“"mwmwuum
the wohgtiee,
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elementa which, like the primary germinal elements,
possess the character of " specific potenticlity,”
which w¢ have explained in the preceding section,
will come to be gradually deposited only in these
nuelei which are cutsids the asswmed * central zone
of development,” from which plasmatic action
proceeds, and at first, in the tarlier stages of develop-
ment, they will be merdy added to the primary
germinal elements.  Neveriheless, as development
procesds to later stages, these *‘somatic ™ tletments,
as they increase io number or in bulk in 2 mexsure
depomding on the tature of the otganlem or on the
particular tissue to which they belong, will finally,
In the sttuggle for space and autritlon, gradually
displace the primary germingl elements,

In the lower animals and in many plants this
complete substifution of somatic for germinal elements
will mot take place, at least in some tizgues, and as s
resylt of this fact germinal elements in an lnactive
state will continue to survive along with somatic
ektments in jull junctional activity ; with the con-
sequence thet thes: germinal elmnb\ will always 'be
ready to Initiate dewel when
crcumstances permit them 1o beceme agtve.

If we now sum up onr whole discussion on the
three dilemmas, we see that, if we examine them
withemt any preconceived ideas, of these thres,
on which biologists have waioly dcbated uatil
now, not one will stand critical examination, but
that in plece of each of them it is possible to sketch
an Intermedinte hypothsss cagmble of reconciling
apparently contradictory fects, which precizely on
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acoount of this appearince of opposition have given
tise to the dilempa.

It remaing to be shown, as indesd must have
wready become evident to not a few of cur readers,
that these three intermediate hypotheses, with which
wa have solved the three croresponding dilemmas,
can be combloed angd harmenised so as to form w
single hypothesis to which we have already given
the name of " centro-epigenesis.”” But before doing
this 1t seemys advisable to stop a moment to study an
succinctly as poasible what can be the nature of this
" plasmatic " acitivity which, proceeding fromn the
central zone, exerts its influence at every moment on

each part of an organism o process of d. Jx

THE NATURE OF PLASMATIC ACTTON,

First of all we must examine mpidly the part
played in this plasmatic action by the nuclei and by
the interrellnlar protoplasmic bridges. Pfsfier has
shown at the same time the importance of the prote-
plasmic filaments which join the pml.op]asm of one
<ell to that of its peighbour far the of
* plazmatic " ection, and the Importance of the
ouclef for the generasion of this plasmatic action.

He has shown that if the protoplasmic bedy of o
cell be detached from the cell wall by plasmolysis,
and if this body be then divided inte two parts, one
containing the nopclens and ooe devoid of nuclems,
the oncleatsd portion will form n new cell-wall,
which the enucleated portion is unable to do. But if
this Jeated portion iny iz iom witk
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the mucleated portion by a thread of protoplesm,
however thin, then it, tco, will form a new cell-wall.
Pfeffer then made & preparation in which & masa
of protoplasm deveid of mucleus and of cell-wail
remalned in contset with an uninjured cell by means
of the protoplasmie filaments which nurmally anite
two neighbouring cells with each other. He showed
that in this case alzo the enucleated fragment formed
a cellwall round itself. He even succeeded in
obtaining a chain of emucleated protoplasmic frag-
ments connectsd with each other by proteplasmic
bridges, ofwhichthewmha]mmbuma
mask talni: a mmclens, and he
observed that in this case the icrmation of the new
cell-wall took place centrifugally, that is to say that
it was fint formed round the plece nearest to the
nucleabad porunu, and then successively round the
Iy furthee d From this,
This =econd experiment of Plefier would alone
suffice to justify the hypothesis of a4 circulation
throughout tht organism of a patticular form of
mgywhich must be of the same nature as the

B .13 lations ding from the

nucle.
It is, indeed, emeedmgly probable that this nuclear
lation which is t i from the nocl |

cell along protoplasmic bridges te the enucleated

fragment, is equally transmitted when this fragment

has iiself & nuclens, and even when it is a complete

normal cell, This eonsderation leads us to assume

that, wherever pratoplasmle bridges exist, the various

nuclear discharges unitz along these bridges so 25 ta
&1
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give rise to a veritable tide of nuclear energy which
flocds the whole network of these protoplasmic
bridges, a metwork of which the nodal paints are
constituted by the nuclei hemaslven,

If we grant the oniversal occwrrence of these
intercallular bridges ing together all the cells
of all the tissmes at gvery pericd of development,
beginning with the stage of the first hlastomerss, wa
are led to regard it as very probable that thls dis-
tribution of nuclear energy at every instant continues
from the beginning of development up to and
throughout the adult condition, and penetrates the
entire erganism,

This hypothesis of o circolation of nuclear energy
throughout the entire i and nentl
in each particular tissus, is supported by the fcllowing
celebrated experiment of Sieglried Garten. He had
a small disc of skin about 1 <m. in diameter cut out
from his arm, Without uniting the edges of the
wound he covered it with an asepiie bandage, and
left it to heal. When the wemnd was almest com-
pletely closed—leaving only a small dise of about
L.74 mm. in diameter in the centre wncovered—he
<ut away the new skin which had been formed, and
examined it znder the microscope.  Ha then observed
that this skin conmitted of copgenitie zones of cells
of different aspects. In ome of thess rings, which
comtzined the largest cells, the intercellolar bridges
were diparily well developed, and it was only
In this zome that noclear divisions were ta be sean,

If we assume for @ moment that there is m con-
tinwous Bow of ooclear epstgy aoroas the Intercellular
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bridges, the remarkable development of thess bridges
inmoithemuo{uussumnndingthewnnd

an i
For this nuoclear current ‘which prrekuzlypmd
the intra-celluar G and

hndgelnffthecel.isbelonmngtotheliluedjuoi
skin which was cut cut, would after the exclsion
find ita pormal patha blocked, and would be con-
strained to How around the wound, and sa would
increase the amonnt of current which nermally
‘traversed this region. This increased cwrrent would
mte fm' itself the meaom of passage, uther by

g the di of the protepl Lridges
or by augmenung their namber.

If we recollect that it is precisely in the roge where
these hridges are best develaped, and only in it that
we meet with nuelear divisions, we see that we can
learn something further from this experiment, namely,
that the increase in the amount of the necleat current
exerts o trophic influence on the growth in bulk of
the living substance, ai a consequence of which there
in p great proliferation of nuclei in its path.

This is extremely interesting, because it enables
us, hypothetically at least, to account for the
differences in rate of growth which are emcountered
in different parts of the same tissue, and in different
tissues of the same organism, by differences in the
amoynt of the nuclear current,

Rut neror we must pass to the question of the probable
nature of this energy which 3o far wehave dencominated
'bythatmnnuclm If we recall the fact that in

icellyl the direct and indirect
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effects of noclear stimnlation, there gre soma which
take the form of contractions of wibratile cilia and
of q te; if we ber further
that eveo jn higher animals in which ie the aduit
condition the uliimate caute of mavement is beyond
all pesgible doubt nervons energy, mevements never-
theless begin in the earliest embryonic stage, a9 is
praved by the free-swimming blastule and gastryle
of all the animals whose oggs develop freely in the
water; if we copgider that all plapts manifest the
phenomena of contraction as a result of fritation,
end that the most semsitive plants have betber
developed intercellular bridges than those that are
lezs senmitive ; if we take account of all these facts
and of many others too oumerous to cite here, it will
net appear too daring te advance, as a purely pro-
visional hypathesis, that nuclear discharges are of the
fame natire as oerpoys discharges, IF this is so,
the flow of nuclear eénergy which traverses the
entire organism and penetrates every part of it will
be nothing but nervous energy.

Hertwig himself has lent the great suppert of his
authority to this view, He expresses himself as
follows : "It is probable that in comparison to the
conduction of stimuli by nerves, the transmission of
nuclear stimulation by means of proteplasmic fila-
ments is much less rapid and intense, but for that
Teason it is more continvous and, by reason of its
duration, more effcacious,’”

On this view the nervois fikres and fbrille wouid
be fundamentally nothing efse than intercellular
bridges uniting the rerve cells to the other tissues,
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and the continueus distribution of nerveus energy
throughout the organism wiuld be effected nat enly
by the close network formed by the intercellular
bridges, but ako by all the network made wp
of the nerves, fibres end fibeille of the mervous
nystem.

Beiore weo procesd further we must emphesise the
fact that thls hypoihesis of o continnons circalation
of nervous energy is capable of being applied not
only to animals but also to plants.

First of all we have the experiments of Piaier
referred tn rbova, which were done on the cells of
plants, We know besides that in recent years
several sclentists, notably Francis Darwin of Cam-
bridge, Haberlandt of Graets, and Francé of Munich,
have studied the interesting phenomenz of the
senkitiveness and movements of plants; the results
obtained by these researchers demonmstrate that
plants in general are sensitive, and we have already
alluded to the fact that the most semsitive possess
better developed intercellutar hridges ; moreaver, in
plants, 2% in animale, it is y to a
region of perception and a region of mnvunent mare
or lesy digtant from one another between which a
travsmission occurs, which we have every reason to
suspect of being nerveue in pature, There is indeed
a ' physio-psychology of plants ** which s growing
ungd establishing its right to be recognised as parailel
with the physio-psychology of azimals.

I then we assome for any given animal or plant in
the adult condition or in any stage of its developenent
that this nervous circulation is in operation, we have
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anly to suppose that this in xubject during caotogeny
te continual changes in its mode of distribution in
order to obitain a probable explanetion of & whole
hosto{devdnpmtalphmmem We shall confina

lves bere to g ipal of these,
which are ag follow :

{1} Fh of the lation of deuslod nat

to be founded with lation of fonctons

properly so-called. They consiet im the clreumstancs
that certain portions of the embryo, even if distant
ome from the other and without any functional
reation to ome ancther, seem to exercise on ooe
another a reciprocal infuence which governs or aids
in gowerning their respective develog The
develop of one is derated with that of the
other, is retarded when the d.wr.lopmnt of
the other is ded and its develop ceases
when the other ceases to develop. If now, given parts
of the qrganiszm, even if widely separated frum one
angther, belong to the rame main branch of the general
distribution of nerveus energy, and if others of
different origin become graduaily wedged between
the parts of the first branch, though they belong to
another branch of the distribution of nervous energy,
we e understznd how the mutual dependence of
the parts belonging to the first Branch on #ach cther,
and of those belonging to the second branch also on
mhothm' cau'bebmughtabutmthellmm
b of amy di i

emdsedbythepartsoithzﬁntbnmhunthme
of the second branch,

[z} Compentatory prowth of organs sed yei aveived
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o the dage of functiowing. Thest have been studlad
chiefly by Ribbert end his pupils, and such are the
discovery that the excision of a testis or of 2 mammary
gland, evem in the smbryonic condition, stimulates the
growth of its fellow. In this case wa need only
assume that a main branch of the system of dis-
tribntion of nervous energy biforcates, exerting
jts trophic influene om both testes apd on both
mammary glands durlng their development, in
order te explaiz why if ome of the forks of the
bifurcating path is blocked, the whole nervous current
i copsirained to pass down the other, thereby
eanrcising on it a proportionntely greater trophic
infuence.

But it is after all the most general phenomenon of
antogeny which is in certain aspects most clearly
explicable by this thecry of a distribution of trophic
nervous snergy. Development at bottom is only, as
everyons kmows, the resolt of the wnequal distrilrution
of growth (Ronx). The widest possible waristy of
form i produced by means of the mmtau.mple and

system ivable, vir., sti of
cellular prgliferation at a given point in & cellular
layer more than in neighbonring peints, so that the
utmceﬂsthnspmdumdmiomdtobendoutm
Ia tiom). We need
omlymm:awnﬂnualchangemthegemralmtem
of distribution of nervous energy in order to under-
stand this contintal ahifting of the points of mor
intense trophic activity,

The eatogenetic processes of involution (absorption)
are typicsl examples of this shifting, as for instence
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theinvnluﬁmofthenﬂofthahdpols WGﬁndst
the beginning of Thosis an

degencration of the akin, upmu]cwdandoimwl
and muscular fbres. It i3 0ot a case, let us note, of
a senils phy or of one brought on by iom of
functioning, mt a physiclogical atrophy of pre-
epinently young tissues. And since at this perind
the animal takes little or no food, whilst other organs
underga & sudden and rapid development, the

1 of the deg: ing tisues is absorbed
and carried away by the Iymphatic and vaseular
chaonels in order to be used for the building up of
other organs which exe now in tonrse of rapid develop-
ment. All thix process seems 1o be explicable on
the asswmption that the mervous emergy formerly
distritmted te certain regions has abandoned them
completely and has been diverted to others.

But if we anmme that nermal ontogeny, in so far
as it is made up of a series of shiftings of the reglons
of intense growth, is the result of contimal changes of
the general system of distribmtion of trophic netvous
w:nthembryn wehawstl]ltoexphmwhy
this y changes during the
wholp devilopment.

This will compe! us to recapitulate in a few words
our " centr-epigenttic ' hypothesis of which tha
main have been sketched in the f dl
pages. To do this will be the task of the next chapter.




CHAPTER III

Tae H oF A P1 AcTion R
TROM A CENTRE A3 TEE Bass oF A MyEsoxic THEORY
©OF DRVELOFMENT—{continwed)

The theea dilammes nftﬂnmdya(ﬂndwdop—
mnhn_t‘ndw_l'lnimu_w_nhn ved by the o » ploa-

the

hﬁmm’ ylogroy by oato) Emdupplyuwlthll:lul o

'nwmeu o{oméo—%m: Al thy ffcdtica whi
solven

mhmzdmm theoring af

THE critical examination to which in the last chapter
we have sabjected the threc dilemmes raised by the
study of embryology, has led ua to ragard it probahbls
that thess three gilernmas could be solved by sub-
#tituting for them the threa following intermediate
hypotheses ;

() That the ** plasmatic * action procesds from a
apeclal part of the organism termed the ™ cemiral
20m4 of development.”

(2] That the germ-plasm, that is the nucleus of the
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fertilized eggs, is made up of & certain number of
P P or el v dat
of o vital energy (and we zre now able with the best
changes of htting the truth to conceive of this as
nerveus enargy) which are capable by dischargiog
themselves of givieg rise not i discharges of this
vital or narvons epecgy in general, but each caly toa
definite specific discharge of thix energy ; and that
these accummlators becoms active ome after another
in a definits crder from the first begioming of develop-
ment uotil its completion.

(3) That in the ouclei tuttide the central zone,
which come to lie in cells which are histalogieally
specialized, there gradually become ndded to the
original specific potential elements of the gerra-plasm,
which are transmitted eatire from nuclens to nocleus
by qualitatively equal diviticn, other spacific poteniial
elemenis different from the primitive ones, but of the
same nature, which, increasing in pumber or bolk,
gradually displace the primitive elements and sub-
stitute themselves for these. This process, which is
due to Umitations of apace and nutrition, can, in the
majority of ases, proceed to the complete substitntion
of the one serieg for the other, and so Iead to a veritable
specialization of noclei.

Once we assume, for reasons adduced in the pre-
coding chapters, that the ' plasmatic " echon it
caused by a genecal gystem of distribation of trophie
nervons energy, we find, as every readar gn reflection
will see for himself, that these thres hypotheses
can be fused 2nd harmonised in a amgle orgazic
hypothesia,
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‘The only peint which deserves special discossim
is the wey in which certain nucls originally qualita-
tively equivalent to the rest, gein the control of the
others and come to constitute the central zome of

dop and 5o d these cuter nuclsd to
become gradually reduced to somatic noclei.

But the way in which this cceurs will bacome clear
whexn we take into azcoont the following consideration.
At the beginniog of develoy from, the
ment of the segmentation of the ege until the morola
or even the hlastula stage is aitained, when the
nocle are siill all qualitatively equal to one another
and to the oucleos of the egg whence they have been
drrived, we may consider these opclef ax ail ready to
begin the same kind of plasmatic action, at feast in
the only case which for the sake of simplifying the
prablem we shall consider here, viz., where all the
blastoreres are equivalent to one another,

This diticn of afairs, h , can only last
lmt:] the time when the modification produced by the
lop t is no longer unif for all the parts of

the embryo, as when an invagination, or similar
process, i brought about, for then the nuelsar energies
CAnnot contitme to eperate in exactly the same manner
in all the cells. From this period thoese of the nuclsl
which posgess, whether by the accident of better
mutrition & for sny other acridental mason, o greater
amount of potentiel epergy then the others, even if
their superiority in this respect is very slight (perbaps
in maroblastic eggs, those which occupy a oo
fuwourable position than others), must guin the sontrel
of the latter wod continue alone the poocess of dis-
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harging + ife gerasinal 108, which
they now inhibit in all besides thamsalves.

From this time the remaining noclsi, not allowed
to constitute the central zome of development, ard
new under the control of the norlel which make up
this zope, become more and mora speciaiised, because
the tide of succesaive specific ensrgies now passes
through them, following the aystem of dlsh’l‘lmﬁm
determined at zach t by the
activity of the central zone.

For each new potential elerment which snters into
activity in the nuclei of the central rane will disturh
the dynamic equilibrium of the general system of the
distribation of nervous epergy which has become
established by the action of the preceding element,
and will canse it to change to a mew state of
equilibrium comrespending to the next stage of

As cne element after ancther of the central zone
emters into activity, the development of the organism
will traverse all its successive stages, and 1t will only
cease when the action of these elements is completed,
becanse the distorbicg action of the centl zone
on the gemeral dynamical squilittinm of the organism
will then come to an end, and the definite equillbrinm
of the wdult stage will ba established.

Sm:hare. bn:ﬂyd.esm"bed.thegemﬂwthwnf
the ic hypothesis, comstructed by
fusing and hnmonidns the three intermediate
‘hypotheses which ware put farward to scive the three
fondamental  Jilerimax mentioned above, Now,
although this hypothesis has only been here sketched
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in baldest outline, it ¢an immediately be seen to have
one quality of suprems importance, viz,, it can supply
an explanation of the process of the hereditary
tranymission of acquired characters, by meeting the
last serions objection to this view bebind which the
Nec-Darwinians, with Weiktnann at their head, could
entranch themsslves in their brave and desperate
fight egainst Nec-Lamarckism, which in all other
respects might be comsidered as triumphant. Fer
just in the same way s, till now, the disturbing action
of the central zone bad interrupted the just-formed
dynamic squilibrum and cavsed the passage of the

jem from one genetic stage to the next, so
when the adult stage has been attained, cach lasting
change of functional stimitlus, or af functional activity
which reslis therefrom, will agein upsct what would
otherwise have been the final condition of dynamic
equilibriumn, and cause the organism to pass to 2 new
phylogenstic stage.

‘Ths alteration in the distritition of nervous energy
which will result from this change will bring it about
that through every cell of the organism or through
each cell of 2 given region of the organism, a new
current of energy will pass, specifically different in the
differzat cells, and different alse from the cutrent
which formerly traversed the same path. In each
nucleus of these cells a new speclfic patential element
will then be formed and depesited and s0 added to the
number of the pre-sxisting elements.

But all these elemepts, oew as well s o, which
are deposited in the somatic naclel, will ba lost at
the death of the individual, and only these will tscape
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destruction which are depesited Lz the germ-plasm
ol ihe ceniral zone. The only effect, thereiore, of
tha lasting change of functional stimulus in the species
will be the addition of & new poteniial element to the
germ-plazm.

We must now investigate the way in which this
new element aets during the ontogeny of the danghter
otganiem. In ordér to esplain thie we shall have
only to assume that the substance which constitutes
each potential element, 2nd which is capable of
originating, when discharged, & gingle definite specific
variety of gervous current, is, at the samp tige, the
very same substance which this current can form
and deposit, in order to explain how the new specific
potential element, which has been deposited in the
central zope of the parent organism, can, by entering
into activity at the pmpl:r time jn the central zrme
of the daogt producs in this individual
the same change which was cauzed in its parent by
the action of the environment.

Thus ibe ontogenetic stimgles i3 meely a
restitotien or xepmdw:t:un, b_v internal causes, of
the § i of iological reaction
which s at Brst produced and can only be produced
by the external medium. It fellows also that
ontogeny 5 mathing bt & comivmugl gdapiziion of Hhs
embryo lo successive modez of the aciivdly of the condral
some, and Hhat tie fund i Tawr of ki is, vig.,
that ontogeny is a suecinct repotition of phylogmy
appears to be the d:.rect of the
of the hereditary ¢ ion of acquired

Even the aconisition of the most complex instineta
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in therafore maraly & special case of this transmission,
and alse sexual dimorphism, palymorphism in general,
atavism, and a whole series of other more or less
fumdd I ok of develop can thus
receive their explanation, AN these are points
which must be already evident to most readers, but
for the full elocidation of which we must refer to our
work already cited several times.®

We may, hwe\re:r, add a few words in order to

two istic quences of the
canm:pﬁgtnetjn: hypothesis.

Tha first is that this hypothesis is capable of ex-
Paiming a * certain dose ' of preformism, the existence
of which seemz te be placed beyond doubt by the
results of certain experiments—results which have
inflicted & mortal wound en the theory of simple
epigenesis, We allude for instance (to name only
the mast typical} te the experiments of Braus, whe
transplanted the first wndifieventiatod ruditnemts
of the fore and hind limbs of 2 toad {o other pogitions
on the same animal, and found that iz their new
pasitions they developed into typical adult members,

Certeinly the results of these experiments do not
justify the claim made by certain preformists, in
spite of the repeated contrary results given by ather
similer experiments, and of a thousand ether facts
equally irreconcileatle with their thesis, viz,, that
the sama ontogenetic autonomy must then be true
for any portion of the body, po matter how small,
when asparyted from the rest. However, it tannot

"See Chap. yu,_"mﬁ ic hypothesin : 1he
m which It.ﬂ’lvu 4 itary traosminsion
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b denied that the continued develop of b
saparated from the rest of the bedy proves that they
eontainad in themeelves at the time of their amputa-
tion all that was necessary to determine thelr furiher
development.

HNow the centro-epigenstic hypotheris does not
exclude the pessibility that the early emtry imto
activity of a series of specific potential elsments of the
ceatral zone may leave soch effects on certain partions
of the body, that, even if these portiony are removed
at a ceriein moment from the dimect action of the
central zone, the development may continue as a
sort of pesthumous result of the activity of this rone.
Somethmg of this kind can be scen in the enocleated

of some infusoria, as for inst Stentor
m{m& Although the pucleus is for infosoria ax
for unicellular animals in general a trua and typical
central 1one of development, since withaut a nuclens
me process of devel t or icn can be
either begua or wmpleted. yet Gruber has observed
that if the animal showed at the time of the operatien,

signs of ap 3 , with rud of itz
peristomal band of cilia al'ready appearing, ﬂm
Jeated fi t would continue the devel

oith;sbmd.asarewltoﬁ]usithu pmhumous
action " of the now absent oucleus. This action can
only be explained if we astome that 3 whole series
of nuclear stimull bad already been amitted and had
left their traces on the cell body, and it anly remained
ta observs the slow development of thesa sficts.

Dn the other hand we may ask how conld the theory
of simple epigenesis, in order ta explain the results of
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thets experiments of Bravs, have recourse te a pre-
cociond entry into activity of a whole serias of sproes-
mive sctions, which the remaindsr of the organism
should have exerted on the amputated member?
These soocesstve actions could coly be produced by
thoss modes of being of the remalning part of the
ofganist which are realised aiter the otcuticnee of
amputation, and would nof for that very reason be
possible befors amputation.

The sscond consequance of the centro-epigenetic
hypothesis which remaina to be mentmmd is that
it makes it y for us to disti
c]odwamdaﬁﬁarm germinal zome.

As we have elready indicated everything leada
us to belitve—if wa confine ourselves to organisms
with a nervous systera—that the central zone coincides
with the least difierentiated part of the nervous
gyytem, O{m the other hand, that whith constitntes
ihe central 2one is just the germ-plasm, which remoins
always identical with itsslf throughout the eatire
development, in s‘pile of the "plamauc actlon"
which it is i iting on the devel
organism, angd which wnuld be mnsmltted uua]r.md
from generation ie generation were it ot for the
addition of elements resulting from the acquisition
of new tharacters,

The eentral 2one in vertebrates which, let us
reiterate, is probably formed by the most internal lzyer
of the spipal cord, would be the really effective gerrainal
zone, that is the troe place of the emissicn of germinal
sabstance—just as, might we suggest, the marrew
of the bones coostitutes the plice where the erythro-

-
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blasts or ambryonic red corpuscles of the birod are
iorrmed whmetheypnssl.ntuﬂ:ehlmdandm
ibutad by the ci Tha ag germinal
zone oo the other hand, whichi:mutuﬂedby:hg
genital organy, would only be—as thess orgens are
].nthzoldDa:wl.nianhywtheﬂ! the place for the
and isgiom of the germinal
substame that is to say the place where this precious
matecal iy gellectsd, which, by being taken wp by
certain cells selected by chanee from theusands of
others, and by being added to or sobstituted for the
substance of the muclei already in these ceils, changes
them from simple somatic into repmdnchve r.ells
It it perhape the piioe of g
whirh constitutes the * maturation of the repro-
ductive cells ¥ Syoapsis, that phenomenon recently
discovered and still impedfectly investigated, in which
the chromatin which will afterwards constitute the
chmmasomes of the egg and of the sparmatozcon goss
thraugh tha most complicabed end myster: |

does it indicate the pracise of the penetrat
of this germinal substance into a cell pravicusly
sgmatic or does it indj the Hie i dintely aiter

this penetzation when the germinal substence begins
to inatal iteclf in ita new abede ?

To these questions, on which will depend in large
measure the greater or less success that will accompany
our hypothesin in the future, further research can alone
give an adequate answer. We shall confine ourselves
bere to thess brief remarks which we bave thought it
necessaty to toake, in order that wWoug with the
mgmterous and pawerful arguments in favour of the
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centro-spigenctic hypotheds, we shouid not omit
te mention the most important objection which
might be ralsed aguinst it.

Taz MxEwoxic NaTure of LiFE

Before completing this rapid end imperfect skeich
of the centro-epigenetie hypothesls, it iy necesary
to show how it is related to other recent throrles
which seek to explain development and all the cther
characteristic phenomena of life by the fundamental
mmemonic propecty of living substance, and hew our
theory may be regarded as the compietion and final
outeome of these theories.

Agz we have already stated in the first chapter, the

h of the pitulation of phylnguny I:ly
togeny, or the fund 1 law of bi
has always been comsidered te Be of a2 mpemonic
nature, Haeckel himeelf, Butler, Cope, O, if we
consider only the principal expoments of this view,
hu\re sgen at wpce, Tora or less vagudy that this
of phyl ic stages th abridged}
dun.ug ontoge'ny, is nothing but a manifestation of
the memory retained by the Lving substance of all
the modes of existence throngh which the species had
passed in its comtioual endeavour to adapt itsell te
the ive ch af the envi it

In the celebrated address delivered before the
Academy of Vienna, in 180, Hering, under the
ausgutlw tltle mt “ Ueber das Gedichtniss zlz eine

der isierten Materie,” made
& daring step forward in paintaining that memory
I
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is the general and fundamental function of living
matter,

In kis famous work entitled ' Die Mreme als
erhaltendes Prinzip in Wechsal des organischen
Geschehens,” Semom, a8 we know, took up and
developed mere fully Hering's proposition, ad-
ducing in its support 2 large number of facts which
showed the deep analogy which existed betwesn vital
phenomena in gemaral and those of ontogeny in
particular, and fhe phetnomena of memory in the
stricter sepse of the word. But the comparison of
vital pheaomena in general with memory, in spite of
the deep resemyblance between the two which it brings
to light, can only appear artificial, and is even reduced
to un ixnocent metaphot, if we do not take account of
what memory in the narrower sense really is. For
ordinary psychic memory belongs to o category of
phenomena of a lesa general order and mere compiex
than ordinary vital pheoomens. since every mani-
festation of psychic memory iz certuinly a vital
phengmenco, whilst the contrery is not fue; how
thmmmmwbeuwdwwrplunntaiphmma?
in the naTrower
senke are always * localised,” whilst afl "
have campletely ignored this fact when discussing the
mnemceic naturs of development.

Samon, for instance, who may be taken as & repre-
sentative of this school, in order to surmount the
difficulty of localisation, assumes that the effect of
evuymmnhn.whlthacthnanypmwtdthe
bady, diffuses throughout the
in intensity @a it gets further from the peint of o~

o
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cidence but remaining always idemticsl in quality, so
that proceeding from the zome where it axercises ita
mmaximum effect the stimulus will succeed in influene-
ing and in * stamping an impresdon upon * adl the
cells of the body, including the reproductive cells
and ever wll the amall living compenents or
“* protemeres ' of each cel ' Protomeres " or
“* plastidules * are cold conceptions invented by
Haeckel, which explain nothing, and indeed are
devaid of all singifieance. What meaning indeed
ooild we asmgn to the statement that a complex
visual i wag itted ltered to the
pmtumem of the muscular Gbreg and the glandular
cells, #tc., or how vould a Jocal functional adaptation
hacome spread over the whole organism 7 ?

1t is just these difficolties which are obviated by
the theary of centro-epigenesis.

Our  theory the fimt difficulty, sub-
itgting for the explanation of vital pt by
mmnsohhnsem{mmymthestmtsense & simpler
hypeth whith the exist of a more
] tary and fund 1 ph of which

wital phenomena and psych)c memory are only two
different agpects or special canes. We allude, of

course, to the property which we have supposed to be
characteristic of the specific potential elements of
the nuclei both of germ-cells and somatic cells, vixz.,
th&tuchelmentmdmhamngmdfgwsmtna
t of adefinite specit ter; and that
thesnbmxmwh:chpmdmutlmcwentmtheum

i od
“Fhlpw\fotﬂnwwk. " The Mprmonic Theory
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substance which this current can and does in ita

turn depasit when acting as egrrent of charge. This

prmpnrly confers an the specific potential elements or
a tue ic nature.

Callolar specialisation in virtus of which each esll
gives its proper and characteristic response cven when
excited by stimuli of & different character from those
to which it is usually subjected ; the great Jaw of the
mqmdl‘lon of habit to which sl liviog substance is

k 1: the ! of jsms ; the funda-

mental law of biogemetics or the _‘ of
phylogeny in ontogeny; the iransmissibility of
acquired characters ; the inborn instinets of animals ;
all thess phanomens which suggest vaguely that they
bave some common basis, more or less analogous to
memery, are seen, in the light ef cur hypothesis of
specific nervous accomulaters to be clearly and
definitely nothing but s0 meny manifestations of so
many direct results of one and the same elemmentary
phenomenon which we have now sharply defined.
Our theory surmouats likewise the sscond difficulty
by localiving phylogenetic memory in the central zone,
constituted by the germ-plasm, and by supposing
that the latter emits specifically the same effect in the
oppesite direction as that which the external stimulus
has preduced in it. I is then sufficient to assume, as
we have seen, that this germ-plasm iz situated in a
definite part of the organism which is always the same,
both when the body of the parent is exerting its
wctiom vn its own germinel substance énd wheo this
germinal substance i acting upoen the body of the
embrye, in order to explain the succession of ente-
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genetle  stages s the mnemopic repotition of
phylogenetic stages,

Butthe theory of the specific aceumnlation cfnerveus
£nergy dees not exh its posgibilities in explaining
the f 1 ¢ character of vital
phenomena, and of all the consequences, direct and
indirect, which flow from this elementary property.
In the lumination of the light which it diffuses over
the whole domein of biology, even the phenomena of
assimilation, of the trophic action exerted by functiopzl
activity, and of the rejuvensscence cansed by fertili-
sation appear 2 Jittle less mysterious than before.
‘These points wa shall endeavour to make clear in the
Tollowing chapter.
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CHAPTER IV

Taz Euxeerric PROFERNIES OF BIOLOGICAL
MeM0EY

I 5 vy of the centro-egiy Apoekesi

Aswehlvemnmthelxwadmgehnpmr the
sszential part of cur centro-epigenetic hypothesis
¢an be summed up a9 follows ;

The " plasmatic action ** of the developing organism
tadiates out from a special region of this qrgeninm
termied the central zone of development and made
up aof the germ-plasm.

The plakmatic actlon is die to successive modes
of distribution or circulaticn of trophic nervous
emetgy which is made up of all the noclear axeitatons
of all the embryonic cells.

These eacitetions fow togethar n the protoplasmic
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bridges uniting the various cclls with one another,
being ndded to one another in the same path and
aplit up along diverging paths, and the resolting
uystem of perveus circulation penetrates the entire
orgepism ot each stage of the development and
determines at every peded its morphological and
physicological condition.

The germ-plasm contained in the nucleuz of the
fertilized &gz 18 made up of a large number of specific
potential elements, that is to say, of a large number
of clementary accumulators of nervous energy,
whirh are able In discharging themselyes to give rite,
not to a curreat of ondifferentiated neryous energy,
ug electric accumolators do for electric currents, but
each to 2 definite specific variety of thizs nervous
energy. These specific potential elements come into
oetion one after the other from the begianing unil
the completion of development.

Each nervous cument, each nefvous excitation,
whether it procends directly from o single nuclegs
of whether it resulte from the union or splitting up of
several nervous currents, when it passes through
another nuclevs, even though this be a somatic oge,
depogits in it a * specific aceumulation " —that & a
agktance which can origi by it d poalti
exactly that kind of nervous current by the action
of which it was depegited. Every nucleus, including
somatic n\l:lel. mny be inppused to be made up of
stipdtar in their
geuerel pature to those contained 1z the original
nmuclens of the germ-cell, but diBfering specifically
from these and from oo ancther.

L
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The specific potemtisl elexnents contained in the
nucleus of the fertilised sgg are transmitted unaitered
from mueleus te nucleus as a conscquence of the
equality of nuclear division. But in these sncldd
which as development proceeds are finally excluded
from the centrel zope, and which come to lis in cells
drstined to becoma histologieally specialised ceils,
there are graduslly added new  somatie. * specifically
potential dements, in virtue of this power which
each nm'ous current posmm of depositing a
of ltsel{ Thm

somatlc speclﬁc ial «l in
oumber and in bolk, finally displace melet!b the
frimitive gaeminal clements and lead thus to a

plete somatic specialisation of these nocled.

I[ this hypothesis be actepted, let us consider how

Jopment shouwld progress, ing with the
first segrmentation of the egg.

In q of the equality of nuclear i
tian, the nuclei of the first hlastomeres are ail similar
to cach gther end to 1he suclens of the fertilised egg
from which thry wers produced, and they will can-
tinue to be 5o at least up fo the stage of the merala
of of the blastule. These nnclei will theredore be all
equally capable fally if the blast in
which they lie are also similar to coe another ey is
the cage with holoblastic eggs) of exercising the same
‘" plasmatic zction ” gince each begins to dischazge
the same series of specific varieties of nervous snergy.

But socn the moment will anrive when the new
ypecific gies a8 they are discharged, are capable
of producing an genotic lification which is ne

86




ENERGETIC FROFERTIES

longer uniform over the who]e surface of a spherieal
Hastula, as for | an invagineti The eniry
inte activity of the remainder of the specific energles
cannot thereafter take place in all the blastomeres.
From this time on those ouclel which in virtue of a
bettar nutdition or of any other accdental circum-
stapce possess a larger quantity of potential energy
[or those, as in the case of meroblastic sgem, which
occupy a more favourable position) will peceasarily
gain an adyantage over the rest and will alone
continue to discharge the successive kpecific energies
a process which at first teok place in all the nucled,
but which these favoured nuclel will now inhibit in
alt others but themaelves.

From this time aiso the remainiog noclel which
have been in this way excluded from the centmal 2one
and which are Row under the control af those which
constltute the central zemr, will gradually become

iatod end specinlised, for they will be con-
stantly traversed by spocific varieties of pervms
encrgy, continually varying iz chamacter and amount
zccording to the general system of chroolation
determined =t each stage by the cormesponding
activities of the ceatral zone. For every new specific
P iai #l t which t rctive in the puciei
of the central zone will upset the dynamic equilibrigm
of the general system of distribution of nervous
encrgy which hes been cstablished as a resolt of the
action of the previous element, and will 5o ltad to
the production of & neow state of equilibrium corres-
ponding to the next stage of development,

The germizal elements of the central zome will
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enter into activity one aﬁ:er the other, 2nd will came
the ism to pass gh it ive stages of
development, and this process will only ceass when
all the elemrents have entered into ectivity. Then the
disturking action of the central zone on the dynamic
equilibrium of each cntogenctic stage will come to
un end, and in this way the crganism will reach a
state of definlte equilinrium—or * stationary state,”
as Qatwald terms it, which is tha adult condition,

To the same way, however, as the distorbing action
of the central ione was continually wpsetting the
equilibrinm which had just been established mnd
causlog the organism to pass into o later stage of
develapent, when the adult stage hes boen Snally
attgined, ench new external stiomlus, or complex
of stimoli which is not tramsient, in & word each
persisting change in the action which the environ-
ment exerta om l.hc mganim which, of course,
induces a corresp inp on the
part of the crganizm, mﬂ have the effect of upsetiing
once more the dynamic equilibrimn which wonld
ofherwise have remained fixed and definite. As a
rasult, the arganism will pass into a new phyxiclogical
and morphological comdition which will constitute
its next phylogenetic stage.

Each of these physiclogico-morphological states
will be represented in the part of the organism
octupled by the germ-plaam by o speclal type of
nervous curent, the peculiar characters of which
will ke a function and expression of the geneml
aystem made ap of the innumerable carrents emitted
by ell the nuclei of the organdsm., This resultant
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nerveus current will thus be the representative corment
of thit particolar phylogenetic stege.

The successive phylogenetic stages will thus each
possess, in yelation to the central zone comptituted by

the germinal sul their re lve corrents,
and each mprmtahve carrent will deposit it own
specifle ing the corresponding

phylogenetic stage iz the germ-plasim ;  and tlus
deposit will be capable in ezch new cntogeny of
giving anew ax discharge the same particolar current
which caused its depesition, 'We need only thereiore
asgume that the germ-plasm i always situated in
the same relative part of the organism, hoth when
it is recaiving and storing theee currents and when 1t
is emitting the same cwrents during ontogeny, to
see that the organizmn during its development mugt
past through the whole zeries of physiologico-
morphelogical states, through which the apecles
passed during its evalution ; themgh, of course, this
series may be more or Yess abridged according to the
greater or less perfect manner in which the specific
actumulations have been preserved. In the same
way, it is only necessary that z single point of the
t of a rh ph should reprodnee all the
modes of being throngh which it passed when it
teceived 8 given fedes of wuditory vibmdions, in order
that the whole membrene should traverss ageio all
the ext Airarily plicated modes of being, which
were originally prodused by the action of the externz
worid, and whick are now reproduced by the action
of 4 single internal point.
We thus see that the fandamental law of bio-
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genetics, vir, the recapitulation by ootogeny of
phylog is an i diat 1\ of the
process by which acquired characters are inherited.

Such is In fts main outlines our centro-epigenetic
hypothesis which, being founded entirely on the
muemopic property which we have sssomed to be
peculiar to vital phénomena, impels us to seek to
put forward some hypothesis, even if it were only a
putely provisiomal one, which would let us catch a
glimpse of the dynamical fommdations on which this
mnemonic property is based.

{2) First and provisional hypothesis of the rgedi
properiize of ncrvous entepy.

We have seen that the recapitulation of phylogeny
by antogeny, which can be direcily explained by om
centro-epigenetic hypothesia, bas from the beginning
been regarded a8 a ire: b Starting
from this point, bivlogists have been gradually led,
as we have already setn, especially in the works of
Hering and Semcn, to the position of regarding
memory &8 the most peversl end fundamentsl

fapction of all Hving matter.
All these comparisons of ontogeny and memery,
these extensions to living subst; in general of the

mnemoniv property, although based on certain very
suggestive analogies, bave until now remained in =
condition of great vagneness and have consaquently
been incapable of giving 2 true and effective sxplana-
tion of either of the series of phenonvena which were
baing compared together.

Now this property of specific accumulation which

go
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we have supposed to exist both In germinal and
sematic elements, and which i3 the keystone of the
arch in the constmuctivn of our centro-epigenetic
theary, 18 a mnemenic faculty in the proper sense of
the werd. We refer, of course, to the property in
wirtne of which the substance contained in each of these
* gpecifically p il ™ el which is capabl
when dischargad, of originatiag a nervos current of
a certain gefinite variety, is also the same and only
substance which this current, when acting as a
carrent of charge, can depomit., Oo this view the
** specific potential tlements " are the real moemonic
woits ; they shotw themetlves to be the substatnm
of all the most varied mnemonic phezomena mani-
fested by living substance.
We must now disqus the question, whether it is
jostifiable to ewome thie preperty of spacific
lath in living subsi: ; and now twn
questions  distinet from cme another but inter-
cannected &t once arise : the fitst a5 to the existence
of specific potentizl energiea at all ; the second as to

their mede of olgin if they miat.

The first question 5 ted in seversl reap
to that raised by Johannes Miller, and which Hering
hay later maore fully elaborated.

The theares of Hering which, in so fur as they
relate to the neryous gystem in the strict senss he has
spmmarised and re-stated on May zawt, 1848, in his
address to the Academy of Vienna, entitled ** Zur
Theorie der Nerventhitigkeit,” awmme, rather po-
necessarily, that thers should be as many different
paths for conducting nervous enecgy ws thers are

ot
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different types of nervons energy accumelated in the
different merve centres. These theories of Miiller
and Mering have been later ndopted and supported
by Mach himself in his * Analyse der Empfindungen,
and later in his last work * Erkenotnis und Irrtum,”

in which he it to be ¥ to postul
ntea:hpodntoflhnmgaﬂm,mmpmdmgtoﬂs
npecific tivity at that point—and con-

seguently in each gland and iv sach muscle—oell. e well
44 jn sach element of each senoe organ, and even in
tvery point of the cerehral cortex,—a corrasponding
number of specific accumulations which require only
to be released.

If we now admit the existence of these * specific
accumulations * the second question arises, whether
we can assume that they are formed and depesited by
exactly the same type of specific energy as that te
which they are capable of giving rise when discharged.

Tt seems to us that we ahall be led to admit this
hypothesis if we assoriate certain idens mogt com-
monly accepted by biologisis as to the nature of
irzitability i general, with cortain deductions which
can be dwawn from the phenomena of " paychic
memory " in the atrict sanse.

On the one hand, some biclogists assnme that
* irritable anbsf " i " sytem of material
particles endowed with potential energy at o high
degres of tenson fn & condition of ubstable squili-
brivm * {Oscar Hertwig) ; and the majority agree
1n assuming, following in this the theories of Miiller
and Hertwig, combined with these of Clande Bernard,
that the different types of spacific activity, to which

o«
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the difevent types of potential energy give rise, and
which ronstituts a corresponding smmber of varietiza
of irdtabdity of living material, are only 0 many
specific modes of being of the same single elementary
phenomenon paculiar to iving matter,

On the other hand, even il we Jeave oot of account
the innumerable ingtamces which show that the
physiolegical efects of the mnemonic revival of sensa-
tion are the same as the effecis of r2al sanmtions, we
have the experiment of Wandt, in which the calling
up of a vivid memory of a given coloor, whilst the
obeerver gazed fxedly at a white surface or a white
Bgure, produced in the object gazed at the appearance
of the complementary colour, Thiz and similar
experiments suggested by it, which were subscquently
carried oui, suffice to prove, as was affirmed by
Maudsley, that the memory of & sensation is nothing
but the restitation of the very same specific current
which constituted the original sensation,

It follows that the specific nccumulation in a given
psychic sensory centre, on which its specific irritubility
exclesively depends, is cansed by the deposit pro-
duced by the pasage through this ¢entre of the
specific pervous cwrrent whick this centre can now
produte as " current of dischaxge,” but which
previously acted as  eurrent of charge.”

Ti this concluslon is irresistibly suggested with
respect to the phenomena of memery n the narower
sense, whete the nervous energy produced by the
discharge comes mtn the foreground, whilst the
nlu-l- k i -It are

PADYINE

e ’twthe"_, d, we are justified in
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assyming the same to be true for physiological
phenomena in the stricter sense, where the physico-
chemieal phenomena ¢oostituting the physialogical
function properly so-called (muscular cemtraction,
glanduler secretion, etc) occupy the foreground,
whilst the nervous phenomena accompanyiog the
reaction are either pushed ioto the background oc
remain fotally ignored. This amsumption, we may
reipind wur resders, is in accordance with the funds-
mental iden of Claude B d as to the izlly
similar nature of gl imitability of argunised matter,
and in accordance alen with the conclugion at which
we have already arrived, that memory iz a fnnda-
mental praperty of all Kving matter.

A third question now ariset as to the nature of
this specific thing which iz susceptible of aceumulation.
Altheugh as things stand to-day many will consider
jt premature to deal with this question, we canoot
avoid the attempt to do o, were it eply with the
object of attracting te the subject the attention
which it deserves.

Certain 4 H i i , seem
to justify certain vague conjectures on the subject.
‘Wa must continually remind our readers that in the
pages which follow we are not nodertaking the
exposition of = detailed bypothesis, but that wa em
merely advancing a fewsimple provisional conjestures,
oz the admizelbility and the preater or lem mggestive-
neas of which we are the fist to feel the need of the
judgment of all those who have thought of these
questions,

The various jorma of energy in the inorganie world
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are represented, W everyene knows, za preducts of
tw factors, of which one cxpresses the capacity and
the pther the intensity et patemtial,

Thus the capacity factor in electrial emergy s
given by the quantity of electricity measured in
conlomba or ampéres, and the intensty factor by the
petential or electro-motive farce which iy measured
in volts. If we assume tke existence of similar
factors in nervous energy, may Dot the specific
chameter of the vaticus types of nmrvous current be
in some way of the mme nature &s the * capatity ™
facter ?

If we follow up this thought, let us recall the fact
thet in electrical energy the cepacity factor, repre-
sented by the quantity of electricity, is supposed to be
made up of elements termed * electrons ' all of the
same capacity, no matter of what current they may
be constituent parts. In mechanical snergy. on the
eoobrary, the ‘' capacity ' factor s represented by
mags ; and masa fo supposed to be made up of elements
termed “ molecular morses," which are specific
for each substance—that is to say, they are of diflersnt
capazity in different sabstances.

Now would it nat be possible to imagine that the
“ caparity " factor of nervous energy should be alse
divided inte slements, which, on the analogy of the

J of of electricity we shall term
mwu"hutwlm:hwesha]lmumetohespenﬁc
for wach turtent, and therefors of diff pacity

in difierent cirrents 7 Further, could we not imagine

that thege different capacities of the specific tlements

were determined by as many specific verieties or
a5
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medes of action of ooe kind or several kinds of physico-
chemical energy which make up the stimulus exerted
bath by the external and by the internal medium ? In
other wards, could we not, for instance, imagine that
the nervous current which constitutes the sensation
ef red and the memery of that coloar, might be made
wp of 4 very large number of neurcns all of the same
capacity, whilst enother nervous current, for instance
that which constitates the sensation of green or the
memory of that colonr, might be made np of ancther
kind of nervions, all similarly of the same capacity,
¥t different from that of the nerviens which make
up the nervous cmrent giving tise ta the sepsation
previously mantioned 7

Let us remind ourselves that such n hypothesis
would immediately explain the universal reciprocal
earrespond between ihe specificity of the current
and the spacificity of the deposit. For it is eary to
piciure te oneself that two molecules of different
structure would by their sudden decompositien give
rige at the same time to different products which
wounld represent the function or bicchemical reactlon
in the narrower s2nse, and also ta eoergetical nervous
shocks of different capacities: and on the other
band it is not inconceivable that this process might
be reversible; that is, that if tha same energetical
nervons shotk took place in the oppesite directnn
it might rebulld the melecular edifice which had been
brokan down. This is the more probable, as in the
case of the molecules which we are mnderlns it
would very probebly not be a guestion of
destruction, which l:.uuld only be repaired by a
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reconsiruction from the foundatiens, but perhaps
merely of the separation of a given lateral group of
atoms previomsly umited to the central part of the
moleculs by the interposition of the lmine radicle
NH, or the amine redicle NHz, or the carboxyl
mdiele CCUOH, or seme oiher similar radicle. It
would thus be meraly a matter of reattaching the
lateral group to the central mass of the melecule.

Thus Verworn, in hiz hypothesis of 1he living mole-
cule ar " biogen,” imagines that in catabolism the non-
mitrogenaus groups of atoms are alone detached,
whilst the mitrogenous groupe remain and constitute
the central mass of the biogen. This central mass
later restores ity criginal complexity at the expemse
of new noo-nittogencus groups similar to these cast
off, which are contained in the surfounding nutritive
medium. On the ather hand we lemrn from arganic
chemistry that central molecular masses of the same
composition may serve as supports for the most
vatied types of lateral groups or chains of atoms.
If ali eorts of these chains are present, ready-made
in the nutrtive fluid, we toay weil azsume that
whea fie same amount of energy V caperity,’” which has
already been preduced by the detachment of a given
lateral group, i again propegated through the natzitive
fluid, it only sets in vibration the =ame quantity of
nags, that is the same atomic greup, selecting it slong
from amongst all the others which are present with it
in the liqnid, and thos causing its re-union with the
epntral mass of the biogen. If further in the nutritive
ligguid there i present a great varicty of lateral chaink
and of central masses of all possible kinds, we €an
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understand how new types of entrgetical pervous
shocks due to the impect of novel kindy of stimuli
orlginaiing in the external world might glve rise to
quite new kinds of spad.ﬁc deposit which wnld be

pable in tun of producing, by their 4 P
the same emrgeh: nervous shocks as thoss wlm:h
produced them.

Let us now enquire whether the properties which we
bave ascribed to ervous ents of d:mharges m
capable of explaining certain ch
bywdmphmmnawm::bmdnedlypmdu:edby
LETFOUS CurTents,

In arder to do this we may first of all consider twe
extreme ises between which we can awume that
every possible intermedinte condition may exist. Tn
ome case wt might imagine that the molecules which
are capable of otigineting the same specific variety of
discharge are amenged in groops parallel to tme
anpiher, and in the second cass we might suppose that
they were arranged in series. In the first case the
Tesult will ba a corrant of great capacity, but of very
emgll potential ; in the second & curtent of emall
capacity, equal in fact to the capacity of the discharge
of a ringle elementary actumulater, bot of high
Ppotential.  In this Jatter case the nervomative force
will be propertiensl to the pumber of mulecules
arranged in series, that is to say to the quantity of the

Ciamician, at the mecting of the Italian Socicty for
the Advancement of Science held at Parws, in
September Im?,putiwwud the hypothesis tha:in
vital epargy the i y facter is reg 1 by
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 will-power,”  According to his view plants possess
a fecble vital potential, that is will power, bat a large
quantity of life. Animals on the other hand are more
active for the opposite reasom; amongst insects in
perticular, oo account of their small dimengions, it is
reazomable to suppose that the “ capacity " factor
Iz gmall, whilst the will power stands at a very high
level. Since " will-power ™ is enly nervemotive forcs,
this 1% the same thing, according to our hypothesis, as
aay{ngthatmm‘gummsmﬂ:&hnngwﬂpowu(w
at least in some of their ti vous and

for instance] it is the serial type of molecular arrange-
ment which prevails, whilst in those with a great
quantity of lifs and fesble will power—soch as we

might figuratively teem * phlegmatiea® it is the
parallel type of ammgment of molecules which is
predominant.

Let us now stop for a moment to consider the secomd
extreme case, in which all the melecples of each
specifie accumnilation are arranged in seties, snee this
iy the simplest case and the most interssting to us.
For each parallel arreogement of molscular groups
may be always conzidered to be constituted by as many
serial accumulations arranged parailel ta each ather,
and thus the general deductions which we may draw
from the copsideration of the extreme case of seripl
arrangement will alse be applicable, with cettain
qualifications, to all the pther types of arrangement.

Tn thix extreme case in which afl the melecnles of
rach specific lation are set in seties, the capact
fackor will always be the game for all the discharges,
because it will always be equal to the capacity of
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discharge of & single molscele. In cther words, this
capacity factor for all the dischavges to which this
specific accumulation can give rise, will be o constant,
independent of all the other circumstances which may
be present at the mament of discharge. This specific
accumulation therefors will sither not discharge ftself
at afl, cor, if it discharges itself, will aiways give tha
wme capacity of current, thet is, the capacity of
siogle one of its ™" nervions.”

We may then enquire whether it is just because the
capacity of discharge for each specific acenmulation
canpot vary, that the accumulation is in most cases
ooly discharged—or as we say  relensed ‘"—when the
pame cwrents or a portion of the same currents are
active in its neighbourhood, which were active when it
was deposlted for the first time. Because only when
thiz is ga, will the alteration \vhmhl_hc:l.\_scha:geul
such a fixed capacity will produce in the neight
virculation of mervous cun'ents be reduced to [}

inj and will guenily require for its produc-
tion a wery limited amount of nerve-motive force.
Something analogoas wounld be produced in an
arrangement of several electric acoumulators in the
same circuit if each one of them could give rise only
to 2 current of a rertain fixed intensity, different for

sach 1h 1t the particular
intensity of whese dincharge would produce a notable
Jteration in the distribution of electrical energy in

the circuit, will be prevented or " inhibited * from
discharging itzelf unless ity electro-motive force is high
enough to overcome the resistance of the other cuzenta
of the cifceit to its discharge,
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The pt of the datign er don of
ideas wod generally all forma of psychical or physiolog-
ical association, which constitute the keystone of the
arch and the fomdation stone, not only of payctology,
butn!nﬂbmlngy nwellastb.eoppoﬂt:phmommﬂof
paycho-phy ibition, might thus be the
direct of the 5t of the * capa-
city " of discharge exhibited by each of the differsat
specific acrumulations,

Thus we tould explain—as we mey hare mention In
parenthes—why the “ speclfic potential abToents ™
of the germ-plasm can become active only when the
embryo has reached the ontogenetic stage corres-
ponding to the phylogenetic stage i diately
preceding that in which this perticular " specific
potential slement ** wag Jeposited for the first time in
the germ-plasm,

We may remark on the sobject of the astociation of
jdeax that the dificulty is not se much to understand
why certain ideas recall certain other ideas, but why
certain ideas recall omy certain others. For i we
congider the enormmous number of nervous connections
which connect ail the psychic centres with one another
~—a number which in the hnman brain, according to the
caloulations of Flesclig, wonld ameunt to several
millions, and which i placed 2nd to end weuld
uitzin a length of thousands of kilometres—we should
naturally expect that the stimulation of a wngle
psythlc centre would affect ali the others and weuld

an ly irregular and chaotic association
o{ ideas.
It was just in order to explain this " Limitation of
Tor
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association * that Hering, as we have seem above,
invented the thecry, not only of the specific gatnre of
the accumulations of <pergy in different centres, hut
al=g of the specific character of the paths connecting
the centres with each other; for this reasom also the
supporters of the neurine theary have put forward the
idea of raising of ™ drawbridges " connecting the
neurcnes, that is of the retraction of the majority of
the dendritic p of the asa g

of which it would be isolated from ell the other
neprimes—except those from which it is artanged that
it shall recedve stimulation. But Hering's theory
leads to the q that the jation of ideas
should be fixed and stereotyped: and with this
conclusion the most femiliar facty of muemonic
teeollection and inagination and cven of dreams ary
totally irreconcileable, The other hypothesis, vit.,
that of drawbridges, does oot exhanst the problem,
for it dees not tell us why the peurone lifts certain
drawhridges and leaves cthers down, Besides, this
neurone theory will probably soon be replaced by the
theary that there is always en effective anatomicnl
continnity of the entire necvons system.

H such a continuity exists, and if we consider how
close a netwerk connects the different nervous elements
with one anotber and the impesibility of asmming
that the different strands in this network bave each
its *' specific character,” &0 that each can conduet
only one specific. variety of current, we shall have
Teusom to suspect that the causes of the reciprocal and
limited " release ™ of certaln mervous cuments by
others must be sought in the " energetic ** properties
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wf the currents themselves and in thelr dynsmic
relations tw one another.

Byt we must content curselves here with this brief
sketch, in order to afluda equally to other inter-
connected questions, vir., these respeeting the naturs
of umimilation and the trophic efact exerted by
Iunctional activity and the rejuvenation produced
by fertllisation. Wea must, howaver, agath emphasise
the fact that the hypothesis which we are about te put
forward must be regarded as purely provisional, and
it acceptance or rejection in no way invelves the
legitimacy of the uther hypothesis, viz,, that of specifie
accummlations, for althongh the latter hypothesis
suggests and supports the hypothesis which we are
now putting forward, it is really quite independent
of it

What, abova all, strikes the blologist about assimila~
tiom s that it is Dot & process of continual prodnction,
but of continual reproducion since it incessantly
reproduces organic substance in proportion as this is
conspmed. * Ome might say,” writes Oscar Hertwig,
" that life is enly an incessant procsss of destruction
and renewed formation of organic sobstance.” Such
» process indeed exhibits all the characters of u true
mnemonic phenomenon. As a matter of fact every
specific subatance which consumes itsetf in giving rise
to jts propar fonctional activity, restores itself what-
ever (within certain limits) may be the nature of its
ntitritive medium, 5o a8 to remain thayy * spacifleally
identizal to itself,” just a3y if it was formed and
deposited by its own specific activity which being st
first destructive, then b jve, We
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are led to suppese that aasimilation ia at bottom &
duplex phenvmencn, viz., the excitement of the
specific activity and then the deposition by this of its
own apecific deposit.

Qultn" dently of thess iderat other
fund 1 wital ph have led biologists to
conclusions in accordance with this suppesition.
Such are the facts of fertilisation and af conjugation in
general, which may be rednced to a simple * eoupling
of the chramosomes of the male nucleus with those of
the female nucleus; the reducing or " meiotic'*
divivicn with which the process of maturation con-
tludes in bath types of germcclls, by which the
normal mumber of chromosames of the egg 13 halved
in erder to make room for the reception of the chromo-
acmes of the fertilizing pucleus, which have likewise
been redoced to haif the cormal mumber ; the straoge
nycltar process of synapsit with which maturation
begins beth In the ovum and in the spermatozocn,
which brings to view extremely delicate threads like
necklaces arunged in pairs paralle] to one apother,
sa that earh minute grain of ons filament is apposed
to & similar grain of the other Alament ; the coupling
of granules of chromatin in many other noclear pheses,
both of inal and of tic cells; the
appearanee in couples of all the microscopic clementy
of smelei betwoem which, we huve strong reasen to
suspect, take place the production of vital ph
All these phenomena bave already sogpested to more
then ope biclogist the idea that witel emergy can
npdther be produced nor maintained, emept bmmn
conples of material + of app
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acting, 23 in the absence of & precise hypothesis it has
been vaguely exprassed, in the manner of * apposite

At the same time the complete qualitetive
equival of the ch of the two sexes,
an equivalence which can be indirectly deduced
{rom their capacity of transmitting the same hereditary
qualities, and directly proved by certain interesting

ts of the itution of the nuclens of &
epermatozoon for the muclevs of an egg, and by the
splf-fertilination of the nuoclews of an egg after the
reducing division by the nueleus of the polar boedy,
leads us bo belleve that the opposcd members of these
elerentary couples are qualitatively equal to one
another.

We might then risk the suggrstion that the alleged
“ appoaite poles,”” which together comstitute the
vital element, are nothing at bottom but two sets of
seridlly arraoged accumulaters, sperifically eqosl to
oog rnother, but of differemt potentials, and placed
upposite (o ong angther, between which an cscillating
nervous discharge iz prodnced similar in certain
respacts to the escillating electrical discharges of
the resonators of Hertz. Perhaps we might regard
the reinforcement of these latter oscillations by
synchronons Hertzlan waves and the reinforcement
of the oscillating Intra-puclear discharges of nervous
energy by synchronoms escillations of light and heat as
the same phenomenca, for the heat and light ray= are
themselves Hertzian waves, albeit infinftely short
onm,  On this point a fact recorded by Engelmann s
most interesting; he observed that those colours in
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the spectium which are most readily absorbed by
bacteria are those which ars most favourable to thelr

boli This bobirm would thus appear to be
@ phenomenon of a vilralory teturs capable of wnder-
Lo FesOndNCe.

Wa shouid obtain in this manper an autcmatic
process of the growth of the nuclear substance which
would, however, be slowed down and mhn]ly

d by the progress lisation of the " nervo-
motive * force in ihe two oppotite and coupled
ccumulators.

Trom this we could deduce the tropbic action
exerted by every pocess which is capable of
re-catablishing a state of insquality between the
opposed " nervo-motive ' forces and, comsequently,
the trophic action exerted by every extra-nuclear
functional discharge of ome or other of the twa
accumulators which wonld rednce the nervo-motive
force of the accumulator thus discharged, This is in
accordance with the observation of Claude Bernard
that " the phenomena of funclional destruction are
themselves the precorsors and instigetors of that
organic restitution which takes place during the
no-zalled periods of functional repose,”

From the samepﬂndplewwuldakndzdmth

lanation of the rej ing infl exerted by
ierﬁl:satmorbym]ugalmwhmhonihmmmuld
consist in substituting in each mnemonic element of
the germ-plasin for one of the two accumulators,
which bad & * pervi-metive ** forcs equal to that of i
fellow, another apopmylater specifically 1demtical, bt
endowed with an amonnt of ** pervo-motive " force
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quantitatively different, Fertilisation or conjugation
bas been regarded by most blelogists since Spencer's
time as squivalent te the disturbancs of an eguilibiom
which remdeted the maintenznce of vital activity
Impumhlq,whanuthepowbuhtyofimphdngﬂﬂ!
fertilization or jugati by

activity or any other kind of disturbance s the
experiments of Maupas have shown to be the case in
Infusaria.

We might alse ultimately deduce the universal
tendency of life nnder the influence of thermic energy
to expend indefinitely, that is, as Mach has expresied
it, **to draw within itz own sphere even larger quan-
tities of matter "—a tendency which has impelled
many biologists, and Ostwald in particular, to com-
pare Iife to Gre.

We have now completed the description of the
energetic properties which we have supposed to
charpcteriss nervous smergy, that base of all life. We
are the first to admit, as we think it necestary to
repeat ance again, that the hypothesea which we have
put formard are nothing mere at moat than o first
quite provisiczal Pt at a solution and coe which
i phetched only in baldest cutlines. They have been
put forward with the sole aim of directing the atteation
of biologists and “patural philosaphers * to thess
problems, and of aronsing on the part of specialists of
very diverse branches of science the mest searching
eritical examination of cur views, which aleme will
separate the more Srmly based from the baseless parts
of our hypatheses.
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Wa admit that in postulating the prepertizs with
which we bave endowed nervoms epergy we bave
introdoesd a form of energy which at present we
cannot reduce to any of the other forms of physico-
chemiral energy 2o far kmown. In a word, we have
jmagined such a form of energy, which, theugh of
course gubject to the general laws of energetics, woold
nevertheless differ by the possession of certain well-
defined fundamental qualities from &il the other forms
of energy in the same way =5 tbese differ from ane
another. Bet no “ patural philosopher,” no * ener-
getist,”” and not even a phywicist wha doss net take
too narrow and limited view of matural phenomena
wounld be prepatred to assert that such an assmmption
would condlict with the more solid results which
science has se far achieved.
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Tae MyEMONIC THEORY OF SEMON

T+ of Semom. ¢ Action aad

sbimali, The n&c\r f m-iznnldbemgﬂnbm
regunticd 55 & presery:

pmupu, F.um. u:quuuﬂ dunng the ife of tlw -ud.\glnnd
tltlileollheindﬂwd : nmtdﬂuypﬂeql]ﬁl
hatehad outrichom, behavious af & young
dizh fall of water, the emoal of B mm

mth_armldi.ﬁnmtshgso[lmmn ‘tehavionr af

AFTER haviog du the prevl h e
in all fis details onr umtm-cplg\:nehc hypathesis,
whick is indesd also a ic theoty oi develop
ment, it would teem to be profitable for purposss
of comparison to give & rapid apalysis of the funda-
meatal contents of Semon’s theory as set forth in
his work " Die Moeme aly erhaitendes Prinzip im
Wechael des organischen Gescheheos,! In  this
publication he hes taken up and developed further
the attractive idea which Hering advanted as long age
as 1870 in hin celebrated address to the Academy of
Yitana which wan entitled * Ucher das Gedichinis
a3 eine ligemeine Funltion der organischen Materis.”
Sincs Semon’s theory iz at ooce a synthesis and
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the most perfect development of all preceds
mnemonic theories it iz of greai importance that it
ehguld be compared with our thecry.

Semon's begins by giving definitions of the tarms in
the new tarminclogy which he has adopted. He calls
the conditicn of llving sbatarce before a given
stimulus reaches it * the primary indifferent state,”
and its lition after the stimalus, * the dary
Indifferent state.’* * Whatever may be the kingdom
to which the arganism helongs,” be goes on to say,
" whether it be 5 protist, an animal or a plast it is
easy {0 show in @ nmmber of cases that when an
organism, after the cessation of a stimnlus, has
wttained the secondary indiffierent state, it has under-
pome 2 permanent change. I call this effect of
stimuli, * engraphic action,’ because it is, so to gpeak,
carved in or impressed om the living substance; to
each change of the living substance I give the name
of the ' engram * of the stimmlng which produces it
and I term ‘moeme’ the whole cumber of the
engrams which this organisin bas inherited or

quired during its individual Jife ; from this follows
immediatcly the distinction between an inherited
‘mneme,” and one which has been acguired by the
individual. I call ' mnemonic phemomena ” those

F hibited by an jgm which are the
result of a given engram or of & pumbar of these
engrams.”

The rasult of hic action, in q of the

permanent change which it produces i Living matter,
is that the atate of extiternent whith o given stimulus
has prodnced in the past sy ba reproduced, not ooly
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by u repetition of the same stimilas, but also by cther
influences to which on this zccount Semen has given
the oame of "ecphoric stmuli® or ™ ecphoric
influmees.'”  Thus for instance if the stimulus a when
it firat oceurs produces the reaction A and the stimulus
& only the reaction B, the reaction {4 4B} when it
occurs for the drst time can only be called forth by the
stimulu (a+#). But when this same reaction {4 B}
s evoked as a mnenomic respoasa, that i as an effect
of the engrarn produced by = former stmylns (a8,
then this response can be called ferth by the stimulus
# eleze, or by the stimulus & wlone, either of these
stimuli now acting as an " ecpheric * stimujos.

Tz the same way a stimulus which, if it acted for tha
first time, would be too weak to prodete a reartiom,
when it aets as * eephorle stimuius ™ may be more
than sufficient to evoke a respomse of such am
amount 23 it could have produced a3 original
stimuins coly if it bed been of considemably grestar
intenaity,

This power of living sobstance, not ooly of betng
excited by o stimulus bot of retaising engraphic
impresgions &0 that it iz able to return to the same
eomplex state of excitation 29 @ result of a very feskls
or of a very partial repetition of the same stimulus as
had prodoced this state in the first inktapre, may be
regurded B5 o Comservative factor (als erhaliewdes
Prinsig) in the continual changes undergone by this
yubstance under the influences of stimulation raining
in upon it from the outer world, 2 stimulation which is
contlnnally verying i character and which never
ooty twice in absolotely the same manoer,
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After ha\r.mg d the h
produced by the eng Jui ‘durinslhe]iiem‘
the individual, Semon goes on to consider guite &
difierent series of phenomens which lead him te the
following comclusion : * In the irritable matetial of
protists, animals and plants, we ind properties termad
* jeritable dispositions * {certainly not acquired during
the life-time of the individual) which, as is denoted by
this very term ' dispositions,” wre usually latent.
But certein definite infuences can activate them
or "releans” them from this latent condiblen, just
&% happens to the eng quired by the individual,
after which they become latent agaln, Each npeh—
tm oi the ecphoric mﬂumce evokes again the corres-
P g stabe of irri which ifests itself by
its apprmpnlte reaction.'

It is in the snggestive description of this series of
phenomena, made in suck & way as to indicate the
conclusion just allpded to ps their only adequate
explanation, that the great merit and chief originality
of Semen's work coosisie.  Amomgst the variouns
cases refermed to by that author we shall only allude
t0 & few which wa bave chosen as the moat typical and
which are as follows :

According to Claypole, newly-hatched cstriches iz
the artificial incubator only begin te peck at their lond
when sameons strikes with a stiek or similar abject in
fromt of them on the ground whers the corn is aeattered.
"0 all explanations of this fact,” adds Semon, " that
which appears most probable is that which attributes
it to the ' ecphory ' of an inherited sogram, and to be
precise an gngram of which the sorresponding reartion
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is the mct of pecking; in this case the scphoric
stimulus is the reproduction of the original stimalyy
v Lttle eliered ; that is to say that the sducative
influence of the act of pecking carried out by the
mother in the pressnce of her yorng is replaced by thut
of siriking gently on the food with the finger nail or
ancther pointed object.’”

“The ruext fustance is still mare typical. In the cage
of a young magpis, about five weeka ald, which he had
reared from the egg, the observer placed e dish of
water, The bird pecked twice at the water, after
which, although it had never previcasly been in the
water, and although it remained all the time mixide
the dish, it began ta make all the mevements usoally
carried out by a hird when it bathes itzell : it drew
bark its head, shook itself and moved its wings and ita
tail and finally strutted proudly aveund. * This case
alse," adds our author, * loses its astoniehing character
if we assume that we are dealing with an inherited
engram oo which the stimulus of contact with the
water acts ecphorically, although this stimulus afiects

only 2 soall portion of the body.""
- Huber relates the case of a caterpillar which by =
series of artions f e [or the purp ef its

a very pli d web. Now he found
that if he placed ene of these caterpillars which had
arrived at the sixth stage of its work on another web
which was only compl:ted ap far as the third stage,
far from evid the slightest embar t it
repented perfectly the fourth, Efth and sixth stages of
the construction of the web. On the other hand, if be
teck s caterpillar from a web in the third stage and
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placed it In anether web which bad been completed
a8 far a3 the ninth stage so that the insect would beina
position to spare itsel the grester part of ite labowr,
then the caterpillar was mrterly unahble to omilt the
misrmediate stages and to begin its work at the ninth
ztage ; it beger work at the third stege which it bad
just Jeft unfindshed, se that in the cew web which the
creature precesded to spin the fourth, fith, sixth,
seventh szd cighth stagey were spun twice. These
facts mre interpreted by Semon in the iollowing
manner. * The caterpillar is in a smilar condition
to that in which we find purselves when we have to
Tecite a piece of poeiry which we have often recited
before. We can easify repeat it from the beginning
to the end, but we are not in & position to begin it and,
carry it an starting from any given peint oo the mere
suggestion of a whispered word. At Jeast, we are not
able to do it at the fivst attempt.  If, however, we have
rerdted, even if omly once, & given portion in 3 Joud
voice, then wo can within the limits of this portion
commence and repeat any part of it starting from any
peint whatseever.”

We koow that birds boomght op in an incubetor
which have never In their Gves seen o nest, begin at
once to build a nest when the opportunity to mate is
afiorded them, 2ad that they =ucceed in building zests
quite gimilar to, if Aot so perfect, as these built by
othet adults which have tmilt nests before, these latter
adults having presuwmahly learnt to build nests through
seeing them buili by older and more experienced birds.
Noor this impulse to build a nest can be smppressed by
presenting to the birds a completed nest, provided
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that it doea not differ tos nmuch from the nest pecoliar
to the mpecies.

The most kable fact in iem with this
nest-building instinet is that i the nest shown o the
bird whils nat so different fram the typical nest as to be
rejected is, nevarthelesy, obviously dissimilar to this,
the hird will set about corvecting it by threwing away
what is at in it and replacing what i i
We hzve to remember that this ix donebyhmlsmc.h
in their individual lives have never seen a nest and
which have bo personal experitnee of egg-laying or of
the young which they ars going to prodoce for the
first time. " The characteristic feature of thess
proceues"Semm]ustIygm on to say, "lst.hat the
normal of is dified by the
actual complex stimubos evarted by the nest offered to
the birds in such a way that it cocresponds to ihe
difference between this actual stimulus and the
ultimate efect of the mnemonic excitation which
wonld have consisted in the copstructivn of the typical
nest of the species, In other words, in s0 far as the
actual complex atimnius exerted on the animai by the
nest offered to it exhibits divergencies from the
stimulus which would have been nwmal.'ly produced
byihe nest builtin of ion
it calls forth different reactions on the part of the
animals in ocder to remove these divergencies
Now this impuise to remove the diffcrence between
an actual complex impression and the similar impres-
dmmﬂedupbythememorylsmen!:hemm

Hestations of
‘Therefore, regarded In this light, l:l:ei.nbwumh.nctbo
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copsfruct a nest ia sesn to be a mnemonic pheno-
menon."

After having thus shown that many " tendencies to
irritability * of orgenisms which have certsiniy oot
been acquired during their ipdividgal lives, neverthe-
lesi behawe exactly like engrams acquired during
life, if we may judge from their modes of excitation and
of manifestation, Semon gees on to point out that oot
merely the caser of development which we have just
dﬂenbedwhlnhmjghtalmnstbemdtobeoia
prychic character, but all ont
including those which might be termed mm-phngnnetic
in the marrower sense, can be comprised within the
category of engraphic * tendencies to irritakility.”

His proof of this proposition is esperially based on
the fact that the morphelogical passage from toe stage
of development to another is evoked by stimuli which,
on account of their nature, or of the conditions of the
envirenment within which they work, could certainly
wever exert a true  formative " action but which
may be easly interpreted as “* eepheric stitmli
acting on an engrem or oo & given scties of engrams
which the species has acquired during its past histery,
as, for instance, when certain amphibia, in arder to
begin their metamorphesis from gilled animals to
puimenate animals, requite previcusly to come jata
contact with atmospheric air,

If this explanation is valid, that is to eay, if the
Fhepomena of normal development are also ta be
attributed te the ™ ecpherie relsase * of ome or of &
lerms of e'npl.ma, it follows that many of the rpeciak

T P are ptikle of o new
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explanetion fundamentally similar to that given of
phenomena hrionging to a purely psychic categary.
Thus, ta give one inatance, the tendency of organisms
to restore theu' pormal form whea this has bm
destroyed, #s happens when an amp d
ix regenarated, would be nothing but the tendency to
do away with the divergencies between the actoal
abnormal morphological tondition and the normal
marphelegical condition mnemonically mocalled, This
tendency would consequently be of the same easrntia]
cheracter as that described abave, manifested by the
bird which begins to alter the test presanted to it,
nntil this nest has been made to conform bo the type
peculiar to the species.

Soch 19 8 boef and impartial soomary of the
theory of Semon. Howewver attractively and master-
funlly it haa besn expounded by him we feel bound to
add a word on a fundamental difficulty which Semon
has necessarily encountered in his exposition of it, aod
which we do not think that he bas syocessfully
surmonnted,

Simthehms{nmeustoawmthatmnfﬂw
most ch quired ducing life, ax
for inst ordinary jes, must be localised in
certain parts of the body, Scmom is much embarassed
in trying to explain haw these engrams are transmitted
in heredity, tinca thelr position has no celation to that
of the germ-cells by means of which they mmat
uevertheless be franemitted.

Hiy attempt to escape from this dilemma consists in
its pasence of o demial, o defancecf facts, that thereisn
real Iagglisation even wf ordinary memories. EHe
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bt burtes for bypothetical diffuson of
ear.hmnphmeﬁeﬁ,pytmmuwdlasmwphm
genetic, whether gimple or complex, and therefore of
each engram. This diffusion be pictures as spreading
wtimmthahmlbed zoze w'hm the actl:muat its

intensity and g with Il
decrsasing intemity, but without alteration of qua]ity,
not anly all the cells of the bady including the germ
cells, but even each of the smallest living units of each

cell to which Semon gives the name * protomeres.”
Now we peed not emphasisy the objection that, as
we have already stated, such an asspmption is in
direct contradiction with the best ascertained facts,
soch as those which are provided by diseases of
memory in which we cgn demommte thet there is &
troe Jocalise tion of beranse gach
mtegoryoimpmsmnsofwhmhthemmmylslmtu
always correlated with a defioite lesion of a well-
defined region of the brain or the rest of the pervous
system. We need only ask what intelligible meaning
could we attach to this diffusion of each engraphic
action, psychic or morphogenetic, even of the utmost
plexity, which is supposed te take place in such a
wey that the effect remnina qualitatively the samn
thougho(dlﬂmngdegmoﬁmemlythmughontﬂl
the mi uf the ism, ag for
instance the diffusion of a visual impression to mus-
cular fibres, gl&ndularneﬂsudnofwﬂ\ wths
diffusion of a Jocal functi
the sntire orgwoiam ¢ “’hatmd!ed.butapumlyw’bal
explanation, develd of anythiog comparahle with any
phencmenon or model known to us, 1s gained by
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muggesting that the inkefitability of the inpmmerable
engrams which make up the entire ontogeny, beib
thoss acquited during the life of the indvidusl and
those inherited, of both paychic and morphogenetic
type, is doe to the lation of all these

in tach * protomers ” of the germ-plesm

Semon’s theary, therelars, suffers the fate of all the
wimilar mnemenic theories of beredity which have
preceded it.  This i3 indeed inevitabie, becamse the
close compariser. of ihe ph of memory In the
namow semse with ontogenetic phenomens. though
many have recognised that thiy comparison enshrinea
a fundamental truth, will be opable to yield any
pesitive results &0 long as we decling to put forward
any bypothesis as to the znaturs of maemonic property,
and 3o long as we do oot recognise the existence of a
trye 1 ion of the morpk tic memory of the
peciss, mch as exists for the peychic memory acquired
by the individual during his lifa.

As the reader has learat from the previous chapters,
in which & shart account only of this subject is given,
it i3 just these two points which we have dealt with in
our work entitled * On the Inhertance of Acquired
Characters,” which have led us to advaoce the
hypothesas of specific accumulation and of centro-
epigenesis, whxch stem to ua to give a perfectly

tisfactary exj -----cttha banism of this
! tramsmisstion of engrams.”

Tt i« for this raasen that, in concluding what we have
tosaymthemknme,weﬁ.ndomndvuinl
F to give the following impartial angswer to the
question which he himself hus raised, vir,, whether by
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b new terminology he has done anything beyend
expressing in other words the facts ha has sndesvoured
to explain. We find that the result of his studies iy
somathing very far indeed from being a mere different
mode of the expression of well-koown facts, His new
nomenclature, his careful choice of facis, and his
ingeniots method of arranging them and of discussing
them, has succeeded in impressing on the scientific
mind, in a much more snggrstive manner than any of
his predecessors, the idea that the instincts and the
ather inborn tendencies of the organism, induding the
morphogenetic topdencies, on acconnt of the circom-
stances in which they become active and of the nature
ulthnir i ions, are very probably oothing but

“engrams © which the ancestors ef the partieular
individual have acquired during their lives and which
they have transmitted to the particalar individual by
heredity. Thiz statement of the result which he hay
oifained i soficient to make us appreciate the worth
and importance of his work. Eut he has not
ngcceeded in throwing the least light on the nature of
this engraphic actiom ner on the way in which the
engrams are (ransmitted from father to son, and this
wirtumstancs doss much to discredit his theory, for it
i on thix sccount that he does not succeed in removing
from his affrmation of the identity of mnemnmi:

L in the eensa and morphoge
pm:mes, the appearance of being a forced umpaﬂlon
with ooz wnother of phenornena of essentially difierent
natufe.




CHAPTER ¥I

A BoTANICAL SUPFORTER OF MNEMoNG THIDRES

Sir Fromds Darwin ar @ decldsd partiean of
thearies. lhtoo.wﬂutlhsmnlpwmphml:
wetwork
meuuu(th.m- . Ho, biwover, rdn—tu
axinme, ki Semon i ol md.o,tl\ateverylwal
whilst qualitativel thumuprw
. [+

moepta
' viow oo coumoopie thmywhlehldvutus

th ]ﬂ.vnuly mulﬁ:m. [ A o al the

Mrgdom
Iuththl mu.udod

second and third chapters of this work and Semon'>
theory of whith we hmrs glven an nbstract in the

preceding chapter, ave founded pri dth
not exclusively, on the facis abserved in Hm gmitmal
Kngd It herek to be & matter of

great importence in the confirmation of mpemonic
theories in general and of cur centro-spigenetic theory
iz particular, that a botanist of the reputation of Sir
PFrtncit Darwin shonld support them, & botanist, who,
by his ramarkzble studies on the life, movements and
sensations of plents has worthily continwed the
treditions of his lustrious father
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Sir Francis Darwin, whe delivered the Prasidential
Address to the British Asecciation for the Adwaoce-
et of Science in 1908, on the occasion of the anoual
mesting of the Association held in Dublin, reminded
his hearers that that year was the soth anniversary of
the publicaticn of the two works by Charles Darwin
and Alfred Wallace on the origin of specles.  After he
bad reviewed in masterly fashion some of the mowt
hotly debated questions celating to the developiment of
arganisma, he declared himself to be a4 decided ad-
herent of the mnemonic theories. Nevertheless, with
geat impartiality, whilst emphasiving the light
which these theoriea threw on the phenomena of
development, and showing on what a series of well
attested obsarvatiops they were based, he did not
omit to mention their weak point, which resglts frem
the difficult qoestion which is raised by them cen-
cerning the mede of the hersditary transmission.

This qumtmn i3 concerned wlth the way in which
morpk d ln the body by its
conﬁnual daptati totl:e hanges in the
enyirgnment, gomld leave muemonic traces of them-
alvas in the noeiei of the germ-cells.  OF coursa, it i
not the mere fact of transmission in itself whirh seems
inconceivable. As Sir Francis Darwin himseli has
recognised, the system of intercellular protoplasmic
bridges supplies us, even in cases such as these of the
plants where the pervous system with all its fibres
and flaille is wanting, with that idioplasmic network
peocirating all the receeses of the organion which
Nigeli dreamed of. This network, Nigeli imagined,
wounld allow every lecal disturbance of the bedy to
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diffuse ity eche thromghout all the other parts of the
body, inclnding the germ cells,

What is difficult to imagine ix, how a Jocal morpho-
logical changs, produced by the environment iz any
given part of the body, even when this change is oot
oniform at all peints, could, as Seman supposed, be
reawlved into and propagated through the rest of the
body 43 an impulse or excitation of a definite kind,
which, whilst diminishing in intensity, would nevee-
theless remgin qualitatively identical with itself, until
it imprinted itself on the nuclei of the germ cells
where it was preserved 50 ax to be capable at a glven
moment of being restored or evoked. A further
difficolty was to conceive how the diffusion of this
partienlar impulse, procesding from & given part of
the bedy, could remain distinet fram and independent

of ather simflar impulses produced at th time by
the most varied local changes in all the other parts of
the bedy.

Sir Francis Darwin suggested, thevefore, our centro-
epigenstic throry b an alternative to Semon's hypo-
thesis, which bas some analogy with Charles Darwin's
theory of pangenesis. Semon, in fact, hag merely
substituted for Darwin's * pangents,” which were
supposed to be produced in all the cells of the body
by the changes in the eavironment, and which dif-
fered from eell to ecll, the tranmmission by nervous
paths of all the wew impressions or local eog
differing from point to point of the organism, pro-
duced by every new external stimnlus.

Sit Francis Darwin supported the centro-npl-
gmﬁcmmjmheumamrdingmitthe
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! excitation ** does not remuin unchanged as it passes.
from one paint te another of the organiem. On the
contrary, as it traverses sach nucleus it changes its
chararter withat o3 a result of the direct modifying
action exercised on it by that pocleos or of ity com-
binafion with all the cther ** excitations ™ er impulies
which at that instant converge to meet in that nucleus.
It {ollows that at sach point of the crganimm, and
compequertly alte in the point whers the germinal
substance is sitnated, there will e at one and the
same Gme only a single resultant excitation whose
specific nature, though variabie from point to point,
will be the function and expression of the generat state
of the nervons cicculztion made up of all the narvous
impnises passing through the bady which censuhm;.
taken togeth the

logical stata of the organlam.

The hological states
which make up the successive phylogenetic stages
traversed by a glven species, will each produce in the
germinal substance, which is always situated in thg
same relative posltion in the iam, & COT
resultant e htlon. and zach vach tuultmt emta.-
tmnmll mltstmleavemthegum piamamneuwnw

p or lation capable of in
each new ontogeny !hesnmespenﬁc"exdta‘
which guve rise to it. It is sufficlent then to assame
that the germinal subatance is aiways situated in the
same place, both when it is receiving and accumulating
remaltant impressions, or when it is re-emitting them
in each new ontogeoy, to explain why the developing
organimm passes through all the physinlogico-rorpho-

< T
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Ingical states traversed by the speciea in itz evolution,
though, of course, this restoration of previcus states
may be more of less abridged (™ recapitulated “)
according to the degree of preservation of ihe corres-
pooding mnemonic deposits. In & similar way it
suffices that a single point of the membrane of
phonograph should again pess through all the con-
ditions through which it passed when the membrane
received the sonerous impressions, in order that the
entire mmbrm shonld again pass through all the

ditions which were originally
pmduced in it by the external world and which era
now repredoced by the action of a single internal
paint,

Sir Francis Darwin shows what 2 simplification
Tesults from eur hypothesis ; for whilst, according to
Weismann, as well as te Semon, the most minote
particniurities of structure and aven the most micro-
scopic portions of the cells of cach stage in
development, including the adult stage, wost cach
be reprasented in the g:rm—plam by a corresponding
“ determinant ¥ or “ engram,” according to onr
theory a single mpemonic element in the germmal

is ient tq rep aed d
its entirety the mode of being complex of each corres-
ponding stage of the ontogeny.

But Sir Francis Darwin hay made a personal
pontribution, and one of the highest inirrest, tu the
facts which support mnemonic theosies in general and
ours in perticular. It is the affirmation amply
developed and 4 1 by him, espocially for
plants, of the fundamental identity brtween the
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temporary variafions of form, constituting the move-
ments of atganizms, and the definite changes of form,
or morphological modifications of crganisms.

If we assome this identity, and if we at the same
tizne admit the mnemonic natore of the reprodoc-
tion, of movements which were previoudy caused by
exterpal stimul, we should naturally dedece a similer
natare for the reproduction in the plant of merpho-
logical chang Thus, for i plants which
aleep, bemd down and subsequently re-elevute their
leaves or changs in some other mazner the wsual
aspect of the leaves, according to a rhythm originally
produced by the succession of day and night, as is
proved by the fact that the pericd of this rhyihm
muy be gltered by 2 quicker or slower alternation of
ertificiai light and darkness, These rhythme, whether
natiral or artificielly oodified, persist tven if the
Plant is kept for some days in complete darkness.
This persistence iz chviously due to some process of
myemonic nature, Nwthesamgthmgmbesm
in certzin p Thvy
Ibﬂchhumwodwnhamoimchdiﬂmtlm
that they seem to belong to two different pecies,
according as ft groos in sunlight or in shade. The
antogeny is different in the two cases, and this dif-
ference is due to a different action of the environzeent.
But the interesting point is that there sre other plents
which grow best in the shade in which the shape of
the leaves in similar i that of the leaves which the
beech puty forth in the shade, bat in which this shape
bas now become s permanent characteristic of tha
species and does nit vary, whatever may be the degrea
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of illyminatiom to which the plazt is axposed, Con-
|equeutly the shape of the leaves which in the beech
is ined hy the i is doced in
these plants in a purely mpemonic mnmm— Garbel
bas drawn atlention to the fact that in certain orchids
the assimilatory rocts fake oo a fiattened form when
they are exposed to sunlight, whilst in other species
thiv modification haa become spentanecus and is
mazifested even when the roots are in darkness,

We may remark, moreover, that the sudden varia-
tions in ferm which constitute the movements of
planti, whcthet they are caused by stimoli from the

or wheiher they are produced in a
mnunwmc WaY, are el{ected just a5 in animals, by the
of " exct " or nervous impulses

which pass frtm certain parts of the plant to other
parts. Hence—and it f& in this point that the theory
of Sir Francis Darwin farnishes 2 powerful smpport
ta onr centro-epigenetic hypothesis—wr maust aitribuis
lo iRese nervous impuises, not only the mowmeniy of
Planis, but atsa iheir defistize Variation in form or morphio-
lopical modificmions, mince we Aqve soew fhat these Ladler
ore of the sama nature ay the movemends,

We can now sce why batanists have given a much
more eordial welcome to mnemonic theories than
zoclogists themselves. There is, in fact, in the cose
of the plant, a much closer dependence than in the
aﬁma]nfthasmasnimnrp}m]ogmalchangacm

{huib: Jopiment on the envi At the
smelme,themwmeubuiplanummnchslww
thaz those of animals, and they citen take the form of
a pastage of the plant from one form to apother in
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which it persists for a consideralle time, These
circumgtances have rendered it sasy to perceive the
close logy b morphological medifications
and movements,

Mareaver, the fact that plants, although cempletely
devoid of 2 pervous systern, manifest the phenomena of
irritahility, of transmission of stimuali and of memory,
hasg lent support to the view that all the somatic gueclel
ara sasventially similat in natore to these of the nervs
centres, and that the interceliular hridges have the
same power of transmitting stimuli which is possessed
by the nerve fibres. Comsequently it cemses to be
incomprehensible thet in the embryo animal during
its earliest stages of development, even when it as yet
possesses no nervous system, the successive phages
of ontogeny could be caused by the discharge aod
transmisslan of dervous energy.
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TELEGLOGY AND MEMORY

Angmite Fauly the most ¢+thodox representetios of the
7 pan-anbmivt " theorive of fe. Thupnmnul(unndng;
l‘ b Bl R of

e Propmyy ot

i.ndzﬁmtﬂ( e cﬁdic:b{hty T ihe prcinte “ autom
n:ndy lw

Pan- nntmtmc mynm:lam. ‘nm nvwﬂ ul R

Canmtd by th q of purely ph e "- 1 -

‘Ilh_nm:umlm' Kife bunctunlexburn-l

conditiong, but the ™' adaptation " m antiopation tw fotare

mxternal winch the pocolinr
party of life, and this case ondy b exy
manmoniy teorr,

ArTEN having in the previous chapters set fecth our
moemenic theory of development and baving com-
pared it with the theory of Semon and having
examined the inmpertant support for it derived from
the rescarches of Sir Francis Darwin on the movement
of plants, wt mnust oow pess to the consideration of
the other fondamental characteristica of life which
can ba explained by oor hypothesis of the natuse of the
mnemonic  property of living substance. In the
present chapter we thall compare the explanations of
the purposefulness of lifm which are provided by the
metaphysical theories, which we may term ™ pan-
wnimist,” of which Pauly is the best known expaneat,
129
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axd by our ic theory. Sub 1y, in the
twfollﬂwl.ugchaptﬁvwesh:]ldeddnecﬂymth
the question of the p ful in all its mazi-

festations and with the queatwn of its essoptially
mzemmonic characier,

In his mych di d bock entitled ** Dar
und Lamarckispyus, Entworf einer paychophysischan
Teleologie" (Munich, 1905), Angust Pauly expoundd

in the «l t way the § difference
bet the Darwinian and the L Idan con-
ceptions of evolution.

Darwinism, ha gays, in alleging that it is pessible
to explain all organic evolntion by the strggle for
existenced and natural selection, regards the faculty
of self-adaptation of Lving beings itself as a result of
the accumulation ef fortuitous variations, whilst on
the contrary this faculty is evidently a primordial and
{undammtal.pmpwty of life. 1n conseguence, Darwin

lved round the question withomt
solving it nmi has thus dome more than anynne alse
to prevent cur ebtuining o desper and more intimate
imowledge of vital phenemena. On the contrary,
Lamarck attacked the problem directly and directed
bis gttention from the first to definite instances of
ldlph.tm ta an enil which were correlated with

anges or it of functi and which
Iy rep d new " jons in the act
of i C 1y g to Darwis,

thenrglnlamaoquhedallmpmperﬁeamapamn
mahner, whereas, according to Lamarck, the arganism
acquired them by directly forming them for itself by
its own nctivity,
i
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After buving thus defined the relations susizined to
an# agother by the fundamentsl conceptions of
Darwiniem and Lamarckiem respectively, Pauly, whao
is a supporier of Lamarck, proceeds to the study of the
basal property of urganisis, viz., ndaptability to ends
ot " Zweckmissighelt.”

Every action, he observes, is porposeful, and its
direction toward an end i9 caused by the mnemonis

il and iztion of two exper viz., one
of felt nesd and one of the means by which this nesd
hay previously been satisfied. Thik association pro-
duces o '‘judgment of a peychical nature, but
eyidently associated in its activity with physical
energy, as to the capacity of the means to satisly the
given need.

Pguly goes on to say that we learn from the study of
phylegenetic history that in accomplishing each new
adaptation the znimal always employs as instruments
those which it chances o postess, wiz., already formed
morphalogical structures which until then had served
cther ends, bizt which st a given moment the animal
discovera that it can put to a new usa, and that it I in
congeguence of the new ose that these struclures
besome dowly mediffed, A good instance of soch
madification is provided by the limba of Crustacea
which have been transformed in accordunee with the
we made of them by the animal, but which wax
originglly all Wimilar to ane another,

The e for & ntw and completely different purpose
of an fnstroment until then employed for apether
definite end, is reslly & true invention on the part of the
snimal. Some of these ™ inventions " have danly

i
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produced resolte of limited importance, but others
have Jed to results of far-reaching importance which
naturally cogld never have been foreseen at their first
origin. " We need only think," temarks Pauly, ' of
the importance of the resplts in the evolution of the
human jaws and face, which flowed from the discovery
that the braochial wrches couwld be used to seise
nentishment,

It is clear that each * invention *" may, and in most
caees will, be succeeded by another similar one which
will employ for & difierent end what its predecessor has
" inveqted,” which in ture wos produced by the
modification of a stul.'l clder structure, and so pro-

ceeding from i to i , the
will be able to huild itself up d::ect.ly by it own p wark.
We jder that this "' euto-p ion "' ought te

b recognised, possibly to & much greater degree than
it has betn in the past, and it is the merit of Panly to
have forced it on our artention

Teo maintain that in virtue of its own efforts an
znimal succeeds in satisfying its new needs by the use
of old means, and by this new use, ever better guided
by the agenmulated experience of its former efforts, it
changea its organs by making them constantly better
adapted to the new uses—this is perhaps anly to assert
what has already been said about the formation of an
organ by it function—but in this manner mere
prominence is given to the part which the intelligence
of the enimal is supposed to play in this modification.

This " aute-plasmaetion ™ ¢zn goly be troe for
crgans, the functions of which are controlled by the
will, Let us, however, note that many ects now
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lnweluntary began as woluntary zction, and it fellawa
thzt the meage of this auto-plasmatic action will be
very greatly extended. But how far ought it to be
extendsd i That, indeed, s a dificult quastion,

The evolution of the middle finger of the hand of
Chiromys medagascaviensss, which i much longer and
slenderer than the other fngers and which js employed
by the aogmmal to extrect from the tubular cavitias of
plants the pith oc ingect larvie, may have been caused
by the sver-incréasing £iili om the part of the animal in
employing this organ for this uss, a skill acquicred wa o
result of macy mers or less succasafnl efforts, This
will seem more probable if we assume that the contrac-
tion of the epidermis tends to make the finger more
slender, and if the elongation of the muscular fibrey
which nvolves the lengthening of the bones has bees,
to even a small extent, under the control of (he will,
Wae might, pethaps, make the seme assumptiony—at
any rate in part—about the formaton of the great
claws 2nd other eppendages af the £
abave, ebort the formetion of some orgaes or parts of
argans employed by imects for cleaning their aotenne,
about the elongation of the neck and fore-limbs of the
giraffe, about the legs of cranes and other marsh-
birds, about the curveture of the comea of the sye by
whith it & adapted to distinct perception iz wery
differant circumstances, and about the vocal organs of
singing birds and of other animals in general.

But can we essume an onlimited extencion of this
" auta-pl fon " 7 1s it possible to assume it in the
case of the first formation of bones? Our author
maintaing that when minera] salty are mofe abun-

3%




BIOLOGICAL MEMORY

dantly deposited in the i ltglar sul the
animal ovust experience the greater yssistance ta
deformation which the tissue acquires thereby and
thet it can thus jodge of the capacity cf this means,
constituted Ly the presence of these salts in its
circulatory Auids, of satisfying the need sxperienced of
u greater resistance in certain parts of the body. New
we hardly think that many people will be disposed
b admit that even if the aplmal had had this experl-
ence as a resnlt of @ hypothetical magnifiad sensitlvity,
it couid have sncceeded by its effort in increasing the
depesit of mineral matier in the necessary places.

Pugly, indesd, goes 5o far as to meintain that every
nwed felt by the arimal an a whele is trengmitted to ita
smallest parts, and that coneequently sach of thesa
parts is rendered capable of feeling the want of
choosing the necessary means for its satisfaction, and
that it car then perform the eppropriate actions.
But can such asumptions be reaily regarded as a
Berious athempt at explanation ?

Pauly's theary therefore must be claseed with
theories which we may term vitwlisticc-animistic
even if they do not indude any definitely religions
elerments. Al these thesries agree in assuming, 15 &
fundamental characteristic of vital energy, not somme
simple and elementary properties similar to those of
other forms of energy even if wariable from coe type
of emergy to another, but ooe extraordinary wvery
complicated quality more or less similar to the reason
of man,

W shall certainly not be deterrad from consideriog
Pauly us an animist by the fact that, after Irvelving
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himself ever desper in metaphysleal obscurity, e
Emally attributes this property of intelligence to all
eoergy and in this way imagines that he can resolve
the old dualism betwesn lving and dead matter
But it is wseless to stop to discuss this mere play of
words. It i mere oseful to draw attention to the
fact that at tha present time we can observe every-
whers 5 marked revival of thesa vitalistico-animistic
ideas and the favourazble reception which has been
accorded to Pauly's work is & comspicucus testimomy
to the reslity of this revival,

This revival, we must admit bas been the result of
the gtter impotence of purdy mechandeal or physico-
chemical theories to give 2ny reasonable explanation
of jal fi of wital ph
especially of those which in marked degres give
evidence of purpose. They canmuot explain omto-
genetic development in which argans are formed whirh
are adapted to the performance of functions which
they will enly accomplish in the adult, nor can they

for the activities of animals and plants which
deniably strive to plish eods whick caz only
be achieved in a more or less distant futgre.

1€ our enly diffenlty was to acconnt for the property
which or possess of adapting th lves at
every to inuelly changipg external
circumstances, we could seleci o iarge pumber of
i from the ingrganic wutld which appear to be,
in certain reapects, of similar though not idemtical
oatore. Forindeed every physicochemical mystem, if
ity dypamic equilibrium be disturbed by external
foress, tends to settle down lnto & new condition of
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dynamic equilibrivm—that is ' to edrpt itself " to new
exterpal circumstances.

No coe, we imagine, would become excited in
contemplating the power of “ adepting itsell to an
ed " (" Zweckmiissigheit ') pessessed by the flowing
water in & river, which accumulates behind the piers of
u bridge to such an extent as to prodice the pressure
pecesgary to increase the rapidity of dow so that the
o quentity of water passer in o given time as
pansed in the same time beftre the bridge was built,
For in this case it is obvions ihat what hrings about
the passage from a condition of disturbance to a new
conditive of equilibrium is just the fect that the
cursent canoot stop, bot {s foreed te continge to flow
n the same velume. It it indeed the very obstacle
which opposes the natural fow of the current which
brings about the conditions (raising the water\-level

above the bridge) required to establish 2 new
equilibrium and to accelerate the rapidity of flow
which it should apparently retard.

We might make the same assertion about the
elecirical energy which passes between two metallic
plater embedded in the earth and mainteined at
a comstant difference of potential from ome another.
When the dynamic equilibrium of this fow ia dis-
torbed Dy 2 grester dryness of the aiv which causes
too rapid svaperation and makes the superficial layer
of the soil into a bad conductor, the slectric ensrgy is
forced ta pass through deeper layers of the ground
Sa, too, we may take the case of the chemival energy
rteleased by the strong affinity of two elements for each
other. When the twe compounds, each containing
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ote of these elements, are dissclved, the multiple
reactions which reulMt from the miviwra of thesa
nolutions ars modified by & lowering of temperatore
which slows down or evem reverses some of the
secondary reactions. In these cases alao we find that
the alectrical energy or chemical energy continue to ba
produced, and thet jt i just for this reason that the
obstacls to its passage or to its production, crertes the
very dith ¥ for the establist of e
pew equilibrium.

Iz the same way, if we assume that within certain
limits of variation of the environment vital energy is
unahla to stop, but gees on being continually produced,

and, , that the tendency of liviog suk
to i inually fa t is the resalt of n
ding irresistible d to ion in

vital energy, regulting from definite trapsformations of
tuergy, then every obstacle which within these limits
oppases the vital process will prodace the new condi-
ticns (if pecessary by stimulating the vital process
itselly eapable of lishing & new dynamic equill-
biom, whick is really an adaptation to the new
enviranment.

Thus, though we am still anable completely to
explain them, certaln facts will no longer appear to us
19 the resnlts ol mystericus properties of lving
subatsnce, ax for instance, the fact that when tissnes
ute 3ubmitted to p of tractivn, these inf
which perbaps at first constitute hindrances to the
continuance of the vital process, may become changed
into genuine ** trophie stimali ~ (Roox), as we learn
from the strocture of bones and the enlasgement of the
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stalke of heavy frwits, or from the oiher fact that when
the superficial layers of the skins of animals or of leaves
are subjected ta too great evaporstion by being trans-
ported to a drier elimate, ot when they ate transfeired
to colder cemditions, they ¢an resist and bectrne
ad.apted tven to these unfavourable conditions of the

by ponding modifications of their
vital processes.
But what these mechanical and phyzico-chemical

aoalogies are unable to explain even in ontline ia the
power of enticipation by which an organism prepares
to diate itself to conditions not yet realised,

We must, therefore, assnme the existencs of a now
praparty quite peculiar to vitel enengy. ‘This property
would consist in the circumstance that every state of
physalegical squilibrium as it gives place to 5 new ons
alweys leawes a trace of itsel behind, This trace
wonld comsist of an fom of & correspondi
specific variety of vital energy in each of the points
of the organism which bave been the seat of this
physialogleal process now replaced by o new one.
It follows that the return to activity of the physio-
iogical system No. 1 might be produced by the
recnnenoeufapm‘hﬂn perhaps evem % small one, of
the ditions in resp to which this
paysiological system wes ariginally constituted.

This power of ' releasing "' an ancient physiclogical
eystem by the reproduction of only a portion of the
mmtalmdmmwhmhmgmnﬂywamﬂmd
ita first app iz fust this primerdial fanda-
mentsl " moemeaic " property of living sobstence
which, as we have already seen, it is pre-emineatly the
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merit of Hering and Semen to have forced om our
attention. It & this property which gives to all vital
phenomena, from those of memory in the narower
lemdmtoandintlndi.ngaﬂ physiologizal pheno-
mena, especielly those of 4 i the-p[,

of preperetions for envi whith
are not as yet completely realised. It ix just this
preparation for future copditiors which constitutes
the purposeful ¢} wf all yital ph and of
paychic acts.

We see, therefore, that besides the alternative of
purzly mechmu:al physicochemical theories, and of
witalisti 2phi there is room for &
thitd hypothesin which we have endaavoured to set
forth in detadl in the praceding chapters and which,
for want of a better pame, we may call the vitalistico-
energetic theory. According to this theery, wital
energy, whith is perhaps merely pervops energy,
though it ix subject to the genenal taws of energetics,
iy characterised by quite peculiar gualities, so that it
differs drom other forms of energy, just as these differ
from eack other; these qualitisy are, howwyer, of &
simple eletnentary oature, capable of being clearly
defined, just like those of so-called physico-chemical
forms of energy.

This theory, althoogh it does not afiord an explana-
Hom 1z the stzict sense of the word of the phenomens.
of life, soch a3 wonld allow of more extended and
precise prediction of their course, may navertheless
suggest 3 new point of view, which might direct
research in o different and more promising dirsction
from that suggested by mechanical and physice-
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chemical views, which bivlogists have so far followed.
Perhapa such ressarches, by atriving to define cleatly
the propertiss which vital energy shares with other
farms of energy and theve by which it 1s distingniahed
from them, may succeed one d.ay in ﬁml'lg bermmat-
ing the age-long ¥ acd
materialiaty,

140



CHAPTER viHl

Tex MyEuowic Basis oF TER PURPOSEFULRESS
(Freavex) or Leez ()
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ar btlews of
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Lt ive (i t
B e sl pi
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* Nafmre " is nothing ot n “w}-\aﬂ}{" The Iu' of ﬂn
explein, if we graot .i".:‘b;“"& pﬂ:ﬁm pesi A
o L] Ve
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Bryokk approaching the subject of the purposeful-
ness or finalism of life, the philosophic importance
of which is very grest, we may take a backward
glance over the road we have alteady truversed. In
the eurhm‘ chapheﬂi we were concerned chisfly, though
ot ively, with ic purpasaful whick
is only one agpect of the gencral problem, It was
in prder to explain this ontogenic purpesefulness, by

Thi 8 chapter wia zdnlwsdasﬂnddmmded
*The purpouhhm tn the College of France, ou
April zqth, s9zo.
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means of the isaibility of ired ch t

that we elak d our centro-epi ic. hypothesis,
which, as we have seen, iaf\mdamentlllylmnmomk
theory. We have now to consider the purposefulness
of life in all its aspects. And, first of all, we shall
ihowthalthumnmmcpmpedy,towhmhwhld
in our cent

at the same time apother mamfnsnhnn—oueuithr.
most ch istic—of the purpesefulnsss of life;
that is to say, it alto explains the origin and nature
af the " effective tendencies,” as I shall term them.
This will form the subject matter of the present
chapter ; and in the chapter which fellows it (IX}
% shall take the opportunity ofiered by certain
fundamental considerations, which may be de-
duoced from carfain characterisbc properties of the
affsetive tendencies, o examine the guestion of tha
purposefglness of e in the most general possible
way.

I we czamine the mede of action or the
" bebaviour " of varicus organismg from the protista
1o man, we ses that o whele satlas of thelr actions,
Mndln;thzmnmﬁal.mayhemtupmdu

of a tead of the ism te

or to return to its " stationary " physiological state—
uning Ostwald’s terminology io his writings oo ener-
getics. o other wonds, if we use the term ** wifective *
to denote that special category of orgapic impulses
which mubjectively appear in omr expetlence as
"dd.ru" "nypeﬁtu" and ! wants,” nnd which

i are 1 move-
mﬁ\tl utbumtwdwmoephw&e..mthenumt
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state), then wet may conmider all the princlpel
“ affsctive tendencies ” as exmpla of thc innda-
meptal tendency of the org to its
physiciogical condition unchanged

We eez, for instance, thet the mest fundamental
" affective tendency ** of all, viz., honger, iy in the
Hnal analysis nothing but an impmulse to maintein ot
to restore in tha Internal mtritive medinm the quali-
taitive and quantitive conditions necessary for meta-
balism to persist in its * stationary ™ state. This is
chown by the fact that once the condition of the
internal wutritive medium hes become pearmal, all
desire oo the part of the animal to seek additional

sbment ipro facso s
Thus, a fresh-water polyp and a sea-anemone cnly
react positively 33 food if * their metabolism is in

such a state 23 to requine more material ** { Jennings) ;
84 food placed on the disc of the large sea-anemone,
Stoichadiz Rafianifns, whm the ammal s nat hnngry
eyckes the m 1 i t

as dees any d ! bat Al

from the top to the bottom of the scale of eumplmly
of orgamzation, act in the same way.

The experiments of Schifi, who injected nutritive
substances into the yains of a dog, prove in the clrarest
way that the essential natere of hunger is the im-
poverishment of the supply of histogenetle snbstances
in the blood.  For these injections not only nourished
the dog but they elso ewsnaged its hunger.

It follows ehvicusly, we need scarcely say, that it is
a matter of quitw secondary impertance that the
feeling of hunger, when it is moderate, takes the form
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of a sensation localised in the wall of the stomach,
‘which irapels the animal t¢ the same actions as those
dmntedhyt.rueh\mgu' This is only & case of the
ﬂﬂmertapaﬂ-u- 3. 4 ‘thewhnle.
which ck all i ; und thiy
mtruviwthsﬁendmcybophynolmulahhhty
which i aleo, as we shall see later, of 3 meemonic
pature. These zansatlons, localised in the mracous
membrane of the stcmach, and due to the distension
of its cells, or to some other similar change cansed by
the empty copdition of the c-avity. owing to the
that they ordi pncr.deandmm-
pany the serious diminwti “of the } g
sobstances of the b]ood eventmally become the
icarious and ifextations of the
deﬁdmcyotthmsnhamm

The same explanetion can ba givem of thirst
and its apparent lacalisation in the upper parts of the
digestive tube.

We might now paws from the comsiderztion of
bunger and thirst to that of pther fundamental
“ appetites © ar " needs.” All these, by their mani-
festations, would reveal to us that their sole purpese
intor blish the norma! physiclegical condition,
which i some way has been destroyed or disturbed.

So for each kind of animal there ix an optitrom
eovircnment a3 regards the concentration of the
solution in which the animal lives, or the tempearetore
of the medivin, or the intenslty of illnmination, above
or below the level of which the crgunism can oo longer
maftain ity normal physiclogical conditiom, and
which it strives at all conts to maintin, Wa see,
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for i that at a P of 28° C., Para-
mecium reacts negatively to = rise of femperature,
whilst at 22° C., it reacts negatively toa fall of tempeta-
ture. Sa abwe Euglena, in modemie ﬂlum.'lnaﬂom.
reacts negatively to a diminution of lumi
whereas whez it is exposed to light of great intensity,
it acts iz the exactly contrary manner.

In these cases and nthm the tersdency to maiotain
the normal p 1 dition is changed ioto =
tendency tu mnnmn the stahbility of the medium
enveloping the orgapism, whether this be an external
of internal medium. Thus oysters and sea-anemones
exposed to the air shyt op, in a word, they behave
in znch a way as to presarve their bypical internal
cendition of homidity unchanged. Under the cate-
goty of stability of envt wust be included alse
the positine of the organism in ralation to the various
forces acting on it, and above all the force of gnwty

From the to maintain this rel
uzchenged is derived the effart of the oopaniem te
preaetye of ta re-establish jts proper position in apace.

Thns Ameeba uspally retracts its pseudopodia when
these come into contact with solid nem-edible sob-
stances ; but when it is suspended in mid-water, it

tendn its p podia in ell divections, and as soon
&% it has succeeded in touching 4 solid bedy with ome
of them, it attaches itself to this and draws its whale
body in this directon, and so restores its old refation
to the snbstratum,

A ostar-fish, when placed npside down, strives io
“ gight " itsel—that is to return to its mormal en-
virosmental conditons with respect to gravity.
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Agam the need of eliminating the substances
1 by bolimn, which the ism can no
hngermn]muaenl can be comprised in the wme
category, whether we ara dealing with the lovwest
infusorien or with the most complicated vertsbrate.
For the feeling of the * need " of getting rid of these
aobstances, althongh it may be ewled by local
sensations whick get as stimulants to the pecformance
of the eliminatory act, is in the last resort due to the
fact that the lation of the producis of
destructive metabolism in the interior of the animal
mlddinnrbiunomn.lphydologinlmm
To thiz subdividon of ebimi v "
tendencien seems to belong also the sexual * ingtinet "
of " hubger." Thereis a tendemey nowadays te regard
this ** zexual hunger,” like ordinary hunger, as having
its seat ot in the localised region, such as the genital
organs, but in the entire organizm, and to suggest as
the ultimate ceose of the sexmal instinct the nesd
sxperisoced of getting rid of the germinal subatance.
According to this view, * sexual hunger” would be
noihlngmttheeﬁnﬂofthewgmmtomnduhhe

produced by the germminal
anbn:m&thadnnnrhnubdngamm]tnithe
b l aad tabl ditien of the nmclear

substance of the germinal cells, reduced to a hali, and
ripe for fertilisation, and of its slow disintegration,
which zcts a5 &n irritating bormonic secretion, diffus-
ing itsalf {hronghout the entire crganism.

The more ot less brilliant ** nuptisl Nvery,” with
which nearly all animaly are clothed at the tme of
mating, is there to denote what an abnormal conditive
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dhypuleutﬂwuumdhythmhomnmcdw

prod of the 1 subst and
Dﬂ' g what a profound physiological disturbance
ﬂlﬂthecdhufthgbodynmumbyit.
The impulse to elinnate puch 1 profoundly dis-
twkhing sub would suh " become an

mm:hetmmualmlonasthepmpe:memoi
effecting this slimination.

1t follews that, us Ribot justly remarks, sexoal love
is fundementally egofstic, He saya: “In the
vast majority of animals the sexual instinet is
not accompanjed by aoy tender emotion. COnce
the sexual act I pocamplished, separution and
obliviscence saparvene.”

This theory which gives to the sexual instinct
merely the significabes of the impolse to climinate an
irrjtating substance, allows w9 to view this instinct
in a very different Hght from that in which it has until
now been considered. Tf the theory is mecepted it
would not be for the “ good ** of the species, but salely
for that of the individoal that the saweal instinct
had been evalved and hod developed. [t could ne
looger be regurded as the ™ will of the specics ™ imo-
pouing itself on the individual, 35 many with Schopen-
haner still eontinge ti helieve, but rather in this case,
as in all cthers, the * will ™ of the individual itself —
that ia the pormal impulse of the individual to mainiai

ite normal phydological condition i J
COnce we have succeeded I referring the sexual
Instinct to the categary of impalses seeking to maintain
unchanged the normal stationary physiological state
of the orgenise, this law is fonnd to held good, without
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P for a]l the " afiecti dencies.” Wecan
i briedy it In the follawing words.
Each i izn;,",,"aystmma

stationary (stable} condition and strives to maimtain
that cordditiom, or to restors it every dime that it is
duturbed by a ehange supervening in either the

! or This property &=
the basis of all the mest easential organic ™ nesds ™
and ™ ites”  All ts of spproach or

retreat, of attack or flight, of capture or rejection,
carried out by animals are ooly so many direct or
tndan:t msequenoesouhmgmal tendency of each
" " jological stafe to maintain itself
um'.hnnged. We shall see [ater how thiz tendency
is related to the fundamental mnemonic property of
all living substance.

This sole lised physiological tendency will
wcconnt for a whole series of the most varied special
" aﬁaclive tendencies.” Thus every spee-inl rause of
digt will produce 2 P g impulse of
Tepulsion with 1tum1;etuhnrnhmnmistws dele'r\-
smined by the nature of the disturbance, by its
mdbythemmswhchltmmrymndoptm
utder to evade the disturbance, and for cach factar
capable of preserving the pormal physlological con-
dition or restoring it, we shall have a corresponding
and Qistinet imjmlse of 'longing ' desire,
" attraction ” and so forth.

The * instinct of seli-preservation,” in the parrower
semse of the preservation of the life of the individual,
ix #lso only a special derivative and direct conssquence
of thix general tendenty to the preservation of the
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normal p 1 state, sincs it is sbelous that every
utunumwhmhﬁnl.llybecmnshhlu at first @ mere
disturbance, and it is under this aspect that the animal
atrives and learns to escape from it.  Thus the Amebe
of Jennings whith was completely mwallowsd by
angther Ameebs and  streve to  escrpe and
uitimately socceeded in deing so, did not sct to
avoid a factor which andangered its lfe, bnt
merely to escape from a sitmatlen which wea
profoundly disturbing.

Quinton, as is well-known, wastheﬁmbodevelopa
theory of tha tendency of tama to their
own internal environment in the same  physico-
chemical conditions which prevailed when life first
uppeared on the earth.  But the theory which we have
Just sat forth Hrmits itself, a5 wa have seen, to dealing
with this tendency to stability which §s manilested
every moment in the mode of *' behaviour  of each
individual, Instead of serving at a doubtful peint of
departure, ax does the theory of {uinton, for a theory
of the avoluticn af species, it forms a sclid basis from
which it iz possible to derive all the ™ afective ten-
dencies * of the animal world.

Thnughztmafa:;mrnfﬂnhlilyasmg&datbe
individugl, this
invariability bas becorme one of the pnnapal factore
in varaticn and progress, so far as the species is
concerned, bot in guite another sense than that
indicated by Quinton ; it ia because it hay arvused
und daveloped the power of movemert, whick con-
stituies the greatest distinction, though it is wot an
wheolute ons, betweoen the animal and vegetable worlds,
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and be:ause the devu\oymmt of thly pewer has
the d p of all the
locomotor appm md of the mervous system
correlated therewith, the different forms of which
mnmtuteallrgepmparﬂmo!mf\mdﬂmznta]
ics which disti the various kinds of
agimals from one another.

Finally, this univesal tendercy to stability o far
aa the individua! is concerned, has bevpme In man
coe of the principal facters in all social evolution.
Far we can see that all techxical inventions, and the
whole of economic production bave bad and still have,
directly or indirectly, ooe single purposa, from the first
dwellings of the troglodytes, the use of skins as
clothing and the discovery of fire, up to the greatest
refinements of our time, and that =ire hes beez, and is,
to maintain by artificial means the greatest possible
stahility of the i t as & ¥ and
sufficient condition for preserving the physfelogical
invariability.

In addition to the fund tal
byaﬂmgnmmo&ﬂﬁvlngunhtnmnmnm
nermal physiclegical condition uachanged and to
restore it when it is distarbed, they possess another
property which in its turn has given rise to mew
‘" affectivitie.

For when the former ™ stationary * physiologieal
state can be no loager restored by the use of any
device—that ia to say, by any form of movement—the
organism temds to pas into a oew © stationary ¢ state
which is compatible witk the new Lrtecnal or external
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sovironment. Thus arise & mew set of phenomena
termed " phmommaniadaphtion.”

For i the i of Dallinger
on the acclimatisation of the lawer organisms bave
proved that in{uwm tan be gradually accustomed to
endare Jy higher B and after a
year of such graduated of temperatare they
succeed in liviog ender conditions whick would kill a
sitnilar organism which had not been aoclimatiged.
Similarly we knew that the same species of protorea
mbnthmfmhlndsallwalnr.andthﬂ:tln

dually to t the amehe and
:nfmmuihuhwsmbohwmwaberdldegreeoi
salicity which weold at fawt have destroyed them;
end many other axamples of similar new adaptations
could be given.

How what is interesting to note in that the oew
envirommental conditicms, te which the =nimal
gmdua]ly becmms acwstomed finally become for it

o T ion." writes
Da]hnger{lslwmmnce.wanwmdmund
salinity), " takes place ncoarding to the law that the
conditions of demgity under whick an fndbvidnal in
forced to Tive, tend to become in time the most
fayourable conditions for that individoal.”

The truth of this law can be proved sven for
vegetable coganiwng.

Thus plesmodia of Myxomycetes, which would

b if suddenly placed in solutions of glucose of a
strength of 2 per cent. and which retire from solutions
of | or even § per cent., can be gradualiy accustomed
to live in solutions of @ per vent. and show by their

151




BIOCLOGICAL MEMORY

bebaviour that they prefet these to wesker soluticos.
The diatom N’amk [ ] nwmﬂy avoids light
of evem bt & in a cultos
which had been previonsly expesad for saveral weeks
to the ful! light of a windew, tended te accummlate
in the best lighted pertion of & drop of water when
thix drop was Teplaced In the peimitive abscurity.

The coramon Bea-anemcns [Aclinia eguing) which in
found attached fo rocks in every conceivable poxition
mthregudtnthewhml—mﬂ:ﬂumdthebody

dn or horl *eemy
tabocmammuehmmnmedloltxpamculxr
position that when it is removed frem s support it
t=ods to revert to its old pesition. Thus when sen
anemones, attarhed in =il sorts of positions, are
collacted and put into an aquarium, ™ we ran cbeerve,"
writes M. Pléron, "a tendency amoogst them in
seeking new attachments to assume the same posltion
{with regard to the vertical] ws that whick they
previously occupied.”

We could give mumerons other examples of similar
phenomens, tmt the important point is to emphasise
thefr significance. They prove that the new physio-
logical condition which constitutes the wdaptation of
the organism to the new environment, once it has
been established and has Iasted some time, tends to
reatore tself, Now this tendency to its ¢wi " reacti-
vation ** or reproduction which iy thus manifested by
every former physiologica] state is nothing else than
thetendencytomown“mtm”shmnbylmy

lation, and is therefore of & pardy
mnemonic charscter,
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Consequently there follows a deduction of even
greater importance, which is that wet most attrlbute a
similar e nature to this fund
to preserve physiological stability whence wa have
devived all the mmt fondamental “ affective tenden-
eies " of all orgs without pli In fact,
if in the cazes which we have meqtioned, a quite new
and recently aoquued phymologn] state i3 able to
deposit a 1 of itaelf sufficiently
stromg to ensure iy own revival, we can easily
ungerstand how the normal physiological siate, by
reason of ita immensely Ionger daration, sheuld
manifest a much more powerful maemonic tendehcy
o re-establish itself when it iy disturbed.

This implies that all the numberless elementary
physicleglieal states in warioms points of the bedy,
which together make up the gereral physiological
state of the whole, have each the power of depositing
its owm specific accumylation, just as everything leads
05 to suppote that the nefvous currents passing in ihe
brain, which give rise to the vared sensations, leive
behind them similar mnpemonic deposits which on
canse the revival of these sensations. By the phrase
* gpecific accumulation,” we mean only this, that
eich Jati by its discharge, gives rise to
exactly the same apecific varlety of nervous current,
by the acton of whith as " charging cument ™ it

was deposited.
The nxte.nsmnor! t.lns power of specific accumulation
toall p i isinh with the

theorywhmhregudunmwseamuth:bmof
all vital phemomena.

53 T



BIOLOGICAL MEMORY
“There would only be this difference, that in prpchic

meemary in the senne, the ph of the
mhhnnmdwﬂm‘g!oithgnmmmm
¥ 1 i.nﬂm' g 'whlltthalpq‘:hl
pliyxi 1 this

nmuusd!.s:harge rwedslmathcbmkgmund,soﬂmk
uatil guite mmﬂythuymmﬂetdyl&nwtd.ud
that exactly tha
museluppens, bnttbed.lﬁunnoelsnmufdegree.
and not of natare.

Claude Bernard meintains in faet tha "n].liunnl

ofirritability of Hiving
in their pafre,” If, then, a]nug with the physico-
hemical ph the aetived

for instence, of both mmulnr h'me end glandolar
cells, th dtant specific nervous pi are

less easily perceptible, this is un rerson to doubt their
existenee.
A of this dou of the

proparty to all the el t hyslologital
woblznawmormﬁomofﬂcﬂmm
" aiffastive mdames" Bythismmmnﬂmt ths
both to L 1 the normal
phynlolngleal state, and to re-cstablish & glven
ntate ding to a former
mummmt, in due to & whole mass of slamentary
apecific accumulations, which, varying in their specific
matare from peint to point of the body, constitote,
taken together, a vum of potential energy acting like
o force of gravitation towards the medivin or etelzan-
ment, which either tends 0 maintain or to restablish
the whole physiclogical state rep ted by these
demeatary accumulations.
1%
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Of comse, in organlsims provided with a nervous
aystem, side by side with each of thess * affective
tendencies ™ nlp«rdysomtmmpnudmt,thue
will gradually be added 3 co-op and i
" tendency,” due to mnemenic deposlts in that
particular part of the neTvous system which isin direct
:ehtmn with the part af thu body where the visceral
" tend In man this part
will be Flechsigs “wrea of vizceral sensation '
(Korperfakisphars) in the brein, to which in cectain
casss the frontal reglon of the cortex is added.

There are, theref: two i
which the affective tend.enues derive fmrm thelz
mnemonic viseeral orging viz, ;o {1} that of haviog
a diffase =eat, thatisa{bmngdiﬂnsemthmrlncahsa
tion, and (2} that of being * subjective ™ (personal),
that is of varying from individual to individual.

The first property it due to the fart that svery
phy=iological state affects every peint in the body, or
in that large part of the body in which it iz established,
and conseqooatly affects also all the numberless poins
of that part of the brain in which the cerresponding
part of the prganism is, 50 to speak, reflected. Whilst,
therefore, we have every reason to beliove that each
sensory mmemonic Rocnmulation has its seat in a sole
point, of, at mest, 1o a narronly limited ares of the
cerebral ¢ontex, we are equally justified, on the other
hand, in supposing that each ' affretive tendency ' iz
made up of an infinite nomber of dlementary mnemanie
sccumulations deposited in each point of the body and
in each corresponding point of tha brain.

As regards the second property of the affective
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tendencies, viz., that of being subjective ot personal,
thisis due to the fact that the organism will be endowed
with certain idiosynerasies, and with certain longings
{rostalgiag, according to the varicus environments or
Bituations te which the individoal or the specien kas
‘been exposed in tha past for a sufficient leagth of time,
that is to say, according to ke particular hislory in
each cave. So we can understand the subjectivity
and the jofinite variety which are manifested in all
the wants, appetites, and desires, and in ell that
becomes the subject of aflective judgment.

In suppart of the hypathesis of the mzemonic
nature of all the affective tendencies which we have
just set forth, we might adduce examples of specialised
affective tendencies which have arisen throngh habit.
Tt will be sufficient to take as single instance of these
tendencies, maternal love.

Evidently this i1 an exumple of the hahit of
patasitic relatisnship or of symblosis, which frem
having been continned for many genetaﬁom. has
graduaily 1 d, by the pmperty.
imto an affective tend ds these rel
As Giard mays, “ Comparative ethology shows us in
the cieamt Tanter that the ttlauons betwwn Ihe

and its offspring are {
:l:mlu to those which subsist between a host and :ts
parasite, aod that after a pariod of justability, during
wllldllhe ene or the other orgenism mafiers for the

tage of ita pani the relati betweesn
them attam a condition of mutual ethbnum ‘"
Fori if we Ader the of 1
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we find that this began by the young ones socking
up the secretions of the sudoriferous glands in the
brezst of the mother which covered them, and that this
habit hae caused these glnds to develop into milk-
glands 2nd has at the same time developed in the
mother a veritable ceaving to be sucked. To quete
Giard again, *'A 1ale it is to the pk
of lactation and suckling that we must look for the
origing of the relatiems of tutezl symbicsis which
unite the mother and the child, The physiclogical
disturbances of pregrancy and parturition entsil,
amaongst other very curicus results, a hypersecretion
of Llhe mammary glands which are only a local
hypertrophy of the sebaceous glands of the ekin.
The young one by licking up and sucking this secretion,
from which it derives its first nourishment, assusges the
need experienced by the female to be sucked, and inthis
way it becomes for its mother a means of comfort.”

That the nesd of being sucked is the origin of
maternal love we see quite plainly from the faet
that if a mother is geprived of her offspring, she feels
the mecd of replacing thetn by other nurselings.
“ The need of ridding herself of an irritating secre-
Hon,'" writes Giard, " is sometimes 5o powerful as to
induce the female deprived of her young to steal the
offspring of enother female, and these thefts of
children have aisa been observed in females which
were tuckling their ownm children; as very often
happens, the satisfactinn derived from assuagicg a
need had led them to seek still greater measures of
this satisfaction, and even to go to txcess.

In the cases observed by Llopd Morgan, this need of
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the mother to give suck takes on the aspect of a tender
solicitode for the nourishment of the yonng. ' I have
seen,” he says, " both bitches and cats get up snd
again lie down so s to bring the teats intn closer
proximity to the mouth of eny young one which Feiied
to find them, When a lamb is weakly und fails to find
the teat, the mother oot infrequently uses its shouldars,
head and neck as a levet to place the lamb on its legs,
end having aceemplished ihig, siraddles over the
{amb aud bringy the teats against ity lips, and these
efforts ara continued until the litils animal sucks.”

This typlea? instancn shaws us claarly how the sesd
of getting rid of the milk has led te an afective
attractivn towards the young one az the customary
means of eliminating this uid, in the same way that
the desire to elimivate the germinal substance, as we
have seen above, has Jed to an affective attraction

ls the cpposite sex as ding the usual means
of getting rid of this substance.

In polnt of fagt, just as * sexual attraction ” crases,
ooce the germinal smbatance has betn got rid of, se
* maternal affection,” in the case of most mammals,
teases w3 oon 88 the need of getting rid of the milk
comes to an emd. " Maternal affection,” cheave
Ginrd, " does not navally sorvive the couses which
have brought it into being, and enly chscure traces
of it can be found once lactation has ceassd.”

Finally, the fact that maternzl love is stronger than
paternal love, and that the love of parents for their
children is mtromger than that of children for their
parents, support the view that all these " affectivities "
bave originated as the resalt of habits; for they
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demonstrate that these a fectivities are proportionately
atronger, eccording to the nomber and persistence of
the reletions from which they have orginated. *“ In
the animal Hnpgdom in general’” observes Ribot,
* paternal love is rare and upstable, and umangst the
lower representatives of bumanity it is a very fecble
emotion, and a very locse te.” It it only met with in
the case of stable sexual wmions, where the copamem
Hie “has ryeated a current of afiection dus te the
mutual halp which the partners render to each other.’

‘' Everyone ndmits,” says Pillon,  thet the love of
parents for their children exceeds in intensity the
love of children for their parznts, and if we compare
the father and the mother, it is the latter that han
moat love for the child.  The rcason of this is that
in the mother, a9 a result of her special functions,
the love is ished and i d—mmuch mere than
it {8 1n the case of the father—by the contimuity of the
acts to which love is due.™

But maternal love and family love in general,
criginating as they do in certain relations which have
become habitual, constitute omly one partienlar
Instance of a very general law .  Ewvery other relation
even if very specialived, which become established
with things ar persons, has ne socner become a habit
than it becomes, in virtue of this very fact, 1 * need.”

In z word, Let ‘s law of *' the ity of the
habitual,” which that euthor enunclated for every
stimyhis to which we become accustomed, and the
cessation of which gives rise to & need, can be verified
in the case of every relation to the eovironment,
general or particular.
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“I bave in my room,” wroie a friend to G, E,
Miiller, " a clock which does not go for wore than ag
boors without Being rewound, and se it very often
stops. 'When that nocurs, I notice it at once, whereas,
of course, T perceive nothing ax leng as the clock is
going. When it stopped for the first tims, thiy was
the change which took place in me: I experienced
all at onea &1 indefinalble uneasiness, & kind of empti-
ness without being able to discover the caose of it.
It was only after some refiection that I found the cause
in the stoppage of the cls

Morecver, it is a familiar fact koown fo everybody,
that habit can induce us to take plessure in things
which are at first disagrseable, and that certoin
habits which a man centracts during hie life-time,
become for himn needs as imperious as the so-called
natural ones. " Smokers, snuff-takers, and those who
chew tohacco,” writes Herbert Spencer, ™ fumnish
fam:]iar instances of the way in whu:h the ]ung

ine i oat g
mulm& it bla, the ion itseH
d. The like hijpens with various feods and
drinky, which, at first distasteful, are afterwards
greatly relished if frequently taken.”

In this way the nostalgiz {looging) for every cos-
lm’nal‘y thing which happens to be wanting, is
o) d, “ There it produoced,” writes Ribot,  in
ourtuin animals o mndmm comparable to our
noetalgia which manifests itslf in a viclent degire fo
return te places which they formerly inhabited, or by
the pining away which results from the absence of
people and of things to which they are accustomed.”
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Thus, far inttance, persistent habit sofices to
explain the origin and deeply engrained character in
both animals and men of many aflective tendencies,
analogous to family affection, but of a far wider moge
aych as gregari sociability, friendship and so
np, Spencer speaks thus of them: " The perception of
kindred baings, parpetually seem, heard and smelt,
will eome to form a predomi part of
#0 predominant z part that the abeence of 1t will
inevitably cause discomfort.”

From these few examples, which we have adduced as
illnstrations of our hypothesis, we see how profoundly
trye is the popular saying that * habit is second
nature "

If, however, we have the opportunity of watching
the most various kinds of " aflectivities * originate
before our eyes—so (o speak—as the results of habit,
we are justified in referring to mnemonic causes of the
eame kind, @ the aflective tendencies, without exeep-
tiem, for the mature of those that arg inborn is
exactly tha same ag the nature of those that are ac-
quired ; just a8 Lamarckian evolutionists, argmng
from cases of f jonal ad L+ quired during
life which they have observed legitirately deduce the
conclosion that the whole general structure of the
organism has been built up by = long serics of similar
functional adaptations.

We may thus snpplement the popular saying that
"hablt is stcond nature,” by adding, invoreely,
* nature is nothing bat primordial habit.”

There i3 another special proparty of " affective
fiad
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hu:kndqa. chh. bdngmtwliymmm

their erlgin and Daturs;
it is what Ribot terms their power of ™ transfarence."
In virtue of this property the affectivitien of direct
mnemonic origin give rise to secondary affectivities,
which mey thus be said to heve an indirect moemonic
origin.

This property of ™ transfersmce*' comsisis in the
vicarious substitution of the whole by a part. Tn
virtue of this property, portions of a situation which
mmlotalityha!bmmﬂanslymobpctofdﬂku
ar T d ax mthedesi.mdome,
of envil tal relations which i
mezns for éhe accomplishment of the desired end, of,
fnally, environmental relations which have always
besn nxsocinted with thin and, are able to pwaken the
nm"lﬂed‘hdly"utheendltsd.{

This ¥ affectivity at first awak by the
muniaptdureptumuhnnilhewhole.
comes in course of time, throogh habit, to be firmly
attached to this part, which thenceforward becomes
Gegired for itseli, quite apart from its nature an &
ive of the situation first desired only as &

whole.

This iz what oceurs, as we have already indicated,
with regard to the union of the two sexes-—desired at
first ag 2 means of getting rid of germinal substances—
mdnlsomthmrdwthsmnd.arymm:dm

dated with this union,
bothdwhichmmwhngodfnr,qultaapartkm
thu nesd of eliminating the dirturbing germinal
The " conquest” of the opposite sex,
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which in Indispenssbie for the satisfaction of ** sexyal
honger,” eventually becomes in cartain people an end
in iteelf; the delight in seduction for the sske of
seduction, the sexyal vanity of the male as well e of
the female, and sther similar affectivities are further
derivatives of the pexual appetite.

“The sarne thing iz true of the action of a carnlvorows
animal in temring its prey to pleces. ‘This actmn
begins by being the ¥ mtans of sath
hunger. but it finally becomes a delight in cruelty for
the sake of cruelty. ™ One half of the animal race,”
writes Bain, " lives upon prey ; and as it is delightful
to eat, 5o it must be delightfol to kill. Pk bl
moust aiso be afl the signs of discomfturs, the halpless
struggles and agonised gestures of the victim.”

45 a result of further * iransferznce,” in the case of
men, this sizuggle for life gave rise to the Jesire of
victory for its own Eake, the lust of domisation, the
greed of power, the passion of glory and of renvwn,
and the ambiticn to excel above ane's aquals,

In thiy and many other similar cases of “ trant-
ferred ™ affactivities from relations of 2 more material
ind to thow of less and lexe material and more and
maore maral nature, along with the * tranaference
in the narrower sense, which makes the part into &
pew obiect of desire, thefe has co-operated incessantly,
in tha higher animals and in man, their intellectual

Intelllgenoe,i.n!ut bythepowuwhmhltm{m

of u Iy g capaclty of p

external pk ds in di new

methods,mmlndmmmpluudindimlut
1h3
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nhnnmgmmnends and thus it opens to the
" " oan \dening Held of

astion.

Arms, otiginally invented by man as = means of
self-preservation, have attracted an ' aflective
tendency *' to themselves, typical of the warrior and
of the hunter ; nimila.rly the scil, the cultute of which

has become the privcipal means of cbimining food,
‘haz engendered Ihat intense lave of it, for its ow‘n zsake,
which is found among peasants.

Further, intclligence, by the ever incrensing power
which it confera of foresecing internal psychic events,
gives rise to a whale series of new aflectivities, which
express themselves ag desires to prmnt the eventual

ppointment of futore e ities, Thus, for
instance, the fear of foture ]lunget gives tise, cven in a
satiated man, to an ™ affectivity " di d
the preservation and retention m his own podsession
of stored food, and, as a conseguence, to the ganeral
“* gentiment of property,” and to o thousand of ether
dezires which <ivilised man experiences, and which
develop in him in such an intense degree: the envy
of riches, the greediness of lucre, and other similar
sentitents.

Finally, it is intelligence which makes possible the
infiits gradation of " shades * which may be mani-
festad by the human affective tendencies, In virtue
of the power which intelligence possestes of comsdering
each sovironmental relation, as soon &3 it becomes
sbghily complicated, !mm several peints uf vww
mﬂy p ¥, 1l ds in
I dvities, and thess, then-
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by mutual union, compoesition, interference and
inhibitlen, as Ba:n kays, ﬂnally glve rise to sz

Ainal flectivity, which
amnrdmg to the number and wnatore of it com-
ponents, can from one case to another, manifest
the finest degrees of difference.

‘The instinct of seli-preservation, for i had
already developed in animals the sgntiments of fear, of
timidity, and similar aflectivities. In man it gives
Tige to propitiatory affectivities of all degrees, such as
those of self-prostration, humility, hypocrisy, adula-
tion and so on. Religigus fealing itself, in its lower
forms, is directly derived from the propitintory
affectivity. The higher forms of religious feling, mch
as are experienced in the contemplation of the
sublirme, arg more highly developed forms eof this
affectivity.

From the same instinct of sell-preservation, under
its defensive and offensive forms, there had been
already developed in all the higher animals, the
impulse ta attack end counter-attazk. Io man this
impulse has assumed the most varied forms and
varying degrees of development, from the feeling of
deep hatred to that of scarcely perceptible dislike,
from the lust of plunder to simple envy, fram the
most ferprious desire for revemge to the slightest
resentment,

The lofty sentiment of ™ ]usbce itself is the
distant and iy i Jerivative of this
sentiment of n'lf-prumahm

Good examples of the high degree of complexity
which ean be obtained in this way are previded by
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maternal live, which beginning as the physical need
of being sucked, develope into the most tender senti-
1eents of a pure altruism, snd especially by conjogal
affection, which beghmlng in purely apimal seapal
hunger, riszs to a har pathy of the

and most delicate morad afiectivities.

3t will, bowever, be easily perceived that it is both
useless pnd itnpossible 1o pursue further the anelysds
of all the affectivities, and of ell their nuances which
bave ultimately ocginated and developed in the
higher animals and, abeve all, in man.

‘We wish merely to paint ont, by this very summary
review, that once the organism has acquired z stock
of affective tendencies in a direct moemonic fashion,
and ooos the imtelligmoce hes been wdequately
developed, the number of further affective tendencles
which can be derlved from them by " transierence ™
and ** composition ** is really infinite.

It is, of course, also needless to say to sclentific
men, and even to young students who have already
imbibed the scientific spirit, that the lowly moemonit
arigin of our most tender afiectivitiea and of our
highsst aspirations, shonld in no way eiiher shock ns
or stifle or diminish the intense internal impulse and
gpiritual stroggle to attain higher and higher moral
levels, which we all experiepce. On the contrexy the

guition of the extent to which our

pouls, starting from auch hemble orlgins, have besn

able to raise and purify themseves, should glve to us

the ammrance of the possibliity that they can be sHll

furilyer elevated and porified, and thus incite ws to

redouble cur efferts to attain a still greater degree of
166




THE PURPOSEFULNESS OF LIFE

muraf perfection, and  stil further ascent towards the
ideal,

It remadna for us, now that the mnemonic otigin and
notyre of all gur affsctve tendencles has heen dameon-
streted, to consider the consequences with regard to
the purposefniness, or finakiem, of life in general,
which can bz deduced therefrom.  And thix we shall
do in the following chapter.

b



CHAPIER IX

=
E

Muexowmc Basis oF THE PURPOSEFULNES
oF Lr (Contixusd)

Ir in the preceding chapter we have succeeded in
demonstrating the direct or indirect moemonic origin
ang nature of all the affective tendencies, we can
dednce from this thesis most important consequences
as regards the purposefulness of life.

Let ug first consider the fundamental character of
the affective tendencies, viz., that they are forces
striving to reach definite ends, but leaving indeter-
minate the route to be followed.



TEE PURFOSEFULRESS OF LIFE-——{ent)

This property of striving towards an end, without
any preference for the particular means chogen to
reach it, 3o characteristly of the afective tendancics,
is due to the existencs in a potential condition of the
definite physiological condition, genera] ar partiel, the
re-awakening of which constitutes the sole and real nd,
This muetmonit actnmulation is, 23 we have seen in
the preceding chapter, the trace Ieft behind by = re
action of the organizm, sither 16 the whele environ-
ment or to some particular elements of it, and it tends
10w, like avery ether kind of potestial energy, onee it
is “ released * by the perslstence or cetutn of the ald
environment, or of some part of it, to become agwin
knatic. In & word, the existence of the aflective
tendeney resulis only In impelling thc orgnmsm
b de the di or the i
which permit the corresponding phyﬂologi:&l con-
dition agrin to become active ; but this * impulsion **
does not in §tself Inveive a preference for one set of
movements rather than another, any ome of which
might eventually prove able to bring back the erganism
o the medium it sixives for, bei wome of which, never-
fhelsys, Raps amything in commos mith e definilivs
Physiclopical condifion whick (ends again fo bevome
acthue. It is only when a series of movements has
meceeded by chance better than others io restoring
the orgunism fo the desiced eovirgomental conditiens,
that from that time ¢m it will be preferred to the
other=; which is exprezsed by the statement that
the aflectlvity has made a choips (Willam Jamen,
Baldwin and all the Amecican School].

‘This amounts tn saying that it is anly from this time
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on, that the aHectivity will become by mnemcnic
antociation an * impoision * towards 3 given series of
movemepts which bring about the desired end, in the
IMeE way as certain reflexes lmptnge upom ome another
(Sherrington). Comsequently it will caly be from this
time that these movements will be wnllzmtly
ted, under the inf of the aff
until they are ** mechanised * in the formn of reflexes.
Bat until this point is reached, the affecti 4
mnotmpdledwdlschargelbelflnmewwnthu
than io engther, Sojit follows that tha grest difference
between the affective tendency on the ons hand and
the refiex on the other hand is just this, that the
lntter—in which the “ chosen ' act, aften repeated,

tends to become " hanised ' and
repragents & tendency towards a discharge alomg o
jatermined path, It b e force of which

thapmntod’apphcahonandtherhre:hnnmknm
beforehand, and which can censequently be graphi-
cally zp 1 by the ¥ srrow which Is
wsed to demote otdinary mechanical forces, The
affective tendency on the other hand is a foree of which
neither the peint of application ner the direction are
determined beforeband, but solaly the point which it
strives to reach. 5t i8 o fund of available energy
which can be applied indifferently to one action or te
anether, provided that the action is adapted to attain
the desired end. It can therefore be represented by
anyone of an infinite aumbee of arrows filling 2 conleal
space and all converging towards the apex of the
e,

A reflex tendency, consequently, caly edmits of

0




THE PURPOSEFULNESS OF LIFE—cond.
single sol : an affective tead on the other
hand.wlamgunomufthepomblemvm
paformed by chance has snocseded and bas given
e to & choice, or 50 long a3 many equivalent mutes
of reaching the end are avsilable, is capable of a large
azd indefinite number of salutions.

It is this possibility of numercus alternative
salntions whith constitutes the unforeseen, the anti-

hanistle character of affeptive hehaviogr, mn
compared with the pre-determined and hanical
behavionr of the reflex or of every combination of
roflexms, however complicated, liks certain instincts,

Fipally, it is this fundamental character of an
nﬁechvetendency namely, that it acts like a force
of g ion directed ds the i or the
particular emyironmental relations which allow of
the entry inte activity of the mnemonic deposits
constituting the particular tendency which gives to
the i or the | relations, the
appearnnse of poll from in front {ms a frantd) or * final
tanss,” of totalling different nature from the crdinary
vis & fergo, or ¥ actual cause,” which alone is operative
in the imorgunic world. “The organism,” writes
Jennings, " seems to work towards z definite end.
In other words, the final result of ity action secma
to be present in some way at the beginning, deter-
mining what the action shall be. In this the action of
living things appeats to contrast with that of things
fnorgande.”

Now we see that this fival zesult of the action is
relﬂyptuentfwmthabegmmngmthefumod’n

the i or the an-
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yironmental relatons teerardawhich the anial strives,
operate now like & vis @ fronse solely bocauss they
have formerly been a wir a fergo, and because the
physiological activities which they bave then aroused
in the arganiam have laft behind them v mpemoric
deposit, which now acts like a veritable wis o fogo in
moving the living being.

Thus the xame explanation is seen to be valid for all
the fnalism of kife

Every ifestation of purposefnl from ente-
genetic development, which builds up atgans which
car only be used in the adult state, to the preperty of
physiclogical states in general, comresponding to certain
environmental condifions, to become active at the
first appesrance of phenomena which ordinarily
precede, but do not constitute, the whole of these
anvirenmental conditions ; from the perfect morpho-
Ingical adaptation of the crganiam o the envi
completed befare the anyironmant hay been able to
exert its formative action, to the wonderful armange-
ments and specialised str so nicely calculated
in view of certain probable conditions to which, in the
future, the organism may be exposed ; from simple
reflex actions “ mechamitad * for the purpose of the
preservation and prosperity of the individual te all
tha most complex instincts by which animals provide
beforehand for future conditions of which they know
nothing : all these purposeful aspects of life can be
explained, a3 has been set forth in our worls cited
abeve and partially in the p ding chap of this
bock, as 20 many i, § of i
matare.
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How we have seen that the affective tendencies
themselves, which are the most prominently purpase-
ful of all vital phenotmens, can also be derived from
the mpemonic property of living substance, that is in
the jast rasort from the power of apecific secomylation,
which in found omly in nervons energy, the basis of all
life.

* Mnemonic property,” " pewet of specific areu-
mulation,” these by their absence from the inorganic
world leaws it completely to the mercy of the "'a
torge*” forces, and deprive it of ail appearance of
purpose; by their presencs in the erganic realm they
make it & world in itself, whose peculiarities the
physico-chemical Yaws interpreted in the narcow sense
costomary te-day, arn tetally madequate to explain.

Sc there i pgenerated the iragic and ebermal
opposition between our inper fife which is steoped in
purpose, and which feels purpose to be the very
marrow of its bones, and the external inorganic world
whick, though it has been anviously scrutinised for
numberless centuries, seems o us to show no trace of
purpose at all. It is this tragic and eternal oppesition
between the purpeseful microcosm and the porely
mechanical macrocozm which constitutes the ground
of the age-lang strife between science and religion, the
first, farced by remsoning based on facts to deny the
existance of porpose in the universe, the second,
irresistibly driven to affinm the presence of purpose
by the deepest feelings of ourselves.

This struggle between reason and feeling will
perhape naver come to an eud, naless man determines
to seek, only within the restricted circle of the world of
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Hie with which he has kinshj of hitth wnd oature, for
the final reason of hin condoct and the suprems
purpose of his existence. And this kinship of origin
end putire, if it 8 thoronghly grasped, wiil not fail to
imbue man with a feeling of sympathy towards every
kind of being which can enjoy and euffer, and in
particular with a feeling of love and devotion towards
the buman family, which constitutes the apex of
crganic evclution, and o which the pulse of life
throbs most actlvaly and consciously. So man will
be indoced to combat everywhere by deeds of goodness
and justice every cause of pain, and to assist every
cause of gladness, since the first i3 & diminution and the
second an enh t of vital activity. He will be
led to emcourage, at tha same time, all forms of social
progreas, all maniicstationy of besuty, all efforty
towarda tha ideml, so that human life may roll an,
becoming more and more complete, more and more
setens, and mofs end mors elevated, end that the
torch of Iife may scatter into the universe ever more
‘beams of brighter apd purer light,
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CHAPTER X

PRYSICO - cEEMIcAL  THEZOAES | aND  Myzuowc
Turopes Cowapzger 18 RELATION To TRE MosT
CHARACTEMISTIC MANTPESTATIONS oF L. TuE
PHYSICO-GHEMICAL PoInT oF ViEW,

Tha eriticlem of cur mnemeis theory of th porpossfalnses

wm) of Blo forward by Prod. Boltas) of
il put bg‘ o, o ﬂuumsf
Hin cem mmnaingbuhim. Hap ndmity that physialo-
g:l ,mum it noo-tiving colleidal symbems
lhot;uﬂeat clemr mnemodle perliu Ha m— thn

o:!muuwh-t J;aarve
physioln) wints, Bat jut thl‘.mm

na o all 3 ic NyRLams. H\nmparmg?
with & weasnl in which i ootained a mixtore of noo-living
materials davsloplag %mmhﬂlvﬂwwm
a to cetmpo W it egoerds m
&eo‘pﬂnnuthﬂ.mm.“mghtm
Lo attribute ulness to the of

Cmena
Tpeacininog iy & 1mrlt=tndnd'onrmwindmdnu
g:tmd tﬁ:c:e.lll‘j he fack,

Having reached this point in our exposition of the
mnemonic theory of fife, it ssems appropriate to
examine the chjections to this theury whu:.h havn
been rmised by the partisans of p

theories of lifs and to lsarn what explanaﬂon these
gentlemen bave to offer of the Purposefulness or
finalism of life, the explanation of which we, far our
part, conslder is coly to be found in the moemonic
proparties of living substance. With this object we
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shall select the criticism of our moemonic theory of
the purposeigloess of life put forward by Pref. Filippo
Bottazsi, of the University of Naples, who s one of

the moat authoritablve and fnflaxibh
of physico-chemical Wenhl.l.lgivehiu
crlhdsmmmmtuetyand.mhumwwds‘
* Evary Hving togani dered a8 a !

system shows, according to the hypothesis aﬂwm:ed
by Prof. Rignano in his essay on the purposefolness
of lify, a general tendency to preserve its physiclogical
stability, that is it% oormel state; consequently it
tends to return to this state after sach disturbance
which occurs in the environment, exterior or interior.
This property constitutes the bagis of all the funds-
mental orgamie ‘needs’ and ‘appetites.” It glves
rise to and explains ths most varled series of apecial
affective tendencies—such as hunger,” ° thirst,'
" sexual desire,’ etc., and the actions which wim at
satisfying these needs.

* Moreaver, when the criginal stationary normal
state can no longer ba restorsd in any way because
of the impossibility of returnisg to the cld environ-
meat, the organism tends to acquire & new statiooary
physiclogical state compatible with the new en-
vironment, that is to say, the organism manifests
the fled ph of adaptaticn ; and when
adaptation has been attained, that is to say, when
the organism has pagsed inte the pew atatiomary
physilogical state and has maintaioed itself in
thix state for some time, it tends to rempin in {t
3 if this state were indeed * stcond naters ' for it

"' Now this tendency, whether the physlclogleal state
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is un origizal or a d. d condition, can
in turn be explained by an n.lltgud fundamental
tnnemonic property of all Hviog sabstance. This
bendencybothzmwvalurnpmdma&aim

1 stats—Rj asserts—in oply the
tendencytnbwnmeacuvnwhlchmpoumdby
every latlor. The

property is thus exiended to all the elementary
physiolagical processes, and in this way we obtain
a somatic or visearal theery of the fundamental
affective tendencies.

" These tendencies have a fund H
character, which is to act like a force striving to
lttnn an end, but Ieavmg the pat]l to that emd
i This of the
affective tendency to act like a force of gravitation
towards the medium or certain relations with the
mediyvm which will allow the mnemonic accwmula-
Hons whirh make up the tendency, again to hecome
active, is what glves to the eavironment, or to certain
aspects of it, the appearance of 2 ‘ws £ fromis'
or “final cause,’ of quite a different natore from
the ordinary 'wis 4 ferge ' or ectoal cause, which
alome gpetates in the inerganie world.

# Tt in thes affective tendencies, together with other
fundamental phenomena of the organic weorld exam-
ined in detail by Rigoanc in his previous works,
which give to the phenomena of life their appearance
of purposefulness. Since all these phenomena ere
dus to the fundamental muemenic property of living
substance—that s to say, in the last resort, to the
power of specific accumulation, which ia the peculiarity
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dthatnmomumgy:whi:hhmlthebnisnia]l
the phencmena of the crgapic workl—thus this
moemenic property of nervous energy will suffies to
nxphiull.lthepmpoadnlnmutlﬂe

" Suek la, 1o brief ¥, the very i i
nd.drusddhmtdby?mtm@nmnbothh\ﬂlm
of Geneva on the 2ath of April, and to the College of
France on the 24th Apcil, rgzo.

“We cagmot assume thet a scientific men of tha
worth and attainments of Prof, Rignano could
imagine that wll the readers of his address woulkl
agres with what he has zaid on the phenomena of
lifn. This dasgreement of many with him will arise
lwt only from gemeral considerations, since vital

are not ded in the same manper
by the physiclegist and by the philcsopher of naturs,
but alse from special considerations.

*If we brisfly refer to some of the latfer, I shenld
say for my own part that I am net acquainted with
* pervous emergy,' and when I read that it in the
basis of Life, I confess that this cooveys no meaning
te me. Perhaps Prof. Rignaoo means to speak of
* paychic energy,’ of Spirit o of the Soul? If s0,
that i5 quite another matter, and it does not appesr
ty e suituble to call Spirit ‘ necvous energy.’ It
may be that Spicit is the basis of kife, but in that
case it is alsa the basis of every patural event n the
inorgamic world both of nuiversal grayitation and
of the simplest chemical equilibriom, as well a9 of
every affective tendency whatever, animal or human,
Wea may, if we wish to do so, edopt the Iunguaga
of physies and call Spitit  =necgy,” but on condition

178




PHYSICO-CHEMICAL POINT OF VIEW

that wa at once make clear that in s0 doisg we tver-
step the hounmds of dynamical science, because wa
do not yet know from what other forms of energy
Smtmm,mmtowhatnthmnmbechansed
in d with d i iples. Perhaps,
on the other hand, Prof, ngnmomﬂymsthe
specific funetional activity of nervous tissne ax other
authors speak of ' muscolar energy ' or © secrefory
eoergy.”  This, however, seems to me jpadmissible.
Spunges live and exhibit movements of their sphine-
ters without passessing 2 trace of mervous Hssue;
how then can nervous anergy be the basis of their
lije ¥

“Tn gpite of the researches of Brzilford Robertson
apd others, we do not koow what is the physiological
basis of the mormonic faculty o of the power of
accumnulation, not only in the most sharply defined
form of this- faculty which is peculiar te nervous
Hsgue, bt even of the more obscwre and redimentary
form of it, which, since Herng, many assume to
belong to living matter in geaeral. We do not know
what it is that acenmulates, or what the * traces’
are whu:hmmumnla,ter] of which many speak
0 th Jves thus with a
phrase devoid of comcrete memning, One thing,
however, 7= certain, amd that {s that since Van
By 1. ‘.._\,. LR I H in |"s
culloidal systems well-defined moemonic properties.
It ther&maeems Io me that we cannot oumlder

these p intic; of Hving arg
Iy'tm anly, andthatto at.tmpthexpﬂam the
jes by the properties of
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protoplasm is to put forward an explanation of one
unknown by another unknewn.

*Let us, however, get to the heart of Prof. Rignano's
address, to the question of the full or
fipalism of vital ph If instesd of 'the
tendency to stability * (invariance), Prof, Rignano had
spoken of the °tendency to the preservatlen of
equilibrigm,’ he would bave given & more correct
expreasion of the matter. It is indeed permissible
to doubt whether the concept of ' stability ' is
applicabls to living organisms at all. What these
arganisms strive to maintuin is not @ gruen squsitbrivet,
which would be equivalent to lmmebility, but just
eguifidrinm ix gemeral under different conditions
of the environment. When an animal has satisfisd
its hunger, or adapted itseld to a ptrature very
different from that to which it had become acrus
tomed, equilibrium is restored within its body, but
this is a new equilibrium implying different internal
conditions, which are either apparent or are not
appracinble with our meane of gbearvation, The
animal which to-day has satisfied its hunger is teqlly
different from the same animal when it assuaged
its honger yesterday, as Lecnardo da Vinci has already
pointed out, just as the animal which has become
adapted to a bigher temperature i different, but
in this case to & much greater extent, from the same
animal before the adaptation has taken place.

“How, I donot see any essential dl.ﬂcrcnm in this
respect between living and i
mlhetmdencymthepmmumnﬁethhnum
is equally characteristic of both, In a system com-
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posed of carhenste of caleinm, of oxide of eaicium,
and of carbem dioxide, there will always exdst a
definite state of equilibrivm at every temperature
and under every degres of pressore ; this equilibriom
when disturbed will be restored each time in o different
wey; and to each state of equilibrium there will
correspond different internal conditions, becauss the
masses of the two solid components of the sysbsm
will change and alig the pressure or molsculer con-
centration of the gascous compeonent. And one
could speak of this inorganmic system as displaylng
purpese as justly as Messrs. Jennings and Rigneno
speak of the living organism.

~ A similar bul much more complex case is that of
the preservation of the equilibmum between the
hydrogen ioms and the hydraxyl sons of the blood,
which congtitutes the normal reaction of this liguid,
To every incresse in the partinl pressure of €O,
the systern responds by a cerresponding Suation of
this gas effected by ithe available bases. But
the pressure exceed a certain Nmit, it prodoces a
reaction of the profoplasm of certaln nerve-cells
situated in the spinal bulb (respiratory centre}
which then send out stimuli to the respiratory muscles,
the rhythm of respiration is accelerated, and the
respiration become deeper, and the excess of €Oy
is thos got rid of and so equilibrium is ro-establithed
in the blood. Let us picture to ourselves a vessel
contalmpg the same iporgamic system as we have
{ust described, and provided with a valve which
will open and zllow the excess of €O, to escape when
the pressure of this gas exceeds n certain limit. T
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mheulthssymthlts,mmthcdocmmdon
of CaCQ),, und the i of tha of
C0y in the space abowe the solid, but the normal
pressure of the gas, that is, the condition of
equilibriom, will always eveniually be restored,
granted the presencs of the valve which will allow
of the escapo of the excess of OO, Shall we say
that * this system sesms to strive to attain a definite
end,’ that * the final result of ity activity seems in
EOmE Way to be present from the beginning, poverning
what the action shall be,’ and that “the final result
of ity actioz i effectively present frowm the beginning
nnder the form of a moemonic accomulation con-
stituting a vis & frowta or final cansa ' ?

I ¢ould, of course, continue this argument, but L
prefer to conclude by a short geseral discossion of the
matter.

* What is really important is to learn to inow and
to explgin naturgl pheocmens, thoge of paychic
life as well as thoze of vegetable and amimal liie,
and those orbich are manifested by non-living systems ;
end it seems to me that in describing them we should
abatain from attributing to them our ideas of purpose
which are & peculiar habit of omr minds. To mingle
thess hyuman ideas with natural phenomena by
attributing purpose to the latter, seems to me, to
say the Jeast of it, an arbitrary proceeding and way
even be dangerous.

“ Thers wan & time when in physics and chemistry
we habituslly made use of 2 language implying
purpose (fire sirives to reach the sky, catore abhors
a vaomuil, COXygen bas tendency to anite with
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hydrogen). Now this language hes either disappeared
or persists only as an out-of-date livery covering
well defined coneepts, Atthet:mr.olwhmhwu
speak, the diff bet the descri of
wulphmmmnaudthmdthhmganicwwld
werw [ess arute than they are at present. A time
will soen comm, of at least wa hope so, when langunge
like that used by Prof. Jennings and Prof, Rignane
will alsoc have disappeared from physiclogy, and
when the diff t the descripti of
physdogies] phenomens and those of physics and
chemistry will agein have become less gbvioms, by
n:hangemt‘beoppwteﬂjmﬂon,thefmh&
coming as fund dly and
a3 the second are at present, mthwtmyu&mxtm
of “final czuses,’ of *aflective tendencies’ and of
* ménmonie accomulations,’ which are at pressnt
mere forms of wurds since they refer to observed
facts of the pature of which we are ignotant and of
the effective causes of which we know nothing.
Now in natural scionce it is not permissible—for it
would ad to very sorious consequences—to work
with verbal axpressions denoting facts and pk

of unknown nature, because, if we do $0, we run the
mkofcomfmmdmguuselmtheﬁm nimimhng

logies witk profound camsal

orf substituting pretences u( explanation for resl
explanation, thus perpetnating and incveasing a
vonfusion of ideas which is certainly not caloutated
ta te the progress of acience dn the dis-
wveryarltruth"
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MesT CHARACTERISTIC MANIFESTATIONS OF LiFE.
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sesentinl
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mﬁnﬂ&amﬂp}ﬂmgmwwdmmuuu-
Thin Honttavion o ontlouk on the of th tlmwm
M ﬂr on mum -
Mhl;l%
THE critivisms which the emi hysiclogist of the
University of Naples has levelled at my study of the
purposefulness of life show quite clearly, not only the
value, but the ity af that collal ion
the wsyothetic theorsts, and the experimental
rpoda]l.su,whchhulougbmeshbluhedmthe
realm of the phyed whers y
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hes and b tieal speculation render to
ooe another continoal and reciprocal aid, but which is
nlmeost completaly wanting in the realm of the
If the pure scientists reply to the too narrow views
ol those wha desire to see jmmediately the practical
results of every theoretical ipecnlation by showing the
enprmeus injury which would be done to sclemee by
thin ton ptilitarion sutlook, it 18 but just to make 2
similar objection to the attitude of those extrems
ppecialisty who are inclined to deny all valoe to
coneaptions and hypotheses which cannot be imme-
diately tested experimentally. For indeed certain
geaeral conceptions, even if it is impassible to submit
them at once to the test of experiment, may never-
theiess be of great value in ailowing of & comiprehensive
view of a coninsed mass of phenomrana, which 1! now
have ssemed to be totally unrelated to one another,
and in thos providing a platform from which it ie
poanible to plan foture rescarches. Hypotheses,
which as yet cannot be tested experimentally, may be
amenable to experiment in the near future, just as
gertain theotles of pure ecience which have remained
without practical applications, sven for ceoturles,
have finally received such applications, eften of great
utility. Finally, synthetic views may very well serve
to remind specialists, too prone to e satisfied with
their results, that certsin categofies of phencmena,
ineinding seme of guite fondamental importance,
still await an explanation to which the path followed
by the specialists has not, and cannot, bring us a step
nearer.
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Thus our critic says that he knows nothing of
nervons energy, and that the term conveyy oo meauing
to him. Now it is true that no ene has yet proved the
emstenceoithuemergybyupmtsm the
laboratory, ut it iz a :ptim pasly hensibl
by the student of dymamics that there " should be
u form of energy which, altheugh it faithfully obeys
the goneral lawe of emergetits, manifeats propertles
peculiar to itself and found in no other form of znergy
met with in the inorganic world. If then the hypo-
thegis of the existence of 2 mew form of emergy,
cndowed with well-defined propertles peculiar to
itself, 2llows us to take a more comprehenaive view of
all the phenromena of life and to distinguish them
sharply i’mm lnm'gamn: p'llummena. in opposition to
the " ialists to : 4
both categoﬂes ta be of the sume Tature—a temdemcy
due to the technique employed by them by which
bath ].wmg and nun-lnnng matter ara mbjected to
the same physi 1 treat then we can
sem the value of this conceptiom of emch a nervors
snetgy, even if the existence of thu energy has ook yet
baem ; e d

Thfeconcephmoimchafmmafeuﬁgy. obeying
the genecal laws of energetics, but endowed with
properties paculiat to itself, possetsad by wo other
form of incrganic energy, is not in any way ant-
acientific, nor does it involve any metaphysies, and
it has especially pething to de with the old meta-
physical esnception of the soul and I am astonished
that my critic has not recognised the abyws which
divides thase ten conceptions,

z86




MNEMONIC POINT OF YIEW

“ Sponges,” mays our critic, “Hve and manifest
movements of their mugcular sphincters without
possessing n trace of nervous tigue; how then can
nervows energy be the haris of their Life { ** In making
thia statement M. Bottazzi hay svidently forgotten
the fundamentel conception of Clande Bernard st to
the essantial identity of the nature of all the various
forms of Irritabillty of Lving substance. For it is
in entire conformity with Bernard's views if wa
ussume that the same energy, which comstitutes the
1rritability of nervous eubstance, is the basis of every
other idnd of irritability of living matter, and that
the different varieties of the various nuclear discharges
ui:wnslefomdenergymvensempmtop]umm

v\mom,.._,m L P whick
th as diff physinlogleal actions (soch ax
1 4 and glandl jon and 5o

on).  Without the aid of Bernard's conception of the
essential identity of all the varicus forms of irrtability
of Hving sybatance, we should have difficuity in
agsuring that evolution bad really occurred, for we
sheuld be unable to understand how nervous energy,
if it i3 only the specific functional zrtivity of a single
Hwmue, conld have appesred in animals now possessing
this Hssue, but descended from ancestors which were
devoid of such a Hsswe. Ner could we understend
ontogenetic development if we did not asmme the
existence, even in the fertilised egg and in the blastula
and gastrola atages, of the same emergy which later
manifesty itself in 2 more sriking maooer in the
nervous tissues of the adult. There is certainly no
nesd for me to ramind M. Bottazei how the lower
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organismy devoid of this tizsue and even the ngi-
cellular animals show, by their behavieur, certain
preferences, make chofces, and in certaln cases glve
indubitable evidence of having profited by past
experience, all phenomens which in higher anlmaly
wre atiributed to the functional activity of nervons
tinsue.

“We ars completely Ignorant" writes  Prof,
B i “ of tha phyticlogical basis of the maemonic
faculty."” We agree on this point and we lkewise
agree that the hypothesis of the property of forming
specific  ascwmulations—a  property  which  dis-
tinguisher norvous energy from ell the other forma
of anergy in the inorganic world—i& as yet wnot
capahle of being verified evperimentally. But, apart
from any hypothesis, we have given a definition of
biclogica] memaory, which only expresses in a general
formula the facts which everyone regards as mani-
festations of this mmemonic praperty of living matter.
We have, in fact, defined it as the property of
reproducing by the action ol internal causes gpiven
physiclogical states for the original production of
which external rzusss were necessary, We may
know nothing of the pature of these intsrnal causes,
bat we recognise a series of varied phenomena which
can all be compressed within this definiiion. We
cbserve, for ipstance, that the secreton of certain
gastric juices produced at first in a herbivorons
snimzal threugh its heing gradual]y accustomead to &
diet of Sesh, is pub by int I
causes, that iz, it is nu longer pmﬂnced mersly a5 &
consequence of what is swallowed, but by the mere
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perception of the smell of this kind of food.  Similarly
we abserve that certain new thythins (of the opening
and shotting up of leaves, of the inctesse and the
of the turg prod by the sap,
mdsoon;licqnlmdby a2 plant as 3 consequence of the
alternation of actificial light and darkness differing in
period from those of day and night, persict for seme
time without mod.\ﬂmtmn whether the plant be
1 to ilumination of (¢ cootinmin
darknm or again to natural daylight. We associate
these phenomena on the one hand with the fact that
the sight of a given pancrama which represents a
momenta:ry physiological state art ouT braine, can be
tly eanctly duced as a memory, that
:stosayinthaabsenoeufthe enternal agent ; and we
rssociate them on the other hand with the devdop-
wment of the embryo itself which reproduces by the
action of internal causes given physiological and
morphological statss, which nndoubtedly must have
owed their origin in previcus generations to functional
adaptations, that is to the action of defimite external
agents.
If the patural inorganic world—excluding certain
machines manmiactured for this purpose by man, such
u the phnnugraph and others like it-contained

i3 which d the
property that certain of their dynmv:al states
produesd it the first insi by the ling

world and ceaking to exist as such when the environ-
mett becama modifiad, could be quently repron
duced without the action of the sawe cuvironment,
then we could reslly assert that the mnemcnic
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property was oot peculiar to life, nt belonged abso
to the inccganic world.

But we see that it i impossibls to foclude in this
category sither the lasting of the lmnpeessions of
deformations which solid bodies underge by the
action of glven external pressures, o the hysteresis
manifested by iron in a variable field of magnetic
force, or the traces which colloidal systems retain of
all the medifications to which they bave been sub-
jected, ur other gimilar phenomena often adduced as
instances of inorganic memory, and all due simply
to the persisience of definite effiects after the canses
whick produced them have ceaged to operate.

In other words memocy is not ' any after-sifect of
external canses,” af it is defined by Loeh and thase
whe, like him, wish to give the word as wide an
embrace as that of the Divine Mercy, but rather the
reproduetion of dynamical edscts without the renewed
aid of the corresponding external conditions asd affier
the gffocis due lo these conditions haus complelely ceared
i exitt, In this sense the mnemonic property
belongs exclusively and peculiarly to life,

Our critic agmerty that te try to explain the affective
tendencies by the ic property is to P
ta explain cpe by another . Om
this poipt we must take note of the meaning which
potitive philosophy estigns to the word * explain."
Since the time of Comte, and indeed since the ancient
Greek philezophers, when we succeed in mssociating

gother ax similar, ph which had previously
appeared entirely different, that in jiself ia an
explanation,
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Row we. hwestrivun bo slmw that all theprmupal

organic t: Irom
Mﬂhoﬂ!ﬂtﬂwymwu,maﬂbﬂcmm@mtﬁe
one ingla tendency of the ism o mai il
physialogical :taquy, B tendency of which the
different affecti are individual

tations. We can, of course, soek for an caplanation of
this fupd 1 tend which inclodes all the

others, but even if this were ectually inexplicable, the
fact that we had betn able 1o include all the other
tendencies within it wouid, none the less, be an
explanztion of these

But we have endeavoured in (wa to compars this
unigus comprehensive tendency with other needs or
deaires of animals in general and of men in particular,
which have arisen threugh the acrion of habut nnrl
thus we have referred all the affs
bath inborn and acgnired, to the mnemonic property
as we have defined it abave. Sines, morsover, we had
already in previous studies alsc referred otler pur-
poseful phenomena of life, and amongst them the meost
fundamental of all, to this mnemenic property—
from the perfect pre-adaptation of each orga.mm to
its i and frem tic d
which forms organs mot called on to gwusc their
functons unttl the adult stage is reached, on the one
band, bo the complex instincts of animals, which
pravide In advance for their future needs, down to
simple reflex acts, already so perfectly ™ mechanised
for the presecvation and well being of the arganism,
o0 the other hand—wes hawe a perfect right to
fay that we have " explained " all the porposeful
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manimutlomdlﬂe byrr_fu'rlngthmw the unique
This
phgnnmmurn. let us repeat, we un content ourselves
bydeﬁmnguthe upmducuonbymtema] causes of

0T phog: and p whizh
wemmtheﬁmmstnnoe produuadbythsutlouod
external agents.

This grouping of all purpeseful manifestations of
life under one head is, in itseM, & real explanation of
them, even if we wers completaly ignorani of the iwner

Aanism of this ic property, which, b +
we have tried to explain by the theory of specific
accumulations, characteristic of that nerveus energy
which we have assumed tq be the hasis of all vital
phenomena, 20 that onr critie doss not do us jusBce in
affirming that we have sxplained nothieg at all.

But let us go on, as our critic demands, to what be
talls the heart of the mattet, to the points which
embody the faal diversity between onr theoretical
views. M. Bottazzi seems not to percelye the radical
difference between the sm'.\ple umdem:y I.o eatablish
equilibrium with changing thet
i to say to become adapted to them and the tendency
1o preserve or to restore, afier it is disturbed, a glven
condition of equilibrivm, attzined in a definite

which han ined unchanged for some

titnn,

** The animat which bas satisfied its hmgar to-day,"
says M. Bottaxzi, " is different from the same eoimal
which bay sssusged its hunger yesterday, just as the
anlinsl which has bscome adapted to a higher
temparatore is different from the same gnimsl before
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the adaptation has occurred.” No, we regly, the
two cises are embirely different: the animal which
has sgtisfied ity hunger has by so doing succeeded in
restoring its normal physiological eendition, and that
is why it po Jonger experiences any desire to eat; on
the contrary, the animal placed in a medium of a
higher temperature than that to which it is accus-
tomed, will at first make every possible effort to
return to conditions of normal temperature, and thus
to reatort its former physiological statc which bas been
disturbed ; and it is only after all its efforts have
failed, that it will establish itself in a new state of
physiclegical equilibrium with the modifed environ-
ment, The animal will retain for a certain time a
** longlng * for the ald environment, which will still
allow of its reviving the old state of physiological
equilibrium now reduced to a potential condition, and
it is only after a much looger peried that this looging
will give place to an aﬂeerivity" {attachment)

s this new enyi : this change will cecur
when the new phymolopcal state has had time te
deposit a ity of

lation te give rise to ﬂu new affectivity.

Ae far as the faculty of adaptaticn is concerned,
by which is meant the power of continually reaching
a condition of eguilibrinm with external forces, I agree
with Prof. Bottazzi, as [ have inderd expresaly
admitted in the preceding chapter on " Teleologism
and Memoty,” that there appears to be in this respect
oo essential difference between Hving and inorganic
systems, #ince this power of tver anew veaching a
state of equilibcium with the epvirgoment is a
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geaenil property of energy, shared by all the forms of
enerxy Whal eornstltuls the difference between
physi and i in the
M}Mﬂcddwmﬂ This longing can
be observed in organiems ¢ven a8 low ax the protista,
#4 i8 shown by their negative reaction to the new
enviromment and their positive reacticn to the old
one, & behavisur so brilliantly observed and deseribed
by Jeani G Iy the inst cited by
Frof. Bottaxsi of the tendency, also of inorganic
lyutemtomlchlcand;hmoiequ:hhmmththe

are ir none of these

inorganic systems exhibit anything similar to such &

Fur instance hiv system, composed of calcimm,
oalde of mlcium and earbom dioxide, which reaches o
new eondition of aqulibeioen when the temperaturs
chﬂngu,:how:mtendencytopemstmltsprewou

P whilst F: inm reacts to
every tise or fall of tamperature howevar sllght, juat
uEugIena reacts negatively to wvery changa in the

of the ilumination of the medium to which
it has heeome accustomed.

Bt it is Prof, Bottars hirawlf who provides us with
an argument against his ewn thesis, in the example
which he cites, of the reaction of the crganism to too
high 1 pressure of carbon dicxide ip the blood ; for
whilst & physico-chamical system weuld simply reach a
otw state of equilibcium with the higher degres of
pressure, thawgamunthemtmrymby
stimuli itted to the les by an
Imlerabedrhythmnfmpimﬂnnlmdbydeeps
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respirations, 5o as # exped e sxcess of carbox Wioxide
and ihua fo ro-agtablish iss the Hood the novmai condivion
of equilibriumt which Radl beex disinebed.

But, roplies M, Bottarai, this reaction may be
epmpered to what would happen i we heated o
gystem, like that described abave, composed of
carbonate of caliom, oxide of calcium, and carbem
dioxide, if o imagine that the vessel in which i is
contained wet provided with a valor which wonld opes
and allow C0s fo escaps when tha pressure of dhis gea
exceoided g covtain limid.

It strms to bave completely escaped M. Bottazzi's
notice, that this valve planned and placed in posftion
precisely in order to prevent the pressure of carhem
dloxfde exceeding a certain limit, # én iiself 2
Phanomenon which (s & purposciul manifestation of the
buman mind. Therefore the system, which he des-
eribes is indeed an fnorganic system, but ome which
hes been pre-wrranged by man in order to attain
eertain ends, and it is only for this reason that it can
e compared in certain respects to the purpeseful
shown by organtc systems. In other words, the
aystem poatulated by Prof. Bottaezi is & saching, and
liks all other machines, it bears the characteristic
imprint of the purpostfulness of man, an impriot
which ¢an never be found in #eiurad inorganic systems,
The comparison, which he institutes between our
respiratory system, which tends to maintain invariable
the pressure of carbon dicxlds gas in the blood, and a
machine, oaly briogs inte stronger relief the parposeful
churacter of the respiratory system,

Let us now deal with the geperal coasiderations

ptn]
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with whick Prof. Boitami concludes his criticiom.
* What is reslly important,” be writes, " is to learn
6 Jngw and to explain natural phenomens, those of
peychic life an well as those of animel wnd yegetable
life, and thoes which are manifested in non-living
systemy, and it seems to me that fn describing them
we should abstain from attributing to them our ideas
of purposs, which gre a peosliar Az fo our minds.'
How I ask, is not this habit of the human mind alse a
phenomenca pertaining toe Ie? By the phrse
which I have underlined does not M. Bottazzi himself

i th igkiy purpaszfil ok Aich orsr minda
af frast passese Hummver thlspuxpusefnlhabnnnnt
a property belongi Iy and ively tc our

minds, ﬂmaﬂthgbehamurclanma]sfmmthﬁ
higher oxgenisms most nearly allied to us, down ta
the very lowast, appears to e quite comparable with
our own purposeful behawviour, but even if suwch a
** Snalistic " hahit were limited to aur minds, it would
congtitute R perfect valid purposefulness of life, the
existence of which is thus conceded by omr ertie.

The ancient anthrepomorphie tendency to see mad
in everything, or at least behavionrs analogous to
those of man, has been succeeded by the upposite and
not Leas dangerous tendency, due entiraly 10 the fanlt
of the laboratory specialists, to forge man, that is to
say, to forget that man with all his oeeds, affectivities
ond aspirationd, exists and is & fed not 1ess real than
the precipitation of a ealt or the coagulation of a
collaid.

1t is true that the hiechemists have never had the
opportumity of seeing in their retorts any manifesta-

166



MNEMORIC POINT OF VIEW

tion of affectivity, or other p ful manttestation of
1ifa, bmusethepmpowﬁﬂmmoi:mﬂhl
phenomena oy Becomss mpparent in the rvelstion
Betercan aciual phenomena and coriain futkre phenomasa,
weparaied from cach other by 4 certain inforval of Ems,
an, for i t the £ tion of the baby's
epe in the darimess of the mother's womb, and its
future use when it will be sxposed o the light of the
cuter world, between the present behaviour of the
swallow which builde its nest and the futare nse of the
nest when the same swallow will lay its egey in it,
between the present act of & map who is making a
machine and the future use that he will maks of the
machine. The biochemist only ohserves the mmtual

latiens of ph which § diately smcceed
one another. It follows that, in vittue of his technique,
he never has the opportunity of observing purposeful
phenomena, and therefore he denies their existence,
just gs the colour-blind man is tempted to deny the
existence of cortain colours. Sooner than admit the
utter incapacity of his technigee to study, or to
explain the purposeful manifestations of life, the
biochemist gets rid of the question by simply denying
the exi of these Which are sever-
thetess facks.

Furiher, this techoigue which briogs him into close
contact with, and bteaches him to know the fully
formed organism, is not the most suitable to keep
canstantly before his mind the sonsideration that the
phenomenal relations which his technique enzbles him
gradually to discover, as due to the mode of working of
the machine which is the organism, evey if they were
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entirely explicable by the mods of being of that
machine, confront ws with the coost fundamental
prehlem of all ta solve, viz., to explain Aow ihe
machixs succeds in the courre of ontogeny in constricing
dtssif. Thus, te take the example of the respiratory
mechanizm cited abave, when the phywiologist hes
di d that the i in the p of carben
ﬂloxideguwokeaamuonmthupwtophmni
certain nerve cells sitpated in the epinal bulb which
thereupon emit stimuli to the respiratory muscles, ha
imaginez that he has explained the phenomenan of the
constancy of the pressure of carbon dioxide in the
blood, a2od he doas not pereeive that the still more
important phegomentm which remaine to be explained,
i the axistencs of iAe mechanism 3o well adspied fo
eecomplish this ond.

‘l'heinntthltmuufestahom of purpose are ex-
ki ly peculiar to lile, Ny made sterile
the axplangtions of i i¢ ph by phrassy
mplylng purpase fas thz fire stmﬂng to reach the sky,
nature abhorring & vacuum, the syrapathy of oxygen
for hydrogen and sc on), but for the very same
reasons it alay renders sterile each attempt to expinin
the living werld by means of physico-chemical

+xpresgions.

This impotence of physics and chemisity to explain
the purposefulpess of lifs, i Iy more
brious as we h the ph of the true

paychic Life, inwmchthengnsnr[pnrpose!ulnm
appear with more brilliant clearness.

It is at this point that smme physiclogists, azd
zmongst them owr critic, am driven into @ cormer and
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hkem{'ugein:pntm]m thatllbouythey
sharply between peychical and physio—
Togical pt For i , Bottazt exp
bimself thus: “In rmy opinien physicdagical
phenomens, amongst thich I do not rechon prpckic
Phomomena, are, or will be, capable of being exnsally
expluined, just like the phencmena of the inorganic
world  Since both are actnal processes we camnot
admit that there iz any essential difference between
thetn. T can only discover n difference, and that an
emsential one, bLetween physesl and physiclogical
phepomena, on the one hand, and payehie or spiritual
phenomenn oo the cther. Thus I believe ft possible
to ba at the same time a apiritualist in philosophy,
and & non-vitalist and to deny any purposs in phy-
siclegy.” It it in thess words that Prof. Bottassl
writes to me in the course of a private aed courteous
discosslon which hes preceded this public discussion.
Nw[aakifﬂmadmimlonlanotndmprmﬂnhhe
da.nger to which P is exposed of
T le harriers i which
m:nnmywaylamed end that net on account of
theinnernatureoithephennmmstudled.bm“
ik of the gimilar or
in the stndy of them. This procedure ma.hen c]ear
the necessity of a synthetic outlook which, overriding
tha limitations of apy given technique, will enable gs to
grasp the esentlal characteristics of phenomena and
to unite them in a single wiew, thua rastoring to nnity
sciences which have been artifically ssparated by
Jiffarent methods of techni

Is it indesd pmm‘ble,we;nayalk.inr anyane who
9
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views the multtudinows complexity of organic
yh:mnlwholetndi:ti.ﬂgnimshnrplybdwm

aod pey ?In
-hchaugurymwetopluuhnnger and the other
fundamental organi¢ meeds and the sexoal iostinet
itrelf, which T have discussed in detail in the chapter on
the purposefuloeas of Lfe? Do they not rather
canstitute the bridge which connects the two
categories of phenomena, and by which the one variety
pmesmtotheuthw? Are they to be considered
PAY in man, espetizlly when they
mtramformed inta more complex and more elevated
affectivities, and as physiclogical phencmena in
animals in whom they manifest themselves by acts
of ferccity, by sexual combats and so on } Should the
flight of a frigh d child be idered ae 5 purely
peychic phemomenon, whilst that of & dog at the sight
of its master's whip, or the efforts of an ametba to
exscape from the interior of another ameeba, so beauti-
fully described by Jeomings, sheuld lheu phenomens,
on the otber hand, be idered purely physiological ?
Wmmhumnspurﬂyphyﬁolnglculthamshnn of
the ant which carries provision for the winter into its
subterranean abede, whilst we regard as parely
peychological the action of the poor old woman who
Isboriously collects and carries off the dry branches
which she has forind by the way-side in order to make
4 good Blaze ¥ All these are questions, which not only
is the specialist unable o answer, but which never
occur to his mind, just because, I repeat, ha does not
socounter them in his particular labargtory researches,
but they continally tantalise and puzzle the synthetic
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thearist. The theorist mlshta]snbepmtbed to say
that the real fund. are p y those
Whl(:hﬂlespec.lah!teithﬁdwsnutmotwhlchhe
neglects, and that the most intimately connected
problems are just those which the specialist divides
between distinct sciences, artificially sharply separated
from one another.

In view of theoe circumatances ¥he synthetic theorist
sucteeds, at least, in proviog the absolute necessity
of synthesis for the real progress of scivnce, which must
consist, let us oot forget, not in the chaotic amassing of
minute facts, but in the comprehensive insight into
thefr numerons mutuel relations.

I am, however, most grateful to my frend, the
illustricus physiologist, for his detailed and penetrating
eriticisms, which have enabied me to state more
clearly my fons of biologizal eyntl

After having thos set forth and defended the
explanativn of the purposeful or finalistic manifes-
tations of Kfe which is provided by the mnemonic
theory, it remains to be shown that this theory is also
capable of acconoting for the equally purpossful
phenomena of tbe misd. It is only when this task has
been accomplished that we shell be able to state that
we have really acqpired a comprehensive unitary view
of both life and mind. Tt 15 to this task that we shall
devote dves in the two Iollowing chapters with
which this work will conclude.




CHAPTER XII

Bionocicat MruMoRY AXD TEE FUNCTIONING OF THE
InTELLIGENCE

Analysia and synihesis of onr inteligence. Blological
mm.mwmmmmmmﬁwmﬂn
mtc.'lhgnwemwm The * nfftctive tmdmcm”  The
cmotims. The Attmhnn Reanm. Coherenos and

I
w\ﬁ those of actasl sxpecml Tﬁnmmd of the lm!ﬂtyn(
reaoning as 4n fnstroment of research,

WHEN the psychalogist nndertakes to study soch »
difficalt problem as the functioning of the intelligence,
it is absclutely necessary that he should see clearly
that his task is, first, the prefiminary work of analysing
the more complex peychic phenomena into less
complex ones, and these in turn into others stili more
etcmentary, untl he arrives at the most elementary
phenomenz of all, by the compesition of which ell
other psychic phenomena are formed, and secondly,
synthetic work in which, starting from these elements,
be endeavours to show bow all the most complex
manifestations of intellect are built np, This ix what
I bave attempted to do in my work entitled " The
Peychology of Reasoning.” In this work, beginning
with the most complex psychic pt of all,
which is reascning, we proceed with our anabysis until

of the American,

to the
m:hmd ulllnl’.hl cal Socletien eld i
hommmwhhgmdmmh .
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‘wereach the two mmt el tary paythic ph
wh:chrmst!\mherpsychnlug:cal mnlyms viz.,

the "aflecti dty,
senaations mﬂmemomufmtwm. and then we
show how from the binatiom of these pl

ell the intellactypal i and faculties are
derived.

Tux ArFEcTIvE TENDENCIES

Whilst sensations and the corresponding memories
of sensations have been folly studied in their different
aspects by an army of philesophers, psychelogists,
physiclogists and anatomists, the study of the affsctive
tendencies (not to be coniounded with the tHons)
on the centrary, has vntil now been almost complctely
neglected, probably becawse the majority of cheervers
have failed te notice the supreme importance of these
tendencies in all mani iony of thought ; and it is
the nwllfestahons of thought alane whick formerly

1 It is anly quite
recently and slmost axclusively fn the domain of
paychintry, that interest in the affective tendencies
has been awskened, and Ribot is the first who haa
begun, thongh somewhat cbacurely, to catch & glimpes
of the large part which they play in all the prooesses
of the paychiz life, even in those that are most elevated
and most complex.

It has, therefore, seemed necessary to us to enguire
with more care than has hitherto been employed in the
task, what are the orgln, mature, and most lunds-
mental properties of thess afective tendencies, in
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ardsr beiter to understand the different ways in which
they enter inta and help ta build up the highest
faculties of reason. This is, indeed, what we have done
in the first chapter of cur work alluded to above,
end in the address on ¥ The Purposefulness of Life,"
which we had the honour to deliver in Paris to the
College of Franee, and which we have reproduced in
Chapters V1II and IX of this book.

T these studies, in which we started with the lowest
organiemes and then proceeded npwards till we
reached man, we demonstrated the existence of three
groups of affective tendencles. Thosz of the first
g-mup, nnch 29 hunger, thiret, the tendency to maintuin

d ifs own i the need of getting
Tid of various snbstances which are either useless or
noxious to the organism, the sexual instinet itself, in
which is manifested the desire to get rid of the gereinal
substance and of the distwrbence cavsed by it, and
M.her dmilar orgapic “ desires,” * appetites " or
" needs,” ars only s many different forms of the
haracteristic tend of the jsm te uphold
its physiological stabifity, that is, to retain its
normal physiological state unchanged, and to restore
this stata when it has heen disturbed.

The second group comprises all those needs,
appetites and desires which arise as the result of habit,
and in this category we placed, for instsnce,
the intense deslre which arises for certain relations of
wymblosis ar parastiam, such as those of mother and
child, when these relations have lasted for a consider-
abie time: from such a relation matemal love bas
ariten and been developed ; and iz the tame categury
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belang {amily afect in general, fri hip and
other social ralations, and ali the needs acquired in life
by every customary relation to the spvironment, and
Enelly all the most varied ** longings " (* nostalgias ™)
and regretn,

The third group consints of the decivative and com-
posite affective tendencies which have arisen from the
affective tepdencies of the twe proceding groups,
either by way of " affective transference ' (from the
whele to the part, from the end to the means, from
one element of the environment to another which is
its concomitant, frem an ebject to an asalogous ona:
law of transference of Ribot) or by way of the com-
bination of two or mere affective tendencies which
enter simultanecusly iote action. Suth compotemt

tend either coal pletely, or one partally
modifiex or inhibits ancther, thus giving rise to a
upique 1pl 1 which ding to the

number, quality and intensity of its components, may
copsttute any ene of the infinite nutober of nuances
of which human foalings are capable.

Further we have succeeded in showing that all these
three groups can be dedived from that peculiar
property of mnemonit eccumulation which, in our
ppimion, is the fundamental property of living matter;
o that it appeared to ug that the awakening {activa-
tion} of an affective tendency is a kind of mpemonic
revival, but with properties which are only partially
analogans to those of sensory memorics and which are
partly peculiar to itsclf. Thege peculiar propertics are
due to the fact of the primitive visceral origin of all the
mest fund, tal organic affecli Jencies, which

205




BIOLOGICAL MEMORY

constitute the real foundation of wll the affective
edifice of the paychs.

Our taxk is now to show how from this atock of
affective tendencies, oo the one hand, sad of seonations
or revivals of senzations on the other, thare originate
nnd develop all the operations of the intelligence and
the highest manifestations of thought.

TeE ExoTions, TuE WIL, A¥D THE ATTENTION,

WGmmbfghhymnhngnduunctm almost
always neglected hy the majority of legrint
between the aff tendencies and the i
These latter are only sedden 2nd intense discharges
of the energy which constitutes the affective tenden-
¢ies, Fach affective tendeocy, which bacomes active,
strivas tewatds movernent, that is to say, It predses on
(" impinges on " in Sherrington's words) tha carre-
sponding locomater argans, and thas reveals itxelf from
the moment of its awakening as 1 nascent movement.
I, however, the tendency is excited in a sudden and
intense fashion, there is a great outpouriog of nervous
enatgy, whith being suddenly releamed in great
quentity inundates the organizm and floods, not enly
the path connected with the lecomoior apparatus,
but many cthers as well, giving rise to a viscernl
commetion which, according to the well-lmown
theory of James, Laoge und Sergi, veverberates
afterwards in the btein under the guise of en emotion.
If, o the comtrary, the awekerdog of the affective
tendency it neither suddem nor too intense, 1t results
anly in the at ion of the ¥ 1
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without aoy emotion, rod it yields an gotput of wsefol
work which is greater in proportion to the smaller
quantity of the discharge which is wasted in the
disorderly and useltss visceral distorbance which
only produces emotion.

As regards the will, we bave an act of volition avery
time that an " affective tendency, "dr.rect::lluwands 3
fnhme end, is ful in 3 an

d seeking i diate satislacti Thus, when
4 man, hreathlmss and bathed in perspiraiion as the
result of a long race, throws himself greedily oo the
first epring of water whith he finds and begins te
drink, he i not performing an act of will, but such an
act is parformed by a man who abstaine from satisfying
Lin burning thirst from fear of the future damage to
himself which might result from this satisfaction. It
i3 not an ect of will when a tired man throws himself
down on the ground to rest, but it is such an act when
an Alpinist overcomes his fatigue in ordor to reach the
peak wiich he is striving to climb. The will is
therefore in essence only an affective tendency of wider
¥isicn and one which inkibits other tendencies which
aim at more immediate satisfaction ; that is why it
ralcites to action lile every other aflective tendoncy.

Attention is similar to the will in soma Tespects wnd
differant from it in others ; like the will it is the result
of & enuﬂx:t of affective le.ndmues, byt the conflict
oaccury b a primary aff tend which
secks a definite good, and a secondary tendency which
inhihita for some time the primary ene, from the fear
that, by aliowing the primary cne to hecome active
too soon, this tendency will oot succeed in attaining
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the desired end. Thus, the xavage animal which sees
its prey approaching it in ignorance of danger, dnes
not at cnce spring upea its victim, but, though excited
by the most ardent desire, waits motionbess, with all
the muscles which will be used in the future spring in
tenslon, until the poor anlmal approaches still pearer
and comes within ite reach, Likewice the scientife
man, who i3 observing through a microscepe or
telescope, ** with great attention,” a given object, is
moved by the desire to see a phenomencn which will
constitute a finel proof of his theores, or which will be
& great discovery, and he is at the same time obeessed
with the faar, when be believes that he ssex what he
is looking for, lest he showld be the victim of az optical
illusion, and it iz this fear which preventa him from
concloding too bastily that he has really seen the
desired thing.

Ax q resylt of the sffact which affective tendencies
have in reviving sensations and images when these are
in accordunce with their aims, and in enfeebling and
inhibiting sensations and images oppesed te them,
the fact that the object, observed or considered
** with attention,’” is subjected to two affective points
of view et the same titnes, evidently tesulis in a greater
exartitude of pereeption or recollection. 'We might
express this metaphoricaily by saying that the ghject
becomes this exposed, not to one, but to two beama of
light from tvc internal reflectory, which illuminate it
on seversl sides at ooce. The effect of this is to bring
into relief a whols saries of properties which would
never have been noticed if only a single afectvity
hzd come into acton. For this reason attentivs
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observation yalds muth more exsct mnd precise
resnlts than that made under the influmce of 3 single
affectivity, whilst eleervetion guided hy a single
affective point of view, especially if tha affectivity is
100 intense, may yield erroneons results quite diver-
gent from reality.

REASONING

If we sxamine and analyse concrete examples of
i lected from t the most simple and
familiar ones, or {rom wmovogst those, for imstance,
employed to salve certain tiddles lile the classica! one
of the shepherd, the woli, the goat, and the cabbage,
or from amongft thosn met with in elementary
mathematics like the proof that the snm of the angles
of 2 triangle is equal to twe right angles and other
similar problems, reasoning will appear to us to be
nothing more than & seres of inter-commeciad axperi-
treenis conceived, bk nol sciuelly porformed. In other
worda, it is made np of cxperiments on a given object
of special interest ta curselyes, which we perform in
imagination but do not reatly carry eut, because from
the results of similar experiments actually carried
ont in the past, we know beforehand what the result
of each aepnmte expetiment will be. The final
1 result tally “ ohscrved " or ' deter-
mined,” to which this series or chain uf merely
imagined experiments leads up, it In point of fact
*{he result of the demonstration'™ or ™ the oz
clysion of the teasoning” Thus, for instance,
when we follow " with the eyes of the mind" the
merely imagined transportation of a simple pendulum
209
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humacoldtctwmrwm,“nbumr.orvuﬂym
gur minds, by our jes of
pﬂﬁomad!nthspmmtheeﬁectdheatonmuhﬂm
rods, that the pendulom will inttease in length ; and
by recalling other separiments also previously per-
formed, we then determine mentally that the pendu-
Jum will swing mere slowly than bafore.

Thus we find in this ¢ase that a combination of two
imagined experiments and the act of connectng the
two corresponding successive mental ohssrvations eor
determinations, of which the second comstitutes the
conclusion of this short and simple piece of reascaing,
enable us to lmow that the transportaticn of & peo-
dalum frem a cold to & warm mediem will stow down
the clockwock, the speed of which is regulated by the
pendulum,

The person whe in resgoning thinks ' with
attention * i3 primarily governed by en affective
tendency, which by means of the revival of suitable
Senaory memories imagines and follows the different
combinations of experiments which he mentally per-
forma ¢m an object, which at the mpment arouses his
par&cn]arintemt Inawerdtheindlwduanhom

$oil ined vicissitndesof the object
abwtwhmhheuthmhng in the same fashiom, and
mththeammteusl.asthe hunter i’ullowswlthhls
glances the
mppenmnnesmdoﬂmrudmtndsnhhemwhmh
he desires to possess. It in thin primary afective
tendency, nlwlyi active thronghout the whale course
of the which i the pydnc

which together the
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&xpmmtstowhlchtheobgect which interests the

bijected Ituthe;reatcror

leas eapacity of persistence of this afisctive 4
on which depends iia sok or ¥ ‘,,_nfum
whole intellectnal process when this requires a
considernble time to reack its complete development.
The secondary affective tendency, which at sach
step in atteptive reasoning holds the primary teedency
in check, & the fear of ettributing te each fuagined
experiment a result which would not be sxactly the
same as would be obtained H the experiment were
actoally carried out.  Under the stimyulus of this fear,
an increasing number of more or less similar past
experiments gre recalied to the memory, and indeed
by preference those which give antagenistie results
1o those which might bave been thought of ai first
under the infivence of the primary desire that the
result mright be in oot direction rather than in another,
It is, tharef the tinual control ised by the
dary affecti 3 to which is duc rhe

Iogic of ing, since Jogic jsts pmiy dn
to every imagined txperitnent the resalt which it

would really give ff it were actually carried out.
Imnsane pecple with their want of " mental
balanes "—which is nothing but want of affective
equilibrinm—and their extrmvagant reasoning whick
resulty from it, provlde a confirmation of the diflerent
parts played in ressoing by the primary and
socondary afiectivities, Thers is, indeed, = whole
categery of iosane peuple, the pnmnnw:s wha,
although they ifest the g as &
consequence of the very gmat persistence of the
P75
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wingle affectivity, which being always active in them
forems the kermel around which their monomanis
reyolyes, pevertheless exhibit the greztest want of
logic. Thix in due to the Jact thet in them the
intensity of thelr primary affective tendeocy B s0
great that e secondary affective tendency can arise
which is capabls of checking the primary one, even for
an ixatant ; es a tonsequence, ail the results abtained
by patenoince from their mental experimenots ate
consonant, not with reality, but with what their
gingle affective iendency desires or fears. On the
other hand in manszes, who show the greatest afective
instability and veriability, in fe cowfused cases, in
whom the paths by which the affective tendencies
exercine thelr ection of revival, stlection and inhibition
of the ssnsory memocries, are blocked, and ﬁm]l)uI
in the démants, in whom all kening of afecti

ia lacking, it i simeokerencs which copstitutes the
mott typical manifestation of their psyche. Moreover,
in drsams, even in those of the normal man, in which

the subaid of the affectivities which is charac-
teristic of phyﬂalogu:al s]eep:snot mcampa:uedbya
af ies, there

rusultn 3 ventlhla anarchy of idess, becpyse all
eoctral by the affoctivitias has eeased ; and we Gnd
that it is just becanze of this exireme innohurmeand
want of logic, so widely different from the mental
characteristics of the same individual when awake,
that dreams have always arcused the keen interest of
yeychalogists, and constitated a problem which until
aow bad resisied all attemnpts at its solution.

‘We may cow briefly consider the advantages and
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disadventages of feasoning, as cumpared with those of
actual axperiment.

Pirst of ail we can sanily see why, when reasoning
starts from premises which are facts, it ought to lead
to results alse in accordance with facts. For if
teasoning is nothing but a series of experiments, all of
which, at Ieast in theory, are capable of heing
petformed, but which 1o zave tima and laboar we
meraly imagine, it follows that the logical procesy ix
ordy reality ieself, brovgh! info gotion by the smaginatin
instead of in acteal fadi. Therefore, it ceanes to
be a valid problem of philesophy to enquire * hew it ia
possible that the logical process should give a valid
representation of reality.”

The problem would be a real one, if, aiter having
been In contect with reality o its premises, reason
should goat above it, and cutside it, only to touch it
againatthe lugi But valid ing, far from
Josing contact with reality for an instant, regts wpon
the solid gronnd of veality Iuring il the phases of s
drveiopmont.

Az regards ifs advantages, one is yery evident,
namely, the smotmons eccpomy of time and labour
effected by merrly imagining the experiments, instead
of actually carrying them out. Moreower, if the
innumerable experiments which reason can perform in
the imagiration are in theory as possible s the
similat axperiments wctually performed in the past,
they are not always capable of being executed in
peactics.  Reasoning ean thus perform an infinitely
lasger number of experiments than would be possible
if these axperiments had to be really arcomplished.
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Further, in certain cases, ressoning ban the advan-
tage over actual experiment in yielding much more
general results. If we ascertain by the use of a
gonicmeter that the snm of the angles of a given
triangle i3 equal to two right wngles, we can dedoce
nothing as to the sum of the engles of other triangtes,
but by the series iof the imagined experiments, whirh
constitute the proof of this theorem, we are enabled
to reach a result which 15 valid for all trizngles.

This is, oo the one band, the consequence of the
fact that the person who is reasoning is impelled, by
the very vatore of the paychie process which he is
pursuing, to witributz to the results of his imagined
experiments, as they take place in his mind, a more
general validity than when he has really exeented
them in the past, for it is impesaible to per(om.\
experiments in the imagination without i
to themz the revults obtained from similar sxperiments
in the past, which in this manner sppear for the fost
time to be of broader validity, whilst there waz no
such necessity incumbent on the chearver to give a
general validity te the same result, when he has only
werified it by actuzl experiment iz one or two cases,
This attribotion of geoera! velidity te obsarved
facts i the well-) procesa of indschion, which
is thus brought into sction by the mere fact of

Teagoning.

O the other hand, when we periorm imeginary

experiménts on a certeln objeet, we can very rapidly

perform a very large number of similar experiments, by

varying in slight dagree the conditions, so an to obtain

an indefinite number of cther objects belonging to the
ar4
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same category &3 the original abject, but differing from
it and from one another, and when thus we find that
all these experiments lead to the same result, this
Iatter acquires the broadest possible welidity. A
good instance of this is afforded when in imagination
we vary in tvety possible way the inclination to two
parallel lines of the line cutting them, and thus
discover that in all cates alternate internal angles are
equal to ooe another ; another instance of the same
thing is whem we mlier in every possible way the
shape of a triangle and fnd that the transference of
the basal angleg, 20 as to render them adjacent ¢ the
angle of the apex, is always possibie and that the sum
of the three angles is always equal to two right angles,

It is this pomsihility of comprassing, se to epeak,
an infinite seried of experiments into cne experiment,
which gives to the resuli, cbtained by reasoming, a
general validity, which the resnlt of an experiment,
whith s actually pedformed, can mever attain,
pecause such an experiment can only be performed
om one particular cbject.

Besides, thn actmal performance of experiments,
whers each i can be peri d by itself,
independently of all the others, mvolw-'s the risk of

4 Inof th
the

a]ly made a5 independent of one amther, even when
there is in reality a close wnnectwu bﬁtween them,

Thus, the result of actually leaok &
triangle with thegoniometer, wnd fnding tbatthmsmu
i equal tn two right angles, gives no information as to
the dependence of this fact on the other fact, whick is
knirws as the postulats of Enclid. On the contrary,
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reasoming, which doss not vongist in the imagined
performancs of o slngls experiment (for this, if the
experiment had actually been perfermad in the past,
would tell us nothing new, and it it had not bean
performed we could net know it result heforehand),
but the essepce of which is a #emp comBinalion of past
sxperimunis, ouccesds in presentiog final results as
dependent on the results of these experlments i the
pasi and so in demaonstrating the bend which unites
ll theze various facts with one another.

.'But tllwsh. in the aspects which we have just

ing ig greatly superior to the actial

carrying ont of experiments, it is in other respects
mych inferior on aceount of the risks of arror to which
by its very nature it is exposed.  Since at every step
in the ing process it is viog lise in
the inductive manner the results of dcﬁnite past
experiments, there is always the danger of making an
erronzous induction which would lead to a final result
which weould also be erronecus. At the same tlmﬂ
when the pl ¥ of the bination of 1
expnmmuemnmhhmlt,mmwho
reasons may not be able to follow in his imaginakion
all the factors which come inte play and their raci-
procal effects, and therefore, by leaving seme of them
ot of account, he may be led to an erronsous resnlt.

Granted then thess possible aources of error, and
others also, which are examined in our work alluded to
rbove, but which for want of time we cannot deal with
here, we must admit that we can never have absolute
mnﬂdm:emthemu]toimymbmltlon of imagined
s pecially if it is plex, and it i
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therefore always mecessary, as John Stoart MO so
Justly imists, to verify the results of reasoming, or at
least pome of them, by aetnsl experiment.

It may appear at first sight that mathematical
reazoning forms an exception to the mgle that all
teavoning is liable to error. But the greater relative
certrinty of mathamatics is due tu the fact that the
ohjects with which it works have been, if not entirely
comstrucied, at leant greatly simplificd by the very
reason which employs them, They are thus endowed
with definlte, simple and well-known properties so
that the risk of eroneous induction is reduced to a
mizimum. Further, the dang:rs fesulting from the

pleity of the cbi of imagined experi-
mentumalsodmn]shed on the nnnlmm!, hyt‘.hc
b of ¥ matt

ummns. which results from the fact, that this
reasoning has to de with the mest simplified objects
possitle, and, on the M.her band, becanse in advancad

mathematical &, the op is
by tha help aforded ugh the rep fon of
each stage in the ing by suitabl ol

‘Then, tor, one is rather npl to forget that certein

mathemetical reasonings, always the same, have beon
passed gh the sieye of hundreds and hundred
of g i and our d in their results ix
largely based on the infinitode of times that they bave
been controlled.

Bot, above all, we must not forget, as everyone
knews who has made the amallest study of the history
of mathematics, that many conclmsions of mathe
matical reasoning, even due to the most eminent

azy F
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mothematicians, haye been chown later to be errone-
oun, and thus jt is clear that it is not troe to say that
mathematical reastming i oot lable to sror.

Thers is snother kind of Infericrity which many
have asserted ta be peculiar to reasoning, a3 compared
with actual experiment, and that is ita ganlidy; but
thin ¥ind of inferiority does not exist. It has been
agserted that gince yeascning must start fom given
premises consisting of imown facts, and since the
mm]ulinnmustbeimphdtinthepmm
can therefore never new "y
uwldbemwemis‘hkmthanthisstnngemclmion,
especially when one mcalls the mames of new facts
discovered by pura reaseming alone, and sbove oll in
mathematies.

‘The error has arisen from the failure to perceive
that tha premises, which consist in the affirmaticn of
facts which have been determined in the past, #a nat
at all imply ihe combination of these facis with one mavther
M axy gioen way. Thus, in*the case alladed te above,
the known fact of the elongation of any given metallic
rod under the influence of heat, and the other well
ascertained fact that any given pendulum will
mﬂatemmslwwl\vthanashoﬂwm.donwmav
way imply the of or o
!MMﬁM:MMkcwm m
transportation has originated a sew Aistorie ticcassion
of everdy, freely created by my fancy, and this has fed
to the determination of a s=e fedt, which can be really
and propecly termed A new dizcovery, pamely, that a
penduhum brought from a exld room fnto & warm one
will oscillate more slowly. Thin in, we repeat, the
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determination of u new fact, which ia in o way
Implicit in the premites gloae, because to determine
it.itisnmsarytopu‘!emi.nimagimﬁnnthn
iment of & tramsportution, and thers is no
Mmojwdznwmmmpmm

B0 the explanation of hew it comes about that
rezsoning in general, and mathematical reasoning in
partizular, if the conelusion i really implicit in the
prensses, §s net reducible to A purs and ximple
tautelogy (a question which Peincaré propounded to
himself and which thet great mathematician did not
succeed in answering) is to be sought in the creafive act
ol eur fmagination, which, under the stimulos of the
correrponding afective tend -, calls jate bring meer
histories of things and new combinations of experi-
memts, which, precisely becanse they are not contained
in the premises, lead to the d ion or di
of really new facts.

Reasoming, thersfore, In 8o far as It is 4 chain of
imagined exporiments combined with one znother
in the mest varions ways, can and does lead ta
discoveries, exactly as doet & Stries of experiments
actuzlly ¢artied out, Indeed, for reasoms which we
have examined in detail in oor work elready cited, but
which we cannot indicate hers, it proves to be much
maore fertile and productive than ectual experiment.

¥

We must now pass to the consideration of the
higher forms of ressoning in order to show that the
fundamental nature of all reasoning, which we have
just sketched, remaina nachanged also in them, and
this we shall do in the next chapter.
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CHAPTER XIII

Broloticar MEMCRY AND THE FUNCTIONIRG OF THE
INTELLIGENCE {C ontimurd)
Abmtract resscming. The cver wider a d

decuctivs method t science.
dmrudmﬁmnﬁulnyaﬂﬁsnwhlﬁlhm

Wlm}oﬁ“ﬁddu— Einkttin's thetey of relativity.
lhthmtlr-ll Dla.lv.'h:l.l rousoodng.  Mota-
Eﬂn rananning. ",

yde.:‘ Sortod of ooy mnhlﬂz
ereinie e .mamh““‘ ey

ArTER haying in the preceding chapter discussed the
natire of reasoping in general, it remaics for us te
review the differant higher forme of it, to which ita
continned syclution haz given rise, and first of all
we shall proceed to examine absirect reascoing.

E‘EEEE

ABSTRACT REASONING.

The tion of the ¥ ies, which,
a5 wo have seen, playw such & large part in the forma-
ton and determination of psychic phenomena, s
just as clearly visible in the so-called process of
abstraction.

Indeed, it would be easy to show that svery sbhatract
conzept, from simple commom conna to the highest
absiractions of science, in pothing but an " affective
clamsification " of wvarivus objects, semmorially ax
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diﬁ‘mtfrmnnemmhernonemimagine,m
squivalent to one ancther with regard te = given
affectlvity, 3 definite ntlitadan aim, o & Liven
result which is either desired or feared. It follows '
that reasoning based on an sbetract concept v
equivalent by itscll t0 all the concrete Teasomings
baszd on each of the objects of phenomena comprised
in the abatract concept, and which in the abeemce
of thix coneept it would be necessary to make.
These phenomena or cbjects having thus been
shorn of gll their atiributes except the one which
readers them equivalent frem a given aflective,
utilitarian or scientific point of vimw, the gorres-
pond.mg wnr.ept u then represented by a single
:| ub]ect whn:'h is just
what h inte But

the imagined operations or experiments with this
object or phencmenocn, thus schematised, continue
to appear to the mind as " materially tangibie
just as much as those of the conerete reasoning.
The formation of pew concepts, which implies
the di ¥ of new gurics of abjects equivalent
i one another o regards the results of definite
operations, leads thus to an increase in the nomber
of experiments of which the reaults are known before-
hapd, and, in iy of this knewledge, to
an incremse of the nmmber of experiments which
wa be pu-ﬁormad. entirely m t'he xma,gl.nnuon. At
the samn Hme, the sch of
unbjmbymhngtheexpennmtunpmthem
much more simple, renders easier the mental repre-
sentation of the long secies of these experiments,
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contected gy they are with one ancther in the most
wariad ways, As 3 consequence, for thege two reascns,
the final result of the passage from concrete to abstmot
ressoning iz the evar wider application of the
deductive methed in science.

Byt in prportion 13 the series of imagined ex-
periments becomes longer sod more complicated, so
the diffieulty of following them Ix increased, if every
process hax to be performed mentally withoot being
suppartsd by any visible representation. From thia
dificulty thers arises the necessity of inventing
and using graghic sveedels which grow ever more
complicated, in order to keep before the mind the
results of the various experiments which have tc be
perd 2 in the Imaginatl These symbols keep
in some sense bedily in view these results which have
besn obtained by previcus meafal combinations
nud which constitute points of departure for further
combinations ; and so they zid the Jmagination in
grasping and emvisagiog with a slngle glunce all the
inter-connected chain of these combinations, in-
cuoding evan the most complex of them ; i a word,
ey saroe as a schimaiic tangible reg ialion on
wrhich the mewtal procass as i procesds can profect siself.

All this symbolizm bas thus been made pecessary
by the increasing complexity and wider applicative
of the deductive methed in the socalled ewact
aciences, and it, toa, has become mote and more
complicated #ill it has often hidden the true und
essentlal nature of reasoning; this nature, which
consisis in being & chain of simple imagined ex-
peiments, has pevertheless remained unchanged
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under the veil of obecurity with which it hos been
enveluped by symbolism,

MATEEMATICAL REASONING,

This, then, {5 what we have sttiven to prowe I the
chapters of our work cited ubove, which are devoted
to mathematical reascning, but which we cannet
ind spece to repeat hers even in brid rymmary,
‘We shall coly meztion the four principal stages inte
which we have thought it poastls to divide this, the
highest form of reasoning.

The firat stage, viz., that of direck symbolisw, is
that anterior to the introduction of positive and
negative % and in q of the direct
correspengence between the symbel and the reality
which if represents, it is in this stage that the frue

oators of the ing process i3 deseribed ebeve
is most clearly displayed. The next stage, that of
indirect bolizm, after the introduction of positive

and negative oumbers, since in certain cases it gives
rite tn * imaginary oumbers,” seems at first sight to
vontradict the ganera! pature of reasoning considered
a1 m seried of imugined tangibls experiments, bot
thuwntradlcumvmmhﬂwhmwemﬂoemtthe

ginary and i bers wre nothing bot
the analytic reprmntahvu of s‘wdwn, apd that
they also poESess @ g which in

empirically tugiblg mot less than the wo-called
" real ** numbers.

The third stuge, viz., that of symbolic condensation,
begins with the infinitesitanl calevluw, and it s
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spaciglly charactarised by the fact that, whilst in
dementary algebra svery operation has its repre-
sentative symbel, in the calculns differant series of
vperaticns, each of which may even be made mp
of an infinite series of operaticns socceeding one
another in a given determinate order, are ropresagtad
bynuemdmsdaymbnl The difficultiny in the

and we of mathematics which had
ahuadymuwedmthspmgehmﬂmﬁltta
the second stage, are =til more avgmented as we
pasza to tha third stage. This i& due to the fact that
symbolic condensation, even more than Indirect
symbolism, tends to make the contact beiween the
symbol and the reality which it represents mmore
indireet, to render thelr muotusl relations more
complicated end to remove thus the solid suppert
given to the persom reasoning, when he ean sea clearly
at every moment behind the symbel the tangible
empirical operstions which this represents, and which
here a8 before comstitute the essence of the reasouing
Drocess.

The fourth stage, finally, is what we have termed
the stage of xymbolic isversion ; it is particularly
interesting because by introducing and developing
the custom (very usehiil in certain cases) of giving
geometrical names by way of amalogy to purely
algebraic expressions tc which there it no cotres-
ponding geometrical reality, in a word, by creating
agmekyoifourwmedlmemm,lthupm
% to B itabl or
myaticiem, Fmgetﬁdoitheeudbwhchthn:ymhchc
inversion has been oveated te serve, ¢ertain mathe-
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have d to give a ical
Phrwulmumns.o!whwhwinwh;mumu.

to form the di pti hm ek
I\ H ‘.mw PRI have .

geometrical and physical names. This mathematical
matuphysic has received a oew lease of life by the
appearance of Eingtein's theory of relativity, in
which Einstein spesks, as if they really corresponded
to something real, of a four-dimensions| " space,”
in which the fourth dimension i time, of the
“emrveture” of our three dimensional space, of
*“ tensors " of this fonr dimensional spece and so on,

So long as the relativists persist in matsrialising
such : and in affirming the physical reality
of their purely algehruic antitics, which in the eyes
of these mystics become mystericus transcendental
substances, they will be certainly neot justified in
boasting that they bave succeeded in * explaining
the phenomena ior which the theery itself has been
comstructed,  ©* Explaining,” in the psychological
Bense, meats obtaining certain facts by the mental
combination of other Empler and more familiar
facts. an. JI m order to explain certain physical
or we have na
" gpara ™ of four dimensions, to & “ curvature " of
our spact and to other gimilar comeeptions, which
not only are oot familiar to us, but which oor mind,
formed as it hat been by ouwr Eoclidean three-
dimensionsl space, is unable to picture even in the
most distant way, this is certalnly not to give an
explanatien at all. ‘I‘hﬂtbeoryofrdnhuty o far,
has jned o purely J construstion,
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cocresponding to which there must be some phywical
reality socing that soms of jta results seem to have
besn confirmed by experiment or obsarvation, But
the task of the relstivists oow is to ssek t dlscover
in what thix physical reality conxists, 5o a3 to render
it capable of being grasped by owr imaginati It
is only when they have sucteeded in doing this that
they will have the right to ciaim that they have
reelly © explained " the fncts, for the explanation of
which their theoty was invented.

SYLLOGIEM AND MATHEMATICAL LooIc.

Wehlveahudymtbntmmmng insoiar
an it isa d series of imagi
nmﬂyiﬂvﬂlmfweacho&'thﬂelpwmoi
induction, by memans of which the results, obtrined
by certain experiments actually cerried out in the
past, are generalised so os to be applicable to the
sigilar particular experiment which at the mcment
is being imagined. Omnce this combining of imagined
axperiments bas been nccomplished by the con-
atriwtive faney, and we bave thus been epabled to
follow the various viciasltndes of the objeet in which
we kre interested, our attention, which has hitherto
been concentrated on the creative nct of ressoming,
may be di 1 to the path followed by this g
in order to control ind verify by the careful recall of
personal memories, whether et every step in the
process the result atiriboted o each experiment is
really correct, that ls, whether sach of the inducticon
on which the reasoning Ix based is fegitimate. Thus
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we obtain & dfferent mede of distribotion of the
attentlon, which serves to rendsr ewplicit eack of
these inductions, that is, to bring each of them in
tmiatolkumgmﬁe{uﬁaﬁwuﬁsqfam,
which is nothing but the assigning of 2 given abject
to n certain elans, or the inclusion of 2 whole class of
objects witoin annther class. The mental procedure
s boriefly ag follows; this or thet object, or all the
objeets of this or that class, having been suboitted
to & given experiment, eve found to possess the
characteristics of this or that other class,

It follows that reasoning mssmmes in this phase
the ayllogistic form, which comsists of definite classifi-
catory cperations, such as inclus dona, and
intergections of classes, performed on materials
preduced and presented to the mind by the precedent
creative acts duoe to the cosstroctlve fancy. This
form of deduction based on cperations with ciassm,
into which amy kind of ressoning mey be transformed,
is nothing bist the formation of a kind of catalogue
of the results of definite expmmtu afbar tlmsa
have been a1 i by the ti
ticm. Jt bles the anatemical dissection of an
orgap after the funetion of the organ has built up
ita complicated structure. In other words, it iv a
static method of considering the resulis of & dynemic

process.

The fact that, owing to the indoction which lies
at the base of all reasoning, it is possible to dissect
myg:wnpleceufmwnhsintoopem&msal

jons of classes, allows
mtumudthmopmhmnupulmmhoia
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general kind applicahle to ail kinds of reasoning.
At the mame time, they are clasificatory operations
familar to every day experlence, such us that of the
* contained content,” of which we will know the
results beforehand, and which consequently may
at once be carried cut mentully,

These mental operations of mclummu, reunicns
amd i jons of classes ly give rise
to resnlts of o genersl character, vahdforallhnds
of reawening comsidered in their static aspect Ta
this extent, dley body * the fund
of reasoning " and cnnnltute  pure lngic :in
other words, theymaumwmlmodedremnh;
appiicable to all possible cases, which constitute merely
80 many particular apphcatwns of these principles.

1 with its prop and syllogistic pro-
cesses on the one hand, and mathmltu:al log‘.v:
with its symbols and its alget

om the other hand, sch striving to express adequately
these operations om classes, comstitute together
* formal logic,” that is i say, the form which clothes
pure Iogie In words or in algebraical symbols,

Great wers the hopes to which this investiture of
the old classical legic with @ form similar to that of
mathematics gave rise in the first phases of its de-
welopment; for the resemblance of external forms
raiced the hopz ihat the preductivity of the mew
mathematical losic wwld equal or mrpnsa the
marvellous prod of the math

But dmappmmmcnt was oot loog in coming ; it
could not be atherwise, 15 we have easily demonstrated
in gur work cited above. For if mathematical
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logiq,inmhruitalmedalbeeomﬁngamhmo(
reno-id t i for i 1 com-
hensinn, to be used pecially in mat}
mmn,uitmbym Peano and some fow
other mathematicians, seems to have attomed the
end for which it was introduced (an =nd of which
it is easy to exaggerate the importance, consldering the
{ewindividuals who make use of it}, and If it may some-
Himea be of uss ay a rigorous control of logical reason-
ing, it was easy on the other hand for ua to demenstrats
that since it gives no support to the creative imagina-
tien, it is condemned by {8 very natore to complete
sterility as a method of discovery of fresh truth;
and we insisted that it is consequently paychologically
quite erroneous to expect From logical symbolism,
even in small degree, the immense advantages wiich
the duct ef boli has on
mathematics.

THIENTIONAL REASONIMNG: DIALECTIC AND
METAPEYEICS.

Whilst in the forms of rewsoming previously
examined, which we may tetm productive or con-
structive, the object of the person reasumng m dthﬂ
to predict by a smitable series of imag
thntlsbymamnfwtalnhhlonﬂorltbmgsmmmed
by his constructive imagination, the results which
will follow from some of his actions, or, in a mere
general way, to discover hitherto unknown truthe,
that is new d.erwahms ofmeuetofphmmenl!:um

her, in i " on the other
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hand, the person ressoning does not seek io discower
what the iroth is, bt strives to demoostrate the
validity of definite sfficmations which be in much
concerned o uphold,

Moreover, when the ing individusl fashi
by hix creative fancy new combinations of imagined
experiments, as he does in the forms of reasoning
which we bave previousl ined, he
thu!newhutmﬁarlﬂnngluddmum-—dwdy
mentally-—ren]l new facts, which enrich the stores
of human kncwledge, just as much as does the re-
searcher in the labaratory with the experiments
which be actually carries cut. But when a persom
reasons ' intentiozally,” he seeks less to discover
mew facts than to classify or present well-known
phenomens in one manner rather than in apother.

It ia eayy to demonstrate the clessificatory character
ufdlﬂechulmnmg ooe of thetwnfnndamentnl

rieties of o we
:hooseinrmwmmplethsd:mucoimhnr.
which all the efforts of the person reaxoning are
directed towards placing a given individual or & given
fact in cpe rather thzo in another of the pigeen-
heles of that great distribmting buresn of hyman
anid social facts conmtituted by the civil and penal
codes of law.

It fallows that, wherezs In cousiractive reasoning
the sylloginm bas ooly the secomdery function of
controlling the legitimacy of the varioys induetions
on which the reasondog is being huilt op, in diatectical
reasoning, on the cootrary, the syllogiem takes on
a port of Erimary importance, namely, te direct the

20
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attmﬁmutth:hmmmreadersoldyum
attributes of the object or phenomenon. undet con-
nmtwnwhmhnud.witcapnblenfbaupl.m
mthﬁdusmwhmhthgpumnmm“
put it. Ino other words, the sylloglsm sppeam tor
have the purpass of leading the hearer or rsader to
form cne " ments] perception * of the object tather
than xnoth , better exp d, to lead him te
complete hin mental peresption of it in the direction
whick particularly interests the pemon whe is reason-
ing, ginea thia ' ental perception ™ o completed will
lead to ithe desired elassifieation of the cbject in
guestion.

The aim of the primary alfective tendency becomes
in thix cazs to recall, seleet and maintsin befors the
mind only those atrtibotes of the pheocmenon er
object which complete the detited ™ meatsl percep-
ticn,” whilst the icn cf the dary
tendency is now no lomger to recall, select, and
emphasise other attrllbutea contrary to those which
ere Jdesired, us it does in the case of coostructive
reasoning, but rather to watich, less auy attribate
might be overlocked which pight help in the desired
classification, and that no attribate inconsistent with
thadmedthulnmghtbemdenwﬂymlled

In i two frt
tions or p ! upheld ively by two
opposing dialecticians, hawelchlts definite end
to serve, It follows that in the mujority of disputes
of this character it Is by no means necestary that
one or the other af two contradictory affirmations
should be true and the other false, a8 15 the case in
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constructive teasoming where s given combination
cag mly lead to one definite result.  Since the two
opphied statements are reelly two * directed”
revivals of memeries, two different  choloes,™ it
entirely depends on the end sought for, which is to
e prefermd to the cther,

Thun there i3 an essentist paychologheal diffarencs
between constractive and dialectical reasoning, But
it s just the identity of the syllogistic investment
with which both are clothed (one in an mccessory,
theothxmnmywnﬂ which bas hitherto

hologiets' from @ ing  and
emphnsimngthnmnhlldiﬁuenoe.

Metaphywical resscnming, which i the other form
of “intentionsl * reasoning, seeks, like dialectical
manuﬂngmntm!nmmdandpmamitbyamloguu

Metapt ing i thus also a
lxuee-uimtentumll presentation, bmt instesd of
dealicg, liks dialectical reascning, with definite
phevomens, it secks to attaln a comprehensive
wiew of the eotire nniverse (Weitanschausung) which
ahall conform to the deepest desives of the human
wind, The ardent aud irreslatinle desirs to represent
the world o himself and to others not as it is, but
a1 be woold Like it to be, & whet drives the meta-
physlcian to transcend reality, to plars hienssdf
outxide it, and even to deny it in order to constroct
anéd uphold his system.

Comsaquently, differing In this rexpect profowndly
{rom the positivist, he feels the necessity of penetrating
imto the ** sosential ature " of phenemeny, in order to
distover o 10 creats the Muxlon of discovering some
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intelligent and purposefnl cuuse of these phenomena
mwhchhcwnldhbemseem]nyhﬂwd He
is mnable to di , either in dint

or in the ' material " representation of xullty pro-
\nded by Jcience, any satisfaction for his parﬂtnla:

and fing not unjustl i

lxpmme.nh! and I.bem'ies an 50 many dlapmofﬁ of
what he would fain sre existing, he axcrts all his
atrength tn tenscend the empirical barriers which
block the parsage to his aspirations, and he harbours
the {llusion that reasom and remsoning can sucoeed
in this task by the nae of " transcendental concepts.
All, however, that he succeeds in doing, 25 we hawe
tritd to show in gur work cited above, is to borrow
concepts from reality and then to empty them of the
greater part of thelr content so as to make them
utnenable to the greatest possible elasticity of in-
terpretation, in order to avoid their toe abvious
cellisicns with reality.

These concepts thm deprived of any relation to
meal phenomena, these idems this dematerialised
which, just for that reason, eveniuaily become totally
unintelligible, serve to provide the metaphysician
with the illusion that he bas transcended experience
and ban discovered outside it that condition of the
unlverse which his sounl loogs for.

There is no other form of rezsoning in which the
primary importance of the affective tendencies in
their function of gniding and modelling the operations
of reason appears with greater clarity than in meta~
physles.
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CoNcLus1oN,

Tae FoNCTIORING OF INTELLIGENCE ¥ RELATION
TO TEE PURPOSEFULNESS OF LIFE

It recnzios for us (o examine how el the different
iorms of our mentality are doe to the affective
tendencies, how for instance positivists and meta-
phyzicians, synthetic and analytic, intuitive and
lngk-ul clagsical and romantic minds, ll.'l.mtlleu

intellectual qualities to the 2
iﬂuoctthel:puyr.he. Bulhmaga!nvemmtrdu
to our work mentioned Ebove, in order to pass on
to draw tht gencral comclusion from alf that has
gune before.

This comelusion ia an follows :

The operetions of owr intelligence are eptirely
made up of the reciprocal actions of two primary
flmdamamxl activities of our peychd, viz, sensocy

ities and affecti iti The first consist
it semmatons and the simpls moemonic recsll of
sexpations, the second in the aspirations o sirivinga
of ver minds towards definite ends. It fcllows
that those fucuities which have hitherto bes: con-
gidered by the majority of philetophers to be of 2
purely imtellscinal charmcter, such as atiestlen,

coberence, logicality, criticism, and so on, appear to
us to be et bottom of 20 2fective natare.

. Affective sctivity spems, thevefore, 1o oa 0 mingle
iteelf with all the i ! of our thoogh
Ooa might even term this efective ectivity the
sole constructive power of our mind, which, nsing as

M
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materdials the sfmple memories stored in our sensory
muemonic accumulatione, erects all the edifices
of rexvon from that of the lowest animal to that of
the man of lofty gentus,

But thiy affective faculty which thus reveals itself
to us ax at ooe= the mighty builder, awakener, guide
and moderater of our mlal'hgm::e. is in its tum =a

if ion of the ty which ix the
fundemental characteristic of all li\'i:ng autatance ;
nay, more, {t is iy most characteristic and direct
manifestation.

Ca ty, the ic faculty which has
appeared to us a yw.ldm; an explanation of the
mest fund which exhibit
pnrpose(nlne.ss: from the predﬂcrmned mrphtﬁ
Togical adap of from
Jevelop which organs which mn
unly fulfl theic function in a future adult state, from
the inheritability of atquired ch t of which

N P t and phyl : e

ure the results, down to the most mmple and moat
" machanised " reflexes so well preadapted to the
preservation of the individual, and te the most
complex instincts in virtue of which animals provide
for future snvimnmental conditions of which they
know pothing, this seme farulty now reveals itself
as the explanation of all the most vared manifesta-
tions of our pyychic life ay well.

As Archimed, quired only a ful far his
levumwdutnmthswrld,sat}nmmm
praperty—which at bottom s nothing mere than
the power of reproducing by internal ceuse the
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sama physiclogical states as were at first produced
by the forces of the external world—is alone suficieat
tomhlevimlumgytnglwriuooanthe:hamw

istic Hestations of lifs, focloding the
whele thinking and ing apparatus of the anul
It i, th tasively chis property

which given to life its porpmeful aspect which
differentiates it essentially From evety phenomenso
of the inorganic world, since it alone is moved, not
coly by forces 2 terge” but alzo by forces “a
fromie,”

The aim which man, moved by hls afective ten-
deneies, strives to attain, the envirenment which the
apimal prepares to meet by the complex behaviour
of ity instinci, the environmental conditions te
which the ergan of the embryo formed in the matermal
womb will become adapted, act now ax ** pulls from
in front ™ (s 2 fronts) because they acted as “ #ir a
tergo " in the past, since the physiclogical activities
then evoked in the erganism by these sxternal circum-
mtances, have left behind them, as traces of themselves,
mremenic ccumulations, which now are what con-
stitgte the teal and effective *"viz a fergo,” which
direets and actuates the development, the instinet,
and the whole conscious conduct of the living being.

And ali the oparations of mtelligeace put in action
byoneorothuollhepnmnyaﬂechvelendwdﬂ

fted by th: dury
dency o( the P state of attentlon,
impelisd by the intarest in defite objects to perform
on them 1 series of imagined experiments, and
then guided, still by affectivities, {0 pass frotn the
236
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ot i intoitive and forms
of reasoning to thz most elevated and abstract
varietles of sclentlic dednction, sometimes held to
the solid ground of the real by watchful prudence, and
eometines driven by d.eep and irr:nist:ble Ieelmg
to the mest nebul 1 p all
theve varied, plex and if functions of
t_ha intelhgumu nm at once ﬂm highest and the most

of the purposeful aspect

of life.
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CHAFTER XI¥

Covcrosion: TEz Brorocicar MEMORY AND THE
MoRrar PROSIEM

The mnememic consaption of libs le the one which
provides ns with n comprbmeive vime of all and

On account of thie manemonis property
svotution of Life in ant a simple transformaton, bBut &
Hamtrom Wi i om.

i ith the Hmm ol
the sfiertye and with the growth of Eﬁ-‘uuﬁ
gﬁhﬂadiﬂhﬂnﬂ the amant of tire bntel fn“‘
atibes n zan the maral
how to attaio the greatest posrible harmozy of Ue ¢ w
mmsmwmm“rm orks
will prosist ma active in 4he fuiarm aven Lng st sor
Ty ey thare 1 Tk Griued A nteakily Ao doreioa of
ma; , ther an
T e hia 5 m:zcnhrmtﬂctunll
e e iiar e o S U
2 a;
bt ‘m;? o satindariion
TuE T of lifa 25 g form of enargy
dowed in distinction to all other forms of
energy with the property of iom,

development, tn.ll'lﬂzpurpouu{nlmamiﬂ;hbmuu{

We, inclugl and

wmthnnghtmmmmteumplaxﬂmm in tha tmly

mwhichemhleautnmacmpnhmdwm

of all biolog end which

nomeqmﬂymnﬂdnmhofthemgfmdl-
agd
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mental nature, but which are sharply distinguished
frarn those which belong to the physiro-chemical
world.

In the midst of the age-long sixife between vitalistico-

imistic theories and physico-chemmical theori
each vainly secking from epposite standpbints to
explain the enigma of life, the mnemonic theory
represents 2 widdle point of view which we may term
vitalistico-anergetic, which takes into ¢onsideration
and endeavoriry to recontile the contradictoty wssar-
tions of these two opposite theories of life.

At the same time, the hypothesis of mnemonic
accummlation, aided by the supplementary hypothesis
of a " centro-epigenesin,” that is, of a " formative
rad.mlmnfmmaczntm.”allmus:o catcha g‘.hmpse
of the hanism of the inherit of
characters, and thus deprives the struggle for e;dmnc.e
and natural selection of their appeatancs of belng the
sole and inevitable means by which organic evolution
can continue 1o pTogTess.

Ancording to this mpemonic theory, the incessant
efforts of living beingt to adapt themselves ever
better to external conditions ne longer appears as
& vain labour of Sisyphus, which must be hogun anew
by every fresh gemeration; but, oo the centrary,
we become conrvinced that every victary of lile, every
success obtained in its effort to wake and maintain
a place for itealf, and to expand amongst the other
forms of energy of the physico-chemical costacs, far
from being lost, becomes couvertsd into & permanent

Copsequently, whilst in the evolution of the in-
3
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qrganic world, we fnd only a simple trensformation
of one mede of being inte wnother which i only
substitnted for the preceding one, so that no past
conditlon persists ex ar artve agent in the fubure,
the evolution of the orgunic worid, mt_hnf.nnlnry

s n inual This in
mare and moe pedect adaptatwn. and thuel'or! inn
Ereater and i of

t.his latest “ intrader " which is life, into the general
energetic system of the nnivarsa.

Thus, in the evolotion of apscies, we m:oumer a

Ly grester plicatioz and perk of
morphological sirpcture, ever better ﬂttad to triumph
oyer the adverse cnnt.{ngeam of the external woeld,
and in the comypl i f animals templ
with admiration the different progressive wvatieties
of behaviour stersotyped in their finest details, by
means of which animais ever hetter provide in advance
for future conditions of the environment of which
they know nothing.

So, in man, we behold a morphological mirpeture
which, viewed in its entirety, is the mest complicated
and perfect in the whaole organic world, and which
ingludes the brain, an organ of intellignoce of ever-
increasing sike. The importance of thiz organ and
of jis funchon thambulhgtme it so great that it
nearly in diticns of adapta-
tion of life to the mvlmnmmt For whereas in
animals adaptaticn is pnmly plsmrl:. in the seose
that the animal § ged in ] with
the t, in man ptaticn b an
active process, io the sense that man, by ibe aid of
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sciroce and technical skill, adapts the envirooment
to himael. It is perhaps not yet possible fully to
farsee the foture consequences of this reversal of the
process of adaptation in their influence on the greater
expansion and intepgification of life.

This enormons development of the intelligence,
which has ded in opening an impaskabie chasm
between man aad other animals, implies, s we have
already seen, as antecedént or coocomitant or sobee-
guent phencmena, the most varied complicatiors of
the affective tendencies, in which the vital aetivity
manifests iteelf in the most intense manner. At
the same ime, it impels man to develop his social
life apd to extend and intensify his relations
with his fellows. Thus is brought inte being, for
the firet time with the appearance of men, the
eiRical conception, both in its Indlvidual and social
agpects,

Now, if we enquire in what, in ity fmal analysis,
theasenoeaudpmgmsofmﬁmlmma]ltj'

Ists, as it is cust il hed and
wﬂnd!hatltsaimismthnngmmthmthehu—

doptnent and sutlsfaction of the affecti
substratumoiwrp'ychu. and it is Hkewlss in the
t and satisfaction of the
warinus personal desires and individual intermsts of
ull the bers of the ity that the prog
of sorfal morality comsiets.
‘I‘hetestillrumim indeed, much disharmony eod
inhibit many of our affective
lendencie:; the contest of cur inner pamions ie
olten tragic; there i usually o conflict between
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the desire for i diate pl ially for
mveplmmoflhemuﬂlhnd nndthem:e
to escape future ills and paink both physical and
waral ; there i alw w conflict between the deverish
porsait of present material blessings and the longing
for spiritnal besefits which can only be attaipsd in
the futare. Now, individual morality progresses in
pwuporhonu:tun:ephnethﬂeconﬂk:tsbythg
of our aff nature,
uudthitaﬂecﬁwhummymmlybeatt:inedhy
sdncation and mawifests ftsedf in the peace and
happiness of the individual.
Inthenmew,weﬁndwmﬁhmymd
t the i of the various
individuslt or grampa of individusls who contend
with one another within the bosom of the seciety.
Theegm’lwmlmnrlthemdlwdullhdmoppmed
to the coli
dm-wﬁagdmhuprodm&emm,auﬁeﬂng
and brutaligstion of a lacge part of that cluss, and
in comsequence has given rise to class-conflict which
can easily degenerate into cluss haived; and ihe
mmdmmﬂmmbhanletimuthatm

of h ity, i idal war bet the naticns.
Now social morality, in so far s it is embodied in
the inciples of equity—whether these be

exprmd by the Ter Commandments, the Gospel
precepts, or the categorical imperative of Eant—
wmumwpmhnaaltsuooeedsmtephmng
these conflicts by the p of
lnd.nndnl!mte:utl.bothwththnun(mhgrm-
dividuals and with thoss of the community, and

aga
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thuy in promoting the greatest happiness of the
greatest cumber of our fellows,

We thus gee that the principles of individusl
mmaﬂtynndthmeoiwﬂu]mummd

g the fund 1 i of life
towards its own preservition and expansion, and
thatmtheﬂ.na]am]yﬁnt‘heymlyhesummmsed
in the 1 of suffering, which is susp
arrest, or cesgation of kife.  To every act of beneveleqce
or of justice, which stcves to replace with cencord
a comflict whith was the canse of sufering, we obey
this F binlegical tendeacy, and we identify
ourselves with ell living beingsg We no Jongar
Live our egoistic and mean individual lives, but we
pelpitate in vunlson with the quivering joy of all life.

Let us strive then to mingle our own lves and
those of our children and our other dearest kinemen:
with the great river of all life, without stopping ke
least porticn of it in arder to mrake room for ourselyes,
Do nat let ua Beck cur happiness at the expeuts
of that of cthers, but iet us work so that onr weal
shail be all addition and prafit to the common stock,
withoot anyihing to be taken away of added on the
debit side. Let us pride ourselves not im being suffi-
cignt nnly for onrselves, but in contributing to the
utmost extent of our ahility to the Increase of tha
well-being and bappiness of others.

Do not let us descend to our particular acts of
‘benevolence or of justice byslaﬂi:ng from too ehstract
a ical 1 tive, the justification of which
wnmypethlpuswchimmmln but let us, on
the contrary, rise Step by step towards the ideal of
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this imperative, beginning with humble oots of
goodness or elementary desds of jmetice, the reasnn
for which it fever oconrs to us fo ask ourselves,
becanse in the relief of onr neighbeur's suffering wnd
io the pew joy which we have afforded him, we feel
the pulse of our owna lives accelerated and

Do oot let this goal sectn to ua too modest, for,
alas | onlimited in the ameunt of human suffering atill
to be assvaged, nomberless are the social confiicts
afill to be rweonciled, and loog is the path stll te e
traversed and hard are the battles to be fought hefore
we micceed in establishing a system of troe seclal
justice and of complete peace between all pations.

Do not let us be discouraged by the apparent vanity
of our efforis or by the brovity of cor lives. The
mpemonic proparty of the biclogical arganism, which
is reflected and reinforced in the social organdsm,
brings it about that every scientific or technical
digcovery which constitutes n advance in the adapta-
tion of ife to any glyen anvironmant, every act of
grodoess or of justice which replaces a vital condlict
with & newr vite] harmeny, every new creation of the
artist which excltes frelings of swectaess and love
ver in hostile minds, far from being lost with the
death of its author, persists a4 ap ective agent in
the future, far beyond our ephemnaral material ex-
imtence. The discoveries of Vel and Watt, of
Jenoer and Puteur stl.'l.'l. he.lp to augment human
happl and ing; the word of
Chrixt is still heard, loftily severe or infinitely sweet,
oa & demand for justice or as a plea for peace amongst
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men who rend each ofher for mere material interests.
A melody of Beilini still awakens in a thousand
souls the sime sweet emotloan, which delighted
Bellinl himealf in the momeat of his sublime in-
spiratfon, That which constituted the real and
exquisite easence of the minds and bearts of thess
great men survives slill apd preserves its character
intact, even though centuries have elapled xince
their bodies crumblied to dust.
But even more humble lives, whether they are
! 1 to the production of oew ial means of
exisfence and comfort, adapted to make the ens
vironment more fayomrable to the preservation,
expansion and elevation of huwman life, or whether
they ate engaged in the propagation of scientific,
hnical, hygienic ar jc truths ituting
mere perfect adaptations of man to his environment ;
even any act of goodoess, however bumble znd
§, which ds in keming in some
spal the enduring sweetness of a feeling of gratitnde,
eved the most simple azt of justice which succeeds
in permazently extinguishing a desire for vengeance
or a jeeling of hate, even the most modest musical
porlormence which has caused 8 nete of teodarness
or of aspiration fowards the ideal to pulsate amidst
vough surroundings still far from being elevated— nome
of these humble deeds, which are well within the
powers of the most modest individual, are mever
tatally lest, since the munemonic property of the hio-
logical and social iife preservey them and adds them
one ta another and sends them forth to echo, ever
dispeasiog good, ta the mest distant centuries.
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Each one of ms, 1a we may 50 express it, can thos
acquire for what comstitutes the very essemce of his
soual an intensity and duratiom of survival, pro-
portivgete to the altroistic resuit which his efforta
have achieved, and, 1o the tame way, each one can
wid in prolonging the spiritual exd of hin dear
dead ones, und m fedding them live again in him, in
proportion as his actions and feelings are inspired
by these of their feelings and acts which are the most
beneficlal for future generations.

Therefors, whilat the metaphysician and the balievar
feel the need—which we must all respect—of seeking
the suppert and inspiration of their conduct in some
Peing, outside themselves end immensely greater than
they, Who kinows aod wills, Whe, es they think,
pursues His own cternal purpose and directs the
whele universe towards this end, the positivist, wha
does not subject reason to feeling and who cznoot
aceept by an act of faith that which his reascn shows
hicn to be falee apd even abeurd, is able to look
serenely in the face of reality nx it actoaily appears
to him. In vain the positivist haz ssarched the in-
apimate world . he has been totally unabis to discover
in it any sgna of purpese; but he does not rebel
againat tkis 4 ¥. isdo the physician &nd the
believer, tather he mocepts it with resignation, the
more raadily, ac be finds in his own nature, and even
mare securely, the supreme reason for his cenduct
and the very support of his iife. He discovers it—
indeed be feels it—in the joyons quivering of a1l life,
a minute bnt vigorous pniss of which i in himsalf, in
his flesh and blood, and in s mind and sul.
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THE MORAL FROBLEM

In submitting te the 1 ble laws of his own
nature, in harmonising hix fife with all life, in possceaing
the consclousness of beving dome ell that was homanly
posaible: to increase the spportonities for life in gencrat,
1o diminish the sufferings and pains of hiz feflows, and
to st m litele more justice and love te prevail
amongst men, he succeeds in finding in the respouse
‘made to him by the Inner voloe of his conscience
the deepest and tisfaction, and he b
persuaded that not in vein has been lighted for him,
even if only for a brief instant, the toreh of lifs.
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