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PREFACE

NaTvaAL SciEwce falls into twa parts, doctnne and
reszarch.  The doctrine 1uts of d

which contain & definitz statement ccnceming Nature.
The form these assertions take often suggests that they
arg based on the authority of Nature herself.

This is a mistake, for Nature impans no doctrines:
she menely gxhibits changes in her pt We
may so employ these changes that they appear as
answers to ouf questions. 1f we are to get a right

g ding of the position of science vis-d-vis of
Nature, we must transform each of the statements into
ag v and ] Ives for the changes in

natural phenomena which men of science have used ax
evidence for their enswer,
Investigation cannot preceed  otherwise tllan by

making a supp {hypothesig) in its g a
snppwmon in which the answer (thesis) is alresdy
licit. The ulti ftion of the answer and

the setting up of a doctrine follow as scon as the
investigator has discovered in Nature what he considers
2 sufficient number of phenomena that he can interpret
as positive or negative on the lines of his hypothesiz,

The sole authorty for a doctrine is not Natare, but
the inwestigntor, who has himssll answered his own
quastian.

A man may have assimilated the corclusions of
natural science in the form of doctring, end may know
how 1o employ them in speculation, according to the
Tules of logic ; but he still knows nothing whatsoever
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eoncerning Natuse—ar at any rate, infinitely less than
dees any peasant or gardener who iy in daily intercourse
with har.

Peazants and gard L ", arh not stud of
Nature, unless they happen o have acquired the art of
interrogation,

This artforms the gateway to all knowledgein natural
seinnce, In biolagy it i3 associated with quite especial
difficulties, and xo0 it should occupy the central positon
in the whale do¢trine.

in the preemt hook 1 have endeavaured to frame the
¢ biolegy, in such
2 way that there can no longer be lny doubt that, in
their very nature, biological dectrines always remain
unsclved preblems.

Fx Nature eperyiking ¥ coefatn ; in tama ey thing
i proflemarical,  Science gan fulfil its purpose anly
if it be built up like & scaflalding against the wall
of a house, lis purposs iz to ensure the workman a
Brm support everywhere, so that he may get to any
point without loging & general survey of the whale.
Accerdiagly, it ia of the frst importance that the
structgre of the scaffolding be built in such a way as o
affard this comprehensive view ) and it must never be
forgatien that the scafioiding does oot itself pertain to
Mature, but is always something extraneous.

From time to time it will slways be necessary to
renew the scafiolding. And iz Lhe present book.an
ateript of the kind ig made.

The reason for this attempt is that hitherto all the
problems deafing with ponformity with plen in living
Nature bave been used simply for the denial of any
such conformity. Along such lines it is imposaible 10
mn‘hn any edvance, 1t used o be assumed that the gr!u

jarity of agimaly acose by
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out of an approprikte mi of sutx 1§ i
tion mught us that all animals devclop from the ggg.
and that every cell arises from another celi.

‘Thus *“omais cellula ¢ celluls " became doctrine.  But
it was still assumed that the very ficst living things of
all must have arisen from a primordial ux. In this
way the attempt was made to got rid of conformity with
plan as a nateral Eactor,

The priviordial Auz, which was supposed to ha\re

been in exi: in remate iquity, now |
mcr!ly a5 an idea, and 30 could neither be proved ner
d A dingly, we have to

Flnd other melhods in which to attack the Guestion as to
whether in living Nature there are indeptndent factors
acting in accordance with plan: we must hearken o
Natore while sha arts in this way, and w the negative
sialement We must 0ppose positive evidence.

In recent years this evidence has so accumulated that
we may regard the question as praciically seitled. Te
the phrase " omnis celiula e cellula™ we may add,
‘*everything expressing plan is derived from something
else that is alse in conformity with plan.”

And this means that a new scaffolding is needed for
binlogy : the old scaffeldi i from chemi
and physics, will suffice o longer. For chumskr_v
and physics do not recognise conformity with plan in
Natre. Biology, however, consists in the setting up
of n scaffplding of dottrine that takes account of this
conformity 23 the basis of life.

There is a difficulty in the way of this consteuction,
and itis that the concepts of which the scaffolding is
made are not directly accessible, but can be got only
thraugh & new interrogation.

As s rule, the text-books that arrange fcts under a
definite scheme may be read in any seuence: but with
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the present book this will not work- In order to under-
stand the whale structure of the scaffolding, the reader
must go through this book in tha given sequence.
Then at the end he can decide whathar the scafolding
is defective mnd nreads improvement, or whether he
prefers not to accept it at all,



INTRODUCTION

Biorocy at the present day claims zot merely 2 certain
domuin of the will, but also the possession of o peculiar
theoretical basis of its own, which iz in ae way
deducible from the fundamental concepts of physics
snd chemistry.

‘The need far elaborating the theory of biolagy made
iteelf f21t relatively late, 5o long as biological studies,
such as zoclogy end botany, confined themselves to
description, they needed, it is true, special methods
for ing to a clear ar of the great mass
of facts, but they did not require a speciel theoretical
foundation,

The i igation of the p in the living

ism foll 1 the descolption of forms; and for
that the bagis Furnished by l:he.m!st.ry, physica and
mechanics sufficed. And 5o it came about that men
learnt te regaed the living orgmtism: as a physico-
chemiczl machine.

The correctness of this view has besn questioned
indeed more than once by those investigators who have
studied the betwesn sut
and objectve phenomena.  In the course of their work
they met wldl llfe factors that would not permit of

hemical laws. But the name
whick, iullmnng t.‘ne trend of the times, men gave to
thiz science, expressed the hope that this idesl might
be reached in the future. Physiologicai psychology
means that psychology is to be treated according to
physiological principles.

Whu turned ths mlu in thiz direction was the

icist of geaius. Helm-
bnltz, 'n_v perﬁer.dy hgnl methods, redur.ed all the

pure and
abjects :.lil
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simple. The qualities are the ulti ]
of our intuiticn, and, as such, are quite independent
unities, which are mdmmhle. and capable of change

only in their i T such, for i
a5 prange, which wo End betwsen red aml y:llow,
depend on two quali ding out i

Now Helmbol piai ‘the. liti lsmgﬂso('
an : which proceeds parallel with
their ch.ungl “This 1 gk ins for-

cver unknows to us. By his famous ' trust and act,”

as the philosophy w be r.lrawn fram th:s latter com-
clugion, he the picy  of
physiological psychalugy.

For if the external laws of Nature are forever with-
drawn from our koowledge, then the proof rhat qur
payche is under their control can never ba adduced.

What Elelmholtz required of us was the belief in the
existence of natural laws which are entirely independent
of us, This requirement was readily complied with.
For the average thinker there {s an end 1w sverything,
if we no longer try to believe in force and matter |

Up ] r_'hls point the physical laws had been no more
than hy ; now they ired the authority of
an utu:le of faith, which was emhusuasncal]y spread
abroad by the lesser deities.

But it wat very unsatisfactory for research to be
abliged to base its entire structure on an artcle of faith
which was in no way better than the dogmas of the
Church. And that merely becavse Helmholtz saw in
the sense-qualitiss subjective signs of the actual
phenomenon.

1t was certainly a misleading assumptios, but in no
way necessary. As Helmboltz himself taught, the
objects that surround us ane coostructed from che sense-
qualities ; 2nd lndeed, one person uses some senge-
qualities for the making of objects, and ancther uses
others, S0 for him they are acthing but signx or
indications for his subjective use, and they nszert
nothing whatever with regard to a phenomeson that
is Independent of him.
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Helmhoitz inderd acknowledged that all objects must
sppear different to sach subject; but he was sesking
the reality behind appearances. Many have done this
before him: but ha difered from his predesessors in
supposing that what lics behind appesrance is not the
' Weltgeist,” but the physieal laws of the universe.
That is = matter of taste,

1y a physigist even in

, and his D 1 geniug paved the wey for
materialism, whether he would or no, since it invested
physics with an unmerited halo.

No atempt 10 discover the realily behind the sorld

, ie by negl the subject, hax ever
come to anything, because the suh_pect plays the decisive
rile in constructing the world of appearance, and on the
far side of that world chere is no world at all.

Af reality vz subjective apprarance. This must con-
stitute the great, fundamental admission even of hiclogy.
1t is uttesly vain to go seeking through the world for
causes that are independent of the subject; we aiways
came up against abjects, which owe their construction
1o the subject.

When we admit that objects are appearances that
awe their construction to & subject, we tread on firm
and ancient ground, especially prepared by Kant to
bear the edifice of the whole of natural science. [Kant
et l‘ne sub;ect, man, over againet ubjcots, and discovered
the g to which objects
are built up by our mind.

The task of biclogy consists in expanding in (wo
directions the results of Kant's investigations :=—{1) by
considering the part played by our body, and especially
by our sense-organs and central nervaos system, and
(2) by studping the relati of other subj )

a’?':lu make things easler to understand, I shall first
of all endeavour to reproduce in current biological
terminology the main results of Kant's line of research,
It is Kant's undying merit to have discoversd an
arganisation in our subject, and to have revealed ftg
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principles.  (“Subject” is used to include all the
menatsi and spiritun] powars] There is here an
internal conformity with pian, which, however, is
revealed oaly when the subject bscomes active. And
80 we must observe the subject while, a3 its activity
dictates, it is it process of receiving impressions and
making ust of them,

The impressions received by the subject always
consist of senss.qualities, which it then rrranges and
conpects ioto unities, which we call objects.  Accord-
ingly we have to distinguish in every objsct between
twa things:—(1] the gense-gualities, which Kant calied
the mesval, and {2} the arsungement imposed on them
by the mind, which he called the form of knowledge.

Undoubtedly, beiore any single piece of knowledge
can be meetived, its form must be almeady prepared in
the mind. But these forms change in the course of
experience.  Eant did not concern himsell with those
farms of knowledge which are of such great importance
biologiﬂlly. he restricted himself to those which muat
have proceded all 3 L In this g
hcpmposedmlaythe' dati of the princiy
that apply to tvery human being {quite independentiy
of what other mental gifts he may bave), by means of
which he tums hls expenence bo account. And thus
Kact end o the | and
essential laws, uninfluenced by any psychalogy what-
soever, according 10 which each mind collects experi-
ences.  This 1ed him 1o set up the two intuitional forms
of apace wnd time, which are necessary for every
experlence.

And if these zeemingly simplesl of the forms in
which the mind finds expression, have, since Kant's
day, become sumpuble oef further adatysis, this m!rely
wseans that the ! Iysis, a3 =mpl by
bim, bas pmved tobea dlswv!ry even more brilliant
than was supposed.




THEORETICAL BIOLOGY

CHAPTER 1
SPACE

KANT writta, “ Spate is merely the form of all sppearancea
of the ootward senses, fe. the subjeciive conditiohing of
sensibility, by whick alone intuition of the putzide world is
possible for us." The Bickgist would express this in the
following way,—" The exigtence of space is dependent oo the
imner organisation of the subject's perscnatity, which clothes
the sense-qualities In spatial form.”

This spatial form, however, is not the samt thronghemt
the various domains of senge, and it Pequirss separate coo-
sideration for each.

If when we art listening, the accompanying tacrile senas
tions of the car are cut out, we get & conditipn in which the
anditory tensation remaing goite normal but the direction
frem which the soand comes can no longer be estimated,
Io the mgme way, Wt can separate the semsibions of amell
and taste foom the sensations of touch which accompany
them, and then ark ourselves, " What do these pore sensa-
tions tell us aboot space 2 "' The answer must be that they
tell us very littls indeed. For the qualities of these senses
wre mevnly projected ; they are oot localived. In this primi-
tive * what-lies-onteide-cursalves "' thert are ne plnces, @o
directtons and no foms. We pay call this  what-lies-
outside-cmreeives © gpace, but it must be remembered that

L A
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we are dealing with quits ancther kind of space from that of
which we usually speak,

Moceaver, we must bear in mind that the sense-qualities,
and sspecially that of hsaring, ere not destitute of arrange-
ment, althoogh they be cui off from space. The whole
musical scals i an Ele of
althongh thers is no preconcelved image of it ameng the
objects of experiencn.  The order of the sounds is determined
& rdori 5 the expromlon of gur sobjective organivation, which
praceden all experience.

The order in which we rective at once exch note as it
Aoumds, an order that determines with certainty its relation-
ship to pll other onmical somvds, is an " intengive mathodical-
oz " pecolinr to our mind It i, o use Kant's words, a
* transcendemtal form ** of oor intellect, vig-d-vis of which
the individual sounds conmatitate the ' materia) ™ of knowisdge,

A very momentons fuestioh aow faces us—" How can
the intessive desigh of the fyche and the extensive design
of the bmin ba combined as conespls * We sball often
et this question sgain.

Tuming sgain to space, we percefve that tha two spatial
sensm par gxocellenes are sight and totch,  And yet it is not
in virtos of their apecific qualities that thry are space-forming.
Colours, for ingtanct, have a very remorkeble relationship-
armangement por with the sther, as we kmow [rom the com-
plementary coloare ; but this has nothing to do with spatial
telations, Thers muat be other qualitics in addition which
&7e space-forming.

Local siges, The existence of specific spatial qualities
war dedoced by Lotze and demonstrated experimentally
by Webes.

Tt the two points of o pair of compames are 3¢t one centi-
metre apart and are then drawn down the back, beginning
at the neck, the perscn expecimented on at frat faels the two
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points quite digtinctly, and then they gradually approach one
ancther untl they fose.

How does thiy come aboat 7 How i thin movement of
approach so clearly detected 7 The sensation of preswure does
not alter in the Jeast ; the only thing that does alier is the
accuracy with which the akin of the back is able to datect the
distance betwsen the two points of prowsare, From this we
may comfidently inder that, as well as sensitiveness to pressure,
we also have in our ¢kin & power of Jocalisation,

‘The theory developed from such experis states that
we have in our skin eutspresd nerve-endings which envelop
the whole qurface of the body ; and these ar net, 8o to apeak,
lmmdm!peuﬁaﬂlmuh.butmmdmmhnﬂui
stimules, The terminal ner are ibated in
mwhlchquwt:mdamb]ymw Each zfea atlows
one guality i sound, which imparts a definite lotal cabonr
ta the qualjties of tooch and temperatyre.

The arras art mestafed by determining the distance gpart
at which the two compasspoints art instantly felt as twe
distinct points of pressire.  In this way, it has bren shown
that the arean ars by fer the smallest and most anmaroes
the finger-tips and the tip of the (engue.

The qualititt cmanating [rom Uhese areas are called focal
ogns.  Tnvestigatiom of the local signs proves very difficddt,
because we have to disregard the gpecific stinvubes that acoom-
panies ihem ; this reqwires great comcentration of attention,
und it can be done with certainty only at a few places oo the
skir, I find that when I ghut my eyes and gently stroke the
small hairs on 1he back of my hand, this brings best to my
conscitusess the alteration of the local quality. Bot meely
 light touch on the skin of the thigh gives one some in-
sght Into the relations of the local signs vae to another,
They are best compared with the mugical seale.  Imagine 8
piano with the keys in saven Tows, one abews ancther; in
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the hogipontal rows. the soyndy wonld be ranged according
te octaves, while sach wertical row would bold the sounds
of aoa octave,

By means of such 4 piane we cin most easdly dersonstrate
the twoigld relationship which each local sign has to its
neighbonrs.  Far with the local signs two types of relation-
ahip e be ahewn, I the nervons areas are stimulated
ooe after the other thronghout the kagth of one of cor limbs,
the local signs come Into play @ a definite and related series,
which, Tepeatitg ftsclf with every lengthwise stimulation,
may bad to same confuslon.  Another type of relstiooship-
saties appears when the stimulation acis transversely.  Thest
two types are never coninsed with one another.

Now, with nermal stimulation, as, for instance, when you
prom the bnfi of o finger on the edge of the table, the local
signa play o quitt sabordinate ride to that of the tooch-
qualitiex ; and, in virkee of this, their fxed relation-seris @n
the better be d, for the iouch-gualitiss have got oo
armaogenwnt of the kind,  We might indeed go so far e to
say that the same tooch-quality really always repeats itwelf,
and changes oaly in inteosity. Se we trassfer the arrange-
meat of the Joos) sigas to the touth-qualitics, and are ensbled
thereby to feel that these are aranged not only step-wise
with relatien to aba anether, but abo in rows alangside ooe
ancther,

And it is ouly now that we understand in fte foll signifi-
cance the profound truth of Kant's dictarn that space is morsly
a fort of setist pereeption.  For what enables us to appeehend
tonch-gengations ap extrmded is oot the new quabity of the
local signs, bat the form of ther amungement, which i

Tha axistence of & quality which is merely consonant with
the local sgnn and yet independent of tham, and which gives
information a io {he place of stimuolation, ciuld be proved m




SPACE s

the case of the sanse of touch only by demonstrating that at
different places on the skin the sensatinn of tonch remained
the same, whersas the Incal signs changed. It is sasier ta
gt this proof by using the retina of the eve. The fndividnal
#lements of the retina are not all directed on the same coloo-
quality, thongh they are all directed on the same local quality.
No ome will deny that 4t the place he s regarding aay colour
whatsoever may appear, and therefore place and colour are
factors independent of coe anather, And from the cutset we
were able to asseme that the touch-qualitics might everywhere
be differsnt.

Tf we tum o cyes skywards gnd do not move them,
what we s¢e locks Jike 2 wmiform blue surface : if we look
earthwards in the aame way, all manner of surfaces prewmt
themselves, artanged together in series. Each murface =
complete in itsalf, but the wmity of ihe whole visible wodd
is nevertheless preserved. It remaing always the same, how-
ever muoch the coloured Gelds of view may ahter, breanse it
is based on the simultanecus sounding of all the local-cigns,
a consonance which tells m of the enduring presence of
ke extended.

In cootrast to the wisible, the palpable = never sinvul-
tantously epprebended in all its parts. The palpabis is felt
as unity because ibe same touch-sensations retum at each
stimalaticn.

‘We compared with the musical scale the interrelations of
the Ipcal signs, singe the mosical scale hkewise forms a con-
nemdmmp Thcdc,gmeoitllc mleuonsmpbetm
the individgal somds is d d by their
by that we determine the qualitles that are jost ipprecubh
between them, This determination & rendered wagier by the
tecurrencs of the regemblance at cach votave.

1t is oot nearly po difficult to determine the relntianship
of the local signs, becaust bext & new quality comeg in, the
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quality of dicection. When, wy we bave ssen, gtimulation
is npplied at different points oo the gkic, it & sasy to show
that there are two differsni kinds of relatioaship ; the quality
of direction, however, does oot wppear. Wa have oaly to
think of the " pins-and-meedles ™ feeiing that comes when
s Hmb " goes to shep ™ ; wa then Jocalise very exactly the
mdnndu.lpncklm;smom’shnhymoﬁt‘hcnd:ﬂmt
qualities, but we have ahacl 1) iom of direch

The semnation of dnu.tmnmmummlywh:nmelma!
sign atrikas op while the others moet nearty related to it bave
dot yat quita died away ; with * pins-and-nesdies ' this dots
not happen, In * pinsand-nsedlss ' we foel the change i
the qmality very precisely ; but what we call * metion " is
culy fhat change in the quality which s connccted with
the quality of direction.

DIRECTION-SIGNT

To simplify the descripticm, I will call that which conoects
the local signs a dirtction-slgn. It would secm that all the
Jocal slgns of the akin, wheresocver situated, mm\mmb}y

4 with theie scighbors by two dinction sigus only ;
we had best call these * signs * and “ L di

On clossr inveytigation, we observe that (e direction-
tigns have & very important property which distinguishes
them frem all local wigns, 1etheymuwmbll With-
mtlamwﬂn b * giodi
Kign, sinry dnamnn-wnwﬂmiw“hm"alwdln
for * hither.”

No guality known to us bes this power: the order in
which the qualities appear can be reversed, but the individoal
quality iiself pever zan.  On that acccant, it 1 open to ques
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tion whether in direction we really have to do with gennins
qualities, or whether we are not marely dealing with an

pecially clsarip expressed seq of local kigns.

Fortunately it i3 possible to give an nneguivocal angwer to
this ebjectien, for we know of dirnction-aigns in quits another
domal.nlnwh{chthmarenolomlmgnsatan 1 refer ta

L Inﬂl lar gensations, which arise
during directirn-gigns always appear,
and they are so strong that they sometimes drown the sensa-
Homa proceeding from the muscles or tle joints, Musuiar
senmtiom are 50 badly localised that there is no question of
thawbmgthecmseuf&edelmheud pu:ecnseunsahunsuf
direction. As soon aa di
sehsations, wspeakhmalsuof“mwmmt“ and, more

phicitly, of our own

Direction-signs determine movement in the onter warld
25 well as in ourselves | we thersfore divide them inte * other
igma " and ' sei! signa.”  Since movements of other bodies
are accomplished owtsids, and oyr cwn movemmis inside of
our vt body. we may also speak oF omier and innsr direction-
signs, The chief distinction between the two kinds of
directionsign consists, however, in this, that the ome i
aectmpanicd by a reception, the other by an action ; the pos
i3 purely sensery, the other sensary-motor.

The inner direction-signs for our own movement arc of
three kinda, i+ back and forth, ap and down, left and right.
Arvanged in series, the direction-sgne admit of every erder of
mavement that i possitie.

We contrast the individuel sounds, a9 the materlal of
nensation, with the musical acale, as thelr sansatien-form, a
form which comprises in it the possibility of all soands
and ot the same time their necessary arrangemsnt. Tn Hie
manner, we shall contrast with the individnal Iocal signs as
material, “ the extended " a5 form @ and with the direction.
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signy =3 materisl, * motion * as their smmation-form, e
swithin it every possitln dirmction is containsd.

THE PLANES OF DIRECTION

‘When we close our £yes and pictare what-lies-sutside-gur-
selves as filled with series of direction-aipns, we becaine aware
that ihe series are arranged not merely with relation to one
another, but that each series occupies & fxed place. This is
strpristog, slnee cor inner direction-signs {we are dealing
only with these hert] art quite free from local signs, and
what-lies-sutside-tursclves has in itself no places whatsosver.

Heome comes it then that we are nevertheless able to 28sign
its fixed place to every direction-sign 2 On closer i i
it appears that we are able to split up what-Hes-outelde-
cursclves into three pairs of halves—{1) right and left, {3}
shove and below, (3) befors and behind W intersact what-
lies-culmidt-omyselves by means of three bisecting planes,
which cross one another in jront of our heads.  Tha attentive
observer will ootice that, while what-liesputside-ourmehven
remaina st regt, the system of the three planes shifts as
the baad moves,

As a magnet arranges iron-filings, so the direction-signa
of the same kind placs themselves on the bisecting plane that
belongs to them, along the lines of this marvellows magoat.
And thus o kind of three-dimensienal canvas is formed, in
which the movements actually performed appear hike threads
of coloured wool.

It 5 only by the insertion of the three planes of direction
that what-Hes-ontaide-ourstlves beoomes ** space ™ a8 we know
It and make e of it [t iy nothing but a purs form, neady to
receive all our samse-qualities, and thes become Holed up
with it dirertly or indimectly. Spacsisa parfect unity— self-
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contained law, Mereower, it has o Emits, for avery per-
ceivahle movemant iz of necessity linked up with a direction-
aign, which determines ity position in space.

Hwe it¢ im what-Ii taid the possibility
of movement, then space as the connection of this pessibility
with the planes of dircction, will be trug ™ form," —oamely,
passibility and law.

IDENTITY OF THE DUTER AND [NNER DIRECTION-8IGNE

Space, a5 we have just defined it, furnishes directly the
" scaffolding " for our own movements, for the muscle-
feelings in all movements that ar sctually performed can
always be coupled with direction-signs. We must ovw show
how the other qualities make use of this scafiolding and are
mﬂnem;ed By |I This infiuence shows itself most clearly on
the jon-pigng which are d with the local signa
and giva ns information about movement in the catside world,

The puter directicn-signs, ni which we distinguish m
kinda, ie. and longil
into the P g inner signs ding to the position
that their local signs take up with reletion to the planes of
direction, When I detect the stroking on the back of my
hand, I get, over and abave the sensation of touch, tha
dnubm—algnn. Along . . . alemg . . . along * and so forth,

arm uln:n.u,'

These 4 ...u....cnnbe 5 d gvery time into the
dlrectina-signs, * Forward . . . forward . . . forward * and
soon,ar*“Up...op...up" ..., "Totheleft . .. to
the Left . . . to the left™ . . . o into the reversed signa

ding ta these, aceording o the position which I give
my hand,

I my eyes are shat, I koow wery Littls about the position
of my hand, on account of the imperfectly localised sansations
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In tha mostles ar juints.  (Everyons knows that if you ahut
your ayes and try to touch one forefinger with the other, you
often go wide of the mark} As soon, however, as the first
loeal sign & aroased which is conmected wilh the sensalbon of
touch, 1 becoove quite chtar about the velations of this locad
sign with the three planss of direchion ; T am “ orcatated.”
If now, at the moment whet a secles of local signs sounds, the
outer directivosigns belonging to them corvespend, these
lanetatmmumrrehﬂon to tlle planes of dirsction, and

Jyves into inner d lon-signs ; but they do
this without ing the ch of our own
becaurs L fons are lacking.
The of this identifleation of ouler with inner
i SgNE ArE VeI imp for they enable us (o hring

10 2 COMMON MEAsUTe SuF OWD fovements and movements in
the outside world. I I run the ball of one finger along the
edge of the table, the inner und outer direclion-signs begin to
sound together . but thry are opposite signs. B the outer
signs are " To the feft . . . Jeft . . . kfi,” the inner signs
are * To the right . . . clght . . . right.”” Then the effect
of the inner and outer signs, ax an indication (index) of move-
ment, is pullified and I am aware only of my own movement.
The inoer directing-signs mhite with the cutwardly transferred
touch, i and T get the I lot of my own move-
ment of touch aleng an unmoved object.

(Whereas muscular foelings are referable to the condition
of one’s own body, the sensaticns of touch with their very
precise Jocal signa, werve aw indications foc propesties of
the oatside world )

Eanhhnulsngnmtrudsuswmnmsmypmmm
own body, bai it i the & igns. which d ith
positiem in space.  This Jact is very obvicus in the case of
our fingers while they touch things and are all the time chang-
ing their position. Tae tip of the forefinger has become extra-
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ortinarily senmitive to touch, asd by its agency we test oot
&0 much the natom of the extemal tesistance {for that we
use in prefereace the ball of the Ainger) at iix positioa in space.
In 30 dofug, we ignore what the keal elgns have ta tell ug
about the place of our body; to give us that, the inmer
direction-tigns Imk up directly with the sthsations of tongh,
and the sensation of “ pressare ther " no longer mieans
pressure on the focefinger, but pressure at that point in space,

HATURE OF TRE DIRECTION-3IGME

It can easily be shown that the detsrmination of the peint
in space depends simply on the veluntary direction-sigus,
i on the dirclion-sig d with Jar sctivity
called forth by our nerve impelses. The proof of this is as
follpws, Make the liftle finger bend itsell gyer to the inner
side of the adjacent ring-finger ; then ghut your eyes and
press the edgm of a card on the balls of both fingers; you
will feel one atraight edge. Now with the other band move
the game finger acrosa the ring-finger (scarcely farther than it
wag able to go unaided), hold it firmly in this position with
the ring-finger, and now pro=s the same card on the halls
of the fingers : if your eyes are shut, you will this tima fesl
two cards,  The illusion dissppears when the eyes are opened,
because the =ye 2t onoe males the carTection.

To the same cause is referabic the well-known aypariment
of transforming one ball into two by touching it siml-
tanegusly with the index- and middie-fingers croesed over
one another,

From all of which it may confidentty ba inferred that the
wery definite wensations coming frem the joints and their
ligamenty, although themselves localised, have o direction-
wigns 1o inform us as to the positiva of the finger The




bl THEORETICAL BIOLOGY

I dons are feshle in with these sense-
tions in the joints; consequently, we letl the finger-raove-
ments within the Bmger itscll, although the muscles that
produce the movements lie in the ferearm. The mrpscular
sensaticnn become distinet only when we clench the Sst; but,
in that case, thers are no sensations of direction,

This gort of thing indicates that the direction-signs are not
indistchibly bound wp with muscolar sensations, but with
the impolyes that initiate movement, I see further evidence
of this in the fact that when we swing sur arms to and fro
there i3 a summation of the sensations in the twa limby, but
2 mut ien of the direction-aigng ; and this leads us to the
szt that we can ditingeish two diff kinds of inner
tion—ope for muscnlar action and one for movernent,  When
we seize an object, wr are innervaiing a muscular actiem
when we move it to another place, we are innervating & move-
meat, In vhat more pli 4 which
we perform with ease, we should be greatly embarrasssd if
we congciously ordered the individual muscular actions to
ToBow one afler the other. 1t is easy for us to write the
numeral 2 on 2 sate, with our eyes shut; but we have ng
idea what muscular aztion we st a-going in order bo do it.

It was Eethnholtiz who pointed out that we must have

inner it for the impulses belonging te a central
Mrme-organ.  As scon 2s we bring them into relation with
the impulses, the inber direction-signa appear it quite a new

light. We innervate muscofar actions either by a single
innpulse, us in clenching the fist {in which case we ignoce the
directim-signs), oc el we innervate them by an impulse-
sequefice, an in writing (in which case we are conscous wily
of the direction.signg),

The fdlicwring experiment gives 03 some information as to
the rdle played by the direction-signs in inoervation. Fimt
with the right baod and then with the left write slowly in the
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wir tha ngmeral 3: you will get two ntinerals in their cormct
position. Now quickly give to both bands smulaneonsly the
order ta write @ 3, and insread of 3 3 you wlll gt £ 3, i 1wo
numerals, of which coe is the mimor-image of the other.
This is net surprising, siice the muscles of the two arms,
although alike, are arranged mintor-wise with relation to ohe
another, Tha experiment merely shows that the perve
impalse iy divided berween fhe two amms te carry oot the

Same . and that the s pech d witheok
teferenice to the different arrangement in the Jeft arm.
Every lar action is d with & direction-sign.

For the tight hand we have learnt by now be make the impulses
sueceed one another in such a way that the dirsctinn-signg
thereby gounding produca the numerat 3, When we initiate
the seme series of muscular actions in the Jeft arm, the mirmer-
image of the nomeral 3 must resolt,

Nevertheless we are somewhat sorprsed, becense we gat
nooe of the effects we expected from the left arm.  Befom
the act of writing, we pittwre to ourselves more or Jess clearly
the numerals 3 3, ard we find now that the result does not
emrrespond with this preconceived image. We should fesl
the same astoishanent, if, when we wanied o play a familiar
tuge vn o pianw, we found that the strings of the piano wez
arranged in teversed seqoence.

From this experiment we may infer that the preconceived
image, however exactly formed, does not directly innervate
the muscles of the lefy arm.  The preconceived imege consists,
in the best instances, of carefelly ardered
which are arranged extensively lilke the actual direction-gigns.
In contrast to this, the innervation that Initiates the move-
ment consists of separate impulses which follow me snother
i% fime. For the arrangement in time of different factors we
shall uploy the comept term for @ succession of sonnds—
" melody.”
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The rmedody of the impalses is quite unknown to us, bat
ilm&mﬂymgwmm“m&e

arinal and the di 4igns Tesound, or when
mphyuﬁthelrmemwmwlmwmm
As soon as the begins, & Figns Appesr

which give us informaticn ot as to the muscles that xre in
action, bat s 1o the path that iv [ollewnd in ypace, 50 wo
learn that the kit wom ix following a different path frem the
Tight. In Ehns far, we are jostified in describing the direction-
tigns a3 xigns of (he inoervation that has come into actioa.
For the performance of a gimple muscniar conraction we do
not Tequire the melody.

APACE AX LAW

Az we know, Kant exlablished the doctrine that we have
information about spact before we have any experience,
because, a5 the form of intoibion, space must precede svery
experiesioe,  But spact does not differ therein from the other
forma of mmse-perceplion ; the Muotical scaie is in existenm
as soon a8 the frsi sound & perceived, and Lhe first coleur sben
ahmdyhaammmplunenuxymmhﬁommu:ntmm
our lated by law, which ons
mndbmsloaumhﬂwunds and thowe which coe cobonr
bears to all other colours, must be investigated, it is troe, in
experience, but they peecede alt experience md merely reveal

their satore with the beginning of the fist

The reason why an ptiona! pesiion ded to
space in oombrast to other focms of senseperception, {s quite
oiher. All senseqoalilies that are not compected with our
movements are called forth by imgwesions from outside,
which are extinly indepandent of ur own activity. Only
umm which oUT GWE are

hﬂq:mdmldthnwlﬂdewrld.lndhmodlﬂy
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exiernal experience. 1t s just these quelites, aod mam
especially the direction-signs, that bave spane a3 their neces
sary farm,  On that account, we can develop the whele theory
of space withont the smsistance of externnl experiencs ; and
gince all the other qualities come directly or indirectly into
relaticn with space, we may say that spape precedes all
experiencs g4 the form of intuition cemmon to all expearience,

and that the laws it, which we lnvestigate through
the inner sxperiences of Qur OWR MOYemENts, Wrre & priov
there in their entirety,

But with space, not merely do its laws precede external
experience, but so also does the science of these Jaws, This
explaing the exceptional part played by the figures in plane
geomelry. These figures that we draw are net cutlines of
objects, bat imperfect symbols of our own movements ; by
the attempt to commit to paper by means of Jlines the series
of direction-slgns, we study the relation of these movements to
ohe another,

It is clear that plane geometry precedes external experi-
ence, but equally clear that plane gemmetry is a creation of
interpal eaperkence, We shonld be led into strious eoor i
We Wert to astame that somebow, by means of memory-signs
in the imagnation, we could establish a science that would
inforz us s to what actuallyhappens. An actual pl
whether extemnal or internal, can only be roeognised in jtself.

While it is troe that {here can be an idea of space into
which the mrmory-sighs can be thrown, yet gpace itself i

not an idex, Space isan tial F af our org
tion, and, a9 such, an actual law of nature, vad subjectively
an well a3 abjectively.

In order to give w3 some insight inte oar own organisntion,
Ennt made appercepiion the central point of bis doctrine,
Apperception is the activity lylng at the root of all percaption.
Only whea it i in action can we leam anything about the
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orgunimation of our subject, which dhe By shrended in uiter
darkness, Whatever the percephion, !.'heacmityisdthe
saroe kind ; different qualitles are heing

into wnities. Thepuwerolthesubie\:t that exercises this
apperceptive activity js for ever creating new stroctures; in
b very nature, it is 2 Formative force,

The material for this coastruction is fumnighed by the
qualities ; the laws g ing the jon are the forma,
From force, matarial and law the organisation of our snbject
becomes roveeled to os.

Hroor we are justified in calling space = law, sinee it is
the most general form of sbse-percoption ; and sines the
artivity of our mind & the enly part of Nature directly kncwn
bo s, ts laws are the ofly ones that we can justifiably call
Iaws of Nature. The determination which space imposst on
all objects is undoutiedly & Jaw of Natare,

This determination according (o Taw, imposed by space
an all chjects, is, as we have seen, twolokd \—(1) possibility of
mmmtmd{:}poslhunwlthreswﬂtnthethmphnﬁ
of direction. From this i arises the g
whether space, altheugh it & fund law for
il objecis, may not ltself be murelya creation by apperception.

THE ORGAH THAT GIVES DLRECTION IN EPACE

The clos put into cur hands by Eant to enable us to peos-
trate the mystery of the organisation of our sobject, dependy
on & conclogion drawn from the activity of the subject itself ay
0 i pwn comstitution, and bence Jaaves npsohved many ques-
tious 23 to the nature of that crgunisation, To contrast to this,
the orgumination of our body Les expased before cur cyos,
and does fot have to be mvealed by condusions doawn from
1ts activity.
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Organisation mezns o anity in which the differsnt purts
e consbined fale a whale throngh the agency of a commen
wctivity. This beide good for the organieation of cur body
at well as of oor mimd.  Now the different activities of the
mind are 50 ciowdy coonected with the activities of the varioos
ocgans of the body {sight with (he activity of the eye, hearing
‘with that of the ear, and 5o forth), that we draw the following
vonclusion :—in some way or other, sach ongan of the body
comeapoikds 10 an ogad of the mind  Through the mandiold
experdencs of every day, we fearn that the cuppression of
an organ leads, as a comequaners, to the suppression of an
activity of the mind,

Hers we 3ea a way in which we may solve the twofold
problem of space.  Lat us try to find an organ of the body
whoge remaval influsnces pur space-forming activity, either by
lestraying the dircction signs or by supprasion of the planes

Cym blished the h 1 theory that the
semiciteular canals of our ear stand in relation to the three
Planes of divestion. It Is impossible to perform the decksive
experiment on ourselves, We camnot put this mysterioms
organ <at of action by stopping up the external auditey
meatyy, a9 we £an pot the eye cut of action simply by cdesing
tha eyelids. We are obliged tharefors to remsert to ambigaous
wiimal experiment.  We must firsk ask oarselves what visibla
distorbances of the gotside world would appear in our own
case if we were soddenly depoved of the direction-planes of
o own space, and then find cut whether amimals deprived
of their semicirenlar canals show corresponding disturbasces.

The plenes of direction permit of gur transforming the
melative position of a movement in space into an absolute
penition, becsuse the individusl dimction-signs, try reason of
their fmd relation to the planes, appear like separate stitches
scwn in A o canvay, Remowal of the semicirmular cenaby

]
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would mean the removal of this <anvas and woald deprive
movements of their fixed positicn in space.

In order to imegine the injury you would soffer from
wach & Joss, shut your eyes, and with yoar hand quickly bring
& fat cbject, snch 23 2 book, from a distance to the boandary
between right mad lsft, then to the bommdsry between abave
and below, and finslly to that betweenh before and behind.
You can then convince yourself of the exaginess with which
the bounding plancs ar fomnd, and where they intersect, Wa
carry arcund with 15 bear the tip of the wose an invisible co-
urdmhngnrgnnasﬂm'bumufwmmmwhmhu
quite. mmafircted by all the of the outside world
and by the position of the vect of the body.  The Jos of this
basis would odonbiedly have the most injorious effect on
the certainty of our movements.

The planes of direction inflesnce most of all tha move-
ments of our cyes; their loss would therefors be felt there
toost. We determine the position of the varions objecty in
¢pace by ertremely rapid movements of the eyes; these
mevements start from the middia positien, and go to and #ro.
Bt iy eamiest to werify the continually repeated return of the
ey® to the middle position by watching & person whe is Jooking
at capidly passing objects.  The to-and-fre moverment, of hig
eyes is Inown a5 noroal oystegmag,  Very different is the
abnormsl nyvtagmps which we observe in animals that have
Joat their semicirrular canals: here the eyes roll continudlly
to and fro from cne corner of the orbil to the other, 25 though
they were serking for the lovt median position. Animals in
that state prefer to remais io the dark, and caly very gradually
do they re-roquire their pommel eve-movementa.

The pictare they present comesponds in all detadls with
the conditlon we should be in if we were puddenly deprived of
the dimction-planes. [t is only through knewing the plaes
of direciion that we are always able to belog our eypes back
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axactly to the starting-polnt, and, in this way, to determine
the position of varions objects in space. I, in Inoking for
objects, wa were to rolf onr eves from slde to side in & com-
pletely lled way, i L. jon would result,
from which we would fler away intc darknets. Ouly very
gradually, by having recourse to the external direction-signs
with their local signs, could we learn again bow to orientate
ourselves in space.

Since it has besn demsonstrated that, after removal of
single i canals, i in the
oprr in quite defmite directioms, [ consider that Cyon's
theory is proved in it essential point.  From his theory, Cyon
bas drawn the conclusion that the direttions of space ame te
be reckotiod among the sense-qualities, and that spact in
Kant's sense should oot be put with the forms of lntuition,
for it itgelf must first be formed. Jo this I see only an
spparent comtradiction. 10, with Hant, we male the con-
structive activity of the subject the very centre of our con-
sideration, then we can very well imagine that the buosneas
of coostructon {and apperception is nothing more of less
than this) first creater the forms of intgiton, and then pro-
ceeds to make use of them. As has already been emphagised,
we know nothing about the real orgamization of our mind.
Only through the activity of experience are the three factors
revealed which Eznt discoversd, oamecly shaping pewer,
Mnaterinl snd law, With the beginning of sxperisncw, thege
thoe first form space as a form of intuition, and space then
yields the gemeral luws for oll urther experiemcs. Un-
donbiedly we know more about the ferming of space than
Eant did ; but eveything he said about space as the means
whereby W comstruct external experisnes, retains its full
valoe,

With the ficst movement of our Hmbe, oor inter £xperi-
tmee begina, and the fit ditection-slgns am manifested,
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Space is at once formed, and it is made up of the posibility
of movement i all dirsctions {which possibility is the most
general relatiooshipform of the dirsction-signs) plus the
paney of direction ; the sctpal am traced ool in
wpace & deBnite meries of direction-signs.

‘Thus §t seems ta me that the theories of one of the most
gifted of physicloglsts are fezlly in foll acvord with Kant's
doctring ; it is only now and thim that his enthusissm gver-
shogts the mark,

ILLYSORY MOVENENTS

When we look at the wordd with one eve, and at the
spme time move the epe-ball to and ko with o finger, the
abjects surcounding us begin Lo swing 1o and fre at the same
rate; whereas, when the movements of the eye are performed
by our own mtschs, the objects remain stationary. FPassive
an active shifting of the eye, then, produces entirely diffcrent
results.  From this i Heimbal duded that the
innervation of the eye-muscles is made known to s by special
qualities of & central sense.  We call these qualities direction-
gigns, The experiment tells uy even more [ it shows uy that
any displacersent of the reting is alone sufficient to give us
informatina about movernent, When an image of an chject
nhifts ot the retina, this invariably gives an impression of o
movement ; and this whether it is the chject 1hat has shifted,
or the retina iteelf. The appesrance of the Jocsl signs in
continuoma mties produces in the reting, juat as in the skin,
the imprecicn of movement in the outside workl, We

becmne jous of cur own quly through the
movemsnt of our mosie.  Cur own movement i ore-
vealed to us by the inmer direction-signs which

our imptises when the mwacks wre stimulnted. Tluuhu‘
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Jirection-sigsn tell us aboot movement in the outside werld ;
they come into being with the spunding out and dying away
of adjacent Local signs.

Helmboltz's experiment shaws that the twe kinds of
direction-sign which we have distingnished from one another,
are really identeal, for enly identizal but oppowed signs can
anmtil coe another.

‘Wa alse arrived at this conclusion from eur discnssion of
what happened when we slid the balle of oor fingers along
the edee of the table : but with the spvements of our fmbs,
the sensatbons In the mascles and tendons play so lage a part
that we canivot lost the facling of our own movement, With
the cye, however, the sobsidiary feclings became quite incon-
spicuous ; and so here the opposcd signe can complately
cancel one ancther, and we get an impression of rest.

It is only 1htough the mre that we become certain that
motion s oot merely o derived conespt, but that, just as

space is the form of tha i of the direstion-signs,
80 motion represents the fem of the stquence of the dires-
tion aigus ; dingly tho ay of the first directd

Signs presupposts spact as well as time,

The prodaction of 2 second kind of ihsory movements
of objects depends on the asmmption that cach retina is like
a chessboard on which a game of cthetm & being played.
How is it that the two games simualtancously played come to
our consciousocss a5 onc?  This & explained by identical
fiedds of the two chesboards having the same loczl signs ;
and two different things can never happen simultaneonsly at
the same spot. Now, while looking at an cbject, turn cne
eye alightly eutwards (it is not every one who can de this) ;
the fields of sight will shift towards one another, and the
outline of the object, which in the one aye keeps its origina]
place, in the other beging ta shift. The shifting is Dot per-
cived through the cutward movement of the eye that has
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been moved ; of this we can convinoe ourselves by covering
the eye that has remained wtill.

If we imagios the retine to be yuperimposed on which
an fmage is to be thrown, and lat ooe reting be shifted laterally
by its eye-musclm, the image no longer falls on identical
Tetinal spots, mnd st appear deuble, becanse now there
am two identicd placts ewirywhere, The mevement that
appeary when this happens i not percsived by the atina
that has shifted, foc an it the two kinds of divection-sigos
balance one another; it is peroeived by the stzbionary sye,
which has not followed the impulsc. The displacement of
the statipnary yetimn relatively to the one that has been
moved is not balanced by jnmer di 5igng, and canse-
guently mmst appear as movement in the oolside world

That cuter direction-signa should appear even when the
image has not besn moved shows that these slso are ip-
dependent central qualities like the inner direction-signs,
which in all pointy they essentially resemble Similar direc-
tion-signs [inoer apd outer) appear sometimes in association
with muscular actions, sometimes with local signs, snd either
combine together or else cancel cne another,

Hence ihe remarksable fact thai, though when we ook
around u, the images of objecty on the retina continoally
stimulate Iresh local signs, we do not always nobce this,
end the obfects do wot jeave thelr places: oomsequently,
they acquite a position in space which appearn to be in-
dependeni of us. U the direction-signs did not baladce ooe
another in this way, the world would lose uB! its ntpese ; in
place of ity caim, the would be an intolerable dancicg aboot
of ohjects, such as we experienced when we moved the eye-

bl with the foger.
‘l‘o-umnpbmﬂy —Weguthwwledgenithedhwm
w sigey from two Jiff SOUFCER.

M.Mwwmawmnﬁmdtm



SPACE 3

local Figny; and through the i of our
muoscular activity. In both cases, these semgaticns show the
same very inpostant property of reversibllity, which is made
possible by recigrocal cancelling of the direction-gensations,
From this wa concluds that both kinds of directipn-gigns, in
gpite of their differant origin, are united in cne and the ama
central sense-organ, This cemiral semse-cwgan for the divec-
ton-aigns is in rlose inn with the semick canals
of the inner ear.

FOINT AND ATOM

Having brought the aoalysis of the hasal slemeuts of
biclogy thus far, we are in a pesition to explain some prob-
Jems of fundamental importance. Tt was Helmholtz, as we
know, who pointed dot that in & world of human beings
having cylindrical lenses, the axlom of plane geometry, in
agcoerdance with which the shoctest distance between two
points must be a straight line, would not hold good. We
can now explain this paradox, for we can show that there
are two sarts of straight lines, one of whick [nvarlably obeys
the axiom, while the cther does not

If we understand by *lina ™ u scvies of direction-signs,
then ondoabiedly the straight line (ie, the sequenca gne after
the other of all the siuiler direction-signs) is the shortest
course, §e. the one that requires the smallesi number of
dirsction-signe to get from ome peint to another. Every
devistion from the siraight course by bringing in direction-
signg of other kinds, will scooner or later Inad to the interpola-
tina of the ppposed #igu: and such & oarse must be reversed
again if the goal is not to be missed, Each détomr, by thin
interpolation of other =signs and then their correctiva, in-
rreases the number of direction-signs employed

K, on the other hand, we understend by * line ™ a geriex
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of optically areated docul dgns, then it is obvices that, since
Imape-forming on the retina ia under the infloence of the
optical Jemally a letely d lmage
o the Fine can arke. The optical line Is subjecied to all the
vickedtudes of extermal experience, and from these an axiom
can pever be drvwn a3 it can from internal experience.

Joat aa there wee two kinds of kney, so alee themw are
two kinds of points, A is generally known, we distinguish
the immaterial (mathematicall point from the material
(physical) point. The mathematical peint is defined as the
phice where two lines intersect. In this case, by“]me"is
todastood & stries of direction-gigne  The i L
point, consequently, has no extension,

The physical point, of atom, is no ather than local siga +
sense-quality.  Only by establishing ihis, can we explain the
inner coniradictions of (his prisvary <lement of physicy,
and at the same Hme the necessity foc ikt application. The
Tocal aign ix the smallest quantity of space koewn to us that
possesses Mo form, for in order to ereate a form several local
signs are needed.  For the mame reason, the ator, a8 its name

inplies, iy indivisible.
The local tign is not fisclf material, but it & to be found
ouly in conjunction wilh other qualities which serve as

chapacteristice of matler. The local sign is the smailest
pmtiak receptacls for each kind of mabier, but it itself pos-
yoages none of the properties of matter. (It i neither blue
oor red, neither light nor heavy) Nevertheles, the local
algn goverm al] the spatial laws of matter, because # is the
auily bearer of matter in spave. This description of the local
wign iy ab the sume time 8 complete enumernticn of the pro-
perties of the atom,

From this it follows that to deflne the atom 28 the primary
et of all kinds of matter s wreng, It is posible that
all subsiances are composed of one primary ekmest; onmly
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experience will teach ws whether this is so.  But it is certaicty
ot an axiom.

ANl that is certain s that every physical analysis must pro-
coed from this indivisi smallest spacs e, withot
form or sobstance ; and it must end thers, becausa st that
point our own organisation bas set the limit to investigation.
So long e by the aid of optles we arm euablad to magnify the
emallest particles of matier yet kneen, just 3o ong will om
Incal slgns go on creating fresh atoms, The limit to tois i
purely practical, Thers it no 1k ical limit to the practical
application of Jocal signg.

Summarising, we may make the followitg definitions —
A3 the point of Intersection of two serlts of direction-signe, =
mathematical peint i3 3 point in space that has oo sxtension ;
a local sigm is the smallest epatial magnitude ; an atom, 2
the ssociation of a kocal slgn with a sensequality, indicates
a material polnt in space.

GLANCIRG AND SEEING

By thig time we have been abic to establish an aimost
cormplete parallel between the functfons of bouck and eight.
We even speak metaphorically of " sweeping ™ ohjects with
the eyt. Bot this vary cxpression gives the clue to whers
the difference between touch abd sight 9 to be soughe.
" Sweeping ** an objéct means & moveraent of the hand ar
£yr in which enly a few bocal signs come into activity. When
the ept is mnoving we <all the employment of limited lotal
signs * glancing,” and when the eye s stationary, " ataring.”

In contrast to this, we describe the collsctive employmsnt
of all the focal signs as “loking” We know of uo garaltel
process For the act of tooch, where all the local signs in
the skin come inlo sctivity simultancously.

In order to make glancing possible, aspeualmmu
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in the retina is affected ; this is the yeDow spot, in which
lie special nerve-endiogs, the cones. With this part of the
reting, which is at the semve time the magion of sharpest vislen,
wt " sweep " objects with a glance.

When we sead, the eye bas to Tolfow the guidance of the
Lines of kters and Bgures; we do ne moee than * glanee.”
Through the frequent repetition of the same ssquence of
directlon-signs, this seqoence of symbols fxes itself firmly in
our memocy like a melody, and enables wy not only to recog-
nide the knewn letter when we s2¢ it agalin but alss to create
an image of it in our mind. Finally, by copying the lerter,
we eslablish the melody of the direction-sign so Srmly that
the imnpube-sequenct bt the muscles o the arm follows in
the manner 1hat the melody prescribes; then we are able to
write. In a previous experiment, we convinctd oursehves
that the rame impulsc-seqoence i our two amns, of which
ont is the miror-image of the other, glves rise to a reversal
of the direction ibe line takes. As o matter of fact, when
ooce we have learnt to write with the right hand, we can
utraightway produce mirmor-writing with the left—given, of
course, that the l=ft hand is not by nakure 100 cdumsy.

‘The same procese that i gone through in leaming ietters
of the alphabet, oocurs over and over again whan we ohstrve
objects, Wo * sweep " with the yellow spot the putline of
ohjecty over and over aguin until within curgalves 5 majody
of directionsigns iy established. We nse this meledy in
order to recognisa the ohjecly again, on the other hand, we
use it very seldom or vevy imperfecily for reproducing them
in our imagination aa (he melody of memory-signs. Thus
it comes about that we are bol imperfectly ipformed as to
the member and aBinities of the impulse-seq! : we have
no meend of recognising them directly, and we koow them
only indirectly through the medium of the melody of the
direction-signs.
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The artist as bs draws 13 the only man who can lat the
melodies of the direction-signs beoome really vivid in his
imegination. He must do this if by the direction-sigos of
his eye he is to control the impulss-sequences puiding his hand
long enoagh far the melody of its directivn-signs to hecoma
a0 strong that it gives unerring control,

If we admit that in the greatest arsts the power of
sepreducing the meledy it the imagination, and so of con-
trolling the hand, is carried to the forthest Bmit of what is
possible, then (e fnished drawing fernishes s with a criterion
{or our own melodies, fop the lines of the drawing show os tha
essertinl features of an chisct much moe dearly than we
saw them in the object itsell, Hentr we may conclude that
in an artist the melodies are far purer and far stronger than in
ourselves, and on thal account they enable him to recreate
in a way that we should find impossible,

OQur inferingity is not referabls merely to our Jesstr tajent ;
the carelesaniess of our observation of the extermnal workd is
evident enongh and it leads to fhe constraction of sscond-
rate meladiss. How many pecple there are who content
themselves with constructing 2 single melody for all trees)
A melody Like this mmt be quite meaningless stoce it cup-
presses ali thoss difi which art ch wtic of the
forms of variony kinds of trems. No doubt the widespread
use nf writing, which governs oor svery step, ¢specially io
towns, is respongible for tuming cur atlention from patural
objects. We become aware of this when we try to find our
wiy about 2 city where the dirertions are posted up 1o un-
familiar lotters. Most people are then deprived of signa by
which ta guide themselves, for to them one house looks like
ancther, and gne street like another.

The melody of direction-signs which oheervation of out-
line gives, Furmishes vy with one of the chisf characteristies
from which objects ate bullt op. As a rule, enly part of this
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melody nsed sound in otder for ua to recognise the object
agein, For many objects we must form severnl melodies if
we want to meeopnise them at the first glancs, If we have
not dene this for one slde of the object, we do nat recognise
it, but content onrselves with saying that semathing i there
whirs: catline stirs oo melody when our glance rests on it

We are faced here with the astoniching fact that we are
conpletely ignorant as to one of the matn characteristies of
chjects, certainly no less important then colour o smell,
and become conscions of it only whan we trake use of it, and
then in virtue of the arvompanying quality. We employ
impulse-sequences all the time, and yet they remaln con-
tealed, like the impulses to our lasynix when we sing ;. of fhese
we beoome consciows only when thoy are translated inlo
satndds, cither in reality or in gur imagination,

Here we get to kow a very real factor in our ovganisation,
4 facter which, in arder to become apparent, muost find ex-
preselon vither in time as s melody of sounds, of in time and
spmemamrlodynidnncbm—mgm Weundunnm-c
than cheerve its of and ite As
%000 ax we attempt to classily it in the organisation of tur
subject, or ask curselves whether wr can find something that
Tepotscnits it in oor brain, it ehodes ns.

What is se tantabring is that we formed the meledies fram
the impulse-seq h H dly, dge of
tht letters of the alphabet & mot inborn, Weither can we
content cursslves by saying that the melody is just & role or
a method of syuematising which we then impose cn the
sequence of direction-signs, 1 rule that simply cannet exist
apart from the phenomenon with which it is associsted. No,
the impolwe-pequence forms the sign-seris quite on its owm,
und withoat meference to whether we we cognisant of it
or pot.

All we can do i3 to extabllsh the fact that, after frequent
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repetitlon of similar merion of somnd qualiffey or cirestion-
signs, an X is formed i our mind, and thin X combsines into
® gingle unity the entirt atand-sequence o sign-sequance.  As
900= 23 the first notes somnd or aigns appear, this onity reveals
its presence a3 an already existing whole, and then, when the
sounds or dirsction-signs are ted, it prescribes their
saquence.

When wa look at o familiar chject or listen to a plece of
muaic that we know, we Jewn nothing except that a unity
corresponding to them i alweady predent in our mind ATl
wr discover i3 the fact that this unity ia already completely
formed ; we learn rothing about (ke mity itself & abont tha
procen of constrpcticn By which it was formed.  And accoed-
ingly, this nmity, which we hawe called * impalga-gaquenes,” is
itsalf a living, active factor, which, when we reproducs the
signs o sounds, sets its merk on the qualities onder jts contral.

So it appears that the most important procctses of like
are gene through in complete obequrity, althongh oo cor dde
of appearances, One thing wo can affirm with confidance ;
the seeret of the world is to be sought aot tehind objects,
bt behind subjects.

In musle, we distinguish berwsen meledy and symphooy.
Hy " melody " we vnderstand the orderly scunding of musical
notes one afwr the other: hy symphooy, their scuading

dogethar. When inad, melody and sympheny give ns
harmony. Ingialmgltnhleclawedmwawmmm
between certain reguiard ing series of directi

and melodies ; wewghtdm“beastheuympmctbm'yui
Tooking the roks that wre revealed when all the optical Ical
aigny are congonant.

Ar mw matedal for perception, the sum-totsl of ow
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aptical iocal igns Furnishes vs with bak aoe plase, which Is
g of surfaces, ly infinencing vue another as to

colowr, form and lpminosity. Strange to say, Helmholtz,

whiln dmcribing a8 lawa the Tulta that infuence luminosity

wad eolounr, lnkgnbedmm:ulmdoptlmlmﬂthe

rules b investigated ing the infumneing of shape and
siee.

Thus it has come about that such phencmena arm still
treated as " axd in this provizee we are without

the groundwork for a theacy of sympheny. And yet it Is
possible bo recognise at the frst glance general rules which
serve to unify and simplify the impression we eceive of the
whole. When we look at an object, the eye is guided most
eaaily along the bwe chie! dlrections of space; every tailor
knows that clotbes with longitudinal stripes make the waarer
Jook slighter, and that iransverss stripes, on (e other hand,
make bim Jook broades,  The eye attempts to render parafiel
all lines that do not deviate too far.  The branching of leafles
wees wed ageinet the wky takes on the simplest possible
pattern.

This compensating activity of the eye can be cbserved
most clearly and intervstingly by flling up the blind spot in
the retina. Hold at arm's length in front of the cight eye a
silver-imobbed walking.stick, kexping the leit eye ghut | then,
helding the knob level, mave it towards the right @ you will
find that, if the eyn is kept stll, the kaok disappears com-
pletely at mue point.  In its place appesr the lines, shadawa or
yatiein of what & the background jor the tims being.  When
the bind spet i flled up, the optical imaginaticn always
completes the sorfaces only, and never the chiect.

Thimgh in the twilight our imaginaticn transforma trees and
bushes, o in the day-timn the shapes of doads, itto the most
sarpeising objects, yat the optical imagination ia exvendingly
Limited in fts activity. Nothing new ever appears in the
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blind spat ; the suwrfaces surrennding it simply grow together.
We get the impresion all the while that quite a different
kind of imagination is at work here, an imagination completely
lacking the power to fotm shapes.

In any case, the fact 1hat we are continually filling in
a0 anstomical histus with =n adgptabls peoduct of the
imagination quite independent of our will, sets us thinkiog,
for here what it bodily and what is spiritual clearly have the
game origin. And ihis & a strong indication that bodily
things, like spirltual, are merely manifestations of the game
mmlourwn turad force.

In the physlological text-books we find collected al] that
js worth knowing aboat the reciprocal iofiuences of light,
dark and eolowrsd surfaces ; bub this wealth of material has
oot yet been ntilised for a symphoaic theory of sight.  Yet
in {roethe’s works are to be discovered the fogodatipns for it,
and sat orth with his incomparable originality. But the
physicists rate Goctbe as an amatear, and accordingly the
majority of phygiclogists likewise kreat his visws with con-
tempt. The reason [or this misunderstanding lies in the
fundy different jpoints from which physica and
biclogy regard the world,

Tn the world of the physicist there wre ouly objects, which
Teacl on ozt another throogh the medinm of space; in the
world of the hiokogist there are only appearances, which react
an one aneiher threugh e medium of the sabject.

Ascording to the physical theory, wave-like vibmtions of
different diameters pacs cotwands from all objects; each
of theoe different kinds of waves corexponds to a cartain
cologr-vatue, It is, however, a greal mistake to suppose
that this explanation fits in with even the simplegt facts.
if we cut out of (ke spectrum 4B the colours except prie red
and pare grem, snd jlominate with these wlone the same
colouriens mrface, that sarface will appear white, IF wo mix
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a blus-green paint with 2 yellow-green, the mixture is greee,
pven when, in tha colours we gtanted with, the green admix-
ture wus sa faint 23 to be swapcely perceptible, The peagon
$ox this ia that hine znd yellow when mixed giva white, #nd
wanly the green comes oat a5 coloar,

We call the paim of colours that mmite to give white,
complemeniary colours  Every colopred sorface has the
power to call forth its comph y colour in its envip
ment, and also, when its own: colour disappears, io take on
the complamentary coloar.  To axplain this, the physiclogists
are pbliged to assume special arrangsments in the retine of
the human =ye, ﬂnnephysluithmryuatccmpl!um
with this ph I reaction of col
mplaysannnpwmlpnrtmmtm<!urmsm,
the shadows of trees oo a yellow road serm blpe, and
Jond-sha. on the blusg; se8 appear reddish,

HNowadays thers can no longer be any dogbt that in the
distritutian of colows in the world the subject plays the
decigive rids.  But fedling with Gocthe, we can well imagine
the scom be must have had for the physicist who utterly
refusad 16 cousider mch a thing.

It in worth while to pause for & moment and inquire why
it 5 that physics is bound to deny the throry., The offcial
phymizal thaory stands o falls with the dogma of the absolute
seality of space.  According to this theocy, obe objeet cannet
uﬁeﬂ:tmﬂmamlﬂbywsdmmd:mguinm
The y effect of colomred surfaces, however, is
nndlmgdthehnd nathing at all happens in the objective
workd that comld be acconmted for in soch 2 way. Fer
mmslltwnmlwmdmmphuﬂﬂmthmmhe
o wirtual fradi e another,
On the other haad, thers are @ the subject actiona and
reactions according to faw, which mocomnt for the come
plementary phenomena.
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Throagh ity belef in the shectute exi of an oljecti
world, physics has cotar to a deadlock. It overlocka the
fact that the only realities it racognisms-—namely, the stom
and its mobob in space-—are subjective qualities, which,
lika all qualitiex, permdt of only a kmited application.  The
atom am the primary element of matter, which, in its very
nature, is discoftifiueus, ure&nhletotheloca.lmmd
mobicn, which is i to the direction-sign. Beth
unsethheahavemmngmd;usuﬁmﬁmmtwlomgu
we are draling with changes it space.  If we tried to apgly
them, for instance, b the musical scalr, which is not arranged
with relathon to space, the result woald be shest nposenge,
Wetmﬂﬁmthemneufsumdtﬂspﬂu wnd yet oo
ooe would take a hrony for an obj haw-
ing any reality apart from the subject. Itisth!wnamﬂl
colours : although one coloured surface can irradiate ancther
throngh space, just as 2 sound cn awaken an eche, and
physical changes theteby appear in space, yet these spatial
processes tell Us nothing about the laws according to which
the qualities will interroingle.

The peculiarity of colours as opposed to sounds les merely
lnthls,thnemwhenu:eyremmsepameimmmmlhu
in space (in two iy yet they ind ot
anciher according to the non-spatial laws of their affinity.
Phytics will not bear of euch 3 thing ; but bivlogy may, foc
why should not two spatial impressions infuence one another
within the rame subject ?

EEATIAL VIEION

Hmmmhwemﬁnedwﬂmtomﬁduhgm
lations that are d ble in space an we see

it. Watumnwmduaymphnnyds‘pmmgmtndu as it
teveqls itvelf o the eyn.
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Omﬁwmmommemptwmm,
advanced the theory 1hat in all works of arh, In painting as
well a3 in sculpturs, the forsmost plane should be the chisf
plane, starting from which the eye must travel into the dis-
tance and the deptha ; for in looking at Nature ft behaves in

the same way.
Thephyuolnmﬂlwmo{lh:lskindu{vﬂmhmbe
found in the of the ( of cur

e, mm&t‘neeyeuiacmd[orm:vmonbythe
active pull of the iens muscles, Distance sight i3 brought
about by relaxation of the muscles, wherehy thz lens
apparaius, in virtes of ite <l relurns dly
t0 the positing of rest,  Both in contraction and In relaxation
of the muscles, dirsction-signs appear, which are brought into
relaton with the cxresponding plane of the apparatus that
orlentates us in space.

Duriig active focussing of the lens on nearer and ever
Deartr objects, whele groops of direction-signs reach our
consciomness togeiher, and, as it were, in jerks: whereas
when we focus slowly Erom near 16 far objects, the indlvidual
direction-signs appear one after the other in a undform series ;
and as this is dooe without effort, it leaves behind it an
harmotions impression.

This i spatial vision. Looking at solid bodles brgine only
neer gt hand, when the two ey noticsably convergs und
begin to observe chjects irom two sides.  That it ceally is the
convergent movement of the eyms which directly produces our
* plastic vision,” we gan prove if we ook threugh a medemn
miereoscopis telescope.  This #lo enabies ug to look at objects
from two sides, but we do not get plagtic vision ; instead of
that, ihe cbject Decomes broken wp into 2 nomber of planey
lying one behind the other. n this case, all the conditions ure
present that accompany normal plastic vision, but the con-
vergent movement of the eyes I Iacking,
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Soan, however, we learn o forget this deficiency, for other
features come to our ald, which soable us to ses objects an
spath] magnitudes and not as surfaces, and this without our
ey converging. We may sut up these fmatures—pepum-
e, shadews, etc—as object-sigm. How great in the effiect
of object-signs can be shown by a well-known physiological
cxperiment ; on any coln it is possible to make the relisf
appear 48 a concavity, and vice versa, if, onknown In the
wbeerver, we reverse, by neans of a mirror, the way the light
talls.
Morsover, in locking through Lhe slerecscope, we mnst
first acquire plastic viskon by supplying the lack of conver-
pent movenent with object-signs,

In such cases we bave to do only with the sympbony of
space-magnitedes : and here we muost draw attention to a
further peculiarity of the human eys which has far-reaching

| In the distribution of the Dervous arces for
the local gigns, our retina shows a clear divisian itte an upper
and o lower half, The hall that we chiefly use, snoe oor
sight is essentially concerned with objects om the ground,
shews o greater weallh in Jocal signg thap the half we nse for
Jooking at the sky. That is why still, faland Jakes, in which
the somounding trees are cearly reflected, producs much a
fairy-Hke lmpeession; in the reflection, the trees appear
richer it detwil and therefore higher and the sky seems further
off, becanse the images of these things are parceived by a
greater fumber of local signs than in divect visicn,

The paculiar shape of the Srmament, which risea siesply
from the herion and then Sattens aut into the form of a
watchglnm, depends on the same thing.

In the bhue and cloudess sky, devoid of aii the obiect
3igns that would make us awars of the curve, we see, if we
kook nt it thrrgh onr hollowed hand, a level blue suriace,
always rupning parallel to the main direction-plane of our
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bead, I, on the contrary, we me a bit of blus sky throvgh
a sivall window placed high up, the blos surfuce rons verbionlly
dowtrwards parallel to the window-frame.

The slae: of objects is fust as dependent om bow wmuch of
the whols feld & visthle, To fllustrate this, we ot retrace
our ateps & liede.

In normal vigen, what is presented Lo the eye is not ali
equally definite, for when the Iens is focosted for distance,
the outlines of objects close at band mre vagus, and vice versa,
Ii we focur our eyss frst on the nearest chiects, aad thex,
little by Litte, on the more dislant, the direction-signs that
npptar in the process give w the sensation of gliding into the
depths, until the muscly are relaxed. As this happens, we
perceive in succesrion object-signs which serve ay indications
of distanee. But other special signs of distance come in, as
Lecnards da Vinci long age pointed out.  For instance, the
gradually lnceasing admixvare of white with all the other
colours serves as 3 criterion of distance,

When the muosciss are guite relaxed, then, thanks to the
distance-signs, objects very far off appear to lie pot all iIn
oce plane but placed belind coe another.

The eye, when it b looking, always trizss to penstrate ioto
the furthest distance wntil the limit of sl cbject-sgns is
reached ; and it stops there only becauss it muost. Thia
uttermont, objectless region which surrounds the whole vixble
world, s never the horison, hut always lies beyend that. On
& dark night, the skty may be the limit; but by duy that very
seddom happena, jor a3 soon a8 the Srmament appears as a
definite covering, we woel behind it the regicn withoot ohjects.

This region devoid of chjects coms most clearty to cur
comciommes when we Jook at the starry sky oo x dark night |
then ik spreads out immediately belind ihe stars a the fngl

1t i not empty space, jor even empty space 1y Slied with
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our direction-yigns, The space of the directiom-signs is, in
& wery mature, a magnitude of motion, whereas the object-
Iess offers s the abeolute calm that we are forever seeking
behind all motion.

The objeciless is not the form of the directisn-gigns,
but of pure local sigma,—Ls. it is the extrnded,

The X ded cbjectless i mot
hing for wmethi han 1o jen; it come-
sponds rather to the Buddhist's Mirvana, It is imvisible and
otv-apprehensible, yet of ity always present, and it has

immense valee as * atmoaphere,” since it serves as back-
groond for all form and 2l motion, 3 backeround tosards
which the seeling eye ever strives,

Tha axtended, i3 always felt to be the same diatance away,
and s it serves ag & fxed basis from which our eye can
eatimatn the magnitodes of space,  When we Iock around v
at a varied landscape, the horizon and the sky which rises op
Erome it seemn on different sdes to be set =t very different
distances from us. Semetimes the differcnce in the distanes
B o great that we imagine the whole shy mmt be gathered
inte fdds.

When we ask how it comes that, on cne sids the herfzon
is po Tear, und, on the other sa far away, W can prove ta
curgelves that this difference lies in the ohject-aigms being
relatively few or many.

Every triveller must have naticed that a high enew-
peak sean From sfar over 2 wide plain seems relatively smal,
and be surveys all its foot-hills and sarrew valleys as theugh
they were mere Tidges and oadks in the mountain-base T
be goes away from the momtain and fellows up & DaTTow
valley, the wnow-peak beging to rise up above him to on-
suspected helghts

In Napies ¥ bave téten been much struck by noticing that
Vesuvius, et geen in e folf axtent scross that meompaable
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bay from ihe heights of Posilippo, seems very far off and not
renutkably high, I, on the other hand, mtmumwa
street that Jeads towards Vesuvins, the is. sudenly
quite cloar at kand and of gigantic siee.

We get a most disconcerting affact of this kind if from
Mote Pincio st thrn oor eyes towards St Pater's, far avay
neross the preat expanse of Rome oith all fis coustieas steeets,
palaces, plazras and bridges. Then the great church appears
o rise in the far dislance not 5o very high above the Eternal
Lity. But iff we step back whoot fifteen metrea from the
Talustrade, 8o that, for our eyes focussed on the distancs,
it f brought into tharp reliel and at the zame Hme covers
the town, then almost immediately bebind it the magnifoent
building rises op in overwhelming size. At the same time
the horizon also setms to come Redrer.

Now, 1o all these casss, it I3 not the retinal image of the
chject that has become Targer; il has actually become
smaller: and yet, in spite of that, the object appears to u
nearer and lunger.  Ner bas it moved away From the horizon ;
the boritan has approached m aleng with il What bas
happened is that the object has moved away from the sxtendad
and objectlew, Lowards which it now stands in 2 new relation,

Since it is without chiscts, the extendsd possesses no sott
of Jegture by which we can measore itz maguitode or divide
it vp into parts, It has the efiect always of an indivisdble
whele, to which different objects stand in different relations.
The obtaerver, however, Iy always al the same distance from
the extended. 1If the abjects change Uheir distance from the
cheerver, then, according to the aumber of digtance-sighe they
present, their relatien to the extandad simultaneously changes.

The extended hax op defimite ooder of magnitude, but iy
in itself magnitnde. Everything that approeche; it, or secma
to nppwouch i, must conseqrently get smaller and spaller,

When we look st it in this wny, we begin 1o undemtand
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the ctherwiss mystericus fact that the rising moon appears
Taxge wiibe it forms part of the horizon, bot after it has risen
snd taken fts place in the plane of the stary, which is 8o near
the cxtanded, it may shoink to a quarter the size it was at
2t

Betwetn our sgo, whith hat no extension gt &1, and the
abgolnts magnitnde of the axtended {as the pure form of the
locgtssnss) which embracey the whole werld-picture, space
lieg outspread, as the absolote possibility of motion. Al
three factort—the egy, space and the extendsd—are pare
farms of intuition, which stand thromghout in close relation
o one gugther, and form, ag it were, the scafolding for the
whole of intwition As such, they constitute a unified,
indivisikle whols, invisible, it is troe, but, by means of laws,
fitting inta ita set fooma all that our eye can see,

Baginning with purselves, there ara three phases of vision
by means of which we penetrate space—(1) the phase of
pastic vision, which fasts so0 long a9 the convergent move-
ments of the eyes are appreciable, [z} the phase of direct
spatial vision, while the accommodation-muscles remain active
and direclion-signs enable us to perform movements in he
third dimensicn, and (1) the phase of indirect spatial viston,
in which, for estimating distance, we rely on the indications
offered by object-signs and dstanct-sgns.

HNaw, since ebject-signs were made ase of even In the firat
Phase to form material shapes, when they appear alone, as
in the third phase, they create thers also the plastic forms of
objects, Thus the whele of space appears fifled with plastic
chiects, even to its furthermost limits, where the wald of
chjects ends and the extanded beging.

Since it is a form of Mtuitien, the frame of the extended
adapty itself to every kind of visicn ami without altering its
T e, whether we gbserve tha starry heaven with the naked
ey¢, or with o huge telestope screw down the moon and stars
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towards ourselves,  When we do this, we increase anly the
image on the reting ; o relation to the extendsd remaing
what it was.

This way cf regarding the univirse i easantislly different
fram that of the astroanmers, who memly pile wp iofmite
space arrind us By 0 duing, they disintegrate fhe mnity of
the cosmic pictare and substituie a dead abstraction for the
living reciprocal acticn of intnition.

The extended forms, as it were, the inwisible canvas pn
which the panorama of the workd surronnding each one of us
is painted, for it gives barmony and form to the local signa
which bear the colours, Visdvis of the world-pancrama
there is no othar standpoint than that of our own subject,
for the sobject, while obaarver, is at the same time the boilder
of hig world.  An cbjective picturs of the workd that shall £t
all subjects equally well i of necessity impoasilile,

THE SPACE OF ANINALS

The biclogist will find much interest in applying Lo animala
what he has leamned from study of human beings, and fn
agking himsel! the queston, " What does the space look like
that surronnds animals f '

He cannot 4o as the physicist, ie. regard the space of
human beings a3 the ocly reality and, without mors ado,
transplant animals into that: be must mazke & detaded
inquiry concerning the factors Irom which the spase it com-
posed where lives the particolar animal he & studying at the
memeat. In ardér to do this, he mosi first roake & clear
criagram of the visual space of 2 human being, and this diagram
can then be modifed according to the Facnlties of the animal
under investigaiion.

To make thia diagram, stick togethar three cirenlar pleces
of card-board at rght anglm to ous ancther, to represent
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the three planes of direction. Around the point of inte-
section of the three planes place a number of itcreasingly
larger and lavger holiow spheres.  The small spheres Deatest
to the centre are very close to ope ancther.  With the slse of
the wpheres, the distance hetween them increases, until the
lagt and largest stand quite by themselves. The distance
from one sphere to the next represents in each cuse a * step-
into-digtance,” Near the eye this is short, whils direction-
aigng got by convergent movement of the eyes parmit ot to
estimate the digtance exsctly. The step-into-distance be-
comes longer in the region which is sensed cnly by the aid of
the direction-gigng of the muscles of accommodation @ it
becomes very long as soon as criteriaz of distence alone cin
be made wse of in forming the egtimata, Since the slep-
inte-distance standa [or the interval recognisable at 3 given
moment between twn peoints in the dimension of depth,
it does mot matter by what means the measurement i
carried cut.

Each sphere has just s many places on it ay there are
local gigns available. Hence there are much fewer io the
same sarface of the larger and more distant sphrres than
there aze on the smaller oo cloge at bhand. The nonmber
of the angles at the centre is fxad by the Iocal sigus, and
the angle determnines the size of surface on the variods sphete-

While the same * place "' in space means a serles of tiny
surfacee lving one behind the cther om all the cpheres {and
present in squal number oo all of them), the “ pesition ™
determines whers the " place ™ lieg ¢n any one sphere.  The
peint in space which hag both place and pesition is foed with
certainty, (1) by the number of spheres (or steps-into-distance)
that lie between it and the centre, and (2} by the number of
places or wnallest surfaces) that sepatate it rom Uhe nearsat
planes of direction : this oumber gives &t the same time the
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nomber of dirction-stepw for the buman eye when it is

maving.

This is bow space appears as we make use of it in vision
Bat smince we are able to transfer curselves In thought wilh
this imtuited space to avery plase we look at, we tramaform
space it & continoons series of phices. Space as we think
of it s the space with which the physicist deals, while intoited
spact as we ook at it is the space of the biologlst.  The two
arm fmdamentally different From one ancther.

It is oaly inbuited tpace that comes inte constderatlon
i imvestigating anlmaks. We shall tey to decide whether
animals have three, two or ene plane of direction, or whether
they have nonc at all and perhaps subktitute for them the
lina of tht horizon. Further, we shall investigate the means
which animals bave at their dispotal for making stepe-into-
distance. Lastly, we muost discover the number and the
distribution of the places in animal space. Only whea all
thess factors are known, can we affirm that we have gained
an insight into the spatial woeld of animals.

Every spatial auimal world, however limited as regards
plaves and stepe-into-distunce, and even though it be withont
planes of direction, is devertheless surounded by the pure
extendsd, which, as necessary form, precedes aft apace-
creating. The extendad lies immediately behind the last
step-into-dintance. 5¢ the spacs pecaliar to each animal,
wherever that animal may be, can be comparsd to a soap-
bubble which completely sumpunds the creaturm at 2 greater
or less digtance, The saap-bokble of the extended constitotes
for the animal the &mit of what [or il is finite, and therewith
the Limit of ity world ; what Jies behind that is hidden in
infinity.

Tn entering am ihe attempt to establish these matters
concerning the space of animals, we make Do declaration as
to the manner in wihich the animal eonsciously intaits space
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—-such speculations are 1eft to the psychologlst 1 we reshict
curselves to the ferms of spacedntuition to which we, as
observers, are confined.

MATTER AND FORCE IN SPACE

Noemally the three phasges of spatlal vision shade inte ane
another by imperceptible degrees. As fegards the frst twe
Fhases, ﬁmuutnmunmundable for white the ayea are
¥ g their , the dation-
appautusnsalsamacuon,wmat things setk as solid bodies
may be brought inta the right distance.

Bui hoth kinds of activity have their Umits, and if the
axes of the eyes are parzlle] and the accommodation-muscles
are relaxed, object-signs and Qistance-signs must come in,
in order to make gpatial vision for wong distance prossible,
These signs owe their existence to no special arrangement of
theoptmlapparltus but have to be acquired by os through

L H il they muat even be leamt
anew, I remem'ber wery well how, the fSrst time I went oot
slter a severe attack of typhoid fever, the street, at about
fifteen or twenty paces in front of me, swayed to and fro
like & great, flat, galy-painted plate. Houses, trees and
penple, although of different sivas, and the sky with them,
Iay all in 1be same plane, and seemed to hang free in space.

Only by degrees did they geparate from ons anotber,
and the extended, which conpected them pogether, moved
back to the culermest limits of spaca. The explanation of
thit was Fhat my glance, pagging fram the nearer ohjects to
lhzmemnmmhmperedmthmthespamufm

a thremgh p 1 ret g by the muscles of
aevommodation, and when it had to deal with mere distant
abjects, scemed, thanks to their distance-signs, to come up
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In dofng this, my aormal vicken was restored—the soct
of vidon that cerresponds to a movement of tench by the
hand as 1t comes against objects, new dose by, naw further
away; af it dots s, the dirsctlon-signe orfontate us as to
the position of the obstackes in space. With ouwr glance, o
with our hand, we come up against mere and more yomote
whstructions until we get to the horiton, behind which b the
axtended, offering 0o resistance.

In our visnal space every coloured suriace, of whatever
kind it may be, constitutes n check, lying sither close at hand
o far away. All aroust the same sensation, namely that of
an thetacle, like the resistances which present themanlves to
the groping band. In virtne of this, they get the character of
material things, which, taken generally, mean nothing bmt
wetual obstroctions,

And s0 it comes about that we describe as sobstances all
things that prove their reslity as obstacles Without pre-
judice to this rommon property of all Forms of matter, the
various sobstances can evoke tha most manifold qualities of
the senses of sight and touch, And since we project alt tha
other sense-qualitins as well, and comprebend all their effecta
a8 coming to m from the cutside, we connect these Kkewisa
with the forms of matter in space, as the only malities known

Tt contetit of the space surmounding o= comists of motion
and rexistance. The loclising of the varkos resistances in
ascessary foc the movement of oor own body in wpace. It
is omch more fmpartant than an awareness of objscts. For
each yupid movement we muyt have sccurate information as
to the place where a resisgtance Nes, if we ars not to injure
ourselven ; and we will avoid an apparent obstacle rather
than come up against @ real one.

We are not yet ready to digems accurate coneeption, of
formn, for that pertnine to the constroction of objects.  All
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we have to do Is to get quite clear ag to which places in spaca
are filled with resistanon and which are pot.

The resistances in spach are all resistances of bodies, ia,
they are three-dimensonal. They all, withoot exerpiion,
have x body, quite independently of the qualities they peossess,
Therefore they iy all be described ag collections of material
points or atems. How the atomg are meferable to local signs
s already been discussed.

Matter is atways in motion, and gince sobstancss cannot
all be at the same time in the mme place—ie, cannot possess
the satae local migns—they get in ome another's way, and, in
their mgvememty, mutyally infleence gna ancrher,

‘We are able tp resolve into series of direcH
migns ; and 3o, if we regard only their spatizl character and
neglect their ofber qualitiss, it is possitle to refer all mb-
stanges to Iocal signs and direction-signs. The great advan-
tage of this is that all reciprocal actions of substances in space
can be measured and reckonsd, and can be brought under
mathematical Jormule, i

Physics bas striven towards this geal, with admirable
megults, It has d in eobjecting te its math ieal
formulas the reciprocal action of all the goalities of matter, in
#0 far as these are of 2 spatial natura,

Physics sacceeded frst wilh somuds, becauss matter
was present in the form of air, the movements of which
curiad the waves of sound from place to place, and made it
possille (o convert the theory of sound into & theary of air-
vibrations. Indtcd, Helmboltz went so far ag te explain
dissonences g3 perturbations of the sine-wawes, In go doing,
he tranggressad the limilts get him by tha spatial factors.  The
efiects of soomd-qualities on the subject have theic own par-
ticuiar lews, which have absclutely nothing to do with the
laws of space; and ft it these, and these auly, that can be
forrauluted mathematically,
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Et was more difficult to belog colours under mathematical
Eermoalee : that became possible only when physicisty aosem-
bled under the coanept of " Hght " the spatial induencing of
volotred sarfaces ot one another, and in addition discovered
the wther, a oow mediom, oonstrocted oo the analogy of air,
and transmitting lght-waves,

Newton bad got out of the difficulty in a more primitive
manner, by assaming that Litde coloured spherules were pro-
jected through space. The ether, however, proved itself a
much better abd to the analysis of the action of light.

As we have already shown, the subjective efiects of colour
tan never be referred to spatial laws, because they have laws
of their own ; and only a thirodgh-going separtion of the
spatial Javws of Lght from the subjeclive laws of coloar can
obwiate the confusion still prevailing in optics.

‘With the help of the ether it awbso becanie possible to bring
under ohasrvation the spatlal Jaws of heat.  As concormes the
subjective laws of heat, we owe our inforation to Johannsen.,
Heat censists of three qualities—warm, cold and hot. I part
of our skin i touched simultaneousdy by two objects, onc of
whith calls forth the sensation * warm " and the other that of
* cobd," the senmation “ hot * cesults.

From this we may conclode that we have anly two terve-
endm;apparlhaesmmskm—miurmmdoneiur
cold,—and that the bined Iy of
both produces *“ hot.”  Of this subjective law, the physicist
knows ncthing, and moreover it is Dot oecessary that he
shold ; b is d with i igating the radiation &
heat,—ij.e, wﬂh:lhmcnhnbmnrtbemducmnn{hut

A repuda the pheaommoon of wmell, the theoty o

jcally active sphernles iv will held, becaos
the lirmwu determine  their path, Their mibjectiv
eifects, i.e. odours, consist, as with the qoalities of taste, i
the drowning of one quality by another.
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‘The hypothesis of the sther kas had very important conse-
quenices, fof it has enabled ug to bring together under law
actions in space that would ctherwise have remained in-
explicable--as, for ingtance, in the theory of electricity and
magastism, But we must not forget that the assmmption
of 2 medium that binds together everythisg In space is in oo
Wiy o hecessary postolate for the biclegical theary of space.
Local signs znay quite well be comnected by direction-sigta
alone, without its being necessary to fll in the gaps with
Jocal signs trarsformed imio atems, which is the purpose
served by the etheric medinm.

It is {mportant to mstablish this, for, in the theory of
gravitation, the hypothesis of the ing mediom hag
completely broken down, and we have got ne furfher than
the action of masses at a distance, awurdmglnNewton

Undoabtedly, physics bas ed in g to local
tigus and ditection-signs almost afl the spatial nctluns of
matter, since it banished from its calculations [fough culy
with very great difficulty) a quality which in the beginniog
was regarded 45 the causa of all material activities, namely,

Foree is primarily nothing but a enestion that is connected
with the movementy of our muscles. As an inevitable con-
chugion, the muscular scusativn was cxabted into the canse
of the movement of gur limbs, and then transformed into the
cause af all movements whatsoever,

When we lift an object, we measure cur fores by the
moscular ensation, but we abst mscribe to the object an equal
2nd opposite force, which wa overcome.

For & long time, physics wocked with the concept of force
u3 the cause of motion and as the catss of the inhibition of
motion. Weight, elasticity and hardness were defined as
forees. Moteover, there ware foroes of chemical temsion,
magnetic and electrical forces. A non-spatial quality was




48 THECRETICAL EBIOLOGY

thereby brought fote spatial activities, and this enormonaly
increased the difficulty of defining concapt clearly.

Only thorough the explanstion that metion was the sole
canse of motion was the concept of forct gradually etiminated
from physics.  The word itself fell ont of wee, sod in-fts place
was sabstituted the word swergy, which merely indicates the
kind of motion. The movements of sobstances cartied oat in
spare were described as kinetic energy ; by poteotial snergy,
we understand motion stored up within substances,

The law of the congervation of energy completed the
theorstical banis of physics, for it cleared the domain spper-
taining to that soience of ail that was extraneous, and taught
us to regard all material activities in space as isglated and
ths i to - on

Sloct the physico-ciiemical taws are, jointly and severally,
spatie] in kind, it is only [or practical rezsons that [ have
hitherto oppesed them to the sobjactive laws of the domains
of wensa: I certainly do not wish to ascribe to them any
higher reality, for thut they do nol pessess, By referring
material processes 1o iocal signs and direction-signs, the sub-
jective amture even of these phenomena i3 demonstrated
beyomd question, and the place of the so-called objective
natgral sciences within biclogy becomes evident.

Henotforth ww axe iu a positlon to repudiate essily the
orutention of the materialists or monists, which claims that
in the world there art only two realities—fores and matter.
For if thay am agked why local signs and dircrics-signs
should be more real than colours and scumds, they will cex-
tainly not be able to give any wnewer.  Biology iy quite able
1o save ihe world From sinking to the low Jevel to which
hilind owarestimation of physics is trying to redwos it.
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OBJECTIVE AND ZUBJECTIVE

As we advance, our investigations mcreasmgly mmpel o
to seek » clear definition of the pty ive " and
* yubjective,"”

We pave shown that, in Kant's senee, there is no sach
thing ay abgolute space gn which oer anbject is without in-
Buence, Feor both the specific malerial of space, nammely
local signs and directicn-signs, and the form this material
assnmes, are sobjective creations.  Without the spatial
qualities and the bringitg of them together into their common
form that apperception makes possible, there would be no
epacx: st all, but merely & number of sensc-qualities, such as
colours, sounds, smells, and 5o forth | these wopld, of courss,
have their speclfic forms and laws, bot there would be oo
Lommon arena in which they could all play their part

We may stisly curselves as to this, and yet the distine-
tlon between objective and subjective hat a rcal meaning,
even i it be admitted from the first that there is oo sach
thing as abrolute objectivity.

Even if we were v of onr subjective di
gigns which accompany the mevements of our muscles, we
showld koow nothing of an objective werld, bot woald be
surrounded merely by & snbjective space.

Mugic furnishes us with a means of making 2 reposanta-
tien of sobjective space. Whea we are 30 much under the
infuence of music that, forgetting the odgin of the sounds
and whether they come frem this instrument or that, we
give ourselves up to the chythm, the subjective direction-
sounds are sronsed in us without there being any accompany-
ing moverent ¢f oo body: and these, together with the
sounds, seem to fill the space bedonging to them,

It wws Helmholtz who once pointed ont that mugic creates
sensations of movement ; and in afl languages the popalar
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mcription of somwds ma " high * and “ lew " bears this
ok

In crder t6 make very vivid what i meant by mdstanca in
subjective spmot, et us think of ourselves as sondernned to
meve by swinming about 1o water, withont eyes or argans of
tonch  In soch a case, we should Jearn nothing from cur
swimming movements begond the changing claims of oor
wubjective diregtion-3igns ; we should learn absolutely nothing
about forward movement in space.

Now i we imagine ourselves as having an eye that can
Teleane cobonr—sensations but not local signa, still that woald
alter nothing with regard to subjective space ; the
of red, gresn, blue and yellow would indeed arise, but the
calours woukd remain properties of onr subject, and the inner
worid of the subject means likewise the world as 2 whole.
We curselve would be emitting simnitaneously sound and
colour and Alling the whole of space with om pemsen. It
would be impossible to draw a distinclion between thoughta
and feelinge, on ihe one hand, and sense-perceptions on the
oiber, because the htter could not become propertion of
objocts. 'We should then be solipsists, in the real sénse of
the word.

Ax spon as Joczl signs appear, the world is transformed
in u flagh ; spate acquires places to which colours can attach
themsehvas, and from the sensalions of eolour develop soloured
surfaces. Mo bnger do colours appear and then disappear, 2s
our eye roam to and fro.  The red eirle over there remaing
redmdwmmlmg!rlmhngduutlyntn And by
0 doing, it bas acquired an dependeat of
thenpunla:umynﬁthzsnb)ect untheotherhand.it
remaios dependent on its pesition in A space that has now
become objective.

The same thing happeps with the other semse-qualities,
The ved clrcle that we touch remains hard, tven when we oo
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Jonger purt ottt our hand towards it Tt loses nefther resonance
nor flavour nor seent when we ftwrn cor atteation towards
other things. Even our own body tecaives a definlte posttion
in space, which it ¢zn alter by moving the Hmbs in a cer-
taln way.

While oar body becomes shiectiva in thix way, lke a1l
cther objects of the extermal world, our ege remains of
necessity subjective; for the egn, as the unity of appercep-
tion which builds up all the gualities into higher organisations,
cannot have 60 moch 25 a single Jocal slgn of its omm.

Cm the other hand, it is concelvable that cur thoughts
and feafings, which we group together as 1 whak: nnder the
name of soul, might bear local signs, foe they also are stirred
up by ontside impressivns, like the melodies and h i
that we conetruct from hearing sounds. If this were the
case, then with it the contrast between bedy and esul woold
disappear, & contrast which indeed does net exist in the sub-
jective werld, It is a mistake to maintain that the seul
nust be entirely non-spatial, for many of our feelings —sueh,
for instance, as Jonging—readily connect themsslves with
subjective direction-signs, and so enter sobjective spaca.
If thoughts and feelings had local signs as well, we chould
be able to develop an objective science of the soul, in addition
to the subjeckive,

From all of which it i5 possible to derive, as sharply and
clearly 21 we conld desire, the definition we have been seeking
for * objective " and " subjective.” Every quality @ chjec-
tive only o bong as it remaing in connecton with a Joeal
sgn; it becomes subjective ws soon an this semmeetion is
broken. The local sign, when congidersd by itsel, i purely
subjective ; m9 poon as it enters into agsiiation with any
quality wi , it becomes objective place.




CHAPTER I
TIME
THE MOMEMT-ZIGH

Just an cevtainly as that there is oo such thing as absolute
space, 30 also i3 it certain that there is po such thing as
abaolute time ; for bath space and time are merely forms of
atr human intuition.

Bntwhavebeenahlemshwthant:snwmhdzss
possible to maintain a di ivn between objertive and sob-
jective space, by inbodecing the pogsession of local signs
a3 the distinguishing feature,

We must pow ask ourselves whether it it possibie to
estabbich the same difference for time, ‘The advance we have
made beyrd Kant's doctilne conslsts sssentially in the dis.
covery of specific spatial qualities (local signs and direction-
signs), and in the recognition that space is the form of ita own
material, just as the musical scale represants the form of the
specific material of sounds.

For the discovery of a spacifie material for tima we are
md&btedtoK EvuuBaar who baged his brilliant exposition

g the ive cb of tima on the mement a5
Ihespeciﬂctime-q\ulity‘ Felix Gross bas revealed the close
connection between lime and apperception, and wi art oo
it o pasition to form for ourselves & cear pheture of the natare
of time,

Apperception i a life-proces, curied aut in pheses, each
of which manifesty iteelf through s sense-sign ; this sign is
the moment.
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Wr must therefore amploy the word moment-sign.
According to Kant, the nnity of the appercaption creates the
unity of car ego, which, alihough destitute of local sigus, is
slways furslshed with a tsign As a comseq all
paychic processes, feelings aud thonghts sre invariably boond
to a definite mmznl and procsed c.mltemponnmly vmh
the objectt Tima envelop i
and objective worlds in the same way, md. unlibe fpace,

Inmﬂwwundmwndmwhaumpectwemnevmhelm
diatinguish between and cbjective in time, we must
1ty to penetrale deeper mto the natnre of the moment-sign,

‘We bave taken the local sign to be the smallst spatial
magritude into which the various qualities were poursd in
order to give us the atom: iy like manner, we may compare
the moment-signs with the smallest receptacles that, by being
filled wilh 2 content of variows qualities, become comverted
into moments a% they are lived. Like tha lecal sign, the
Mement-sigh temains constant in its magnitude and intensity,
changing only it its content,

We might be led to suppoas that the content of the
moment-signa would distingmish between their objective oc
subjective character. This is never the case. I may ghe
myseli up to my thoughts, &r pluoge into contempla-
tion of 2 lendscape ; I may even enguge in obgervation of
the of men and sntmale—the time that elapees
while I am thes ocoupied is always subjective, Thiy indeed
is not surprising, for the same process of apperception iy gene
through on sach oocasion, and with it appear its moment-
signs.

For whether we are looking @t objects or formulating
1houghts, the same business of construction Ix initiated for
the forming of higher unities from simpler elements.

The duration of time that bas passed--ic. the length of
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the sies of moment-sighe—we estimabr with moare or less
exactnre ; kot as soon as we tort our attentia te n sound
npnhn;:halfmﬂmmlmde'md the: degres of exactness
¥ g them, we can then
stimate with unfaily i Umnmnbuoimacmted
mmmtﬂw[&:muﬂmlmmuh]ﬁutlnmm
that wre accented

This enakbles m to set about making an exact measure-
ment of time from a change of sound in the eutside warkd ;
and when we bave fognd it te be congtant, there is nothing to
prevent ug from employing this changs of sounds 23 4 time-
mepsurempent in its tum. Even at the present day, watch-
makery comect by means of accented momen! -signs the swing
of pendulum-clocks, which we then use to measure time,

We can alse replace the external change of sound by
inmervatiog our own muascles at equal intervals, dividing the

t-signs into 1 and d by ow cwn

larly i pted We call this “ beating
time,""

Beating time is & subjective kind of time g

whith males, very graat demands oh the jem ; theret

nlmlewtlalymlchtmg!ufmmlthalsmd!pendmluf
our own eflort, sach as the stroke of the second pendnium,
which we describe as an objective measurer of time, Chiec-
tive time-messurement has thrust subjective into the back-
ground in soch o way that we bave come io regurd even
time ftseH a1 an chjective ph and Tiy this has
given rise 10 very serlous mistakees,

Always and in avery ecotnection, thne remains subjective,
aince it & bound wp with the process of apperception ; it L
mily the mearurement of time thet can be termed phjective,
i the case where the xcoentwation of the time-signs rouits
from & change in sound independent of onr own sctivity.

The oa and his will serve
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& an i ing ill icm of this. Thn condh degendy
for guidance entllalyemh{.smsub;utwe Hime-measure-
ment, which he retards or aceelemtes by altering the intervals
Indmwmsh:sbitmnawqulnku oo slower. Tha Batob
ATVe3 A% a7 obj for the instr ik
anrd according Lo 3t they have to dirtet the bowing of the
vioting and the blowing of the horns,

The ability 10 separat Iy the d moment-
wigtis from the unacoented, and to vary this change itself, is
very differently developed in Qifferent people; and this is
the reason why all men are net ffted to become canductors
of orchestrag.

Evety one posstases the power of bastng time, even if
only it a primitive formy, and this power is the haslsnimm
putalion. We are able to bine the individ beals
inte groupe, and to free them from one another in other groups.
In this respect also thers are great differences i natural
talent, Therm are peopl, woomgly called “ lightuing cal-
culators,” who have a marked gift for consteueting very
extensive and complicated groups. This power has nothing
to do with real arithmetic, for real cabeulation depends on a
conscious working with numbers and ot ob 2 grouping
of beats.

Noumber is not an inbom natural creation, but an artificial
prodoct of the human mind, and it consists of an chjectiva
sigh with which we describe the tndividual beats, jnst as o
Istter of the alphabet scrves as the visitle gign for a cortain
smund

In the beginming, rmmber may have arigen by o man's
seratching lines alongeids one asiother in the sand with his
band s it boat time. For even to-day, every school-child
begina in this way when he writes strokes on the slate at his
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first nrithmetic lesson. By deing-so, we sncosed in making o
link berween the magnitudes of tima and those of
space, and we call this connecting-link ' number.”  Far just
us the beat consists in the aliernation of actented with un-
weoentad moment-signg, so the row of gtroles consists Kkewise
of accented and wmaccanted Jocal signs.  The series of Roman
nuzterals approaches the eriginal type most nearly, except that
in Ltmryﬁlthsrmkellnsa special !llape,soasto farilitate
by grocp ion a rapid compreh smrvey. The series
of Arabic numerals hag a special ugniweachsuukeimm Ite
0. and therehy nffers § ges for group-fo
tion.  For each Arahic numera] signifies not merely a certain
stroke in the series, bt alan Ihe whole group beginning with
the first and ending with the stroke in question,

It is intcresting Lo fnd that, at first, growp-forming by
writing lingered behind group-larming by special words for
the numbars ; for spoken Latin, unlike written, possesyed tan
different designations for the numbers from 1 to ro.

The method often employed for giving children an ides of
nomber by beginning with chiects is really too circuitoes. I
cme iriey to teach a child that 3 apples and 1 pear together
wre 4 fruits, thal may only lead to confusien; for what the
child really ought to learn—nasmely, to combine in groups itz
ewn regularly recurent activity—is made moce difficult for
it by having its attentien turned from the subjective beal o
objective things.

m{oummﬂhdpuumnnmprmmm

ding of the 1

H you comsider the nomerical series reprmsented by any
long row of strokes aa the symbol for a scries of beats which
van be extendad af will, it becomes evident that the making
of numbers even in this elementary form reqoires very great
abstraction.

Let w inqoire how this abatraction ig effectsd. On the
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ooe hand we have a soond recurring at intervala ; on fhe other,
an optical phencmenon, the stroke, likewise Tecurring at
intervals. What common basis admits of these two things
being interchangeable ?

1t is evident that what they have in common can only be
the same change in the process of apperteption, a change
whith appears both when we bear and when we lock at written
strokes. Since the process of apperception aiways releases a
series of Moment-Ligne, in both cases a chatige in the filling op
of the moment-signs mmst appear. No attention is given ta
the fact that the content of the moment-signs is very diflersnt
in the two cases: all that is lelt as the sime subjective act
ig the regular altermation of dlling up and emptying the
moment-signs,

The gsame subjective act also gppears when we innervate
oar muascles in beating time.  In the course of apperception,
it always happens that certain moment-siphs are Robed
egpecially. We call ihis power of noting certain moment-
xigns more Lhan others, " attention.”  And since we describe
as rhythm any regularly vecurting change whatscever, we
may in the last instance refer the power to form numbers to a
thythm of the attention, Now, according io the length of
the interval, there are very different kinds of rhythm, which
we distingnish fram one another and are able to combine into
unities, The so-called Jightning-ealeulators have this facuity
in an especially high degree.

Te aur attention it is o matter of indifference towards
what sori of content it ls directed—whether on objects, or
semsations, or feelings. As soon as there gppears a magular
change in the attention, it can be subjected to the rule of
the simplest rhythm, i.e. it can be counted.  This peculiarity
gives to oumber its almos! wmlimited applicability.
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CALCULATING AKD ESTIMATING

Sines it is possible to count ap everything of which we
can 20 much as form a thought, the zesulting confusion has
Jed to the development of the art of arthmetic, the firat
principlé of which requiras that wa shall reckon together only
thote things that bave the same denominatoc. Thus it is
inadmissibke to add § and § ; & must first be transformed into
4, and then we may caloulate that §and 1=3.

In the same way, we must oot count op 3 apples and 1 pear
straight away. The apples and pears must fosi of all be
brought under the same conception of ** frult ** ; then we tay
calealate that 3 Iruits and 1 fruit =4 fruits,

5S¢ it appears thal caleulation is not merely 2 summing-up
of the shythms of the attention ; it also has regard to the
content of the things to which the attention, stimulzted by
rhythm, is twned. Omly by asuming like content can we
institute a calculation having any real serse.

‘We take as the common d i of regular
the direction-sign ; s the omallest magnitude of movement
that remains always constant. It is qoite indifierent what
name we give to the direction-sign.

The difficolty i greater when we try to subject to cal-
calatint. regularly incressing intensity of a vemsation. I, for
instance, we hold a pail under a tap, we feel the steady increase
in the weight ; we can estimate it approximately, bat we am
quite unable to calowlals it. Ewven if we Jat the waler run in
imlermiitently, that does oot help uy, for, each time, the
etimation of the increase in weight is 50 uncertain that we
dare not use it 29 the common denominator for caloulation.

Weber has helped ua cut of this predicament in an in-
gezious way, by employing as the the
foeling of just perceptible increase in weight and introdog-
ing for it the concept of * thresheld” By s doing, he has
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been able to compare sabjective setmation of weight with
the cbjective process, and to set up a fundamental law, Tt can
be shown, that i3 to say, that the same amount of water
poured in By oo means always comesponds to the same thres-
hold, bnt that the amount of water required to overcone the
threshold increases proportionally to what hasx been poured
into the pail.  If, for instance, there was one cobic decimetre
in the pail, the addition of only one cubic centimetre was
neccsaary te overcome the gwell | if there were already (we
cubic decimetres of water in the pail, two cubic centimetrez
woald be required for deoing the same thing,

The law actording to which the threshold increases pro-
porticnally to the magnitude of the stiraulvs, finds its applica-
tion in all the domains of sense, solong as the qoalivies mdergn
any increase in their inbensity.

FILLING UP THE MOMENT-SIGNS

Jn looking at & picture, @t i impartant to chooss oor
pogition so that it eorresponds to the position from which
the artist locked at bis painting. Only then shall we employ
on the pleture the same namber of local signs as he himself
wsed. TE we go to Lhe right distance from the picture, the
objects repeesented in it setm to wa comrect ; that is to say,
they appear within the same optical angle &g that in which
1be painter Jooked at them. Tt is this angle, however, that
decldes Fhe quantity of local signa stimulatad,

If we go too near the pletare, we ses details that we are
meant to overlook, becauss we are using more local signs on the
Tepresentation than the painter used on the thing be was repre-
senting, Az 3 consequenoe, the picture gets broken up inte
trmb-girokes. It is vain to expect that the chiect depicted
will display more intimate detalls than the actual object
iteelf does,
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Jf the oharrver goes too far away, he loses details, for he
now uses fewer locsl signe than the painter put there, and the
Full effect of the picture is not realined,

How is it that we can go so muck closer 1o the pictures
of the older Dutch school (from ¥an Eyck to Holbein) than
the view-point of thn painter permits, without what iy repre-
smbed being robbed of its verisimilitode §  And bow comes it
that the things represcnted, i we look at them from the right
standpoint, st¢m mich mere real oo the picture than the
things themsclves do, showing us details moch better than we
coakd detect them al 2 eorresponding distance

My answer to such goestions is that these great painters
had at their disposal a moch larger nomber of local signs
than we, This enabled them to break up the world into a
much greater number of * places,” and these furnished them
with mamy mote object-signs.  The world of 1hese artists was
Jarger and richer than curs.

{Un the other hand, it is undenisble that, with the work of
some pf the more modern painters, the man fooking at the
pictore ean ses nothing but broshe-strakes, from which, even
with the best will in the world, he is unable (o form objects.
Futting aside coses of sheer arbitrariness, this can only mean
that the painter hag fewer local signs than the obeerver.

Lat us assume that (e ohserver has 1o visual cones to
4 square millimetre of 5ling, and that each of Lhese cones
stimulaies one local sign : then ihe painter of the teh world
woldd have 100 cotes to ihe same unit of surface, and the
painter of the poor world only 1.

The wits of all this argumest ia mercly to make it essisr
fof wk to use the sanve ideas with rmgard to time ; and we
shall now proceed te do s0. 'We have sten that the same
pictura of the world, when broken up ioto more numerous
places, must of necessity be richer and larger ; in like manner,
life musi be appraised, mot according to the cumber of
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years that it covers, bat by the number of momenty Lived
through. The life of two homan beings who wers borm oo the
same day and who died on the same day, may be very diffarent
23 regards duration and in vichness in experience, sven if their
fates be identical Let w taks an instance. While the
second-pendulum switgs to and fro onge, A lives through
10 mements, B, on the other band, thremgh 30; the Kle of
B will accordingly 1ast twice as long and will be twice as fall
a9 the life of A.

H we assame that the stimulatim of the t-Bign
s 4 with the corubustion of a cortain quantity of
oxygen in the brain, then A borns up hls oxygen more showly
than B.

As the local sign represents for tach bumsan beitg the
absolute measure for space, 5o the mommt-sign gives him
the gbsolute measure for time. It is only whee we compare
two individuals with one another that the bwe measures
beeome relative ; but we must not conclude from this that
thete is such a thing as a real space with its absolute measurs-
ment, and a rweal time with absolute measurement.  The
attempt to lntrodoee: absolute space and abeclute thue comes
from the cbserver who is investigating the relativity of two
subjects necessarily taking as the basis oF comparisan his own
time and his own space.

The iusion of absolote time 1 heightened by okjective
measurement of time, which triss to read off from the same
clock everything that happes in the world from the Pola-star
to the Soothern Cross. As is well inown, the most modern
Fhysical theoriss have shaken this doctrine to ity foundatien.

K. E von Bger has given us a very striking description
of the change that would come over our picture of the wotld
if the sumber of sar moments, which at present exteads over
80 sclar years, held the content of only eight years, or of one
year, of of ome day, or of one heur ; and of what would become
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of our kmowlsdge of the world we live i, if the game number
of moment-algns had to cope with the content of fram 500 to
S0 wlar yrars,

These speculationn of von Baor's tench uy (hat, assaming

senscry activity to rmain mchanged, our world of
would come to & standstill, i its doration wert ablweviatad or
Lengthened beyond a certain paint.

Lzt 1s take as an example the apoke of a wheel, the turning
of which we can clearly recogniss, and let us first slow dewn
the motion, and thes speed it up.  The movement is of 1he
same kind throoghout, bat io the first case we accompany it
wilh many moment-signg and in the yecond with few ; never-
theless, in both the movement ceases. [T the spoke goes
mound as slowly 2= the mincte-hand of a watch, it seems to
stand atill all the time, becauss the change in its position is so
slight that we do not percsive it. TE we ket thn spoke whirl
round very quickly, we ser nothing in the wheel but a uniform
clear area, which, a3 the revolutions continue, persisty as a
sort of Lhin weil.

The same thing would result if we were to crowd tha
winld phenomena inle very short duration, or if we were to
stretch them out very greatly, so that in the firgt case they
were framed, as it were, by too many moment-gigns, and ia the
clber by too few,  1f there are too many frames, the pictures
that succeed one another are too much alike ; U thers are tog
few, ihe content of many pictures i squeesed inte e, In
the first case. & ball thrown into the aic wowld stand still ;
in the second, the yen wonkd describe @ gleaming curve across
the sky.

The rule runs ar follows —1 moment ceases to be per-
caived if its gradient |s sither 100 steed of 100 level,



TIME 1]
THEESHOLD

In order to expose the capses of these laws, we most
bave reconrse to the idea of threshold, as originated by Weber.
Threshold meang the just perceptible differeare betwesn two
intensities of 4 quality. It cam ba msed in tha same
way, bowever, (o mean the differencn peresphble be-
tween two gualities, IF we compare together two adjacent
iocal $igng, it appears that the difierrnee between them is sa
alight a3 to be inappreciable, L.e. it lies bolow the threshold,
If that were not so, and if sach local sign lay alongside the
next without there being any intermediate steps, the whole
world would congist of coloured points. It is oniy because
the difference between two adjacent jocal signs is imper
<eptible that the world-piclare i3 contmuous, for continulty
means nothing but an imperceptible transition, in contrast
o ope that i abrupt,

The sama halds geod for direction-signs, whether they be
objective or subjective, It i; merely Derauss the diflerence
between two adjacent direction-signs lies below the threshold
that & appears (o be

The continuity of time depends also on (his staie of things,
H the muoment-signs were perceptibly separatad from one
mnother, our Tife would procesd by tiny, sepamte jerks.

For a i to be appreciable at all,
several conditions must be fulflled, Not cnly maost the
mavement indude more than twe divection-signs if it is to be

ible, but the ditection-slgns must gand in the right
relation to the moroent-signs. 1 all the direction-signs are
compeebendnd within two Toment-signg, then the whele path
traversed I interpreted as & synchronous unity, and the move-
ment iy goppressed.

But even if there be a sufficient]y large number of moment-
signs ua weil w1 of direction-signs, the movement may yet pasy
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mhpdoelved [ as, for imstance, when one direction-sign falls
on severa) moment-signs,  The movement then yemaing below
the threahold, because the content of one Moment-xigh is not
appreciably distingnishahle from that of its predecessor; for
the observer, this means that nothing changes.

It i only when, in a series of moments, scveral direction-
3igna cuincide with cne moment, that their content is differen-
tiated and movement is perceived,

Tha rule that & movement is perceptible cnly when ity
gradient is neither too stmep nor too level, i rendersd in-
telligible through the i duction of threshold ;
this concept makes it mote dearly defined.  Movemsmt munt
be slow enough for all the direction-signs to occur within
three moment-slgns, and yet it must be fast enough dor at
least two direction-signs to oocur within each mament-sign,
H these conditiems are wndulfilied, then no movemmit is
imitiated ; everything is stztionary.

CALCULATION OF THE RULE OF NOTION

in order to make ptible of caloulation the
betwesn these jundamental qualities of spage and time, it
mrytommduﬂmmnswnddfaﬂm B0 long a5 we
consider local signs, t-gigns and direction-signs a3 mere
qualitiey of onr mind, they remain three non-comparable
magritudes. But each of these slementary megnitodes has
its task to perferm in the world, 2nd then it comes into comela-
tion with the other magnitudes, which can be expressed in
numbers.

For all three qualities, the task prescribed is the same.
Each serves as the smaflest receptacte or the smallest frume
for other qualities which, only by being 30 cnclosed, become
part of the cosmic system. Local, moment- and dirsction-
signs renounce all claim to being " content,” and endow the
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world with sokoar, scent &od soand. Tt is entirely doe to them
that an ordsrly construction of the world i possible ; and for
that ressan they may be called the elementmy organisers of
the yodd Nove of them cver alters in maguitede 4sd

intenaity ; and so they famish us with, as it were, o stabls
mmmlhwﬁm This wichangiog,

atable y 15 the deal & i in every
calsnhmnmnmedﬂt.hmeasnrh:gtkemld.whnmu
reghrds space or time.

It will makn things clearer for us if, when we congider the
three qualities as tlements of the mind, we employ a different.
teminology from what we use when they ane consldered us
workl-factors, ‘We have already contrasted the place, as
the smafiest indivisible world-factor, with the Jocal sign
as the mental element; ln the same way we contrast the
moment with the moment-sign, It is only when we come
to the direction-gign that we find ourselves in a difficalty,
‘because the werd * direction ** does not contain the idea of &
very small entity. But sitee 3 series of direction-gigng
aignifies a definite progression fo one direction, we can sct
cach directina-gign parallel with a step, and speak of direction.
sleps. It ia cnly cloge ut hand that we are made aware of

tepe in the di ion of depth by mesns of direc-
tion-gigne ; for greater distance we must make nse of other
aids, mch g distance-slgns. Thersfore it is appropriate in
$0ch & case 1o 9peak of distance-gteps,

Accordingly we shall describe moment, place and step as
the three factors of the commie erer, to which in caboulation
we must have recoirse as the fnal, indivisitle elements.

Since no one workd is applicable generally, the thres
workd-inctory have no universal value, but zre restricied to
the special world of each subject; and they omast not be applied
directly trom the warld of aue subject te thet of another. In
order to make things mare intsligible, we have made u kind

i
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of compromiss, whd have chossn verblin measmrmisnty of
ﬂmemdlengthwhm‘hwenllemploymwmwmdu

died obj If we wre trying to get 2
reﬂmuhlinmthewﬂdsn(mhuwbjmmmmd
us rafer to Hwse atandard messurements the parteuber word-
Inctors by which we measure things in ear own warkd,

Since we are as yet without reliable messarements of the
kind, T shall linnit syesl! to indicating how, by means of
the motion-fermula, we may induce the length of the direction-
step.  The Jength of the moment Is estimated, o the average,
%5 ong-tenth of & second, Cm the dial of & very Jarge clock
with minutes of one centimetrs in Jength, the large hand
beginn to show appreciuble mrovement when I wn five oetres
Iom it. Now, sctoeding to the rule of motion, &t least two
ateps fall within ane moment [ =0T seconds) ; 80, if the move-
ment it to be perceptible, in one cenlimetre 7200 Most ba
made to the minate, This ghves 120 to the millimetre, and
wceordingly the length of each step i about 001 millimwtre
at a distanee of fve metres,

This is oot the place in which to disouss the methods
that enable o to make a sxact measorement of the lntarval
it wpace betereer: mme filect and 2nother, oc the interval in dima
between oor memant and ancther.  We shall merely point owt
that for the first time the powibility is indieated bire of

II'Iu-: 3 miﬂ""‘“‘
thzlhnluteumtyutnmmmtdﬂnsnbjuuuwuid'

1 we ahonlid sncceed in bringing thess absointe suljective

irto with the ohjecti of
CUT SSMIL-OTEAIN, theuwu.ldhenmeprupmd!mmuu
by & strictly scientific method, & comparative cosmology <f
bwnan beiogy and the higher snlmaly Let w twke an
instance. Soppose that the distance from rod to rod in the
homan redina corresponds not osly 1o the distance from one
Pace to another, but also to the length of a direction-siep
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in the human werkd, then a kmowiedge of the messurement-
ralations in the retina of an animal would give us a clue to the

place, step and momeant in the world of this particular kind
of animal.

THE INFLUENGE DF ABSOLUTE WORLD-MEASUREMENTS
ON OUR EXISTEHCE

Tt is suggestive that, as the nember of places in the workd
iztreasss, 30 alsp doms the yiee of the objects satromding g,
and their details correspondingty multiply. In such a case,
the whole world seems (o expand on all tides and becomns
fuller, We get some notien of this by koking throngh 2
magalfying-glass. But we must hewr in mind that this
urtificinl increase in size of individoal objects takes place at
the expease of their neighbours; the magunifcation by the
Jens depenids an small ssctions of the fisld of vision being per-
ceived by more optical ¢onss of the retina than in normal
wision. IF, for instance, [ prolect the image of a horse-ghegtrmt
leaf on the visusl surface of my reting, which normally wonkd
hald the entire tree, the tree lself will disappear from the
field of view.

Brt that would not happen if I could give (o my retina
# correapondingly larger nomber of rods and cones. Then
the whole section of space represented by the chegtnut leat
woukl remain squally large in proporticn to the whole optical
surface, but it would inclode now ns mach detail ag previously
the whele tree did, nad the tree itself would acquire & corre-
sponsding increasa In detail.

In a werdd of such buge dimentions, crammed with fn-
oumerable details, quite yalusless for the requirements of our
txistence, we shonld frel axtremely ill at cese.

If we assmme that the moments did not change, then
the gun, whese forward gliding is, as things @, imperesptible
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o o ayes, wonkd anguire oolosasl speed in grder to cover, in
the mmn Jength of fime, the vast span of the heavens. The
shadowy of the giant trees would be in perpstos! movement,
The movements of all lving objects would mem to s to be
accrltrated ¢ even the soadls would hurry by at the speed of
2 trotting hame, wd we vorseves would move sbant through
this Todirsdrots Space 28 Jast &b <Xpress brains.

Ammmgmmmhmmnlhmmm

d, then all would remain of
mdﬁne.but!wthe&mﬂmthednywnl&ammh
out to excextive Jeogth, and soon we should no longer be able
to cope with the strain impowed by this super-world,

I we imagine our powers ab intreased in the like direc-
tlon, we shoold become soper-men, &5 possibly—if bat in o
limited degrne—the great artists and peniunes acholly are.

Following op this line of argumest, it is not difcrit to
constrott for oorselves 2 pletwt of the * sobier-man = with
his mimiatory wordd,  Asd it would not be mminteraqting (o
depermine, by means of mtasdremwnts, to which of the two
types aur individoal fellowr-men i moat nearly.

Tt pach cuse it will eppear 1hat the duration of the mament
Mmamuhmmmenmbsdphmandw:he
langth of the dimectionsieps, wad this rel P again
Mmthepwudthnﬂndwhrmanuummdm

llwduﬂyuuvwﬁ in regard to its spatial aod tem-

wﬂmww-l&mmwemumd
can be & d by

lmmmmmmmwmn
has on us that the trec-shadows in which we are reating also
asam 0 b &t rest ; on the other band, every movement of {he
bwigs produced by the wind or by a bird, reveals itwlf ap a
movenent of the shadow, axd swaketw our attention.  Thos
what i goisg ca cowe ut band i frown into effective coa-




TIME []
trast with the repose that the imperceptible progress of the
sam mpeeads over the world.

‘This connection, expressive of o plan, between the dimen-
sizms of the world, etenal both as te space and time, and
qur own everyday Tequi ts, i enslly explained if we
remember that it in otr own guoalitiey which wre the moment-
signy, local signs and divection-cigns providing the ubyolute
messurs for ow world, and that otermily can be inferred
from the form of the crder-sigms.




CHAFTER IIT
THE CONTENT-JUALITIES
THE POINT OF VIEW OF PHYFICS AND OF BIDLOGY

ACCORTING te the physicist, there is only coe real world ; wnd
this is not & world of appearsnce, but & world baving its own
absolute laws, which are independent of all subjectlve in-
Hoence, The world of the physiciot consists (1) of places,
the number of which ic infinile, {2} of movements, the extent
of which is calimited, and (3} of moments, heving & serisg
without beginning or end.  All other properties of things are
referable 1o changes of place by the atomg

The bislogist, on the other hand, maintains that there are
ag many werkds as there ars subjects, and that all these woelds
are worlde of appearance, which are intelligible oaly in cen-
nection with tha subjects. The subjective world consiats (1)
of places, the aumber of which is Gnite, (2} of movements, the
extent of which is limited, [3) of moments, in a series that has
both 2 beginning and an end, and {4} of conteat-qualities,
which are also fized in number, and have lows which are
likewise laws of Mature,

Fer the biologist, the world of the physicist has oaly the
vakie of 3 world created by thought; such & world come-
spouds o 0o raality, but is to be considered as an indfapansable
wid to calculation, ovach as the logarithmic tables are, althoogh
Iogarithmys admit of enly o limdted application, To try to
make s of Jogarithmic {ables aa an ethical law would seem
ws childish and absord as Ostwald vatternpt in Sunday sermons
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to exult the lawy of physits to the position of a morsl
code,

Totheey!dthumin!mtndm,lllmthvidbl‘eh
his own world of appearances, enveloped in space and Hms,
nndﬂledmththsﬂmputwundandmlandmlm

o i thin simple way
dmgarﬂkuthewwld.wdﬁm\wwrpmm
Fhysical theory tries 10 convines the plain man that the wordd
be sees it full of subjective Mvskous, and that the auly Teal
world is much pooter, sinee it consists of obe vast, perpetual
whirl of alooes controlled by causality alone. Cn the other
hand, the bielogist bries to make the plain man realioe that be
sérs far too little, and that the real world is much richer than
he suspects, becaust around cach tiving belng an appearance-
warld of its own lies spread, which, in ity main featnres,
resembles his world, but hevertheltss displays se much varia-
tion therefrem that he may dedicate his whele Hfe to the
study of these other worlds without ever seeing the end of
his task.

The Liws connecting eich subject with his appearance-
world cannot be compassed by capsslity alone, but must be
explained as conformity with pian. The distinguishing sign
of this plan resident in every created thing, isolated within
itgelf though it appears, finds expression In the saying, * All
for sach and eech for afl" Consequently, in considering a
whole that is based ou plan, it is immasterial where we begin,
All things within it must react cn one encther. S0 we may
begin either by studying subjects, ar by ivestigating their
apparance-workis, The cne could net exist without the
ather.

Wow as soom s we have studied even a fow animals lpng
encgh 1o show what is the world of 2ppearance that surromnds
them Like a firm though itvisible bouse of glass, wemmbl!ﬂ
to 1] the world arouad dves with a
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of thes iridescent worlds ; and this & thousandfold enriches
our own, however fuil and vached it may be. And thus it &
that biology can offer the pfain man an unlimited enlargement
of his world, whereas the physicist would reduce bim to

THE FOEM OF THE QUALITY-CIRCLES

A itioa For the g of the
:ppunmoﬂdsnfmhmuuemtkwwbdgedmm
In the frst chapter, which deadt wilh the spatial qualities, we
mocceeded in forming an ides of space that permitted o to
describe arcund every animal & space like an invisible scap-
bubble, within which all its activilies were carried on. &
number of fxed piaces give sopport for its sense-organs, and
ad.eﬁrninenum‘beroi" ion-ateps give the of
the and d ine the of s limbs.
mwlionotmwﬂnenthhed in many cases, by Immut-
able dicection-planes. The kaws of the content-qualities of
oar mind are as changeless as 1he spatfal laws of our appear-
ance-wocld,

As bas already been emphasised, by observing it in action,
wr can leamn nothing as to 1he laws regulating our own mind.
The activity al' our qoalithes conaists in constructing oor
. Conaldered by themselves, all our qoalit
sonn flt & fused heap of bullding: k ll'lmoreot
lema alike,  The Jaws ate revealed only when the work of con-
struction i in

When the oonm!qnnhﬂmmﬁn:d into the loca aigns,
fixed places appear, having definjte properties, And now the
outtise of a fondamental law i5 revealed, The * circlen ™ of
welationghip, which were bt fainily mdicated in the original
material, can be delimited one from another. Each place,
that is to 53y, can receive only one property from each quality-
circe. A certain place muy be Bloegreen, bat pever bloe
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and groen, Tt may be of medium hardness, but never both
hard and soft ; it may be lukewarm, but never both hot and
cold at the same Hime,

This circumstance (e, that at each place properties from
all the relationship circles may be assembled, but vevr more
than one single quakity from each) shows that the qoalities
of each circle are conmected together by Jaw in soch a way
that the appearance of one quality exclodes the simultanscus
appeargnce of a rolated quality at fhe same place.

A% £00m as it enters into activity, the material of our mental
qualitles reveals a form governed by law, which form may
enter inle appesrance along with space and time, or most
sspecially be sought out for the content-qualities.  Since only
the form of the extensive quality-circles of the focal signs and
direction-slgns is given by intuiticn, we must try to include
within that extensive form the intensive quality-circles, in
order to arrive at a clear idea of the Taws governing them.
To admit of comparisan betwesn the extensive gualities them-
stlves, we have already expresssd in spalial terms the jorm
of the mement-signs, which is
not intufted; and 3o we fhall A Hedow
now attempt to represent [
terms  of space the other
guakity-circhs likewise.

12 looking for 3 spatial form
ioc the lmws obtaining in the
qualitycirde of coloors, the
best thing is to start with the N
spectrum of sunlight thrown S gL i
by a prism, When we do this,
four Sxed points immediately strike oar eye, at which certain
coloury emerge pars kom the mixture. The point of pore
yellow follows the red, then comes the green, and finally the
jure blue. Between svery two points of pure colour He
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bt mixed cultum focmed o them. I owe put down the
red point oz paper, we ckn draw a straight live to the yellow
point, and on this line we pet in the red-yeliow tints, We
cannct carry the straight line from the red any furiber, for
bere we are dealing no longer with red-yellow coloars, bat
with coloors that ars = mixtere of yellow and green. To
expetes the diffaretios, we most give the bne a pew dirsction,
50 we shall place the gresn point bebow the yelbow and conmect
these twer by means of o line representing the colonrs that
are a mixture of yellow and green.  When we reach the gresn
point, we give the Loe another ditectlon, towards 1he blue
point which is placed below the ved,  That i to say, it appears
that the colonrs of the spectrum following blve from vicket
have obvigusly an admixturs of red. S0 we may bring back
the line from the blue peint straight to the red. In this way
we gt & square, on which we may set equifateral pyramids,
oae above and onc below ; this gives 2 hexagon.  The apex
of the upper pyramid shall be white and that of the kwer one
black. While all the angles of the bexagon carry pure eolours,
on each of the edges will lie colours arkeing from & mixture of
two, The Jaces of the bexagen, on the other hand, will
diplay colours farmed by mixture of three colours, which
radiate onbwards, in diminishing strength, from the three
angles surreunding each face. I we make o transverse section
through & face, we can always tell at what level the single
colours lie above one another, in arder to preduce in this
way all poesible mixed colours.

A colour hexagen of this kind repeoducss in visible form,
even if imperfectly, the laws obigining within the circle of the
qualitien of ooboor.

THE PEINLIFLE OF COMFARIEON

H we ask how it was possible to transfer ioto the realm
of space the Lawa lating & form of a that is
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not spsceptibie of intoition, we have only to vemember that
while our eye ran aloag the band of the spectrum, we noticed
at certgin points that a new colour-mixture appearsd. This
turning-paint in the colour-soq we transformed into the
tumning-peint in & line in space,

Onr attention, at first focugsed cn the red-yellow colour-
mixturs, was suddenly compelied to tom to the mirture pf
yellow with green.  Even in ordivary speech we speak of our
attention " taking a mew direction” By dawing a line
which suddenly takes a new direction, wc give a cobomie
Form 10 the expression.

In both instances, & change octers it the procsss of attes-
tion, This vields us the common denominator that peemits
s to reproduce in the form of an event famillar to the eye one
that i3 of quite another kind.

Wr were employing the same method when we converted
time-beats inio & series of strokes seq xide by sida, and thershy
tranaformed time into space.  Qur attention was able to keep
e change of content guite separate from the nature of the
comtent, and to give this change a concrete axpomsion by
transference into spatial relathons.

1t ig therefoe to the process of attention itself that we
have recoorsa when we give a spatial shape to the forms of
relationship of the central qualities. In order to repoduce
in coocrete [erm the relationship-form of musical sounds,
wt shall employ 1 seven-sided pillar, and on its edgm we
shall arzange sll the sounds in a spiral, so that theee that differ
by an octave lie below one ancther. On the laces we shall
place the transitiona] half-tones and quarter-tones.

Ag the relationship-form of the qualities of smell, Henaing
suggests a primm.  For the other content-qualitics, Agures in
vne plane will aoffice.

The particolar procedure in every case depends om the
aame principle : rhe torning-points at which cor attention
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acquirte . oew direcHon are fxed coneretely by the angles
o edges of 4 spatial figure,

By employing the method of determination of threshoid,
and developing the same principie, we arrive at tha cancspt of
the mark-mign.  We divide op the whole cloar-band between
two turning-peints into tiny segments lying aloagside one
another, and make them 50 small that et least two sdjacent
parts, conaldered by themselves, are indistingnishable by the
eye. Now ket us magnify the individual parts mbil every
twe adjacent ones become jost distinguichable from oze
ancother. Then the number of individusl parts glves the
aumber of mark-signs that the colowr-band holds for m,
Interpreted in this way, the mark-tign means the alteration
in the contant that is just pereeptible to the attention.

The fiomber of mark-sgns for colodr inceases with the
#kill of the inividual obeerver in distinguishing obours ; it
Eivex us a clue to the amount of colow in his appearance-
world. From carcfol investigation, we know that the warkd
of tht ¢olour-blind is sver so much poerer than omr owo.
While the person with nermal sight can tmake, by meins of
certin artifines, mcr:wmntnhmuitbsculwdmwwld,.
the colour-blind is qulte ncapabds of i g the col d
watld of the normal eye. Juslnsh'll.lemlhennmnsmnl
Man cottjure up the workd of melody in which lives the man
wha has & musical senge,

Wea can distinguish two kinds of mark-signs—those for
qualitative differences and those tor diffsrences of intamaity,
The fowmer wre alwayy associzied with a definite quality.
‘They aré represented by the anglea in the spatial forms.  Tha
majority of qualitise, however, may appear in different grades
of mtennity ; these ape oot bowmd to dafinite semsations of
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intensity, but their nomber i Sxed by the pumber of dis-
tuguishable samsatives. I gan easily determite how many
dugrees of & ity, or * thregholds ", T can distinguish in
u red flnid, from ik iog 1o 1 doar

nets. Buot 1 mey choose quits arbitrarly any particolar
degree of intenzity a4 the starting-point, and determine the
thresholds efther in the direction of saturation or of colour-

THE INDICATIONS

In constructing the world, mantal sensations become pro-
perties of things ; or, in other words, the subjective qualities
huild op the objective word. I wa put the maric-sign in
place of the senmation or subjective quality, we may say that
the mark-signs of cur attention become * indieations * =5 to
the world. Accordingly, the lows that art binding foc the
internal mark-sigrs must alsa bold good for the external indica-
tiomy,  Immutable laws of this kind we call natwral laws. Al
the dicts of physics Telate to indjcations of the world, and are
based on the laws that fall te their share as mark-signs of our
attention, The fact that, like the mements in time, the places
in spage cannot be interchanged nor the intsrvals bheiween
them altered, 35 put beyond 4fl qrestinn merely becanss sach
trelationg depead on the form of cur attentioa which precades
all experience. Bymganso(msthmry Kant laid bare, for
all to see, the very ions of horman kaowhed,

This theory, hm.mustbenpphadmtbemwyw
#ll the indication-circles. The opmber of indications, as well
as their des all exp Evyem if this
mgmmhnmmemwe,andwunmtbudnuﬂy
intuited, still the law of the regular idormase in indicaticns
from threshold to threshold & ¥ dintaly certain for each
indication-circle. From the very begimning, with all the
inevitability of Natare, the distance between the thresholds
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and the regularity of the increase in thin distanee wre
determined for colows zpd for sounds, for smells and for
favours, just as for tempersture and for sensations of teuch.

Just as the distance separating two places and the dires-
tion this separation takes, remain imntable, to aiw does the
difference in coloar betwesn two impure tints and the diree-
tion of the incresse in its intenalty. A depres of hardness
differs from another degres of hardness or of softness accord-
ing te the number of threshalds, as well as by the direction of
ivcrease, exacly in the sume way that a certain low note in
the scale remaing always as lar removed from a certaln high
oote, and can Dever change places with it.

Whez indications make thelr appearancs in the workd,
they ase aready in the grip of these laws, and this without
any reference to the objects with which they are asociated.

As soon a indications appear in the world, caught, o to
speak, by the bull's-eye lantern of cur attention, the process
of apperception sets in, and creales from them new slractures,
Le. things, obiests &nd implements, In the following chapier
we shall deal fully with ihe nature of this process. Here we
shell merely point cut that each new [ormation appears as o
enity, and tkhen, in its turn, becomes an indication, Our
world is filled with thess indications, which we wually describe
as ohjncts ; bmwemuslnmfwgeuhn.manﬁﬂl objexts
are built up from the indicatd werial of ouar g i

TAX OBARRVER AMND THE WORLDE OF OTHERE

If an obwerver has before him an animal whomt world
he wishes to investigate, be mudt fimt and forcmost realiee
that the Indications that make up the werdd of this other
creature are his own, and do not origioate from the mark-
mnﬁmm;mm,mmmmhm
least. Consequently, {bene lndicaticsy wre, ons and il
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heneath the sway of the laws of our attentiom ¢ and, ag soom
af our attention is directed to them, we <annot free them From
these lawa. T huve tried to reprodince this in the pany
Ing figore, in which the indicationg A-X, which make ap the
world of the animal, are connacted by lines to the obeerver.
Since we are not in o position to investigate the appeaance-
wirld of another subject, but only that part of our appearance.
world surrcunding it, wa had batter
speak of the surrounding-wodd of
the animal. It i oniy for the ob-
gorver himself that the sorround-
ing-world and the appearancs-vwarid
are identical.

The material ffom which the sur-
rounding-werld of another is built
up, invariably consists of our own
objectivated quality, for ne other
qualities are accesgible to us. The
oaly difference frem our owa sar-

ding-world is that the qualiti
ard fewer in pymber.  As sotm, how-
mver, 29 qualities from the same
indicatign-circle wre present, they
come under the laws of the forms
of par sttention, A place which for ug fes more to the left
than does another, lieg further to the left in the surrourding.
werld of the other subject also, given that bath the places
are present in that world as indicatlons; and this is troe
even if the mmsher of place-indications separating the two is
smgller than in var werld, A moment which follows anather
mament io our trorld cn pever become the easlier onn in
the world of the other subject, if both are present in it as
indications. In liks manner, the relation of two soomds in
eur wotld can never be reversed in the surrounding-werld
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of the other subject, i both the sounds wppesr there m
micationg in it ; and so forth, .

The obwerver’s chisf task consisis in determining the
number and the naturs of his own qualities appesring in the
yurounding-workd of the ather subject ; and he has to ine
vestigate alye in what groupiog they act as indicationy there,

We can divide up the strrcunding-world of overy ather
subject into two halves, an will be axpluined fally later an.
“The ot contains those of the cheover'y indications that affect
the animal s such ; o that account, T call it the world-zs-
sensed.  The other contains these af the chserver’s indicaticts
to which the animal reacts ; this I call the world of action

Mow, gince oo md the same object, cn the cos hand,
affects the animal with peparate properties ag indications,
and, op the other, hay propertiss affectsd by tha animal, the
houndary between the two worlde passes through the object.

Let 13 agsume that indication C in the Sgure on the pee-
ceding page represents the scent of honey, and the indicaticn
D its Suidity, then it ja obwious that, if the animai is & bee,
the indication €, which arts oo the animal, les in the word-
ap-sensed, whereas the indication * Auidity,” which makes it
poesible for the bee to drink, lies in the world of action,

Tt ia only in our gwn surrosmding-world that heney, ag
a sweet-scented Auid, is fused into cne anibed cbject ; in the
surrounding-world of the bee this doss ot happen, for the
indicatlon fluddity does not act on the bee, but merely coder-
Ticx the bee's behaviour,

In order that we may not sacrifice the indissoluble con-
nection which, as observers, we perceive to exist betwetn the
mmdmmm;,lmthn,wgnm
are dd the ding-world of another subject, we
employ the term ™ indicators ™ Jor soch of our chjects aa phy
lpnﬂlnt'hnlwld. Thhwillbenudtomnﬂnthm
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ever, in the surrounding-windd of the other subject, beloug
partly to the world-as-wmged and partly to the warkd of actien,

" THE OBSERVEN AND THE AWIMAL

The properties of which the animal is composed are like-
wise indications for the observer,  These, alfter careful study,
he will dividn into two halves—a receptor half, corresponding
to the world-as-sansed, and an effector half, corresponding to
the weorld of action, Tha receptor half reczives the actions
of the surmounding-werld, and the effector half reacts thersto,

There 1t an cleme h on the ons
band, betweentheammalsreeeptwwwtsmﬂthew}d—m—
senged and, on the other, betwoen its clfector orgees and tha
world of action.  This onast strike every obssrver, and it gives.
the tmpressicm that the animsa] iy mercly an imprint of fa

di 1d. On this i ion are baged all the
theocies tbatseclnthe Hiving substance of which aff animal
bedies are made, merely a plastic element, pagsively moulded,
which adjugts itseli rore or less exactly ta cxternal infiuences.

These theories overlook ome essential circumstance,
namely, that the swrounding-world of an anjmal, if con-
sidered by itself, is not a mity. On the contrary, the peo-
perties of the surenoding-werkd beeome linked wp into &
unity only when they are in agresment with the properties
of the animal ; withoat this bend, they merely futter about
disconnectedly,

The comvindng proof that the enfmal body does ant owe
its formn to external infiuences can only ba given by our show-
ing that it displays properties that coubd not heve been
imprinted on it from withent. Aad this proof can never be
brought quite defimitely. In the T of their re-
cepiive of semmory ofgans, all the khigher animals show a
distribation which has nothing to do with the arvangement

r
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of the surrotinding-world, but which, on the other hand,
reproduces spatially the distribution of the circks of their
indicathons. In the eye are ibled all the nervous £l

that are dirscted on the colour-indications of the di
wordd. Theumehnldsgmd[orthgw.nmgndsthu
indications of sound. Ina the mouth lle the rceptors for taste,
atd in the nose those for smell

As a rule peophe try to explain this remarkable anatomical
stparation of the guality-circles within the body by pointing
to the tusifarmity of the method in which the related properties
wet in the sorrounding-world,.  The etheric vibrations reqoira
wpecific trancfortners i ihey are to be converted futo nerveus
excitatien ; so do the alr-wawes, The same may be said
of the substances ealuble in water Lhat yield the taste stinuli ;
and the stimott of the sanse of smell are conveyed by mir-
carfents,

But this explanation will net hold for aquatic animsls.
Here tha stimnli of smell as well as of taste are delivered by
gubytances digsolved in water. And oevertheless, fishes, ke
other vertebrates, have their dfactory and gustatory organs
qulted.lsbm:lf.mmmmﬂmr

For tha d ion of the prive organs
inte quite distinct usities, tln:chm]mlmphyslcalm
ton with the surrcunding-world cannot be hekd responsible.
What are rerponsilda are the jan-farmg of the mark-
sigms, of which they are the spatial images. And thus the
representations we draw in gpace of the quality-cirches acguire
increased wignificapce, When we stody the scnse-orgacs of
animals, we see Nature Dersell at work, and in the very act
of reproducing T extensive forms the laws of intensive
magitodes,

This makes our research very much essler, for, in Inves-
tigating animals, we can never hope to attain to a know-
lodge of thelr sensations.  All we can determine by exparimont
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is the nomber and the nature of the indivations in the sensed
waorld to which the animal reacts. Thios far, we have been
akle to group indications ooly accarding to the forms of o
own gttentinn.  Ent by zealising that the rense-crganz of the
higher animals correspond to this grouping, we ate pot in a
position to go further; by anatomical study of the lower
animals, we can now ondertake to groap thetr indications alsa,
and this even when we come acroce sense-organs that are quite
unfamiliar to s

‘The most impertant advance, however, s i the follow-
ing conguslen. If the laws manifestsd in the jorms of oar
attention {which is the deciding factor for the appearance
worki of eur own subjecr) can be recognissd not only in the
shape of cur own bady, but aleo in the shape of the bodies of
other subjects of whose attention-forms we know nothing,
then this indicates that the work of fashioning by the mark-
signs it not determined purely by cur own subject, bat is
super-subjective.  This means that we are on the track of a
control by Natore peinting to a unity even higher than enr
own apperceplicn, in which ctherwise we must see the final
unity.

The. fact that the fortms of our attemtion find expression
in the conformation of our own frame is gufficient to suggest
that thers is a factor which unifcrmly determineg the activity
both of our vomcirnsness and of our body. It is not enough
tespesk of 2 paralielisin between mental and bedily processss ;
an expression like this loses its sense when we are desling
with a comparisen between intenaive and extensive farms, for
mich forms are pever parallel to one another. Cn the other
hand, we may speak of identical laws, which express them-
scives both in intensive and extensive forms.
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TER OF THE WORLDE

II we repregent the surrcunding-world of an animal ai any
Eiven moment a3 a circle, we can add on o it the succeeding
moments, each 23 4 new circle of the same kind,  In this way
we get & tube, which would cormspond to the length of the
animal’s fife. On all tldes the tebe is formed of indications,
which we can imagice to be built along and arcund the life-
path of the animal. The life-path thus rescmbles 1 tunmel
passing through the swrounding-world and cloted at both
ends, In this tnnned the nature of the indications that may
appear is fixed from the begloning ; 30 we may sy that is
extent and the varfety it displays are predestined. Moveover,
the time-length of the tunnel bas & preseribed measurament,
‘which cannot be exceeded.

F ding from these i factors that
ail Kfe in the world, we come to see that life itself & based an
fured Jaws, which are in conformity with plan: these laws do
not beemne apparest, simply because the individoal destinies
are o numetons that we are unable to appreciate the influemces
they cxert ob one another, As a matter of fact, however,
they are merely variations oit a st theme, abd a limit can be
stt 10 Lhe possibilities 1hey present.

To space and time, the formn of vur lmowledge which arm
present before all experience, we have to add 1he forma of the
content-qnalities, which canoct be ininited direclly, As wm
bave seen, they can be bronght nearer to intnition by trans-
ference into spatial relations, wa has already been done in the
case of troe, of which our sxtensive experience is dlrect.

On this point, therefore, we must expand Kant's doctrine,
and show that {0 all kinds of qualities there are forms which
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are present entirely a prioci and precedent to all sxperience ;
and these appolnt to sach quality, az 3000 ag it appears, & fixed
position in a system,

The neglect of the a prieri forma of the coatent-gualities
is prtiy refesable to their having ng names of thelr own, such
as space and time bave. Tha ouly familiar term has been the
metaphovical * musical scale ' for the form of sounds, and,
wging that as a basia, we also speak of a " scale of colour,” a
" seale of smell,” ¢tc.  The usa of the word ™ scale,” or Ledder,
for the form of the ounbeutqualttm was the first abtempt to
make thess forms ible to i and dingly it
degerves ta be retained ag the general designation.

In yrt another point we are cbliged to expand Kant's
doctrine, Mot ouly ate there fixed lerms for each quality-
materjgl, but the number of individual qualities within their
form is aleo absqlete, and precedent o all experi

Even if the ab=olute numlm of qualities chanpes with sxch
aybjent, and he determination of the number in Individual
cages 8 Ieft 10 paychology—or shall we say, 10 biclogy i—
[it & not at all Recessary that the particular subject should
actvally experience all the qualities present in its forms),
nevertheless the law that the nember of qualities present iy
absalute i 4 law of the pure theery of knowiledge,

The stoond law of * increast in one direetion ™ relates to
the arrangetnent of the qualities withln their particular form,
This {s Ukewise a law of the theory of knowledge,

The poesihility of comparing with cne another the difierent
qualities and theit forms, depends on the Eaet that each quality
leaves behind it in our consciousness a gign-—the ™ mark-sign.”

In every instance where the qualities are known to us—
1.e sirictly gpeaking, only ib our own case—we ey CORStIUCE
ihe world-picture directly from the objectivated sensations
of the subjert. Hern the subject faces his appearance-werld
directly. Where wn are denind & glimpse inte the qoalities
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of the subject, we should not speak of an appearance-world, but
ocly of n sorormding-world built vp from our own qualities,
Since knerwledge of th other snbject’s * mark-signs " is denied
s alsa, we are confined to determining what properties of our
appearance-world have walue as * indicationy * in the yor-
rotading-world of an animal  These indications (whick must
become mmark-signs for us, if we are to experience anything of
them at all), wo shail treat liks cur own qualities, 5o far as
paesible, and wrrange them in the forms given us a prion.

We ser a justification for this procesding in the fact that
the anatombcal strzctare of the sense-argans of animals brings
together as a unity thost indications that oor atlenticn also
treats 3s a noified guelity-circle,

Nevertheless, we should never forget that, so long as we
are concerned with biology, we must not for an instant desert
our posts as observers from the ontside,



CHAFTER IV
OBJECT AND LIVING ORGANISM

THE BIOLOGICAL EIEMENTS

Tur. biakogical analysis is now finished, 'l'hmugh\twehaw
became acqua) with the ultimate bi the
qualitics. We have leamt to distinguish between order-
qualitics and content-gualities  Further, we have setn how
the three ordrr-qualitiss—moment-gigns, local signs and dirce-
tion-aigns—an soon as they cormbine with any of the content-
qualities from any particular sense-circle, become converted
inta places and direstion-steps ; and these are the
erganisers of the warld.

The content-qualities, which we call coatent-gensatinng so
long as they are isolated, become coutent-properties throagh
their assotiation with the wgamscrs Uniwlmlely e d.u
not bave for the content-gualit LOTTeED
to this bansformation.  Blue, warm, hard bitter, ete. -tlrm
Lerms reguive the addition of  sabjective ™ or  ohjective * to
show clearly whether we are dealing with sensatiens or with
Froperties.

Finally, we know that all qualities are the material of a
particalar formy,  The form of the momente is time, the form.
of the place is the extended, the form of the direction-step is
metion,  Motien, by means of the planes of directing, becomts
space, which is enclosed on ull sides by the mctended.

As soon as a local! sign links op with an opticel content-
quality, it nppears in space in the position determined for it by
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the planes of direction. Through the eo-vpratian of obj
and mibjective Airectionesigns, fhe place gets its fixed position
with regard to the direction-planes in objsctive spaoe.

And in this way is constructed the actual scaffolding that
supports the woeld  As we have fald, to make the world
complete It s necessary that the order-qualilies be connecled
with at kst one content-cign, 30 that the scaffolding becotnes
the bearer of matter. The measureraent of matter in space
and time 1t made postible only by means of the ovder-gualities,

The content-qualities of matter are, likewise, the materlal
of ils specific form, and, in their relation towards this {orm,
they exhibit laws which are wot susteptible of mathematical
calculation, of culy very slightly 30, Seund goss furthest in
that direction, thanks to the repetilion of the octaves in the
musical scale. The colours I the colour-scale offer us suuch
oot bunited possibilities Tor cakeulation, Senelks in the smell-
scale are not calculable at all, The taste-scale exhibits oaly
four qualities, the scale of temperature only thres, and the
scait of touch has only two qualities, ic. hard and soft.

The incresse o intensily of the individual content-goalithes
can be lled in caltnlation by the L duction ef  thres-
hold.”  The m‘dﬂ\-qnnhhﬁ show no such increase.

Every i in principle at least ene content:
guality from each scate, though it may ant be poasible to test
Lhiz in every case.

“Ebammaawmoftheoﬂnﬁmtqnﬂlhﬁi’hﬂlmpdd

b Iy to the & of the outside warld on our
mm:butmtuhnguwmumluumﬂm,wahau
to become active. And therefore these qualities are, in
principis, separated from the other content-qualitiag, and aze
ancribed to matter, 23 the eifects of forees.

The atamic theory, even in ity mest modern form, does
not take sulicient mecount of the wealth of ipilial matsrial
rom which biclogy may work. The atomic theory relies
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solely on the crganisars, and AimE at sipprissing the contsnt-
qualities, This is most strildng when we consider the de-
Liberate refusal of physics to consider {he laws that prevall
Tetween the content-guabities and their specific forms or
scales,

Moreover, physics choomes to ignore the fzet that every
enbetance can held at every point at least one quality from
avery scalle, for this is incompatitle with the cherished bope
of finding the primitive atom.

5a long as we tegard the atom ag an actual object, and at
the same Hime as the elernent from which objects are built up,
we shall never get away from contradictions.  1F, en the pther
hand, we take it to be a local sign which can enter into asgocia-
Lion with every content-sign, we can meet all difficulties in a
consistent way.

It seems, then, that we mnst abanden per fond belief in
an absclate, material world, with its ctermal natural laws,
and admit that tt is the laws of our subject which maks and
maintain the world of human beings,

THE CONTINUITY OF THE WORLD-FICTURE

The popular, physical way of looking at the world, which
assumes the actual existence of objects, accapts unreflectingly
certain axioms which assuredly cannot be ardved at from
experienct of objects, bot ave derived solely from the sngani-
sathen of o mind, for that lies at the basis of swvery
experience.  Chief among thtse axioms is the theory of
the comlinuity of the wurld, which contrasis so su-lkmsly
with the irg ¥ of our individ

The prmc;ple of the continmity of the warld takes m arigin,
in part, frem Kant's theory of the ferms of experianca. The
forma space, time and motion are, in l.hmrwrynltum,uon-
tinuous and quite independent of the individual exp
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which is always digcontinneny, Tt is interesting, however, to
show how in single instances the gaps becomn dosed up by
tha forma.

1 have already drawn attentiom to the gap that must
appear in the world-picturs en account of the blind spot in o
retiza, but which gets filled in by the coloured surfsces of
the environment immediately growing tegether.

5till moce obvioas is the break in the serics of our moment-
signs which comes with sleep - it is filled in by the pure form
of time.

Motion, the common farm of the direction-signs, is also,
in principle, quite continuous. 1t ia here that the principle ol
the continoity of the world plays its chicf part, for in this
ingtance the gaps in the materia] of expericroe arr most
apparent. Since all forces can be tranalormed into motion,
the pinciple of the contiruity of motion has become a funda-
mental axiom of physics, and, in the form of the law of incriia,
for instance, has led io the discovery of conseqoences of the
highest impertance. The thecries of the propagation of
sound, light and beat zre alf baged on it.

The Foscs of Granily. Bet the aftempt to deal wilk
gravitation a9 motion has not yet succeeded, for propagation
of gravity is oot demonstrable. What Newton discoversd
wnder the apple-tree was not a defimite property of bodies,
which we call weight {that was known long before), bt the
invisible bond that coomects all objects with the ground,
a bond s0 tense that it ben: down the apples on the
branches, and sometimes tore them of. He saw thin same
bmdmﬂchhgbumnthmmmdtheeaﬂh.a_ndhc
realised that it drew ap the tids towards thi: moon.  He called
thin force a foroe acting from a distance, which was able to
reltase motice withoot itself being motian,

The ferce of reci 1 ion of masses undeiabl

exwrted through space and, oolike alt other Metoral forces,
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manifesting itself only at the objects and not in space, has
glven rise agaim and again te hypotheses which try to span
thiz gap. But hitherto without success. This is the secret
anudety of all physicists, foc naturally they do not wish bo
admit that an hlatus exists in their phjective space.

‘What interests us mosk as biologists is that we are kept
continually informed of the direction of this mysteriops forne,
We have a speclal sonse for detecking the position of the
zenith.  Unfortunately, we have ao words to distingnish this
spexcial sense from the planes of direetion. It is only when we
are gtanding erect that the above-below of tha renith sense

ides with the above-below of the dircction-planes. As
soom as we bend our head, the twe abovebelows becomoe
distinct from ont another, for that of the direction-planes
alters its position with the pesition of the head, while that of
the zenith sense does not,

In the inner car, tiny inofganic particles bave been dis-
coversd, which balaree on litthe hairs ; these are suppossd to
be the stnse-organs of the zanith sense.  Since the existencs
of such a sense, giving the direction of the farce of gravity,
decides the whele aystem of statics of the body, we speak of 2
static sense.  Apart from this, grawity differs in no way fram
any other reslstance, so far as our muscolar sensations are
coctrned,  For ow muschs, iU is 20 one whether wa poll
a nal gut of the wall or lift up a weight

The example of gravity shows that it is not posaible te
deduce the continuity of the world-picturs from mation alune,
as 3 form of expereace, which is what the physicists often
try to do. We sec that this continuity arises from a mare
widely embracing law of our experiemnce-activity, which,
Sollowing Kant, we il the law of cause and effect, o
“ Bity."

huon]ythum;mprmiss vahdfmal.lhnmana.pm
ence, that prod the y of the world-
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pieture, by compelling o to inguire inte the canse and sfect
of every phepomenan.

Space, tme and i the inuity of the
world-picture, but they in noe way guarantee ifs completaness,
For the attainment of completeness, the forms of the content-
qualities (the musical scale, the scale of smell, eic) must
firgt be taken into accomnt,

But even then, completensgs is ngt attained. For an
mssential property of the world-picture, deliberately over-
locked by the phymicists, is 1R lacking—i e, grooping into
umities. Separation into spatial atomic systems will not meet
the case. Qur world-picture is filled with unities. In order
to appreciate unitiey, the mind requireg the aid of a speeial
expedient, the " schema ™ ; and I ghall now go an Lo deal
with thig,

TEE ECHEMA

As soon @ we proceed (o dea] with the things of the
external werkd, there are three great questions thay affect v
as biologists—How ! Why? and Wherefore? As a role,
regearch gty to work at oncs on all thess qoostions, while
taking the world fiself a9 given, and without taking into
account the subjective Tactors to which the objective wiarld
wes ity very existence.

It is through Kant thal we have learnl sofficient sell-
knowledge o inquire into the subjective factors ; and this
queglion, since we have became convineed of the subjective
watore of the world, bas come ta seem the mest imporiant
of all.

‘We are pow familiar wilth the comtent-signs and order-
slgns, but around these there Les a bend which is responsible
tor creating the clearly outlined things that we see a! about
u, and as to the unity of whick no ghestion arises in our
mind, This bond &t 80 deep-seatud 1o the orgunisation of our
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stbject, that 1 very special degree of attention is raquired to
discover {¢ at all.

The order-signs and conteot-signs are easily browght to
light, Becauns, with every experience, they are directly given
in our comscioasness. But to throw the bond arcand them Is
an actlvity of o own, and we perform it quite unconsciously,
For we are concerned only with the finished resolt, in which
form alone do we deal with it consciongly,

We can at Any mofoent 2ssure ourselves of the ingufficisncy
of o knowledge even in relation to oor conscieng actione,
We were surprised to find that the same command given to
the left hand produced a different result from what we gob
with the ght. when we wished to write the numersl 3.
Familiar though the nomeral 3 is to us when set down on
paper, it is just s unfemiliar to us before it bas becoms
activated iz & serins of moverent impidses, and disd away it
a series of impulse-signs.

It is quitz hopeless to learn anything about our mind
before it gets into action, And cven comcerning this 2clvity
we lcam nothing exact cxcopt throdgh the ageacy of the

signs, I the goes t0 quickly that the
signa cannot sound ot ono by one, thea all we experience i
the finished msuli ; and in the cast of the left hand, this
torng out quite differently from what we expected.

Analogons relations arise when we run our sye over oon-
toury, and the seq of direction-signs d ined thereby
impress themselves on ns as a melody would,  The repetitinn
of this melody takes place <o quickly that we are not conscions
o the indlvidual direction-signn  Before it i played, the
melody itssll is quite unknowa to us, Only the result is
known to us, and it appears in such a form that we realise
the presence of a gomething familiar,

In this process, the melody of the direction-signs does the
ahaping, but all we wre cansciots of & the " shape” Kant
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called the form-giving melody & " schema,” and the art of
shaping, which lies kidden in our mind, he called ** schematisa-
ot

Following Plato here, Kant compares the schema of
wmpirical things with a kind of monogram, which has stamped
itse on our mind, and forme the starting-peint both for
shaping things and for drawing images in the imagination,

In order to i of the of this
theory, we must tum oor attentien to those instances in
which the schema separates ityelf from the sense-signs, lor
here its efficacy becomes most obvious I remember once
when T was at Naples how, aleng with two other biclogists,
T leoked for 3 microscope in vaie, becawse one of us had said
that be had sat it upright cn the (able, 1t was aoly when
the attendant, who in the meanwhile had Lilted it, pointed
the microscope out to us, that we suddenly saw it thers before
our eyes. The ig ging to the mi pe were
not hidden from ug, but were d with other i
that were standing on the table, The melody of the direc.
tion-signs that sheuld have formad the microscepe could nat
sound, becauss we were trying to proceed with the business
of shaping on the Hres of the verlical microscope.  Without
the subjective conditioniog of the schema, no thing can exist
in the werkd.

Thost cases are commener in which 2 wroog meiady
soitnds, with the cesult that we form o weong object. To
this category belong the many mistake we are so liablo to
make in 3 half-light. We wwually fnd afterwards that the
cotitour of the wrongly frmed object cormeaponds in scrie
exstntial points with the right one, and our mistake consivted
in our complrting wrongly the first bars, which were the satne
in both melodies.  Io the bwilight, wo are very often unctrtein
88 to what melndy caght to sound.

En broad daylight, smilar mistakes ocour with moving
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objects; and it is werlh whife giving special attention to
these confusions, for we can leam something very imteresting
from their stady. 1 remember ance seeing quite distinctiy a
great toad hop ucross the road in front of me, and afterwards
this resolved itself into & flat stone and & mmble-bee Aying
past,

Tha iollowing experience made an especial imprassion on
me. I wanted to make suve (hat a beat, which T nsed every
day for cressing a pond, was lying at its proper place, and I
bent aside 2 branch of a bosh that chstructed my view.
Thera ie the bright sunshine ihe boat ley befors me, I its
familiar coloors ; the cars, which bad been shipped, threw
thair shadows on the seats just as nmal.  But as [ came roand
the bush, the boat was gonc ! Through the compelling force
af the schema already in my mind, I had made use of the
reflection in the water in such 3 way as to form the boat,
down to every detail

It is really surprising that these mistakes do not oceur
much more aften, considering hew swiftly the cye, when we
come into g strange mom, takes in & bundred different objects
of all kinds ; and it is not possible for all the schemata to
have disd away completely while this happens. Ne doubt
the colomred content-gigns make it easies to sehect the right
schema,

‘That we do not make uwse of memory-picturss abrady
existing, but of the proocess of image-creation itsell, hecomes
especially clear if we give play io our imagination; a3, for
example, when we see bizarre human fanes in the pansy
fewers, for which we have no precoteeived image whatsoever.
The man in the moon is another instanee of the same kind.

1t Is very instructive ta turn ower the pages of a phote-
graph-aibum, and stedy the impression produced en ws by
the sodden sounding of a schema. When, among all the
strangs fagm we unexpectedly come upon one thet we know,
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something within us connects wp, and we know that what wa
have before us is fumiliar; often we do sot rralise mntl
Tater who the acquaintance is.

‘The schemata are called forth in wa, not omly by spatial
conteurs, but also by changes in time. We see a hundred
strangers collected together in an open place ; suddmnly oom
of them performs & moversant, the rhythm of which makes a
special impression on g, and we know for cettain that this
perscn i3 an acquaintance.  Often, hewsver, we remain in
doebt as 1o wha exactly it is.

From such instances it may be affirmed with certainty
(hat what surges up in ug ia not 2 memgry-picture, but 1hat we
are mersly completing once more the regloration of a picture
within curselves ; the German word " erinnern
this very well. Sometimes we fail to restore the famibiar
pleture with certaintly, and the process is abortive. This
gives us an anxions feeling, as though wa were seeking samme-
thing, and it lasts urtd the correct pictore conves ; then we
have a sensation of refief,

We may conclude from uil this that, in order to form
1hings, we make vse, voloutarily or invojantarily, of a racntal
process; but of this process, althomgh it is formed by our-
sclves, we knew nothing. The process employs local sighs
as wall as time-slgns and content-signs, but depends in the
main oo the serfation of direction-signs. Sitwe it surges up
from the complete unconscions, nothing more exact can be
atated reganding It ; and we migt agres {hat Kant was right
when he sadd that it is * an art hidden in the depthe of the
homan goul, the chue 1o which we ocomsonally and with
difficubty wrest frem Nature, and shall make manifast.”

Peahaps we gtt Dearest to the anknown process when we
call the pehetna o certalh kind of " line.” Line, in this seane,
is un expression taken from painting, Puinting is very vitally
concerned with the natore of schemata, for every artist must
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st o0 the canvas the content-nigne corresponding bo a cleas-
cut schema, if he ie o achitye o coovincing effect.  Accord-
ingly, be wumt pay clos aitention to the process within
himmelf whets he is drawicg cbjects, 50 that this may dominate
hin cepresentation of them as frely an poagible,
In the Jine of the great masters we fetognise thin domina-
ficn by ther gchemata ; and, at the same time, we get the
that the sch ars indivi 19 the artist, and
art ckedly distinguishable from ot another even when
Our whole memocy is like the rigging-loft of a theatra
with wings filled with schemate, which from time to time
appear oo the stage of oor consdoesncas, oot in their own
character, but dressed up in the content-qoalitics of our mind
It i3 most uofertunate that we can never bebold the
congeiousnresatage of anather living being; nothing woakd
b moee instructive than o see the world throagh the schemata
of another. Bt at least ket us never forget, as we watch oor
Eellow-men geing to and fre aroand ws, that they are treading
the hoards of our stage, and we theirs.  Tha stages are acver
identical ; in most cases, indeed, they ame fundassentally
diffsrent. And we can never hope to play on the stage of
othera the tile that we play on oar ouwm,

THING AND OBJECT

Coalities and schemata together compose the things of
the coter world, as we see them displayed befors ug, We
2y that things have mach and soch properties, and i every-
thing remainad in a state of repoas, this would be o complete
statement conceming the wwrld. Bet everything in the
world B sobjsct to movement and change, and il thingy
resct on 008 aaother reciprocally. In the courss of their

[
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activity, thinge display, in additiom to the properties they
bave in repose, others which we name " capacities.”

Whets we wizh bo embrace the sam-total of the properties
nnd capacities of a thing, we speak of an object,  The posses-
slot of capacitien characterises the object as contrasted with
the thing. The distinction i important, because, through its
capacitiss, an object reveals the whole of its reclprocal action
with other objects.

How a fixed subjective rule underlies this coll
reciprocal Interaclion of objects; this rule is the so-called
law of cause and effect, or cansality.

Without this rule, which embraces all change in the world,
we should not be in 2 position Lo maintadn the coneept of the
object, bot abonld merely experience unwinding series of
perpetually altered things. For, snce we actually have thae
wizhd isclated before ox only from moament bo moment, we
scc things cut off, ax by a knile, from the moment that e
cedes and the moment that comes alter,

The object as sach is ot visible, berause it has extengion
in Hme. We may alse call it 2 thing expanded by & moment-
sign; and, by the use of this expression, its capacities are
revealbed an naw or albered properties.  The fixed relations that
altered properties bear bo the same unity are created by the
rule of cansality, which makes the alteration appesr as
the necepary effect of extmmnal canges, S0 the object con-
situtes & higher wnity than the thing, thanks to the law of
causality, which likewiss i3 an cutward manifagtation of oup
AppeTCEplive Process.

Camsality compels us to yesk for 3 cawse for every change
in the moment that has just gene, and for an effect in the
momant that follows. It is caosaiity which, throughoot the
ages, throws a band around all world phenomena,

Beginning with any stdected moment, we can follow the
canasl chait of change back into the pust and forward into
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the tuture, And, as we do this, we see how the various chalns
link op with onn another to Jorm a network which fnally
drawg inbo its toils everythicg that happens in the world,

It is not surprising that physics should attempt to axplein
ull associations in the world by casality akaoe, rejecting any
other way of considering them, And yet physis is wrong,
for causality is not the only rule at oor dispesal for systematis-
ing the world.

We call the content of objects, matter, Like the object,
matter has propertles and capacities. The scietce coticernnd
with the investigation of matter iz chemistry, Matter is oot
freely oxposed anywhere ; in srder to get matter, we must
always first desizoy an object.  This is most abvious when
we wish to pet matter Eom some implement that we have
constructed osurselves. To do so, we moat destroy nat only
the external form, bt likewise its internal structure,

Let wh assume, for fnstance, that we break up an old
lotomotive to get iron fram it. We then discover that, in
addition to the conformatiem ef the paris from which the
locernative is built, thers is ancther which belongs, not to the
incomotive, but tp the iron itself. In order to keep this
distinction clear in words, we shall call the “ Famawork ™
the dispogition of the parts in space, i 50 far as that belongs
to the L ive; and the of the iron particles
in space we shall call the * sfrucfun.”

The confusion of these two soentially difierent kinds
of conformation bas Jed to serious error; and stll at the
present day it mitleads many scientists 50 far, that they evsn
derive the frameworl of the living crzanbam from tha structere
of matter.

Since stractore really belongs to the feld of phymieal
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investigntion, physics and chemisity asaist coe another in
the study of matter,

Bat chemistry i also an anclent aclence, carelully nur-
tared through the Middle Ages by the astrologists, who have
been most nnjustly decried.

In comparing medizval chemistry with that of the present
day, we might easily supposs that we wers dealing with twn
distinct seienoe ; but the investigators of those times were
ryiog, 1mthhth£modunclnmms,tomwhtm
the prof and capacities bel g to the various forms
of matler,

They studisd not oaly the structore of maiter, bat also
its other properties, and srked such questions as ™ What is
s colour 7 7, * What sort of 4 sound does it give ? ™, " What
does it taste Tee 7, ' What does fi feel like to the touch ? 7,
and * How beavy s it 7

For in principle we ascribe to svery sebstancs one gualicy
from each of the sensegcakes; and if it canmot be demon-
straled, we do not assome that the substance has not got the
quality, but we say, for instance, " Smell or taste not per-
copible.”

In comsidering the sense-qualities in their relation to the
Jocal igns, we may, as has been explained, regard the latter
un the smallest receptacies that bave the scnsc-qualities as
conbent.  With the lkal signs we tright thetefore contrast the
semse-qualities a3 content-sighs. It is coly when tha {wo am
in mmociation that we have “ matter."”

‘The old chemistry and the new alike endeavour 1o separats
the forms of matter from one another and investigete thmm
(and camequently all the acodiin pontent-sigos of matter in
wll pomdble conditicns), 20 as to get aa exact a Dotion wp
pomibie of A1l the properties and capacities nf euch fndividal
sbwtance,

‘The mediwval chemist locked st 4 mbstance, tooched it,
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amedt it, tested its sound and tasted it Then he hoted dows
A the properties observed, and from these data he describad
the sobgtance ag exactly as poasible, in order to distingmish it
from othary.

Very early the theary of the four elements was estabiished,
But the lmowledge that every substance bas three states
of aggregation controlled by heat was no more than a vague
presentiment lying at the basls of this theory.

The unrelinhility of the teste, and especally of these
Tor the intensites of the several qualities, led gradually to
the @ doction of other prop ing of mere
certain determination. Thus, o crder to get away from
direct testing of heat, use was made of the expansion of
bodies, and the thermometer was invented. To measure
weight, the movement of the balance was emaployed, and that
fixed the standard,

To test hardness, 2 series of special substances was chiosen,
each of which would just scrateh the others.

In place of testing by smell and taste came later the stody
of the relationshipe of those sob which either com-
bined with ope another of scparated off from cne another.

Thus by imperceptible degrees the whole study passed
from the demain of the other sense-organs ta that of the eyn.
All our apparates has referesoe to the eye, and sspecially
since in chemistry the testing by sound bas failen more and
more into disuse.

Bmall wonder if, in the course of time, the conception
of what 3 substance feally is has become completely changed,
The study of the forms of erystals, which furnjshes what is the
most reliabie characterictic of substances, has been mainly
regpensible for the present tendency to explain all the pro-
perties of matter on the basis of an invisibie minfature stroc-
ture. It is in arcordance with this that stereochemiatry has
devaloped,  woiense which traces the afinjties of mubstances to
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one another from the srrungwment of the atoms in space,
And o, in place of chemistry, we have, in the last ingtance,
micro-physice.  The ideal now is to refer all the qualities of

E: to the " and t of atoms or
groups of atoms,  As 2 fnal sutcome of this theory, the atom
kset every imaterial chwacter whatsoever, and becomes a
mathematical peint in an eddy of 2 medivm that is con-
tinwous and universally circelating, but not Jurther defined,
And with that we get back again to pure local signa and
directlon-signs,

From Ihe biological point of view nothing could be said
against this reduction, i physics recognised clearly that, in
1be last instance, it builds its foundations upon purely sub-
jective quali and that dy all the +
arping thmaon art purely subjective appearances.

But this s by oo means the case, for physics is all the
time under the delusion that throogh its mduction of all pro-
perties and ithes of ith inually getting
nearer to the brue reality.  When, for inslance, in considering
ihe frercass in warmth of a body, physics neglects Lhe in-
ertaslng intensity of the beat-quality, sobstiduting for it the
growing cxiension of the body in space, and then uses this
alone for taking it kas not di 4 2 reality
lying behind the heat-quality, but has mecely chosen as the
sign: ihereof 2 parallel change in another sense-quality, becatse
that happens t0 be mere accestible to calculation,  And even
if it should becoms pomsible to substitutz spatial chamc-
teristics for all the qualities, the subjective nature of the
spatial signs wonld not be altered in the bast, and we should
1ot be one step pearer to the reality soughe.

The substitution of Jocal signs and direction-signn for the
conteot-sigma does act mewn that these disuppear from the
world, What one has done 1 to bring o a common
dengminator, of general application, which alonc permits of
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wwhngbyalcuhm and this has been the real aim in
view ghoat the whale t of chemistry.

CEJECY AND IMFLEMENT

It we are to pot in the proper Tight the guestion at lwaue
between physics and biology, we mmust Use very clear-cut
terms.  Physics maintains that the things of Nature aremnd
v ocbey causality glone, We have called such causally
ordered  things, ™ objects,” In contrast to this, biology
declares that, in addition to causality, thers it a eecond,
subjective ryle whereby we systematise objetts: this is
conformity with plan, and it is necessary il the werld-picture
s to be complete,

‘When the hammer strikes the string of 2 piane and  noke
sounds, thet i & purely causal sarjes,  II this note belongs to
a melody, it is interpolated m a jound-series, which alsa
exhibits armangement, bet not of a canasd kind,

‘When the carpenter's axe chops up the wood inte planks
and pegs, and when the drill bores through the plapks and
the bammer drives the pegs inlo the holes, thess are all of
them in cagsal But the g from
this process, the ladder, cannot be interpreted by cansallts’ H
it can be understood enly Irem a knowledge of the designed
amangement of the rungs with relation to the main planks,
and of all ihe parts Lo the whole.

We shall call " implements ™ those chjects the construc-
tion of which is not o be explained by mers cangality, gincs
in them the parts stand in the same relation to the whole
az the individual seunds do to the melody,

Both objects and implerments consist of matter; bat in
the chiect thert & ne arrangemient of the parts other tham
ikt which the structure of the subatance brings with it. In
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the implement, thes is, in eddition, & framewock which
conbects up the parts into a whole that exprees plas

In oatward appearance, objech and implernents are
indistinguishable from one another. The same local g
and conbent-zigs, endosed by the same scheme, fomo them
both; just &5 the words of o laoguage presant the same
optical wppearance to the man whoe knows the langaage a8
they do to the foreigner. But the one knows the laws deter-
mining the juxtaposition of the letters in ihe word, while
the other, nod bavieg this guide, stares uncomprebendingly
at the words of the foreign toogue. The one mes before him
oody various assetablages of letters ; the other reads words.

Undoubtedly to the biclogist of the present day many
things. arcand him appear to be objects pure and simple—
such, for inslance, a3 2 heap of sand, of the water in a veasel
Ia both instances, the paris can be interchanged in every
direttion without 1he whole being in any way afected, We
shall admit, therefore, even from the bislogical standpoint,
that thert are chjects without design, or more heapings
together of matter, in which at the present day we are
mnable to discover conformity with plan, The whale of fnor
ganic Aztare & ooully looked on s comzisting of objects
# d by lity alone. ic objects are at present
treated as substances bedd together by a schoma, and Eonoing
demigned implesients anly when they are tsed for the products
of toman beings. The phin in sich implements is exchrively
a human one; matter is merely the medium emploped in
their in. Ewen the physicitts canoot deny (hat
there iy a plan in boman products, but they yefoss ta admit
any otber kind of conformity with plan in the things of the
inorganic world,

Men did pot abwuyn think in this way. According to the
Greek view, nothing in the world was withoot design.  The
entire inorgamic world seemed (o them 32 moch 2 work of art
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aa the ovganle. S, moom, planety end fhe heavez of the
Mmm{dmummdmwm n
which every sak d ity appainted place. The
mﬂmvaduntheaurthmdgawhfeboll just 28 the blood
does in the body. There was no such thing as dead
matter,

This must be obwvious to any maturalist who pasges
throogh the museurn at Athens, and looks cribically at the
ancient water-jars, which differ =0 essentially from cor own
water-vistels,  While our own, when they are good, reproduce
in every detail of their fotm man's preoccupatiop with his
own affairs, in the anchent jars these signs tecede into the back-
groand, and the vesstls comie to represent as completely as
poszible a clothing of the water itself,

They are striking} it of cartaln rhizopod shells,
with which the fluid protopl of these derful i
invests itsclf. And lhuswegenhe imprestion that, mt.'lm
«ld Grechan jars, the water <reated for itsell the only envelope
that would exactly fit it, and that (his was sabsequently
made wse of by man. In ihelr perfection, these ancient
vessels are broe forms of Nature in art,

In its ¢laim of conformity with plan, the Greek view of the
workd far transcends the boldest dreams of biclogy. The
canfidence and congistancy of this way of looking at things,
however, makes o3 wooder wheiber, by sacrificing the in-
organic werld to physics, we did not relinguish far too mech
ground o the enemy without showing Gght—ground which
occayionally we have to win back.

‘There are a number of facts that can b used in sapport of
thiy view. It i certainly no proaf of the lack of plan in
Wature that water is heawiest at 4° C.. for this prevents the
inland lakes from being frozen up, and so animal life is pre
served Neither does the formation of snow-fakes suggest
that thers is oo plan, for if in winter the water poured down on
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os in the form of iciclas Jikm 3o many winged arrows, the ke
of every cresture would be tmperilled.

For the moment, however, it is ot advisabls to fead the
attazk in this direction, for the defence offers us mars im-
portant strategic positivas.

The design expressed in onr hmnan prodocts and tools is
incontestable, and it is tiot denied even Yy the physicists that
theene: are & fably 1a be rech d as impl for without
Imowledge of plan in them we could neither create nar
use them,

An imstance that I experienced mysed brooght the truth
of this asertion heme to me with pecaliar force. A clever
young negro, whom § lock with me as my * boy ** from the
mterjor of Africa to the coast, was unable to climb up a short
ladder placed before him, becange be did oot know what sor
of o thing it was. 1 sea nothing but planks and holes,"”
be said  Afcer ele had d ladder-
climbing to him, he could at ooes imitate him, for he was a
supeth climber, The ladder was not shronded in mist ; it
steod right there in front of him ; he could gee it and touch
it; and yet for him it was not an implement, bot an object
witheut plan, of which be could make nao use.

From this example, we recognise what it is thai binds the
pants into 3 whole,  The fixed rale of the action of climbing at
onee brought order idde the confussd medley of sticks and
bolts, and formed the ladder. It ks only the knowledge of
the rale of wetion pertaining te its * function  that srmaages
the parts inte the whoke. H we do not know the fenction,
whmhmhﬂlslﬂﬁmﬂlrthhms we cannok know the desigh,
md we de not ise the i of bt impl
Amﬂmgly.nmesdoilhupknewdbyanmplnmt
we may speak of it “ functionality.”

On closer consideration, it will be clear (o sveryone that
by the word with which, for our mutual understanding, we
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deqeribe the implement, we make allation to it= * functional-
ity A bench, for instance, may be called a “settln™;
and in the word * gteps ™ for ** stairs,” the funchien is clearly
exprazsed.

Even the zames given 0 objects originally imply a fonc-
tien. If yon ask children what meaning they attritata to
the dame of sofoe familiar object, you will always meet with
a function, composed either from their own actions, or from
the action that they ascribe to the object. A stons, for
ingtance, always means something that can be thrown; a
clend, something that sails acrosq the sky; and s on. It ds
oaly grown-up pecple who define the obiect as the sum of
properties and capacities, and ignere the Function around
which the properties have originally crystallised. From which
we may conchode that the child's world is stili entively built
op of implements, and that the object i3 a creation only of
Iater reflectian.

A lingiy, lor the und ding of all things, it i3 of
fandamental importance 10 take exact aczount of the relations
of propertiss to funclions. The most ingtroctive examples in
this directicn are these in which & new implement arises, or
an object is transformed into an implement.

When s boy collscts " skipping-stones,” which he wants
to send dancing across the surface of o lake, thers arises out
of the general unplmcnt b ntnm - fwhnae Tunction fn genu'a]
is ta be thrown) a particul the p of
which gmup thﬂmd\rumunﬂ the spechal functiom 0{ " gkip-
ping.”" The skipping.stone is hard, fat, ciroular and of a
certuin weight. These arc the properties required for this
special function | the other properties it possesses, over and
above these,—mch as colour, =mell, taste and resonance,—
are i ial," and are nat d ined by the functd
It folicws from this that, by the much misused word ** natare
of an Implement, we always medn itg fuoction,




el THEORETICAL BIOLOGY
I shall call Iscding properiies those which are necesary

and “ esential ) those others which depend cnly oo the
h of the sab T shall call thenying pro-
pertles.

In every langoage, there ocour words which have two
mranings, acootding to the context in which Uhey are found
Isolated, these words have no fxed meaning. In the same
way, there are thiogs which are susceplible of two different
ntes, and these, accordingly, when considered alone, have no
Bxed funciion. Taken by themselves, they are not im-
plements, but merely objects,

So long az I hold in my band a clrculsr, concave plece
of ghas, it &= merely an object. I I set {1 in a window-
frame, it becomes a window-pane ; if [ put it on the table, it
becomes & saucer, which I can fill with water,  In both cases,
the object has beoome an tmplemeat,

It must be borne in sind that the kading aod accompany-
ing propertics change with the change of Junction. In the
case of the window-pane, the tramsparency Is the leading

property, and the ity the accompanying. In the casc
o.fﬂlaslum L'hcmn!elsh’\t-—dlcmutymﬂlednd
property and F is the Fumction
acts like 5 magnet, which attracts towards it Now some
qualities and now athers,

Now it appears ihat ihe accompanying propertics are
freq: veed by subsidiary dong, and 30 enter with
them into a of the imp Thos P Y
becomes a yabsidinry function of drinking-vessels,

of which we wish to test by the eye. In the sume way,
concavity becezoes the sobwidiery function of certain window-
panes, which by refiections on the convex side ward off the
gaze of the inguisitive.

The of such subsidiary functions ints
muin fooctions may easlly take place nnder our wery eyes;
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a3 an example, we have only to consider how & poriable engine
becomes transformad into a ocomotive.

‘The great majority of our teols, machinm and apparatus,
vhow the following structure \—thers t & " main functien,”
to which o grester ar Jess number of * subsidiary Fonctions ™
wre attachad.  Howsver folly the framewnmk be analysed,
thre is abways soine Tevidus of accompanying properties that
<o ngt enter into it, bat can be interchanged without damage
to the implement. For the most part, they belong to an
implazarmt thai bas been deatroyed in order to form a new
oos, o to the substance Eom which the implement was
made,

A boat, for instance, alwaye shows certain properties of
the trme from which the boards were procured. properties
‘which art inesaentil to the boat as such  {n Lie manner,
all thode of oor implements which are jprepared from metals
or other subgtances arn laden with propertes which do not
belong ditlenalty to the b k of the dmph
thmdmmbyth!mm“dlhambslmuealmc

To all cur imph is hed,
putmningmthzmatmnlonly,nndnotmhrhginwthe

'k of the i aurd sut

The fmmewmk itgelf displays everywhere the nme
principle, ie, » main fonotion, achieved often through the
agmicy of & multitude of part-functions (e kay only to think
of how many | jofs must be Defor: an. ik
gtts going), and w lwge number of nabaldiary funetions
{which are expressed in the " body ™ of the cas).

In all cagey, the properties of an inp can be
mmwd’thmlendmdﬂmunﬂh!fmcbcml
hmemk,mdawtmytbh;bebg]&lm There iy paver
anything g to cur imp soch as
mmuﬁyﬂmﬁmmummm
und w facinating.




110 THEGERETICAL BIOLOGY
THE LIVING ORGANIZK

The framewnrk of owr Auman boplements is intelligible
chisfly because they all refer to same very lamilizr humen
Function. The acticns of implements are never theic ownm
actions, but gre merely copnler-actions to our human doings,
which in some way or other they support, refine of expand.
And 30 wr are oever in any doabt aboat there being a main
funcmn nmngnmthdnﬂythemfunﬂmmd

berause we griise human
uhmutb!mumand'bmummututmgtheuma&au
themmchﬂm.denwlhewwﬁmdelaﬂ The way in

which the ter-acti 1 in Lhe frame-
wkud:mmnadhytthmpwtmﬁthemlemlhwn
which we congtroct the implement.

Morphology. This certainty that a principal Function
formg the scaffolding around which the ciher functions group
themselves, is lacking when we deal with living beings, and
we very soon feel the effects. As 2 matter of fact, 4 new
science, " morphology,” has developed Eom the mere de-

of the of i a science which, in
mmwlheﬂmd!unmn.hnﬂnpphmblemwr
biman implements.

The fundarcental principles oo which the classification of
living things was undertaken sprang from thin stience.  When
wr divide up ammals into Gve-rayed, fourrayed and two-

(il ical) and d apimals, we
are dealing with things from a point of view that has nothing
to do with the frocticng of the animals,

At n very early date the coaviction foroed itwlf om
mnlngimthltldnnﬁmﬁmn{mimkmmbemﬁadm
oot ding to Frmetionsl, but g to mocphological
fentes notth:"luhn u!lhemltnmunlpﬂrh.bﬂt
1ibeir * bomology,” & to be the standard for claification,
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And thus greater importabes i3 ascribed to the position of
the organs in the animal body than to their function,

Tf we were to tr7 to classify onr tools in the game sort of
way, the result would be sheer monsmse,

Oa this ground alene & mechanistic thaary of living things
should be rejected,

It should be moted that, of all cur sciences, merpholegy
bsg perhaps the moxt unmtlsfactory theotetical basis, if
indeed one can speak of 2 basis at all. It is certainly mot
admissible to speak of a theory of the structare of organizms
that can be linked ap with the theory of the structurz of
matter, It i3 nonderstandable encugh that, a3 3 result of s
confugion of quite different thinge, Eresh attempts are per-
petnally being made te explain life as 3 Further developraent
of crystallisation.

L e not questioned that the rubes of momphclogy relate
ta the framework, and never to the material, We may sy
that dhe framework of implemends iy judged from the point aof
view of function, but the framewovk of orgamiswn datk from
the funciional and from e morphological, OF this, the re-
cognition of the two principles of analogy and homology takes
Tull acxount, Movetver, homology refers anly Lo the arrangs-
ment of the organs with regard to ons ancther, bat never
to the frammwork within the cells, which i3 exclugively
Tunctional.

Discovery of the morphological priociples in the erchi-
tectural plan of the unlmnlumldepowhlehymmpamun

For i wa consider the archi ] plan of an indi
animal taken by itsalf, all we shall be able to recognise at the
first glance are functional principhs.

This fact finda expression in our saying that merphology
also means " comparative wnstomy.'' Striking thongh the
Enct ds, it was at one time taken quite as 4 matter of comrae,
without anyone seeking for the explanzticn that lay so near
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lthnd. I:mwmmwmwm
are ref e the p
pﬁnnipludwliugemxm

As 2 tangible proof of this very dubjogs theory, Darwinism
dispavernd ihe * vagtigial organg ' gaid te be demonatrabla
in svery individual now living ag sarviving remaing pf physio-
logital requirerants in past ages.

It is troe that we ometimes gae human tools, converted ta
cther perpeses, gtill retaining from the past certain uselmss
parts that do not happen to be inconvenisnt. Thus when
ol railwiy-carrisges are {urmned into workmen's dwallings,
the wheels, now usleq, sre not removed, but are merely
fixed go that they do oot tum,

Om the basis of such a superficial analogy, it has straight-
way been amwmed that thmm{ghtbevempalorgammth
only & morphoiogical, but oo Juncti Hitherto

0o gingle coe of these ongans has withsiod caretul teating ;
soma fonction peculiar to it has always been revealed, ond it
is to he hoped that " vestigial orguns " will soon disappesr
into oblivion. 1t is surely presumptoons to thrast on biology
a theory according 1o which an absolutely tmelegs (umonr
(which &s what the vestigial organ represmits, o Lhe physio-
logical stazdpoint) mnst be inherited for th ds of years
throughout all peneration.

Apart, however, from this lapae in recent times, mor-
phelogy bus established very remarkabls and stabie rube,
and to these we most wncondilicoally accord special import-
wace, When, for invtance, we fnd that the whale and the
gicaffe, which are boih mammals, bave the ame nomber
of carvicel wettebre, namely 7 (and this despite the ox-
tremaly different length of their necks), bot that the ywan
hmmw,thmhmmdymuﬁd
in claiming to oae its rulss a8 indications for the datermi
of relationship. But the nature of the connaction between
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relatiotabip and homology, as regands the position as well
as the nomber of organs, remaing quite problematical,

‘We cannot say that morphelogy sought in Derwiniam an
explanation of her particular rules, They wert forved on her
by Darwinksm, which bad need of fhe stable rules of mor-
phology for the wpport of its own vary chaley adifice,

‘The asgociation with Darwinism bas not proved o blcasing
to morphology, for in place of critical exatsination of dry
facts, the most fantastic genealogical trees have been drafted,
and this kind of thing bas greatly intecfered with the wok-
ings of 3 science which bas every right to be considersd
paingtaking and caotions.

Ome thing, however, must be meintained  The existence
of a morphological sclence of living orpaninms is vot just a
matter of courss; it Is an exceedingly puszling fact, which
cannot. be deduced from analogyvit.h nm-ﬁvingimplemenm

FPhysiol 1 by p gy we und 3 the study of
lheinm:hmoillvmgthmga than ite chief tack consists in
the functional analysis of the fmmewerk of organisms. In
making this analysis, It becomes evident that the atructurs
of the sobstance of which living beingy are composed pasees
over inko the framework in goch a way that we can oever
make certain just where the por begins and the other ends,

And bere wa find ancther reason for dissenting from the
machazistic theory of life. For with all implenenta of man‘s
creating, as we break them up we always come mpén Dro-
purties of mattey that do not enter into the framework, and
this becansa wa have only very imperfect comtrel of the

More th b investigation of tha i ical
nfuleoeusu{anuvm;wgnnmhasbmughnaﬂ;mm
vwncmﬁmtmmtevaymumlmdmwu—n
past incorp d in the £ k and & pretoplasuile part.
Onlythehmwwkpnrluftheuu,wlmhhasmm

"
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the peotoplasmic part, nmdectakes the funciion of the cell,
and therewith that of the organ. The protoplaomic part
zeems to serve merely for repair of possible injuries to (he
framework. Later on we shall have more to say aboot this
yable * living * sul of the: protoph
If the protoplasm be left out of account, il can be mid
of the Samework of te ol that It is an absolabely perfect
machine (in contrast to our machines, whick are always only
wpproxitaiey perisct), for no proparty of matier is present
which dpes not sgter completely into the framework ; more-
uver,tberuluwhlchhddgoodfwthemﬂrudlmoithn
hine are sxdusively functivnal.  This is in marked
m&atmlhamm‘o&themwhmhmdmmd
by morphedogical rules a6 well,  Whether we consMer muschs-
cells, perve-cells, bone-cells or sensory cells—in each and every
instance we find the same perfection.
In this repect, there is no such thing &y evolution; the
w,]whhmh@mdhmmtw.mamgmﬁ

their hanics and microchemistry, equally perect.
!nhuo{tlmﬁct alllllempt to explain living things as
chance gl of ilapees ukterly,

We must alo ruthlessly tear away the veil al another
poiat where the svolution fhesry has showa its=H misleading.
It is just as mimaken to xay ihat whole organs are mere
pexfect of bess pexfect, ax it is to say this of individual cells.
1t an organ is differently congiructed from another, that does
gt imply techndeal defectiveness; it then bas angther
function.

An ofgan d for & icted function iy
ngt, oo that actoupt, mom perdect or ben perfact than one
that serves several functions. The foot of a fowl is neither
better nov wimst than the foot of & duck, although the duck's
foot serves for progremion in the water as well a8 on the dry




OBJECT AND LIVING ORGANISM 115

The, inferiotity of an ongan in one individual whea com-
pared with the sune orgen in another of the same kind is &
matter for pathology, and hes nothing to do with evolution.

in spite of our dissent from the doctrine of evolution,
it would be childish to deny that tbere are higher and lower
oganisom.  Bat we must ocoufine gurselves to showing that
thers are animals with more if not by hatter
organs ; and these we cadl * hightr ' animals because they are
so cich in organs and in functions,

T we wish 10 tpeak of an evolotion frem lower animala
10 higher, we mogt in tbe fost place get quite clear as to what
function the organ serves In ibe case stdected, and what
potition that ocrupies in the framework of the whele—whether
it is 2 gubaidiary function, a part funciion, or 2 whole functicn.
For only then can we pass on to the esssntial questions, fe.
whether indeed there is any such thing as 2 gradual paseage
from ane function ta another, and whether a pew function
<an arige gradually,

When we examine cur own [uncticns of actiong, which
‘hawe their faithful refections in the counter-acticny of our

F wi come ti the conelnsion that every ¢
of 3 fonction, whereby it becomes an action, consits of an
indspandont seguence of impudses, which forms throughont an
isolated wnity. If 1 wan{ {o walk, rm, ar jump, I mest
impart to mysl a quite detinite impalse-saquence, which puts
the organs into the corvesponding degree of activity. If I oo
struct a staireasa to climb up, or & chair on which to st, the
inplement 5o farmed shonld alse give the impression of being
an igolated unity. There are, bowever, a preat many different
kinds of chairs, which {ulfif the game fonction in a mom
o begs perfect way., And bere we bhave pet a further illustra-
tloa of the imperfection of aur impl i they cannot
bear comparison with perfect argans.  For organs never show
this ambiguity ; they may, sa in the case of our legn, serve
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diffierent feoctions, such ax walldng, reaning and kaaping,
and 5o are pot copoenirated om ome function alone, as
the Jeaping foot of the kangaroo s concentrated, down to
the [ast detxil. Congidered soperiicially, they perhape seem
o be imp pls jo spproxi 1o the function
exercised at the moment ; in reality, congidering the changes
that the yuhsidiery Fmctions demand of the organism, per-
fection is always achievad,

Accordingly, we are oot jugtified in comparing the various
forms agymed by an ergan with the gradual perfecting of ur
own jmpiements, which are always mently gpproximately
adequate to the connter-action.

Fui, by rencunring this comparisen, we fose a very impart.
wnt piece of evidence, which hay beep adduced (o prove the
gradual evchution of argans, evid that is especialty con-
vincing becayse the analogy seems o obvious,

The crgans of animals arc always the porfect axpression
of e foncticn or of pevers), and consequently changes that
take place in them point to 2 change of fonction. The func-
tions themselves, howaver, are always unities, and not subject
to change. One function, it is true, may more or less lorce
another into the backgromnd or even canse it to disappesr

gether ; It fanctions th tves da ot change.

For instance, T can take wp a hali-xitting, hab-lying
position, but it is as impossitie for me to lit more or lie s,
A o it more ot ¥t ke,

GCREMA AMD FUNCTION

Again and again we can demonsirate that, when our eyey
are shot and the order bs given that the Jeft hand iy to write
» caytain Jetter guickly, it it very apt to lapse into mirrop-
writing ; and this dots not happen if we guide tha pen slowly.
By dosing the spes and writing quickly, the control is removed
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wmhwoﬂmwemmﬂmduecumthenwem
Mm'“d f the i L3 IM i Lot
leamtiurﬂurlshthand prodnmmmoﬁmtmgmthelef:
which in its mirror-image. This mxperiment chables ws o
stparate the impulsssequence from the controlling schemata,
which otherwise regulate our all the time_

Tha separation becomes ewen Suote obvious in thoss cases
where, an in the movemants of our larynz, there is never any
comtral by the eye.

In such inglances, control by the outer and inner direction-
signg disappears altogether, and i given ower to the ear
alope. For the movements of the laryngeal musdes do not
reach us through inner direction-signs, but, along with vagne
mgcular feelings, come to our conscloushess indirectly coly
through Fhe sounds produted.

From this it clearly follows that the impuiss-sequence,

Jthough d up e a P unity. most not be
onn!\lsed with the senss.schema, which may be regarded as a
SpRce-menogram of 4 melody of directlon-signs.

Wz make the schema of the alphabet our owm t.hmngh
learning to Tead, a faculty eriginating from the dirsction-sigrs
of the eyt-musches at our glance sweeps over the contours;
and it is not permissible to astume that this schema iy brans-
ferred dizectty to the muscles moviong the hand. On the
contrary, by perfoctning the movements of the hands, we get
another schema, coming from the direciion-signs of the hand-
munscles ; and it is this which, cambiped with the sight-
schema of the eye-muscles, controls the movements in writing.

The sck are undonbrted) ired by of
the muscles, becamse the d.i.mchon-sugns sound ducing the
moyement ; but they have nothing directly to do with the
mupcalar innervation. The senst-schemata art aids to per-
teption ; the impulsessquencts, on the other hand, are
directors of our wetivity, When they come into mction, the
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:mpnlm-saqmmolwhk.hwmﬂe:peﬂemem}ﬂhju
dirnctly, create the fancti Our knowledge of the £ch
may be extremely rcanty, but we are still mare In the dack
‘when it &8 a question of the functions; for concerning the
exercise of the fenctions in every movement of the hand, in
every inclination of the head, and o forth, we Iearn soms-
thing only through the medinm of the sange-schemata, and
that thenks to the direction-signs connecled with thosa
movements.

We have oo direct imowledgs whatscever of what we do
quite at & matier of courst.  What we leamn with regard to
all our actions pomes from he sense-signs alone, which serve
to control cor movemsnt.

This is why it & so extremsly difficalt to get deaf-mutes to
speak, foc they Jack cantrol by the car, and the laryngeal

has no disecHon-signs. Caly by calling in the
mmﬁmdrmim-mgmnimuuthandmduwc
sncooed in impresting an deaf-muoles certain i which

they e st in producing soulds. Learning to read and
wiile, oo the other hand, presente no greater difficnities to
them than jt dots to normal peaple,

The case of draf-mutes glves ns o good idea of what oot
compitte beipleomess woold be if we wers depeived of the
sense-cantrol of our actiond.  We shonld actually be incapabie
of injtiating +ven the kast lated of

Tn the case of anfmals it is oot pessible ta make this state-
ext, There we aniwab thet exccute quite definite move-
ment-sequences, in which contrel by the pmse-orgens i
lcking, Actions of thiv kind can come abent throogh »
special kind of nerve-inking ; they are calied reflexes.  When,
on the olier hand, mgulated movement-sequences are per-
formed by an animgl thet iy withemt conirol by sense-organs,
and soch movements are not linked together and conditionsd
by any demonsirable virocture, we speak of insficiivg aofions.
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The concept of instinet covers, thertfore, tacit recopmition
of fanction as an independent factor in addftion to the unimal’s
arganisation,

‘While the wense-gchems btings rule and order into the per-
ceptions, the impunise-sequence, as creator of functien, brings
rule and arder into the actions.

The diffarence bstween animals that Jearn through experi-
mem, such as huroan beings, and ingtinctive animals like birds
and insects, depends mainty on the latter having for their
fuartions. inborm. impalse-seq which proceed Taultimssty
withont any further comtol Intelligent animals tequirs
achemata in order ta form the correct functipos and maintain
these by their contret,

Before every single action, even o the case of a human
being, the impulse-sequence for the function must be there
ready and prepared, When this beging to come into play,
the controlling schema strikes up along wilk it and at the wsame
mte, and sa brings the functioning to our consciouaness.  Wa
&rm infgrmed of every deviation from the normal function,

Since in the i have to be
learnt, we are apt to agsume that they must somehow have
five:d themselves in the framework of the nerveus connscticny
in the brain, And this might e the reason why we gre not
comscious of them,

This k= an open question. It is of considersble impart-
ance, becaase the answer to it means neither more nor kess
than the recogmitiom of oon-physical natoral factors in tha
wurking of the body.

I tony adrdt that the entire world is appearance, and that
tha things in it are composed of my stnse-signs+ schemata,
and yet this does not force me to assume that the forms of
movemant oheerved in the world are directed by anything bat
causality and the conformity with plan that resides in the
frammwirk of implements, T sm obliged, then, to assumes also
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that the impajsessquencsy are in some way o other jaid
dowm in the brain by nervous gtrocture.

This way of regarding the world redzces man to 2 machine,
endowed by chance with congciousnesy, while ali cther znimaly
ars able 1o got wjong quits well withomt it

]'.nshnr:twu]dﬁndnnplmuelt'her and, in spite of the

nervons isation, would have to be
interpreted as a highly cnmphmled refiex aciion.

1t all depends on wiwether we can explain the life of animals
by tha p of a b i 7 bte with plan and
atmlogous to that of a machine. We shall deal with this
more fully later on.

THE FRANEWORX

1t is 3 remarkable fact that, while the asertion that a

hine may be regarded as lving ofp: excltes genera)
contradiction, the opposite assettion, ie. that we may com-
pare living beings with machines, finds many supporters.
The contradiction in this becomes less obvious if we express
the two stabements in another way. From the statement
* machies have the propertics of the living," we shall at
ooce diskent ; on the other band, Ihe statement " living
beings have mechanica) properties " is certain to mect with
general agm!m:nl

It sounds posi ly ridicub to intain that a lote-
motluvmhmnpﬁcl.l apparatos is & kind of horse ; but to
compare o home with o Jocomotive is very tempting,

As o matter of fact, it is impogsible 10 get at animal agtion
trom the counter-actions of implements, even by very careiul
nelection and the most delicate interweavings. All counter-
actigns, however compliceied they am thomght iv be, have
reference 10 & buman action, and consequently remain de-

To wnite them into an independent whols, wo must




OHJECT AND LIVING ORGANISM 121
always welact 23 the starting-poimt a human being with his

i ueThCeS.
Om the other hand, it is quite reasonable to inquire whether
e cannot resolve & living organism inte a nomber of inde-
pendent functions, which find their axpression in the frame-
work of the animal.
It hag been showm that this method of analysiy of an
ism offers very idh d ¥ Indeed, com-
parative physiclogy meintaing that we should covsider every
animal a3 & bundle of reflaxes, work out each single reflax-
are thoroughly, and then stody ther common central con-
nectiom.  Only by this method can we gucceed in demon-
strating the i i d

presant in the iem ; and thig dingly impor
science we call physiology.

Hut every biclogist must see that this does net complcie
the work of investigation, for & hundle of reflexes is not an
animaj, even if we bring into relation with ity stroeture all
the chemical actions of the body, organised, as they are, in
Tull confermity with plan.

Tn addition to mechanical, a living being also possesses
super-tuechanical capstities, giving it & charscter which would
stll be guile unlike that of a machine, even il the parts
of the machine were constructed with the same perfection as
are organs, and even if their counter-actions were rea] actions,
ie. were not referable to the action of 2 human being.

The super-mechanical powers of all organisms consist in
this, that they indude the activities exercised on machines by
humen beings.  They make the machioe of their owo bodies
themsclves, (hey mum it themsclves, and they undertake all
its rwpaira,

All three of these super-mechanical powers—the con-
struction, the nmning of the maching, and its repair—appear
to be bound up with the existence of protoplanm, which
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soachines do oot posseas.  Every living thing proceeds from
protoplegm ; traces of it jempin in every cell, where it
forms that part of the cell which does not pass over imto the
mechagical framework of the whole. And the profoplasm a9
1 whole ix kept in continuity throughout the body by meang
ofﬂnemeclingmnds.

The b i of |
pmmumtommuahnd:mgnhldlmmbetwmﬂm

k and the protog it oet that

the entire bedy, and to asmhemthl Iatter all the soper-
mvechanics] pewers.

When thic separation is made, we reatise that an organism
withoat its protoplasm reprosents an ideal machine. This

skilfully i bandle of red . with its perfretly
d ! and effect has beeome an inde
peadent i conding 1o the int of the outer

world by mesns of its own actions. Bat these actions are
qnm: unalterable and aniomatic, and il is here that we see

J the most tial contrast between what is
hvmgandwhltxsdesd If, in wvirtue of its framework, a
ture bebaved physiologicall hhnllvlngnrgamsm bt
neverlbeless was mtlwnl protoplasm, we should be o 1o
degeribe it as dead.
FROTOFLASN
Ptmphmultulonndlnaﬂliwnsoemlmulheg!ﬂn
cell rds, also a k, for it

exhibity the i\mdmmtal mechanical actlons uf thu |IVIII5
ocgandsm ; it s capabile of
of foad and 30 on. One of the chisl things it does, ie. ull-
division, requires, indeed, 2 very complicated mechanism.

If this were all that we might expert of protoplasm, then
we shouid hawe in it nothing mors than another machine incor-
porsted in the large coe.
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But fortocataly, Mature, when she created the unicelhilay
animals, such Bs ametben and infugerians, which consist,
ectirtly or in mein part, of protaplasm, hag vouchsafed s a
glinpsa into its super-mechanical pewers.  Study of amehe
hntaughtmtwothmgs—ﬁnt that in arder to carry cut a

ical mction, a mect must be present :
mdmnd.thnpmmplmnhmﬂ::pmhuguunmung
the mechanieal apparatus anew and to break it op
again.

Stady of infusodans bas shown that these creatures,
whose animal activity is carried out by permanest apparatos,
still depend for their vagetative apparatns on purs proto-
plasmic activity, Their interior still consists of fluid prote-
plasm, and this forms around cach particle of ingested food &
vacucle, which first bocomes the mooth, then the stomach,
thety the intéstine, and finally the anna.

In this cast we sce that the impuise-sequence of the
Iunctions is present bedore the organs sxercising the fanetions
are in any way formed, and that the protoplasm has the pewer
of shaping organs in ! with this impal
soquence.

‘We sec the organs appear one after the other in definite
sequence ; and cach, when its work is finished, disappears
again. In animals with a fized immewerk the crgans art per-
manently presant, and in place of the sequence in time there
is an guatomical connection.

There is. then, & non-material order which first gives
10 matier its framewnck—a rule of life. This rule appears
only when it ia greating the framewark ; and this it forms on
strictly indiwidual lines, corrtspending to the material pro-
perties of the proteplagmic animal concarned.

It iy like a melody, which controls the sequance of somnd
and the rhythm in necordance with iaw, bt becomes apparent
only as it becomes operative, and then takes en the tome.
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colmzr which the properties of the parbicular instruments
impese on it.

‘These are simple and obviout facts, and in ne way nebnions
(heories. And they give ot the key 10 the thres above.
mentioned actions of protoplasm in the higher animals—
construction, running of the machine, and cepair. In all
caseq, ing new is achieved; but in with
an already existing rule, and always with special refation to
the properties of the organs, Thers is never evplution, bui
always epigencsls,

The concept of instinet having already shown ug that we
most gnise in the impul: g & natural [acter lying
outside the analomical Framework of the animal, & factar
which regulates the functioning, we shall now seek it in the
protoplasm itself, which universally obeys it.  This Tactor does
not seize upom the Iamework in any onregulated way, bul
wilh a5 great conformity tv plan as do ear impulsecules in
EOVeTRing our own actions.

Such a0 analogy yields us the first hint as to U nature
of this problematical fzctor, which resides in all protoplssm
and i its very essenca is a rale.

In this chapter, devoted to synthesis, we have seen how,
by the belp of schemata, the things of space take on material
form ; how, by the belp of cammality, objects, extended in
hmemeumpmhmdsd-snmun Indhw.hylhulwlpul
conformity with plan, i arige. F we
have investigated cnnﬁurrmty with plan, and we have foand
that it & always based upon a function. By traciog back our
own actions, we have referred function ltaclf to the impuals
sequence, which comes o our comaclonzness indirectly through
oar own qualities.
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Finplly, we have Deen able to demongtrape that the
impulse-saquencs also controls the activity of proteplaom,
and thus shows jisell to be an independent matural focee,
prodocing agans with differentiated framewerk, and then
causing them to disappear again, Onee the framewonk s
there, the activity can procesd automatically within its
Yimits,

But, gince the framewnrk is constructed by the impulss-
stquence in conformity with plan, its action in the outer
workd is both in gccordance with plan and also avtomatic,

The question concerning the conformity with plan is the
busintss of bicdogy ; the guestion conperning the mechanical
rutining belongs to physiclogy.



CHAPTER ¥
THE WORLD OF LIVING ORGANISMS

Now that in a grnaml way we have beotme clear a1 to the
yeoperties of living organisms, it must be pur task to in-
vestigate the way in which these propertics work.

Every animal is a subject, which, in virtue of the stracture
peculiar to it, selecis stimuli from the general infuences of
the ouler world, and to these il responds in o certain way.
These responses, i their turn, cotsist of certain eifects an the
outer world, and these again influcace the stimuli  In this
way tbere arises a3 self-contained periodic cyde, which we
sy call the Sechion-circla of the animal

The function-ciccles of the various animale connect up
with oue ancther in the most variows ways, and together foro
the functi wld of living i within which plants
ara included. For each individusl animal, however, its
Tunclion-circies constitute 1 world by themselves, within
which it leads its exislencs in complete isclation.

Let us now procesd to analyse this Imnctien-world into
its parts. The sum of the stimali affecting an animal forma
» warld in jtwelf. The stimali, considered in connection with
1he Rnction-circle a3 2 whols, form certain indications,
which emable th: animal to guide jts movements, msch as
the aigms at sca enable ihe salior to steer hin ship. I cali
the sum cf the indicaticny the worfd-as-samped,

The animal itsell, by the very fact of exercising sush
directicn, creates 3 world for iself, which I shall call the
inner workd.
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The sctions divected by the ankwal towards the oater
world produce the third world, the werld of adlion.

World of action and wordd-asseosed together make a
comprehengive whole, which I call the swrrosndis

The entire function-cocle formed from ionner wodd and

dil M [the latter divisible into word of action
anrl'u'lrl-ﬂ&ﬂsﬂﬂ constitgtes 4 whole which is bailt in con-
formity with plan, for each part belongs to the othes, and
nothing iz left over to chance,

M thiy circle is interrupled at any point whatsoever, the
exigtence of the animal &9 imperilled,

Tt is not posgible te write the bickgy of an animal unbess
one baas first studied ity function-circle from every side.
However different they may be, all parts of it art equally
important. When we go on to stady the various parts in
Jetall, this contimuty of the complete whole must fiever be
Tost sight of.

THE FPUKCTION-CIRCLES

Just as we broke up the function-circks into seclors, ao
we procesd to divide up the totality of fancticn-circles into
separate cieles of cirde-gproups, which, bleloglcally com-
Bidexed, are absalutely distinct from one znother.

The first is the cirele of the madivs., This circle In charac-
terised by the fact that the medlom Hsel exerts no stimuolus
on the animal ; while on the other hand, if the animal forsalkes
the mediom, a stimulos is immedistely released, which results
in the aaimal’s being guided back into it. Accordingly, the
ediurn i3 go constitated that in iteelf it possestas no indica-
tionn on which the anime) can seize; the water does not
infloence the fish, but the air does as soon as the fish comes
to the surface. Comverpely, for the animal living in the alr,
the water f a stimulug, bot the air is not.  Amimals are able
to liva uly tn water o in alr; even when they bive muder-
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ground, there must be some cotnection established with cne
or other of these media,

The ground and ali fued bodics always constitate obatrog-
tiotis in the medium, and ly act as indi
S0 most animals are fornished with argans of locomation for
griting aver thtze obetacles, while only a amall proportion
have arguns serving for movement in the free media of air
oF water.

In many cases, the medinm is spatialfly restricted by
gpecial indications which fix the animal to a definite Achia,
Thus for gastropods and crustaceans, and alse for insects,
dark and light surfaces give signg which influence them in
their comrsa.  In addjtion, there i5 also in tne bilateral arimals
an unequal development of the two sides, which favours
movement in a circle,

In addition 1o the Tunction-circle of the medium, we can
distinguish the fnnction-cireles of food and of the ememy.
In both cases, the anbmal receives a stimdlus procscding
from the indications of the food (be it of animal or yrgetable
nature}, or krom those of the enetmy, which latter is always,
with akmost negligible exveplions, an animal.  Following on
the food stimmlus, moverment is turned in the dimgtion of the
food, and then, when contact is established, Eresh indjcations,
tactile or chemical, come in, which seem to guida the masti-
catory apparains, At this point o nymber of circles often
appear, which belong to the food circk. Following on the
enemy the crgans of | ion are direcied Lo Jead
the animal awsy from the enemy, or else the organs of defence
are directed to drive It away. In both cases the eneomy-
indicitions disappear.

In many caves, as ktong the crostaceans, the Fonction.
circle of the enemy pawses through the eyes, and the foction-
circle of food through the olfuctery crgans.

A n fourth mnction-circle there is the sezwal, which
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i principle is like the focd-circle, only that what is set in
activity by the animal's “contro!™ i5 not the feeding
apparatos, but the spparatos of sex.

All the circles, however far they lis sepamted from cne
uiwrther in the werld-assensed, intersect in the steering-
apparatus of the fmoer worid, and then separate from one
mﬂmagmnmthewwlddmn

i of the hmetion-circles requives that
mahnmauerkunthepomdmdmnlmymm
plan that part of the circle which goes on outside the body
in the ding-warld, We are d to treat
things lying outside the snbject according to the rules of
cawality sione.  But by s0 doing we are not taking account
of the biologh which is ivc with the
whole circle.

Let ns soppost that we wish {0 construct a completa
mechanical Ranction-cirede. Suppese, for instance, that we
fomish an aulomatic locomotive with an aptical apparatus
capable of stimolation by the indicativns of red and gresn
rallway signals, and thas affecting the steering of the engine ;
we should be cbliged te construct the serrounding-world—
in this ease the railway-track—in as exact conformity with
plan as the eagine itaelf.

Mow anlmals are 80 much part and parcel of Natars that
even the swrounding-world works within the whole like a
part constructed in conformity with plan.

We may asnma that where thert is a foot, there is also
a path ; whor thore is & mouth, there is also food ; where
there in n weapon, theve is also an enemy.

This last instance expresses a fact often misonderstood,
umely, that stroggle helongs to the universal plan. in
opposition o what the Durwinian theory assumes, the
striggls for exbstence & not merely ooe Cagge in the causal
aeTies, bat an esential part of the geners] plan of life,

I
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It is not culy the crentures with weapons, ot abso the
Qefenceloss ones, that are ipvelved in tha struggle Their
protection Liss either iz their swiftosss or in their ogmbers,
The moest striking instance of this is that many mare ogg are
1aid than young sre hatched, becamse the great proportion of
egga wre always warrificed o eoemies. Here we sot clexrly
tht & pew sort of confermity with plan comes in, which
hitherto we have not considered ; this i conformity sith plan
oo the part of the species, of which we shat? have more to sy
later cn.

But first we st confine ourselves with conformity
with plan on the part of the individual,

Qe thing hes become svident from our treatmant of the
problem op to this peint, Le. that biclogy i concerned enly
with cooformity with plan, and that the stody of cansality
comes inte the qoestion only i =0 far as it contributes ta that
investigation. All the things that play a part in the function-
circle of an animal we consider enly From the point of view
of fonction.  This means that we have to do exclasivaly with
implrments, and never with objects. The stone that 2 bestle
dimbs over is merely a beetle-path, and docs not in any
way belong to the science of minerelogy. Its weight and ity
material properties, such s atomic weight or chemical valency,
are for ms matters of indifferenics, These zre all of them
accompanying propetties, which we may ovolook, since we
are interested ooly in the kading properti=g of the form aod
hardneas of the stonc.

In the body of the subject, physical and chemical caosality
piays » moch mere important part, becauss bere the din-
tmcticn between leading and accompsnying properties dis-
appears, Fnoe All the materinl properties are comprebended 1n
the of the living i And 50, when we am
Irying te grasp the chemistry o the physical propertis of an
animal, we are certain of meeling with a life-property ; but
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!tisthelnberpolniminmthefnnmm-mrleuluupm-
perties that the physiotogical activity,
Even the of mechanical pechlems with
which the animal furnishes us from f= world of action have
Diclogical significance only as links in the chain of fonction,

Az we traverss & functon-circle, we are ahaolotely cartain
that all the time we shall come cpon frash armngtownia
expreming Jesign ; ot we have po confidente whatsoover
that we chall anywhere light on & mechanical arangement.
We have already leamt that proteplasm it called an to play
@ part that is not only conformable with plan, bat also super-
mechanical

Now since conformity with plan i the supreme law, not
only for maberial things but also for the processes of
the mind {of which apperception is the direct expresson),
tuny investigators are inclived te tansfer from physiclogy
to peychology, and from the body to the mind of the animal,
the goidance according to plan which constitoles the main
activity of the inner world.

‘There is cme sxental chjection to this, and it is that we
are trying to treat the whole Eunction-world of the animal
under investigation as our own experience, and oot as the
experience of the anlmal They are ow indications which
are affecting the animal Tt is we who obeerve the guidance
given. It is owr wppeccrption which recognises the plzn.
If we tried to changs the point of view soddenly and look
at things frem the animal's mind, we should loss the inter-
wmectmnithhnppemmﬁonwlmh{urmntpﬂmmﬂy
depends. ‘We shonkd woddenly find
by the animal's sppearances, which hav: no connection with
car own. For the unity of appearances depends molely oo
the anlty of cur c¥m apperception.

It is another question whether the apperception of ancther
crefurt mn expres iaelf as an objective natgral factes
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i pur appesrance-world.  Drieach has anewered this question
in the afirmative. As scon as it becomes 4 haturel Eactor,
ba calls this other appercrption & pychoid, in urder to zvoid
the perpetoal cotfnsion of the other poyche with odr gwa.
Arcording to Driexh, to whem we are indebisd for the chaage
of trend in modern biological thecry, the peyrhe af the
obearver, when it investigates another sobject, encounters
the artions of the peychold. And these then enter into the
Tunctico-cireles s super-niochasical fattocs,

THE WOMLL-AS-SENZED

Therz are animals, soch a3 1be sponges, which are asden-
tary, and in virtue of their bodily constitelion, unassailable ;
and for thess animals a sbgle indication suffices. They
@manot leave ther wedium, and they possess no movible
weapoms,  They slmply cast their sexpal products sdrift.
Consequently they iack three of the [unction-thrcles which
require a special guidance and special indications, The food-
circle in the oniy one they bave. But the food does oot give
rige to an iwdication, for it 8 whirled through the body with
the nea-watnr, and carried off by the digreting cefls. Harm-
fu) mubstsnces all have the same indication ; acids, for
instance, exert a chemical stimmius, sand-graing, a mechanica] ;
fhese stimuli are oot distinguished from pas anctber by the
animal, but all call forth the same reflex. Thet is to sy,
there i only one pingle indicalim in the genned world of the
sponge.

For the icfusorisn P ‘ the sume i
sffices for the circle of the medmm and for that of the food,
for alt the stimoli that proceed from the varioas chjects the
animal may meet with as it prime ceastlemsly to and fro,
provoke i to shift the halm, s it were, and to hasten off again
in unother dirsction. The anly things that do not produos
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atimulus are the bacterla of putrefaction, which form tha
creature’s food. Beside these the resth infusorian takes
anchor. When it touthes these (scomrd indication), aven sver
+0 slightly, it staps the movements of its locometor cilia, and,
by means of the cilis round the mouth, drives the food inte
its Buid interior,

The enemy-cirdle has a special indication, for the in-
fusorian, when by its enemy—i.e. Drds ;
—fres off a sort of gelatinous discharge. There i aleo an
indication belooging to Lhe sexual circle, which initiates
copalaticn.

Far further examples, T refer the reader to my book
Uverall gnd Tamescyall dov Tieve, 1 shall mention only the
molluse, FPackon jocobews, which has eyes that receive as
indication the slow movement of all sorts of cbjects, but
Eives oo active response to any of thess plctorial impressions,

STIMULUB—INDICATION—QUALITY

Fm“ulemmplesquolai. it must be clear that slomalis
and indication are not pts, although they ars
applied to the same qualities,

Gﬂyﬂwbearmnﬂndwhmmtbethmemodﬁdm-

Le. the physiological, the biological, and the
jaychotogleal—difler from one ancther, shall we understand
bow to apply these three chkmentary concepts corectly in
cach case,

In the process of investigation, the phyziologist and the
bislogist take op the same attitude, for they contider them-
stives as obstrvers external to what they observe. They
have before them an -ohject and an anioeal ; they both
study the influrnce which the object cxerts on the animal
Bat the phymiologist investigetes the caussl ccnnection, and
the biclogint its coufarmity with plan. As o ecussquence,
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the physiologist Sollows, on its path through space, the effect
procesding from 1ke object. In studying an amimal, he will
trace the air-waves to the ear, and there chserve their trans-
formation into nervous excitaton: in Lke maoner, be will
follow & Gight-ray as an etheric wave to the eye, investigate
its refraction by the optical media, note the productlon of
images o the retina, and discover the chemical trangdormation
into nerveus excitation that takes plice in the rods and
cones,  In the same way, he will follow the chemically active
particles in the media of air and water as far a3 the smell-
receptors, and their effect on the perve-endings of the olfac-
tory nerver, And zo ke will deal with the other senze

In the course of this study it becomes evident that, out-
side the animal under observation, numerous influences pro-
ceed from the object that are not taken op, becanse o certain
Intensity of the external influence is requbred i a nerve Ls 1o
be excited. Physical and chemical procestes in 1he outer
world vast exceed a certain fhreshold if they age to act as
stymufi afecting the nerveus systera of the animal. This
threshold mn be ralsed oc lowered by apecial means in the
unimal's nervous syaiem. M . by their foal
struthure, the récrpiors are obliged to admit ooly these
stinmoli that are ruifelVs for them.

By the structore of ity receptors, every animal is cot of
from & great pumber of pbywical and chemical infipences
coming from the outer world, and it is only threugh stimuli
that the outer workd gets in touch with the nervony system,

I we tzke the of the 7 ag
given, this whole process can be investigated by purely
physical and chemical methods, asd that is just what physi-
clogy has to do.

When an animal meets with different scimuli, the physi-
clogist will be fncined to assume that these make different
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impressions oo (he animal, and provoke it (o diferent re-
sponses, Likewise he will assome that the same stimuloy
maked the seme impression on the animal, and calls forth the
#ame Tespanse.

Neither of these assumptions 5 correct. As we have
seen, different stimuli, proceeding from the mest various
chjects, prodoce the same response in Paramecinm  And
the same sti , for inwta
different efect when it strikes the skin of 8 man fmmwhat it
does when it reaches his ear: in the ohe case, we speak of
vibration, in the other, of sound.

For the biological study of an animal, thercfore, knowlcdga
of the stimull & oot encugh. Yet ancther factor muost ba
sought in order to explain why the animal should give the
same rexponse, I ghall call this Facter an indication.

The indication is not a physiclogital factor like the
stimulas, bot o biological facter which we deduco from the
animal's response. 1t cannot, however, be constrocted from
the stimuli aloae, because its Ermation depends on the animat
itseli, and because it cannot be ondersstood at ail withemt
imowledge of the roeans that the amimal employs for that
farmation,

Ajg 300m as we art dealing with the funer processes of the
animal, the paychologist comes along all ready with his asser-
tion that we must taka account of the paychic qualities,
Again we must ingist that the bicogist, like the physiologist
and the physicist, cannot admit guch = change of stand-
peint without deserting his scicnce. Thin does not mean,
however, that he should give up the critical judgment which
should he his in virtoe of his position as cbserver. In this
semse, the biologist is also & peychologist, becauss any event
that comes to hit knowledge takes place in his world, and
that world is bailt ap of his subjective senations.

1t in not pomible oven for the biclogist to transder the
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event oheerved by him (as in the case of an animal inflesnced
by an external objact) outeide the frame created by his own
wbjectivity. He & wiwkyy dealing with eventy that take
place in bis space and in Ais time aod with his qualities.

Just a8 we referred physico-chemical processes to cur own
quaiities, s we can never treat hiological processes otherwise
than o this hasfs,

If we congider the process, such 2y an implment infioenc-
ing an animal @ the direction its movenwnt takes, we must
first and foremost analyss the implement by breaking it up
inta fts properties and looking for fts rule of funciien, so as
to decide which of the propertics strves the animal g5 indies-
tion, ar whether a fanction-role belonging te the animal itsalf
is employed in that way. Thus our ressarch is everywhere
limited by cor own qualities and capacitiss.

We can indsed show that Paramecium does not use a
Function-rule as indication, aod hence has 0o itplements in
its seved-workl,  We can show that it does oot oae outlines
a8 indications, and so has neither cbjects mor material 1hings
in its sensed world. Further, we car show that the most
diverse properties, which for us form very different quatites,
fuse into one siogle indication : bat what qualities this forms
in the mind of P ium passes cur peehension.  As
Hiologists we can avoid thest onancwerable questions, sinee
our inquiry is nat divecled towards the content of the varimy
qualities or mark-gigns, but only towards their smployment
as indications,

This task devolving on the miicatlony in clearly dis-
tingaishable from that of the stimuli and of the gualities,
and thuy assumes & ceniral position in biology, whick makes
it necessary bor us o discuss in detail the theocy of indicationy,
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TUE THEORY OF INDICATIONS {IMDICES)

The starting-point for an understanding of every theory

of indications s the Fack that every impression an amimal

! is both fund fty liks and fund i
unlike all ether impressiom.

This seemingly very contradictory fact is based on the
Iollowing arvangement, witich i a foodamental ooe for afl
animale. Every stimules mesting an animal is transformed
everywhere in the body into the same ntrveus excitation :
in thus far, all impeesslons received by an animal are casen-
tially like one another. On the other band, all the stimuli the
point of entry of which is removed by se much as tha digmeter
of our ¢!l from the next point of entry, are taken up and led
awsy by other nerve-fibrils 1 in 5o far, all the impregsions that
an animal receives arr essentially different from one another.

By making mwe in various ways of these two contradiciory
possibilities, the organisation of the enimal i, in principle,
at Bberty to convert every conerivable combination of impres-
sions inte indications. Feor ingtance, it may make all the
Tecepter nevves on together to form a network, and then
all the differencas krought abogt by the presence of Qifferent
norveg are lost. In anch 2 rage, all the impressipng will
deliver the same indication.

On the other hand, it is open to the organisation o pre-
aerye the individuality of the various nerve-persons, and to
employ Ihem in combination in accordance with pian; then
we gt and complicated indications produosd

From which we perceive that the number of indicating
and thelr composition are the bunginess of the orgunisaticn
of the animal subject.

It i important to make some st of pletore of this
orgamisation, which, thongh only spproximate, shall suffice
for the chisf requi It i ch ristic of the animal's




EE L THEOGRETICAL BIOLOGY

organisation as a whale that it congists of wll the functional
onits which we call ogans.  These are divided up into sub-
sidiary ocgang, on which devolve the exervise of part-functions,
while collsctivety they camy out the function of the whole,
Thuy the receptar narvey {thnse which receive stimuli wod
condugt excitation} sll form separate part-organs, which
opan into ancther crgun, the twrvom oetwork for eollecting
stimulation. This netwok, an its part, sends cut intra-
centra! fibres to the motor argens of the nervoas system.

The part-crpans collectively form a closed crgan, which,
in virtae of its function, we may call 3 mark-prgan, since its
duty is bo create the indications that are of imporiance to
the animal.

If the mark-crgan emiwaces the entire central netwock of
afl the receptor nerves, the animal has only one single indica-
tion: this is the case with the lower animals,

In higher animals, where the mark-organ includes the
receptor nerves i the mogt various combinations, the same
Teceptor nerves can enler into coanection with different perve-
networks, Then different indications in the cuter world
exhibit certain similar properties.

Fioally the mark-crgans may s¢rve to unite into one
indicatien. not merely simultanecus impressions, but Impres-
sions Tocetved at differeml times. And this 3 a super-

mechanical faculty.
In animals that are litthe centralised, surh ay tha sea-
urchin, the mark-orga: beace withony distinction the

localised nerves lying aloogside one anatber ; in such a case,
the indications are separated from one another only by space,
In the higher animals, with highly developed sense-organy,
the organs for the indications receive nerves, the local gronping
of which setains its specific irritability. In such cases, the
indications differ from one ancther as regards conteat.

Even i we bad very exact ktiowledge coccerning the
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roark-ogans of an animal, and could determine the indications
belonging ta it, yet all we could zay for certain would be,—
* This animal fixes the limits betwesn the gualities in the way
we do, or in a different way from what we do.” But as to
the qualities themsolves, we could state nething further. An
outside obgerver can never do so, for that would require his
bt able ta grt instde the mind of the animal itself,

Now in the great majority of cases we are in complete
ignorance concernitg the mark-ergans of animals, and are
compelied to deduce these from the indications to which the
animals react. The indications that we study in this way
art equipped with otr buman gualities, and there is nothing
for us to do but to use them just as they are.  But we shall
fall into the crudest sort of erroc if we have not learnt to
analyse the objects that we ohserve in their effect on animals
90 tharoughly that we are in 2 position to breat the qualities
an independent factors.  For it follows from what we have
btery saying, that every impression of every object is analysed
down to its finest detail at the periphery of the animal, by
bring taken up inte countléss perve-persons | and it is enly
afterwards, in the mark-organ, that gynthesis cotum, And
Jor this synthesis there are varions rules, which we can test
anly by comparing them with the rolm known to us from
the way in which eur own implements are composed.

Now suddenly wa see why it is that wn cannet amit from
binkogy the study of the theory of knowledge.  For this alone
teaches us to redoce onr oman indications t¢ the simplest
tactars, and then to combine them onoe memre.

All imvplesaents §o che workd are reaily nothing but horan
indications, If we want to study those of animals, we ot
know the fundamental factors of which the human ones are
compaed, and by what niles this composition takes place.

Anything elpe is sheer amateurishness.

To wacertzin carectty what are an animal’s indicatinns
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tequires coasiderable skill in obeervation axd experiment ;
but the mast important thing is to formulate the question
rightly, and this can comwe ondy from a sufficient knowledge of
the basic problems.

THE RIGHER GRADES OF TEE WORLDS-AS-ZEHERD

As soot a5 vitlines of bodies wppear as indicibiom, the
pecture presented by the world-as-seomed alters fundamentaity,
for vow juxtapotition 1o space begine to bécomn moce and
mort important. It & troe that in the bower andmeks, such as
sea-mrchins and malhmes, a sHmulus coming from the left is
reaponded to atherwisa than cne coming from the right, for,
in the cne instance, tha effsctor crgans of the right side of the
body respond, and, in the other, those of the eft side.

Bat the indication itself remping the same, and in ity
compositicn: shows no sort of spatial differentiaticn, Only
‘when spatial distinctions appear in the indication iiself, can
we speak of 2 higher grade of wnsed-world The eyes of
ingects have the power of transferring to the central nervous
gyslem in a schematic form definite ypatial arangements of
the pictures. appearing on their retina, to which we shall
refer when dealing with 1he inner world of animals, For the
study of the world-as-sensed it is sofficient to determine what
sort of outlines, and i what degvee of txactness, are employed
as indieations,

I is worth noting that, in an insect, cotlines oe Dot
swept by glancing movements of the eye, but by o stationary
retina, It is very diffenlt for as to determint in hew £ ome
cye, when stationary, estimates gutlioes. In any case, when
the Tetina is not moving, it desis culy with swrinces, and not

It i very important, but wery difficelt, to set about thes
experimenty otk animals in & really critical spirit.  Wo are
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brought to a standstill at the very outset. It should be
emphasited, bowever, that the Germans am the goly investi-
pators whe have remained ommscioua of the difficulty of their
taek.  The experiments by Americans ars far too aruds to be
taken seriously. Kt is far from obwious why a triangls or a
vircle shoald serve as the basis of the first experimmnts to
determine form-perception in an animal toch as & bee, which
has to distinguish the catlines of fivwers ; and, as Fritsch has
pointed out, this peints to a complett misunderstanding of
the biological problems.
igaticn of indications can be 1 only when we

bave analysed the various responses of an animal within the
setting of its normal e, for the difference i response afords
08 the most reliable clue to the diflerences betwesn indications,

md.mlenndth:tdanglemsymbdsfmmplm
Feometry, which are d B our  sehy
directiou-signs ; and they bave oothing to do with the
possibly recognlaable outlines of the objects that are of
mmpertance for certain function-crdes of certain animals,
and there find apphication as indications.

IF it is important for an ineect to be able to recognise
& certain encmy a long way off, it may be that the outline
of thix enemy alone serves us indication, and that no other
cuthine in the world would o serve, although to us it might
appear much simpler.

‘We must nobe, however, that the sureness with which
fying inscots void twigs wnd Jouves does not at all imply
that the outlinm of these strve as indications. Whatever
form they prement, they one and all act merely as the same
indication, aemety, an chetacke.

I we want to ot reliable information concerning focm-
percrption, wo muat start from the lormesigne and colous-
wigns of the objects that are the animal’s prey or edemies,
or from thoss sigme in the Dmles ut the breeding-sempon, Foax
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only in och cases do we get Ao unequivocal regponse through
the special reactions of the animal.

As has wready been pointed out, it is not at all necsssary
thet the indications of an animal should reach the same
height in ench of its function-cimles.

As wrnle, in the enFmy-circle 3 mere movement will serve,
whereas in the prey-circls even the ootlines may have this
value, The disputes between investigators hitharto depend
oa this diference, somn maintaining that colowrs exist in the
sensed-world of the Jower animals, and cthers saying that they
do not.

Amoag the Crugtaces, the indications of the prey-circle
seemn {o be of a purely chemica] nature, while those of the
snemycirch are cptical.

The wozld d undergoes an fmp >
when indications appesr for the movements of the animal’y
own limbe. It is oaly ameng vertebrates that sensery nerves
bave been demonstrated with certainty in the moscles.  And
it is only when nerves of this kind appear that we can spesk
of a oew [unctioo-cirele, pasitg throogh the atimal’s own
body.

From experiments on vertebrates in which the sensory
ooty of the spinal cord have been gevered, w= imow some-
thing aboat thin junction-cocle, There can be no doubt
that it is ooly when the animal’s gwn body in movement
bectrmes an indication that a sharp line can be drawn in the
world-as-sensed between the pubjort and the cutvide warld,
‘Thiz separation of the two is quite lacking in the Jower
animals; their own sobject has oo ndications, for, as we
shall see later on, in dealing with the Jower animals ewen
pain st be ruled out.

The highest grade of world-assensed & rvached when
- L Ives becoms indicath . Iy,
the American workers who have taken wp this qoestion have
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not thought things out oo sufficlently theoretical Jnes; and
cousequentiy the resulis they bave achieved have no value
ut all. Who, having the slightest idea of what an implement
in, wenld siraightway proceed to the bardegt problem of all,
and confrent an animal with coe designed for man's own use 7

An implement in formed by a buman function-rule, which
combines the mest various genge-qualities into 3 moity, How
©an an animal in any way take np an implement as an indica-
tign, if the functipn-rule iy not its own but the obgerver's ¥

To presume the existence of implements in the sensed-
workd of an animal suppases that the animal has the power
to form ity gwn Functicn-rules for what it does. For this,
firstly, its own movements mugt be turmed to ageonnt ay
indications, and, secondly, they must be combined by ruks
inte definite acligns. Only then may cns assume that this
rule connects with other indicationy, and lorms the implement,

L, for instance, we put a ladder in fronl of a monkey
that knows its gwn movemems very well, and whose move-
ments have betn compacled inte actions, and the monkey
climbs up the |adder, we may asymme that for the mookey
the ladder has become an implement for cimbing on ; though
even g0, not 3 ladder in the human senge, for the climbing
of monkeys i quite differsnt from the climbing of Toen,
But if the monkey 18 confronted with 2 door-bolt ot & door-
laich, how can it Form this implement gt &7 For it knews
no concerted actions for docr-opening, and so can have ao
rule Eor this actian.

But evenn where there art unified actions, the connection
of their fnetion-roles with the indicabons remains an sxceed-
ingly difficolt problem. The connechon seemns to be sxsiest
between the fanction-rules and the mediom, which has
practically no Indications, We can imagine that for a fish
water, as what can bz swum in, becomey e pure axpresyion
of the fi i ke ; this rule with the indicati
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thareby formed, culy through the influscs of tha water-
peessure ta the lateralline arguos, snd these indicztions
correspond te our qualities of dmnsity. Baut it is quoite un-
certain whether & fish beings to its mark-ongan in any sort
of form the fonction-roke that governy it gwimuming

movement,

This entive Beld awaits explorats Butitis il
nnporh.ntthtthemldtamknwledg:shnrdmbe
blocked by arbitrary exp and
of the problem.

Foxtunately, Koshler has succeeded in showing that =
chimpansee which sets & banana lylng on the Ear side of the
bars of its cage 2nd out of i voach, will use a stick lying at
hand to pull the banana oearer,  If the stick is taken away,
the ape will use iy movable object that it can posh throngh
the bars, in arder to seoure the froit.  The form, colour and
consistency of the thing it uses kt & matter of indifferencs ;
the oaly consideration is the possibility of its cfficacy in doing
what & required of it. So here also the function forms the
object. Mochler speaks, in u descriptive way, of 5 " stick
wetamerphosis " of 4 bundle of straw, of an ald shoe and of
other things of the kiod.

Later on, the optical image aler comes in io form imple-
ments, when the ape pulls the leaves off & twig in crder to
make it look liks . stick.

it is very interesting to And thet at first the goal must
e in view, if the stick in to be meed. I the atick Ly behind
the menkey, it will not be wied in the first set of experiments.
As Jong v the monkey soen the banang, it does ot see the
wtick ; and conversely, if it is locking at the stick, the banaoa
diasppears trom his Seld of view, and with it gots the motive
for making & stick. Later on, the indication of the barana
gutlagts the momentary impression, and the stlek, whersvsr
1t be iying, is picked up and nsed.
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Koehler lays special emphasls on the fact that every
action is to be graspad a9 a unity, comprehensible ag a whole
cnly with refersnce to the aim. Hes weot oo to alter and to
multiply the part-actions which make up the action as a whele.
He made the monkey ose a shory stick to draw a long stick
towards itsalf befare it could gat at the banena  And hera
came in the limdts of individual talent dependent on inberent
differsticae. T uss my terminology, diflerent monkeys had
ab their dispasa] different langtha of impalse-geqoences,

The question of * intelligence ™ it monhkeys, which Koehler
raiscs, goes far beyond the scope of binlogy.

PAIN

Pait forms one of the meost powerful Indications., Ibis zn
indication of the subject's own body, and its chief duty is to
prevent sell-muatilation. S it imposes a strong check which
shall prevent, in all circmustinces, the continoation of any
initiated actlen that is burtiul to the body.

This i3 especially necmssary in the case of carmivorous
amimals ; rats, foc instance, will immedistely devour their
own fegs, if the sensory nerves to these have boen saversd.

Nwmmany animab s tendency to scll-mutilation is &
i in their organi serving tosave
Ihewlmluhodybytlmsmﬁmutnn‘puﬂledhmhs. In such
animsls, the action of pain as a check to the mflex woold
mexely be an inconvenlence, and so we way assume that it is
ot there.

Moreover, in some cases where there s o tendency to
self-mutilation, it can be shown directly that ther is po pain,
for even when the body it belg injored thers is oo chack
sct up.  You can put the hind end of the blg brown dragon-
fly between ity own jaws, and pes how it procesds to chew
©p its own body.
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Most of the lower anirals are 5o controcted that they
are never in danger of injuring thelr own bodits, When that
does not occur, however, as in the sea-dichit, I bave been
able to show that there is & special arangyment, which I
have callsd sxtsdormophidy, and this takes the place of pain.
The skitt of these ahimals seeretes a substatico thet peavents
the norinal reflex of snapping by the pedicellanie.

Amcebz are able to dbtingulsh the pacudopodia of
thelr own body frot those of other individoab, What this
depends on we cannot determine, The couditions are -
wverscd here Erom what they are in other animale. Since
they have no framework which can be injured by their eating
thewmselves, it Is guite in order for them to be perpetually
ingesting their own protoplasn.  So that, in their case, pain

Pain certainly dets st play the abeolutely senseless ride
ustially aserited to it, of transforming the whole living workd
into a vale of mivery and fear. Pain is prosent ooly whem
there is a place for 1t in the plan of the organism, and where,
ramequently, it is peceary und useful.

THE [NNEL WORLD -~THE FAYSICLOGICAL MINT OF YIEW

Whosoewer s from paythology of the theory of know-
ledge to the physdalogy of the cantral otrvops system, will
meet with very greut dimppoimimmt.  Here he might bope to
find light thrown oo many msolved problems, for the crgan
that is g Ay d to mrva as 1 Jinry between
mmmummmm«mm ought sarely
to display, at any rate in fi fondeswsig] femtures, seme
resemblance io the apiritnal organion which the psychologl
and the studset of the theory of kmowlelge thinks he can
recognise in the mind. Or this consideration the thaoty of
poycho-physical parallelizn was based, o theory which was
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supportsd by many eminent men ; but the more the central
HErvous system I8 investigated, the lesa are xoch hopes
sralined. Wemightatluaatexpedthatthvcrymarhed

which is d in the Proctss
ﬁonrego.ahonldhednmm‘blemt‘hr.eentnlapmm
of the body.

Tnstesd of which, the investigator finds mothing but &
xuiding apparatus, which sarves 1o connect the two " fronts *
of the body—the one, the receptor, turned towards the world-
as-genged, and the other, the effector, towards the world of
action.

In its main featmres, the guiding apparatus is the same
from the lowest animals 10 the highest, Wheresoever quali-
tatively different stimuii effect an entry, we fiod that their
spexific peculiarity is laken from thent, Whether an adr-
wave strikes (he ear, of an etheric wave the retina, the same
tansiormation {1 set gofng in both cases. A excitation is
arcund, which passes aleng the nerves in waves,  The length
and speed of these waves may vary to a certain degres, but
fundamentally the process is always the same. The various
stimull are not distinguished through different excitations in
the nervous system, but by the " person ™ of the nerves
through which they fiow. We have abready said somvething
about this fondamental law of the dervens system : it was
mmb,]mmmm«;gmmh
ull jts covallaries, the basis of ooty plysiclogy of the
TErvooh system,

Nerveus excitation itself is a proctss hitherto unexplained,
which reveals itsthf an elechrical oscllatory waves on the
gulvanotoster, or & chenrical waves of fibrillar stafning.

The ides we get of it in these ways does pot suffice to
give = & peoeral survmy of the way in which excitation
operntes in the system a3 2 whole ; 30 the physiologist must
make us of & correst analogy, and trest the whals servouns
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system as & system of tubey in which alterations of presgure
and quantity are necsssary.

This tube spstem is especially clogely Hoked up with the
musces: these are mowed into activity by the wawes of
excitation In the nervous system, and the muscular exzitation
reacts again on the nervons.  Faor this purpose, sach muscle-
fbre is conpected with a motor-centye, which we may imegine
a8 » self-working bydraulic uppamtua, r!gumm; both the
peessure and the quantity, wod th reBect-
ing the cepdition ofE excitation of the muscle obeying it I
have called these centres paprsreniaiipes, because thelr duty s
to Tepresant the muscles in the nervons system,

‘We find the efiector comnections between nervous system
and muscles already perfectly developed in the lowest animals,
Jor even these, If theyare toJive, must have perfect control over
the movements they perform, few and simple though these be.

In the lower animals we find the representatives grouped
Tound a simple meyve network, which has so-called tome-
centres; these 1 tres are Jikewiga ic bydrauli
apparztuses, controliing the state of excitation of the muscuh-
fure as a whole, Into this eentral network Sow ihe sxcitatioms
coming irern the receplors.

If the central network i not sobdivided, they all have
the same efec! on the representatives of the muscles, which,
according to a very simple law, are set in vibration. The
ucitation always fiows along in the direction of the extended
muscle, and, sinc: moal muscles are constructed wa pairs of
nppmitu,which:edprouﬂyuundmmmhé,ﬂnm-
tuction of the one muscle prodoces the axtension of ita
opposite, and s0 opens, a3 it were, the gateway for the excita-
tion to enter. And thot & forward movemmnt follows on
every stimahos.

As we anctnd the lndder of the animai kingdom, we natice
that, frat of all, differentistlon sets in in the motor apparaton.
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Portions of the central network are gplit off, along with their
emnivey which control special groops of repreentatives and
the muscles belonging to them, and these muscles constitats
o definite 1 po ling a leg, an arm,
& wing, oc a fin.

In cuttlefishes it can be shown that fn thizs way there
wrise highee and lower central motor apparatuses, of which
the lowet are amanged from the point of view of position, the
higher from that of Function., In insects the sctivitics of the
scveral limbs are completely goverted by the cantres directly
coordinated with them ; and all that i effected by the sen-
sary part of the network in the braio is the onaat or cessation
of the movement.

The sensory network is gradually meved furtber foreard
to where the main receptors lie, which, sxcited by the stimuli
they receive, govern the activity of the animal as & whole.

Dnficrentistion of the sensory network appears relatively
late. In many casts, 2 division cotoes about simply by the
mgions which belong to the varicus sense-organs i
away from one anothor.  In such animals, the function-circle
of the enemy employs other receptors and parts of the setaocy
network than those used by the function-circle of food.

An yon 85 cutlines serve the body ay indications, differ-
entiation of the jensory part of the nervous gystsm speeds
aff. meltm“!&lulsowoombmuqmﬁeﬂeﬁmtlmmy
nerven of the eye, that their o i
ars linked op into & whols, which makes its way into the
guiding mechanigm ay a new moity. I hava callsd these
nervous unities " anatomical schemata, berause they do
not give a complet= refdaction of the outlioe in the axternal
world, but merely 1 summary combination of its most impart-
ant parts, and this with & degres of exactnegs suitable for the
particular animal,

The apprarance of such schemats in the brain is of two-
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fold importance. Firstly, it enriches the world-asscnsed
with the things of space | and secondly, it permits the animal,
a3 pood 48 the firet spatial indications sound in the mander
characteristic for the schema, to foem the whots achema,
and in this way to recgnise the présenee of, say, an enrmy,
when the enemy is only partially viible,

In the lower animals, the whole stimuolas ferming the
indication mmst get going, whereas, when there ave hemata,
odly {he opening notes need sound for the wholt schema to
uct as indication, In this way, the schemata acquire a high
degree of independence in the steering mechanien, The
animal no longer Saes before the direct stimuohus of the enemy ;
it bo longer b direcdy incited to sk its pocy ; but it Bees
from and seeks for the sehemata of these,

Up to thix podnt the guiding apparatus in the brain can
now be traced with same certzinty,  All comclusions that go
beyond this point lezve the Brm batks of lact.  For instance,
i ik not yet pessible o dechde whather the law of the com-
plernentary effect of colours is referable 1o a special wrange-
ment in the tina or to a special interlacing of the receptor
nerves in the brain, or wheiher it does not clude 4 mechanical
mberpretation altogelher. We bave been able to establish
only this much—that we are dealing with a law belonging
to ihe sobject alone, and completely independent of the
reciprocal action of the slimuli in space.

In addition to the anatemical framework characterising the
guiding apparatus of the brain, we must alse take account of
the beaim's chemiml i k. Wa can compare the effacts
of the central orrvem ystem on the mosches of the body
with & typewriter, in which the striking of each key relesses
o ceriwin letter, Wi get the same thing on the chemical side,
when we fornish the cells we want te aflect with o specibc
hemical sub that will bine with only ome other
specific sobstance.
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In this way, after the coe specific subetance has been
Tormed at some part of the body, a certain cell at the other
end of 1he body, can, through the ageney of the circulatery
system, be struck as precisely as the letters of the alphabet
on the typewriter.

The part played in digestion by these substances cast into
the bleod-stream—ihe so-called * hormones “—has only quite
recantly been delermined. Dut it has been kiwwwn for a long
time that the breathi of 3 are kept in
full activity tharks to the stimdation of perve-cells in the
central nervous gystem by the chemical products of tissoe-
resplralion,

Further, thers can be no doubt that the compleiely
different behaviour of animals in the states of hooper and
of satlety, is ctlerable to change in the imitability of the
central organs belenging to Lhe food-circde. For a nowly-
Ied shark a dead sardine dmply is aet thete, becanse in tois
condition the shark's ** stitoulua threshold it tos high. But
bunger lowers the stimulos thresheld, and then the sardine
appea:sinthe sensed—wﬂddtbeshark.

h's et have shown what an
i internal i tocs oo the whols sexual life
of the higher animals,

Ths purpasa of this chrmical organisation is to regulate
thrm'ghlythngmdmmuithumtn]nmappmtus
vis-h-vis of the i of the indi In
mththu.dumtaumnlmmniﬂmmsynms:dahvﬂy
negligible. For the most part, ooly 2 kind of " chemical {one ™
is wttained, which, in full ity with plan, provid
that, according to the needs of the bedy, cne Junction-circe
shalt find acceptance rather than another, by the indications
thereoi being more powerful or alone cpecative. Thus at
the Ineedingscason the prey-cirele, and even the enemy-
eicle, yidd to the sexwal circle, the indications of which
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are then more potent than all cthers. This happens at the
Hme when many animals put on thelr bridal apparel, and
the coloars and patterns of thelr dress act on direction as
decisive indications,

But there we sany insiances of reversal of the steering
gear, in which there is no proof that we are dealing with a
change of chemical tone, The best known ¢xample is that
of sleeping and waking. Boho was able to show that in sea-
anemenes the ebd and Bow persisted as internal change of
tone after the animals had been transierred to the still waiers
of the aguarium. The most remarkable example of one
single change of tone in the year is given by the palalo worm,
which, at the time of seaual maturity, and on one predictable
moontight night, divides, and comes to the surface of the sea.

Hoth the anatomical part of the directing apparates
(which we asually call the reflex apparatus, and which by

analogy we und d as o hani and the ciembcal
Lone apparatus [which from lhe mcc.hamnl point of view
we ate only just beginning io 4] are the exp

of 2 machine like framework

THE BIOLOGICAL POINT OF VIEW

In contrast to physiclogy. biclogy considers the manl-
festations of the central mervous system, not an processss
going an inside of apparatus, but as procesges within argens.

I’Ilyﬂoiogy concarna n:al( m:ly with the mashinery inside
the , which i the great part
of the crotral nervons syslem. Bwlogyahnmcludnsmnn
consideration the protoplasm not entering inta the frame-
work, which transforms appnratna mw organs.  Protoplaym
hay the imy task of Iating the frams-
work of the central nervoua system, and of making good such
injuries ns arise. This super-mechanical activity raises the
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ergan to a higher level than mere apparatus, and endows it
with the pecaliar property of lfe,

The infallibility with which protoplasm, wherever it i
at work, is able to improve and repair the framework, ahows
that its fmpulsestquence ooresponds to a definits rule,
which in this way governs the physice-chemical processes.
‘We can prove that the sup hanical factor op Ive in
protoplasm must be & rule, bownd indeed to a definfte place in
space by the material with which it works, bot In itsclf super-
spatial, since it disposes of the spatial armngement of the
framework,

As we have learnt From mtoplaslme animals that are as
et without fi k, the regl d impul y active
in protoplasm and creatiog the famework, is at the mme
time a fonction-rule which the
into an acton. Inmderwperiwmthuuhm as, far
instance, in the action of digestion by T ']
must be formed, which, in accondanes with the fometion-rale,
comes inte being and then disappears again, and which, still
in socordanée with that same rule, kilis the food, digests it,
and ojects the romains,

Where 2 pormanent framework has arisen, as in the
majority of living creatures, the formative activity of the
rmie peryists, and is exbibited in the supar-mechanical regula-
tina and repair af injured parts.

From this it follows that an organ differs from an apparatus
in oot being Lbe prodect of a funclioo-rule, at one time active
and then fixed, but in remaining continually woder the in-
fuence of sock 2 rule.  Moceover, wheraver there is nnmsed
protoplasm, it is capable of an impulie sequence, which, in
obedhnoetaanﬂedmm.pmdummwinmework

Now we can see that a di in T 1 ig i
when, o the voe hand, thephyﬂologmdmdeau.p!he central
nervous system into apparstus, and on the other, the biclogist
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divides it up into organs.  Where the physiologist analyses it
into sensory and motor apparatus, the biclogist makes 2 corre-
sponding divixien inte murk-trguns and aztive-argans.

The mark-organ Incudes the bramewock + protoplasm, in
o far as it sérves for the creation of indicatings, The action-
orgun camprises § + protor in #0 Ear g it serves
[or the creation of a definite movement-sequence, which we
<l an action.

Ewvry time an Indication appears, a fnnction-rale Lies
behind it, and comes to expression in the strocture as wall
as in the activity of the markorgan.  In the same way, a
Junction.qule lies behind every aclion, and fnds expression
in the atructure and the activity of the actwn-organ. From
this it follows that the actions of an animal can be ciosed
within a definitive fonction-rule. This may express itself
in an immutable framewcrk, in which case an invaluntary
action ot r4fier is meated. Or the fuaction-rule may make
the framework from time to time, af clrcumatances argse
then we get a protoplasmic isstincime action. Botweon
these two sors of artion come the so-called plagic actioms,
among which actions Based on experisnce are lo be reckoned.
Finally, ihere are comfrofied actions, I which the functon-rule
of the acti gan makes ity o inative apy Even
in the mark-organ.

The phygiological analysis of & central perveus system is
Enished, when the mark- and action-Organs have been in-
veshigated,

The tialogital analysis is fmished, when the function-rules
for perception and for ection are lnid glear,
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MPORTANCE OF THE glhEeS OF FURCTION
FOR THE FUNCTION-CIBCLE

[t is impoggible to understand the velation between mark-
organs and action-organs, aod the nterdependence of their
fancticn-rulea, unlett we first separate from ohe anothet the
individual fuoction-circles of which thess orgaes form the
keystones.

We must note that each circle—for instance, the enmmy-
cirde—ia in principle always closad, bowever simpla the
indication that gives informoation of the enemy™s presence,
and even if it congists merely of a smell, or of a slight move-
ment ; the act, whether of Right or of defence, that serves to
ward off the enemy, will always be initiated with complete-
neys.  Congeqoently, the two crgans may be of very different
degrees of development. The indication may be highly
complex, and the sction may consist of 2 simple movement ;
or, conversely, = very siaborate action may follow when the
indication is quite simple.

To facilitate a general sarvey, I give below the smple
disgram of a [unction-circle,

wf i Recyptor
Ml
f"' Hard
i
A E
. ypon
Fp. %E:—;;:_ Wactor

As the dingram shows, the inoer workd is divided into two
parts ; one, which recetves the impressions, b tumed tovands
the world-ss-sensed, and the cther, which distributes the
effects, ia taroed towards the wordd of action. Between
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mark-crgan and action-crgan lies the watershed of the whole
Iunetioncircle.  The mark-organ end the action-organ are
#ach of them controlled by a rule; the one arranges the
impressions i the mark-crgan, and so rreates the indications;
the other amunges the effects prodoced by the action-organ,
and 5o areibes the actions.  Both rules are fomussed accurately
on the indication in the extenel wodd, the appearance of
which is the signal for the indications to arise, and which
hag then “to be dealt with The circe forns a onified
whole, for, just es in an organism, each part is dependsnt
on the others. The design which connccts fach part becomes
intelligibde dowt 1o the last detail only when we see {he
cirele as a whole. The receptors are focnssed o the typical

ifestations of the indt whether these be chemical,
optical oz of some other kind ; and, in virtue of their specific
structure, the effactors desl with the indicater in the most

Hective way, The k-oIg; and acti & e just
a3 nicely focussed oo the indicator as are the receptors, and
ihelr rules emb it with F from the

sides both of action and of reaction.

The dingram given above serves {o illosirate the whole
of what is donz by an animal's nervous syatem, it so far as
this relates to reflexes, plastic actions, or instinctive actions,
In the tase of reflexes, however, we most assume that the
tramework of the action-organ is @il reedy and prepared
beformhand ; while with instincts, the rule of the action-
organ cazn still be built up and broken down again. We
know o tumber of cases that are explicable only by super-
mechanical regulation, and g0 prove the intervention of prote~
plasm.  In contradistinction to these, reflex sctions, which
are usually of & simple kind, unlold, ag it were, antpmatically.

Bat it i3 characteristic both for refex and for instinetive
attions, that the action-rule reveals itself only in the actions,
and in oo way enters into the indications and the rules affect-
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ing thess, In the highest animals, bowever, the treature’s
oWt action-rule penetrates further and forther into the world-
as-senged, and there anmumes ditertion and cortrol.
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A mew circle is introduced within the animals own central
ofgan, for the support of the external Munctiom-circle, and
this connects the action-organ with the mark-organ, In this
way, the animal's own action-rule fits in with the indications
stimutated from without, and new serves the mark-rale as a
skeleton to which it may attach the external indications.

Wow for the first time there appear in the world-as-sensed
acteal impl ing a funce e, The world-as-
sensed of the simpler animals contained nothing but objects.
When the movenents of the animal's ¢wn Umba enter the
mazk-crgan, it becomes potstble for it b control its own
actions. Bat so long as the actlon-mile taken ever dom
the mark-organ is not used to form implements, there are
nothing but objects in the world-ai-senssd,

Ax we know, eved objects are elaborate unities, extendsd
in space and in tHme. But impl s arize in the world
stnsed only when the subject’s own action-rule endows them
with u fmietion : thin actierake eombines all the propertis
and capacities in snch conformity with plan that they are
¢hliged to obey an inoer rols, which we call the function-
ruls of implements. §o we buman beings transier eur own
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funchon-rule to implements, just as we transfer to tham the
indications we oursehves have formed.

These are general lews, depending on the skrocture of
sach individual subject. And sa it s quite lnadmisaibe to
impose oo the senssd-world of animals the human funchion-
rales on which, as something taken quite for granted, we base
all the implements that fill oor sensed-world, We must
fnt get to know the action-rules of animals, before we can
proceed to the question of implement-forming in animals,
A3 300D 33 an observer turma his back on an animal, his buman
impleraents disappear, and only these really belonging to the
animal continue to surround .

Mottover, we must learn to regard the function-rule as
u real natural Jactor, and attempt to investigate its effects
in all subjects.

Evrn the " prychoid,” introduced by Driesch into natural
scictice, i to be understood in this gense.  The peychold is
an objectively active ruls, which we must obaerve in aperation.
The werd paychoid indicates that bhere we bave to do with
o creation by the peyche, for & super-spatial law comes in,
ot belonging to the body, but controlling it. Can it be that
iz the functing-ruls we hava come upon something that speaks
for the existence of an animal psyche? A something that
justifies the peychologists in setting their sciics o an
ehjective bass

I do not think that such an assumption is jostified, Thers
can be oo doubt that there are super-spatial rules to which
in the last isstance the contrel of £ven the animal body is
awigned, But lmowledge of these rules, just as of those
governing the animal body jtsell, must ba referred to the
laws of g own mind : wnd the term ' peychnid “ may sanily
minlrad us into suppoeing that we have hern the proof of an
appercepticn by the animal subject. This is not the case.
All wn ckn make sure of is the optration of 3 rale controliing
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the material of the contral oervems mystem Wa have
atmolutely 1o kiwrwledge a3 to whether that in apperceived
by the animal,

THE WORLD OF ACTION

‘When we comsidéred the world-as-gensed and the inoer
world of animals, we could not Eil to rocognise a certain
paralleliem between the physiological and biclogleal ways of
mﬁmg&muapu:ﬂelmuﬁdnpmnmeddt‘hetw

sciences being i A ¥ and . H
buat when we b ko consider the world of action, this paral-
Ielizm completely disappear.

Aczoding to physiclogical notions, every animal imparts
to the universe the effect rekased by the movemsnts of im
limbs or the secretion of its glands  And in the unpiverse,
these manifestations of the animal body conbinue their sffsct
fpm atom to atom according to the law of cusbly, In
principte, the step of & beetle's foot or the stroke of a dragon-
fy's wing mugt carry their effect as far as the dog-star. For,
accopding to the camsal conception, even the smallest com-
panent of natursl phenomena is ebsclotely necessary, and
cannot be thought away from the general system of action
and reaction, without making the whole impossible.

It is perfsctly obvious ihat this poini of view does ot
do justice to the mar y A affectar
of animals,

To appreciate rightly what the efector oqgans perform
in the function-circle, we must ponsider in more detmil the
Inws that govern our oman implements, Hitherte we have
considered only cur unified tools (such, for instance, a8 the
ladde}, mdsbmlhnlheyhawafrmsmimnmm
in d with & funct :, which fts them for v
mntnacﬁminmppmtntmhmnmm—mthsme,
the nct of climbing.
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Now there are 2 whole number of todly, the framework of
which does not express the entirt counter-action ; and these
always require the help of other implements in order actoally
to cary oot a fonction. Tf, for instance, we take the nail
of & box, there is required for it counter-action {(which backs
up our actimn of bolding the box together} firstly, the hammer,
for the blows of which the head of the nail is suitably shaped,
and, secxmdly, the wood of which the box is made, the cem-
sistency of which permits the nail to penctrate, bot prevents
its coming cut again casily.

The framewark of the nail, thea, unlike that of the ladder,
is not in itsclf adequats for the exercise of a ctunter-action.
[n addition, a hammer and some wood are necessary, if the

ter-action & to be achieved. If we give a special name
ta the connection that exists, in strict conformity with plan,
hetween differcnt implements not having any lasting material
association, we may speak of T imir-gdjwsmeon.” In con-
trust to the framework, which word means a tasting functional
connection according to a Tale, ' inter-adjustment '’ means a
[uncticnal connection that appears only for a time ; it iiks-
wise is subject to a ruls.

Graber bas called the cficctors of animals their tools,
We might let thin term pass, if the relations between tocl
mdmamajmnmmanymmngenuaimdo]usmw

tha dinarily close ion that iq i d in the

function-role,
Inthahmhmrcndeallth:pm;,mn;(nmm

creycent as in the orgariem, are t i

fashioned with relation to coe another, that Lhey {nm tem.
pararily an actoal kamework.  Knowing this, we see that, in
considering the world of aclion, the biologist must Tollow a
complately different routa from that taken by the physiclogist,

To define briefly the very diffsrent attitwdes of the two
sciences, e may say that physislogy regarda the effectors of
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an animal in thelr relation to the world ax it regards homan
tools, whereas biclogy regards them as human tools that
becorae edective in conformity with plan only when they are
Gtted inte the surrounding-world

INTER-ADJUSTMENY

In conaidering the inner wotld of animaly, we have Jaamt
to distingeish between mark-rule and action-rule.  These toro
roles constitute only pertlons of the general plan that is
expressed in the whole structure and in all the actiony of
animals. Wr have seen that organs are fitted into one
another Kke the parts of a machine, and so we have spoken
of ramework. But thers can be to doubt that this entire
framewwl is likewise sobject to @ rule, This mule is
manifested 3o clearly in the permancat anatomical frame-
work that we need not discuss it forther, Om the other
hand, wr muost seck for the rule of inter-adjustment, when
the effectors, as thry dreal with the things of the external
world, create a temperary framework.

As & matier of fact, in the world of action we are dealing
with & temperary framework of this kind, which becomes
apparent only when the animal shows activity in one of its
fanctlon-circles. The most obviows inter-adjustment is that
which connects the effectors of animals with the medium.
Merely by looking at these, we can tell whether we bave to
do with an #nima! belonging to the air, o the water, or to
the land. Fios, wings and feet beer the unmistakable imprint
of their vocation, ‘The mere clesely the fonction is confined
1o a nerrowdy creumseribed medium, the more clearly can we
recognise fram the effectors to what it s they are adjusted.
We distinguizh feet that act as suckers, feet for running, fect
for leaping, and feet for climbing, and thess give us a secure
Tasis whenes wr may proceed to Purther dasdfication of land
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animals. In parasites we find prebessils feet which are
exactly inter-adjnsted with the timues of the hosts frroisbing
them with a medims,

There can be as little question abeut inter-adj in
the encirde The mutnal diffeentations of the sexual
organs in both male and female, mmddngmbulheﬁnat
detail, ix developed in io an
d.egme mumd‘mmmmmu
an ible supply of ding an inter-
nﬁ]mmlthathpmitiwymlruum Furhsmxtuxml
mitrely a tien of an 3 1 of
constragied it padrs, but of an inter-adimstment which
mnmstheeﬂeﬂmoimemwithmmneptwsniths
aiber. Thert are ftmale a
mmd:mmsmhleby:hemhlorphyﬁnnlmms,thu
eaistenice of which Fabre could prove onoly by the fact that
the place where the female had ssttled atiracted the males
towards it from miles aroond

All ceaceivable cffects, optic, acowstic and tactile, are
emploped in the sexual Ufs of animals in arder to bring aboot
so-calted seutal selection.  That i to say, thete & everpwhene
an dinarily delicate inter-adj which secores,
wvets if cmly for & shoet period, the association of the two sexes,

Anecthe fmetion-cirde, which we have ot yet mentionsd,
pounects paretiin and children ameng the higher animals
Wa have oaly to remind oorstlves of the familiar instance of
parental care, and we are at ooce convinted that hern also
therm 3 inter-adjustment.

Wuhnlltnkamlymmmplen“h wiu:.hhnppen’bu
b From c vt
eollu:tmnflesp [ bave convinesd myself that the female
cockoo always fys in the nest of other birds eggy that re-
stmble theirs in colonr.  Which showrs that the affsctor organs
of the cockoo are harmonised with the mark-cogans of other
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birds iz such 4 Wiy a6 to secure that these shall take ower the
care of the young.

This is not & case of an efisct on our human mark-crgans ;
these are not deceived in the least, for at the fiest plance we
cat pick out the cuckoo's egg.  But song-birds are completely
taken in, and proceed te care for the changeling. This gives
us a really rellable means of defining the sensed-world of
song-birds,

We may readfly admit that Inter-adjustment between the
cockoo and the song-bird i perfect in =0 far as it concerng
the cuckoo ; but we sball the more strenuously deny that it
spella perfection for the song-bird.

Here agaln we come upon & gosstion that we have already
touched ; and we must make up oir minds aboui it before
we procsed with our dicussion of inter-adjustrmenty,

We go on now to speak of a problem that s especially
important in the function-cirele of the anamy, when attacker
and attacked come fact to face. Wre may asvert that, in all
wach cases, parfectian is 0ot attained, at least by cme of the
antagonists, for the one that is defeated shows, by the very
fact of ity defcat, that it was imperfectly equipped for the
fight. Even when beoth appear qoite remarkably well
equipped for battle, and are perfectly ftted into the enemy-
circle 15 Tegards their effectors, this inter-adjustment must
be imperiect for one of the two parties, #f that is warsted,

H aven in such cases the inter-adjustment, thoogh
apparently in copformity with plan, is mely imperfect,
then the plan of Nature is oot perfect ; and we havs a right
ta be incredul ing the p jon of the I 3
of unimals 1o general. This seems to justify the view that
Nature is full of imperfecticn. The plan of Nature dee
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generates into a mere illusien, and what we admire 21 design
might turn sut to bt a mere garne of chance ; which is what
Durwiniem sctually sssumes.

It was oot withoot good reason that Darwin made stroggis
the ceatral point in his theory, for here thers does seem to be
a distinct hiatus in the perfection of design.

The dimibations of the orgamisw,  This gap, bowever, i anly
apparent, apd i arises from a fabse definition.  Perfection ia
ol ommipatence, bl meredy means e corved and complele
excreise of alf the means avaidaiids.  Even from the most parfect
belng conceivable we cannot Took for the exertise of resources
that it bas not gor. Jt must algo be admitted that each
animal, even i it empleys perfectly a0l the mezns in its poases—
£on, cannot perform more than these psrmit it to do. By
its resources, limits are set to the achievement of every
anlmal. ‘The sum of all the rescurces at &0 anltval's disposal
—stick #s the peture of its structere, the material of which
it is mads, lu.mength ity sire, atc, e the sum-total of all
its pwop and ities—thess make the i
Every orgatdsm, mdmgly. has Bxed limits. It cannot be
big and =mall at the same time, nor heavy and light, sor swift
and sluggish, It canpot be boilt o0 a {werayed systam
and on a four-rayed at the same time, Its body cannot be
both scgmented and ansegmented ; its nervous system cannot
. Iy be Ai and S Ticad
and decentralised A& bee cannot be 2 Hzard; it canpot
ever: be 2 wasp, N can it smultanecatly beloog to two
Apecles ; it can only be itseld, within the limitsset it by Nature,

Evtry ovgatism ean only be Hself, But within itsalf it
in pexfect, becatwe, unlike cur homan implements, which are

3 of and k, it cousisty of F L
-Jum. ‘Within it, all resources ars explodted to the full. Anad
a we may make the following statement :—roery living crea-
fure is, in principla, absohsaly perfect.
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But svery living creatars may be wersted in cenflict with
an advereary, becauss that adversary has in ity crgapisation
other resources at its dispogal,

In tropical countries there are twa ingects, the centipede
and the bird-gpider, which i are very
to man by reason of their poison,  Omee when I was at Dar-as-
Salsam, a ¢ontipeds appeared on our dining-table. 1 seized
u kmife and cut it through the middle. The result was that
two crnbipedes ran away in oppositc directions. A eut that
divides & spider throogh the middle, finishes it at coce. So
here the cenbipede has an advantage. But i eme puts
bath the animaly in & glass, one can easily ohserve that the
spider, beginning at the head end of the centipede, showly
devours it.  The movement of the centipede, which enape in
every direction with its jaws, does net bother the spider in
the jmast. As goon as the poison-jaw comes near the spider’s
hairy legs, the log is lifted np and placed clsgwhers. The
animal built up of a nomber of similar stgments is quite
incapable of attacking ity geal direct, and mwust succumb
before the more highly centralised neorvoos system of its
apponent.

Bot he who woald conclude from such examples that
superiarity in the airoggle is associated with higher differen-
tiation, will reconsider bis opinkon when the life-history of
the mataria parasite is put befoce him. This mibute ani-
cellular animg) has the power not only ta adapt itself to the
totally different timsuc-juices of the mosquito and of man,
kut iz able to find jts way about in the anatomy of these two
very unlike hosts,

In this case also, the animal that cooguees has some
Kind of chemical resomroe, which extends beyond the limits
B2t to the animal that is defeated.

Witheut making exact tests, it is impossible to say which
animal will bave the advantage cver spother. Sometimes
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trength 5 victord imey poisen ; imen gwift-
Dey, sometimes inartia; here the higher nervous system
wins, there the stouisr apmoor, oy sometimey the more subtle
chemistry ! and sg forth,

But in sach case we may wssyme that the animal is ex-
ploited op to the axtreme Jimits set it by its organisation ;
oot tmly doea its Framework employ all the resources avail-
able, but alse its inter-adj within the function-circk
is perfect, an Interadjmstoent which stcures its food and
wards off its enemy.

It 1s us cheap as it is amatenrish to sneer at the impers
fextion of Natore, withoot baving regard to the limitations of
ocganisms. It is na sign of schentific insight.  Unfortunately,
¢ven Hebmholtx did oot & little to premete this visw, throngh
his lack of cautien in the comparisons he drew.

1 think that I have now chared up the mismunderstanding,
and we can proceed with our comsideration of inter-
adjustnemis,

INTER-ADJUSTMENTE WITHIN THE ENENY-
AKD PREY-CIRCLES

Without some imowiedge of what artually takes place in
Nstwre, it is impossible to make for caeself an ndequate
picture of inter-adjostment ; just zs with knowledge of the
tmmework, this czn be got oaly through obscrvation, mad
never thromgh Jogical discnssion. I ghadl cite here two typical

plea, which il the matus] relations of memy and
prey, and give an fmpressive pickore of i i

Smmuhppmthltwmdmym:mtdl
for one another. Cmly when the weapooy of the sttacker are
parried by the adequate weapora of the aitacked, can we
speak of & 7eal siruggle. ‘Then the conditions at the moment,
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which set the limit for each individaal, decide whether attacker
or attacked will emerge victorious fram the fight.

We can walch a fight of this kind, when the star-fish
Agteriag attacks the sea-urchin Strongylocentrotus.  The star-
fish i provided with powerful tube-feet, which are covered
with a poisonons mocug, They are suited For gripping the
firm shell of the sea-vrchin and paralysing the mugcles of the
spines, while tha fve armg wind themselves round the sphericat
body of the opponent,  Then the membranany stomach hulges
forth from the moath, presse itself againgt the surface of the
prey, and beging its digestive activity cotgide the aailant'y
own body.

The behavi of the se hin is very kahh
For general purpages, & cloge-set rampart of spines iy safficiant
te ward off hoatils approach. But the short spines cannet
keep off the long tubefest of thig fee. For this quite =
different gort of defensive apparates comes to the rescoe,
Ag goon 2y the tubefeet of the star-fish approach the gea-
wrchin, the spines lie down, and three-bladed pimesrs, swollen
with poison, Tise op, which hitherto have been hanging dewn
faccid. The pincers grip into the tobe-feet of Asterias, and,
in 50 doing, break away from their base, 3o that, permanently
lodged in Lhe enemy, they can transfer to it their full load
of patson.

IF the sea-prchin i3 in good form and has not lost too
many of its poison-pincers, it succesds in driving of the star-
fob. Buot if not, the star-fish i3 the victor.

The adjostment is as ondeniable in the case of the sea-
urchin us in that of the stardish, and the lUmits set o both
organlsme are such thal no one can say beforshand which
will conquer. The limlt & determined by the condition of
the anincel’s health at the momest. The sea-urchic that b
in had conditipn will be coaqoered ; while the strong and
baalihy coe, in full posseasion of its weapous, can connt on
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victery, especially i the slar-fish has recently fed well, and
30 fellows up the attack fechly.

For another typirs] example we are indebied to the
remarkable investigations of J, Fabre. I am thinking of the
fight between the ichneoman-fly and the larva of rfhe Toge-
beetle, The ichneymon-fy seizes the larva wilh her jaws
on the darsal side of the thorax, and bends ber body round
the larva, while ber sting carcfully fesly over the ventral
side until it comes te the place under which the ganglion-knot
Liez (We do mot know what indication guides the sting.}
Then with ber hollow lancet she makes one thrust, and smears
the ganglion-koot with & weak poison, which paralysss the
prey without killing it.  The defensive movemenits of the larva
are completely unable to shake off the enemy for any length
of time.

In this case the adj of the i Ay within
the prey-circle is very delicately worked out, and this is made
pessible by the fact that the insect ix concerned with oue
particular kind of prey and no ather, We may compare this
ta the key of a safe, which is much more delicately wrought
than a skeleton-key, which has to open adl manner of locks,

The organisation of the larva of the rase-beetle is ne malch
for thig Jelicate adj T of the | fiy.
Its limjts are to¢ nayrow, This is teally not 2 battle, but
merely a conquest of the prey as saan. a9 Lthe predatory insect
discovers it. Maturally, the larva possesses other means
of defence, which Favour its concealiment from the enemy,

Protective means of this kind are pessested by the egps
of marine animals, which are cast defenceless into the sea,
They are tither of glassy transparency and therctore difficcll
to me, or ¢lst envuloped in jelly, ar pratected with artmetr,
o buried decp fn the sand.

The vast sumber of sggs that can be lnid is to be reckonsd
smong the meany at the dispesal of the individoal ; but ea
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they must also be accounted among the resonrces of the
apecies, they will be described in a later chapter,

STBJECTIVE AND DRTECTIVE ANNIHILATION
OF THE INODICATIONS

If we combine what we Jearn concerning the actiona in

all the functioncircits taken together, we mey say that the

# the aonihilation of the prevailing indication that
led to the action, and this automatically brings the action
to a conclugion,

Annihilation of the indlcations takes place in twe kinds of
wrays, which differ from one another in principle.  An example
will help 1s {0 understand this better,

A hex which finds & small drop of honey sucks it up and
then flieg away, In this cage it is obviqus that the indication
for boney—ie. its seent—which gives rise to the acrion of
sucking, must disappear as goon 2% the drop is finished. This
is an objecti ihilation of the indi

Suppose, however, that there is a great guantity of honey.
After a time the bee stops sucking and flies away, leaving
the remainder untouched, [n this cage the indication was
not annibilated objectively. Why then did the bez cease its
action ? It has been found that if, while a bee is feeding, its
abdomen be carefully cut off, the ingect will go on drinl
with the honey flowing out of it again bohind. In ihis case
the action does not cease ; the bez goms on drinking lile Baron
Minchhaosen's horse.  The check sct op by saticty s lacking,

We go not know all the details concarning that check,
but from what we have learnt about the inner werld of animals,
we have every reason to assume that sither directly through
reflex mechanigm, or indirectly throogh the chemictry of the
‘mark-organ,  thresheld is reached, and thereby the indleation
is subjectively annihilated

Subjective aanibilatin of the indication plays the chief
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part in the sexual clrele, and Jeads there to the ending of
copalation, This ix seen most strikingly in the care of the
praying mantis, Here, as soon as ihe male hay fecundated
her, the female procesds to devour him, Immoediately after
the male has disapp 23 a sexual indication, the food-
circle comes ir, and he now presents merely an indication
for prey. Many other ingects behave in the same way; the
frmales of spiders and of staphylinid beetles drvoar the
males when copulation is completad, and the malas aifer only
& feeble vesigtanca, for (he females never gerve them as prey-
L ing though mubjecti shitation of indi
is, wr must omit it in dealing with the world of aciion, for in
that werld only objective events take place.

TEE INDICATORS

In comsidering all the various itndications that surmeand an
atistal, wr perccive that the mdicater towards which the
anmimal’s action & directed, is very differently consteucted
socording to the particular inter-adjustment beotwoes it and
the animal.

3 i the enemy-cincle a simple movement of Sight follows

ou @ oeriain indication, whether that be of chemical, acoustic
or optical mature, the indicator i merely the bearer of the

propezty that is employed as indication by the flesing mbject.
H, on the other hand, cifectors come into action that serve
dor defence, the indi has a counter-h 'k which fits

in with the framework of these, Among wuch cormter-frame-
wirks we may rechon those of the enemy's orgams which
oontribute towards bis defeat. Thus, for instance, we may
reckon in the congterframework of the sea-upchin, oot
merely the exiernal form of the starfish's tube-feet, oo which
the poison-pincers. can lay hold, but also the nervous tissne
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aifected by the poison, and the mmcles that comtract zs 2
rexalt of that nervous excitation.

Often indeed we must recken in the sommter-framework
4 great part of the central nervous system ; wepecially in the
higher animals, where the pain prodnesd by the defrmive
weapons i woch a3 to check the attacking movement and
make the attacker reccil.

As wa have seen, the connterframework of the prey has
been very exactly described in a number of cases. It txtends
vt mersty to the form and position of the ganglion-knet in
the bestle larva attacked by the ichneumon-dy, but also to
the specific chemical properties of the larva’s nervous sub-
stance, which is paralysed by ihe poison.

When the beetle larva is paralysed, the movement ceness
which was the indication serving to initiate the attack, Then
the motionless larva forms the indication for the action of
egg-laying, In egg-laying, there i a subjective annfhilation
of the indication.

THE COUNTER-FRAMEWUEE A% EMPRESSION
OF THE FUKRCTION-RULE

The stody of the ter-h k in the indi forma
an sqpecially impertant chapter, for by this a connection is
eqtablished batween the world of activo and the warld-as.
semsed ; and the surrounding-world amerges a3 & salf-con-
tained unity, enveloping the subject on all sides,

The function-rule, consequently, relatea not oaly to the
tramework of the subject that it governs, but alse to the
mntzmnmkdthemdmmnglhﬁmb)uctumy
or as prey. it includes, h ., anty the cogeter-b
trom which the i in d, and pletely m-
clodes such parts of it &8 come into consideraticn when that
other organiam i the sobject.
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Kot until we have compietely worked out all the functian.
circles of an anjmal, do we get some idex of the cosad sur-
rounding-world, which on all sides shuts off each individos]
sabjsct From the vest of the woeld, and Jorms the anly cotor
workd it knows.

Tt is especially instructive to know the mediam thoroaghly,

I we place befors us, 2a our indicator, some human (oo,
its counter-framewisk is built up from our indications con-
necled together into & uwnity by cur rule of we, 1§ we try
%o do ithe same thing foc other animale, we find ourselves
unable to set up any adequate Tale of (he kind, (Mot even
in the cast of our domestic animals, trained as they are for
ol tervics)] Dnstead, we are always secking rules of action
by which we may conoect up animals inle living anities,
A dog, for instance, is ot mersly a tool that we use for hunt-
ing ; but-—guite apart from its strvices to ws—it embodies
for w8 human beings 2 whole mumber of action-rulss, when
it barks, sats, runs, rtc., and these combine together into one
exiremely complex artion-rule for the whole.

In this way the indicator " dog " becomes fov us the
epitomne of & Tole asigned to it for the totality of ibs actions |
and this rule distinguighes it from ali other indicators.

H apw we confrant onc animal with another as indicator,
it is obvions that (he indicator must changs according ta the
natore of the animal receiving the indication. IF the Jatter
hay oot the power Lo receive its own action-rules in its mark-
organ, Lhe former does not constitule a upity for it It is
ooly we, 48 cbservers, who are in a pesition to see the indicatar
& 3 unity, in virtue of oor owd actioti-rules, which we tram-
Fer to it.

Neverthelem, we kuow that the indicator may form a
special unity in the actists of the rectiver of the indication, as
bearetr of fanction-roles, evm if oot as bearer of netion-roles.

IE we iake a smr-fish as indicetor for a sem-urchin, the
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actlon-mule of the sea-urchin, which would call the star-fish
" something to ba polsoned " does not suffice the latter as a
comprehenslve rule ; and this quite apart from the fact that
the primitive urgmnsatmnuﬁtheseamd\ms TETVOUS SYStem

fudes the ility of acti les being received by the
mark-orgun,

The action-rule is confired to the nipping by the pedi-
cellarie and the rmimion ¢f poison. We cannot refer the
congequrtices to it, ie, the specific efiect of the poisop on the
pervous system of the star-fish, and the movement of Tacoil
that follows in vietue of that animal's anatomical erganisation.
And yet there s revealed here a framework in the star-fish
that functions in the intertst of the sta-urchin and which
we may speak of as the counter-framework of that anfmal.
This counter-framework by Do means inclodes the whale
tramework of the star-feh a5 we know it, nor does it form a
defimited portion of the ster-fish'a body, considered sither
anatomically of physiologically, From the sea-urchin's point
of view it can be comprehended as a unity only if we consider
it as an extension of that animal’s actinn-ruje,

Although the counter L af the ind com-
stitules an integrating portion of the junction-rirck: of the
yoceiver, and consequently comes under the fonction-rule,
et it is nat subject to control by that rulw ag ia the kamework
of the animal's own body, which, after injury, can be formad
anew by the function.role.

The activity of the funckion-nile does not extend beyond
Ihe body of the sabject ; nevertheless it emiraces the cownter-
hamewnﬂ(o{themheramma.l aithongh it pxrrcists np direct
tffect therson,  Eapeci: ing are the relations of the
{uncunu—n:lenulhenndmm Erom which it alwo, so to speak,
cuts ont a counter-framewnrk it order to fovm the indicator
subjectively. 1f wo take into consideration all the inter-
of the function-circles that connect the bramework
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of the animat with the ter-n k of the indk

we recognise that every detail in the oze derives {12 Anal mean-
ing frem its relation to the other. H we prasp this fact,
we shall oot regard the bizame form, colour snd pilosity of
some of the jower animais as just so much " decoration ™
(which was the od naturalists’ interpretabon), and stil less
shall we dare to dismiss them as accidents or vestigial
structures.

To do justice 10 the fact 1bat, in the whole counter-frame-
Wik, ome part enters inlo relation with the receptors of the
mb]eﬂudmlherpnnmlhl.hee!mmnuadvmmto
separate from the 1 ag i in the
strict 3eamse, those properties serving for indication, and, as
registers, those that receive the effect of action. The re-
mainder of the counter-framewotk then serves mersly o
conbect together the indicalion-bearing and the action-
bearing propertics.  'We may then make the following state-
ment, as the basic principk of biclogy i —ip all sumounding-
worlds whatsoever, the indication-bearing and the action-
besiring properties of a fnction-rule are held together by the
codnber-framework of the same objest.

THE WISDOM OF ORGAMIEMS

‘When ihe small birds that prey on it come near the eyed
hawk-moth, it spreads out its wings ; and this seems to scare
1he hirds, because they bave to be perpetually on their guard
aguingt mmall carnivores. The eyes on the moth's wings do
not deceive m, but they do dective birds,

Thiy case is extrascdinarily lnstruztive, became it reveals
tc us clearly the differenre between  knowiedge " and
** wisdom " in animals. 1} wo iry to combine as " nowledge **
the ram-total of the indications thet wnite in the mark-orpen
of the bawk-moth, we find this extremely mesgre, for the
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oalyiodication formed in general ontlings is that of the moving
bird, Ne indication Prem the ye-fpots on its own wings
reaches the mark-ogan, snd the moth knows pothing of fta
eflect on the specific sengad-woeld of the birds.

From buman analogy we are far too ready to sesk in the
subjert’s kmawledge the sonrce of the comespendente bttwecn
an action and Hs ust to the ageat, 5 knowledge that is pregant
35 mark-rula In the mark-organ and is able to forssce conge-
quences  This is why the anfortnnate axprssion “ purpese-
fuloess in aganic Nature™ i3 always wed, and abo why
so moch value Is attached to the paychology of ankuals.
Now the psychic processes assumed in snimals can play but
a trassisnt part in thelr lives. When we speak of what the
payehe doss, we can only mean by that the rules in the mark-
organ as observed ftom within, and we shall not get far if
we try to build op the purposefubvess of life upon such a
baais.

For in the acticns of the lowest animals (I need oculy
remind you of the maleria parasite}, there is revealed in the
nter-adjusiment the syme wisc foresight ag appears in those
of the highest crganiymsg.

And what would become of man himgelf, il he depended
Jor @irsction merely on hiy owh knowledge of his payche ¥
The idzas that mest people bave concerning what goes on in
their own bodies are exceedingly meagre, and, for the mest
pert, incorrect, Modern hygiene gives us a great deal of
information as to the marvellous wisdom of our tisues in
their fight against forsign poisans; but of this we thouid
never have been conscions tarselves

This forca of Nature we have calld conformity with
" plan,” because we are able to follow it with our appervep-
tion omly when that combines the manifold details into one
whols by means of rules. Higher rules, which unite things
weparated evem by time, art in general called plans, withoat
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iy ceference to whether they depend on human pueposes
oc not.

Instend of comfortaity #ith plan, we might st s well
gpeak of conformity with function, or of harmony, or of
wisdem. The wame does net matter; what does matter is
that we should recognise the existence of a natural foros,
which binds according to rules, Unless we do this, biclogy
is abeett nonSENLE,

EUNMARY

From the foregoing, it is sasy to select colous with which
tn paini tht various fnnctlm—n:rdas jor a smgle organism,
when we are i its 3 W jts &

The picture we get thmughout ig of a world that seams created
sxclusively for this animal,  And so we are Justified in assum-

ing that there are as many surrounding-worlds as there are
amimals

When we po further, and try to understand the connection
between different animals, we succeed in this also to 4 certain
extent, if we resirict curselves to Ihoae animals that live in
a narrowly circomseribed medium, We can paint a picture
of ihe chaing formed Erom the function-circles enclosing the
enemy and (he prey, and, as we pass from one to the other,
show that the prey of ote coemy appears further on as the
encmy of soms other prey.

But knomledge of single individuals is not ient to
give u9 an impression of the whole lving tisfle in the carpet
of Nature. In order to attain to this, we must rely on the
higher unitiss, sech as are represented by the specics. We
cannot go into this unti later on,
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MODENN AWIMAL FEYCHOLOGY

1z recent years, wince the appearance of the talking borse
of Elberfeld, apimal peyvhology bas struck out new lines,
and 1hese are 3o worthy of consideration that we cannot pass
tham by unnoticed.

The statement that the psyche of animals contains within
it this sensalion or that, does not coneern Bokogy. Tt is for
the psyehologists te picture the animal sool as they think
Gt. The biclogist must concern himself solely with soch
mantfestations by animals as are perceptible by the obstrver ;
and from these he must draw conclusions as to the crganisa-
Hom.

But modern psychology affimes that all seimals, or at
Izast ail the higher animals, bave a buman intelligence, which
i3 not expressed simply becawse the bodily organisation sets
limity to it.  Tf we suscesd in getting an animal 4o producs a
suitable sign-langnage by means of its organs, wa can converse
with it ar with buman beings.,

This view should undermine the opiniona beld hitherto in
comparative psychology, which infar the nature of the peyche
from that of the onganisation.

Bialogy is not directly affiected by thess beated polembcs |
2% the science: of the crganisation itself, it can calmly awadt the
apteome of the digpute,



CHAPTER Vi
THE GENESIS COF LIVING ORGANISMS
EVOLUTIDN AND EFIGENESIS

WHOEVER witnessts the genesis of one of cur human appliances
—the manafacture, for instance, of a candle from paraffin and
wick—and compares with that what is done by the Snished-
article {in lge case of the candle, its baming), must straight-
way realive Ihet the designs governing the two processes are
completely difievent.  Undoubtediy both are guided by o rule,
bot the {wo rales cannot be identical,

Hitherto we have been concerned only with the ruke of the
£nished objoct, whith we called its functionrule.  In living
beings we also mel with a Fonetion.ule, which governs their
doings independenthy, whereas 1he comrespondiog tale of
implements ha reference to 3 homan performance, and 30 &
always dependent.  Accordingly we spesk of (he counter-
actions of implements, In contrast to the performances of

ambjects.
Apart from 1his di the fubction-rales of imp
Teadily admit of comparison with these of organi In both

we find a fined frametork, which fonms the sxtemally vinble
expresgion of 2 ruls.  The framework is reaponsible for casty-
ing oot the action that fellows the function-rule.  From what
we kmow of tha epatial rules of the framtework, we may con-
fidently deduct ihe functon-mle. So we have been able to
shew that, ameng andimals, in o far a8 concems the
acilvity of the £ k, ull thee hanical rules bold
eood whicl, we know in our own machines.
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Even the tule of inter-adjustment, whick plays the chicf
part in the function-cirdes of animaly, we fomd 2gain in
humzn implements ; thest enter into s framework with oae
anather, though only temporarily, and from this framework
we can dedoce the Function-rule.

Indesd it is possible, up to a certain point, to imagine
machines possessing a mark-rule and an activo-rale, as though
they were animals. But such rules are oot snsceptible of any
<hange, for machines consist enlirely of a Bxed framework,
and all the rules that can be dedeced from thelr spatial strac-
ture and their [unctions are human rules ; thess do not belong
to the machines, but are introduced inte them drom without.
Consequently they can be altered only froem without, by
hotvan intervention., And that in why we say that the
tunning of machites i conditioned.  When hites wear vut
or are injured, their function-rubt canoot diately come
e the rescoe, a5 would bappen if they wore ofganisms; an
oeganism has it function-rule within itself, and in protoplasm
the materiat which the rule indrpendently employs for repair
ing the damage.

From the way aganisms behave, we become convineed
that it is the function-rule itself which is able to make ihe
trunzwm'k. We werm confirmed in this opinlen by the

of the unj lsamic emimals, which
lmfwtmmthenwry&amk and destrey it
agiin in d: with the juncti le controlling the

actien, In this way, the rule of digestion of Parametium
caused mouth, storoach and amms to appesr, and then to dis-
appear again, one alter the ether.

We feund that, in ull these cages, it in the fonetion-rule
that gowens the impul in the d
Andmmmighlusﬂywmthnmsmlugmdsthe
whola process of arganngeny, brom the germ onvwards.

The sindy of the getesis of the llving organlam bas shown
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s that this assumption is erronecus.  Just as with the genegis
dmrlmplmmll.mnﬂ:nrmlummhm whirh is not
dentical with the foncti le ; , to distinguish
hutwnunthzm,ﬂlumustbumlludthnmleu!msh.

Far two hundrsd years the dispute has raged s to whether
It is vetemsary to axnie a special rwe of pevesis for Hving
things. Natural sclance, eletwhere so ready to apply the
analogy with machines, Bas here, strange bo say, mede an
exeeption.  As soon as the sperimatosos were discovered, it
war thought perfectty obvious that here we had human
beings in miniature, which only had to grow to full size in
arder to be compietely developed.  This was the foundation
of the later doctrine of * evolution,” which saw in the genesis
of the organism mersly a process of increase in size,

The theory of spermatozoa-maen was soon shown to be
wong. Biclogists then seited on the idea of plant-buods,
which not enly grow, but must unfold in order to produce
leaves, And o arose the doctrine of unfolding or genesis or
* evolution.”

This doctrine was opposed by Wollf, who, as & resalt of his
exact obeesvatlons, becarne convinced that in the genesls of
the lUving organizn tbere conld be no quaslion ol a mers un-
folding. For Wolfl, genesis appeared as a perpeloal cealion
of something Dew, an spigevesis.

Tt 1a not necessary to follow inic delail the dispate that
tnmied, for 1o our twn day Driesch has finally settled it in
Eavenr of epigenesls.

Epiganesis, being the more diffenlt doctrine to grasp, had
a hard battle to Sight, but it conquered at last through the
orvrwhelming power of facts.  Again and again the evelution-
il attemipted to muintain the dogma of nn invisible frame-
work pressnt it the gem from the beglhoing, by esmuming
beraditary particles, wiich, in wmmé way o othet, Wers
sypmtially cotnected together. Finally thert oonld so longer
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bt any question of evolution in the ald sensa ; a real revale-
tion wag necesgary to bring all the minute parts of orgam
Into reasonable arranpement.

Hacgkel's secalled ™ biogenetic law ™ was mainly re-
sponsible for glving evolutlon ji= last foothold. This law
consists in the assertion that in the courss of ity individnal
development, every single organism passes through the
developmental history of its ancestors, in abbreviated form.
Since the histery of the ancastors is unknewn, it was deduced
from the development of the individual, and so waa proved
by a vicioos circle.  The vast amomnt of ™ litezatore ™ that
has been written with this falfacy as basis, almost passes
belicf.  And 5o we may congider it a real feat, when Driesch
put an end to IRe business by demonstrating that in the germ
there is 1o peck d k for the camplcte animal,

The proof addeced by Driesch is just as simple as it is
colightening. The esence of a framework consists in its being
made of parts filted together . and when one tears it asunder,
it is a framework no longer, If thert is an invisible frame-
work pregent in the germ, then, when the germ is cot up, the
framewerk must be cut up with it. Wow, a halved perm, il it
develops larther, yields, not two half-animals, but two animals
of half the normal sise. This fundamental experiment of
Driesch's has besn performed with zll pogsible variations,
with every possihle precaution, and on all sultable species of
Animals,

While an ical 4 k must be & red by an
sinee it is expanded in space, @ yole,
which in its very natore 13 non-spatial, cannot be severed by
the imife. Either the pessibility of embodiment is (akea
from it by destroction of the materal, or, if that dotx not
happen, still it must come to expression even with reduced
material,
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GENERAL FRACLOGEMENA

With the final proof that, at the beginming of embrysnic
shaping, there is no fumework in the gm, but that thers
ia a rude, the moders doctrine of the genmsis of the organium
began.  What the naturn of this rule i ean be deducsd only
sfter the history of the genesis has boon laid dear. Thn
question " How doos a rule afiect the pratoplamm of the

gurm ¢ Y, we d when we idered the soper-
mechanical powers of protoplasin, by saying that it arranges

As intermediary betwoen the non-spatial rules and proto-
plasm, which is armnged with relation to space, we have
placed the impulse, and about that we must now say some-
thing briefly. The impulss seis going & process in the prato-
Plasm, We may pictore this by snalogy with the affect of
ferments or catalysers. But whereas the physicists amd
physiniogists. have developed purely material comocptions of
thesn releasing factors, and arranged thzm in the calllml weTies,
wr must ascribe to the impulses 2 haract
which permits them, on the aoe hand, to initiate oew causal
weries, bui, on the other, places their becoming efective
noder the control of 2 rule that 3 in conformity with plan.
As an analogy, we may refer to the way soands appear under
compulgion of the meiody.

To Karl Ermat von Baer, " the father of emiryology.”
bhelongs the merit of having cownpared the laws of melody
with these that shape the germ.

But ihe discoverer of the impulses was Meade),

The story of this discovery will ever be werthy of re-
membratcs.  In the mxnal crossing of pema Mendel discoversd
the rule of 4 hange of the rudi of ct atuln
which holds good for sexmal crossings in all crganisms,  Bat,
ua happens to great genhuses whose imtellectnal course les tar
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from the beaten pathe, Mendel's contempotaries, strolling
confidently along the comfortable Righ-road of Darwinfern, did
not understand in the least what his inguiry meant. And so
this great dircovery was quite lmd, utitll, eighteen years after
the master’s death, it was rediscovered by thres scientific

men simultansousty.
‘What Mendel discovered was an entively new natural
factor, which only 4o his peculiarly cndowed spirit a

sll-evident. To Mendel it seented so obvions indeed that he
gave it no name, and was interested vily in the law in which
this Bactor expressed itseH.

1t was Johannson who first tecognised the necessity for
naming the new factor, and be called it a " gene” Thir
mname tells us nothing about the rature of the factor, And
1hete Investigators who brst tested the general applicabllity
of Mendels [aw were npot concernsd with the conceptual
classification of the new natural Ector.  The new knewledge
Ted bo practical results of the fitst impottance in the coltiva-
tion of plants and animals, which called for the nodivided
energy of thess distinguished scientists.

And =0 it happens thal the theoretical importance of
Mendel's discovery is not vealised event at the préscut day.
In order to grasp it, we must enter on theoretical considera-
{tions seemingly remote from it.

THE GENESIS OF IMFLEMENTS

A already emphasked, all human =ppll agres f2
that they are supposed to bave 2 rube of genesis in addition to,
u rele of wae.  And this faet requires that we shall make the
genesis of implements the basis of eur consideration of the
genesis of organisms. If wae wish to apply conscientiously
the comparigon batween homan appliances and crganisms, we
miust make up oor minds as to fundamental conespts, sa that
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we muy be in a position to determine exactly what are the
ngreements and the differrmces.

Let s take a3 an example n giaircass built of beicks. It
is quite pecmissible to call the geparate stepa crgana consistl
of & brick-tisgue, made wp of brick<ells, II thronghoat we
bad only to deal with implementy mada of @ ontform materia)
which, through vaniosts chemival and physical proceses, took
o all poesible shapes, colours and propertics, the comparison.
of organitns with impleents wodld be striking.  We shoald
find everywhere the same morphological besal elemsnt, an
elemtent which we could compare with the exll, the clementary
building-stane of the organism  The same mubstances that
we recognise in different implemants might be regarded as the
mme fondamental tissoe, This wonld also allow of oo
regarding 29 argany the varions parts of implements, even
wheze they consist of difierent substances.

N since there actually are different implements made of
the mme original malerial trealed in various ways {ie adl
the things built up of bricks), if we are to ingtitute a soand

ison betwesn orgunisma and jmph we must hot
dismiss the attempt to imagine all jmplements redoced to
the like dementary denominator, 1be cell.  Cm ths coobracy,
such an idea proves very valuable, becanse after aliminating
everything unimporiant, it fixes our attention oo the really
egsemtial differences, and gives us an opportunity of making
more comprehensible, by smple relations in implements
Jamiliar to us a)], the complicated relations subaisling among
erguiisms.

This i3 very striking as soon as we employ the concept of
the crgan in the case of implements. As an example, Jit m
take & cane chair, the back lags of which are in ooe piece with
the back, which i fitted on to the seat; and let us put the
following fom to an st and to & § "Iy
this piecs, composed of leg and back, an organ of not "
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The snatomist will say, * Yes,” but the physiclogist will
say “ No.*

The anatomist and morphelogist delimits organs by their
torm, the physiologist by what they perform, As the above
example shaws, the boundaries of the morphalogical nsed not
coincide with the physiclogical Tha physiologiat will prafer
to consider all the l=gs of the chair a3 cne crgan, withoot
regard to the number of joins that separsts them, or how many
parts intarvene. Conversely, he will think rhe suggestion
simply abaurd that parts which have difersnt functions can
be ascaribed to one and the same organ, even auppoaing thers
is 2 morphoiogical connection batween them

From this simpla example, wa perceive that we must
anatyse all implements down to their morphological and to
their physiological building-gtones, if we are o do jugtice to
the facts, In the case of our own tools, these facts seem
perfectly chvicns, fer we know that the man who 1ses guch
an implement is a different person from the man who manm-
factures it, and that each of them, in analysing it down to ita
argans, works [rom a totally different standpoint.

The jeins lhat we obssrve in cur implements are there
hecause only in certain special cases can the manuiacturer
make the whele article ool of cne pisce © he i3 obliged ta make
the parts separately, ond Lo connect them together later on;
and $3 it i3 impassible to avoid having joins.

Joins, thersfore, are to be regarded a5 ™ signs of genesis,”
which direct our attention to the method by which the object
was prepared.  And so the morphological building-stones that
the joins delltuit, are bo be considersd as “ genttical building-
stomes " @ that is their real significance,

Nowr in most Implements there are joins which are neces-
sitated by the particular function: and I nesd omly remind
you of those that separate the wheel from its axle and make
possibe its turning. Joins of this kind mast be taken inte
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account by the constructor when he s making the {mplement.
O the completed article, they separate bath the ™ fmetingal *
and the "genstial' buildingsicnes from one amother,
‘When they occur, the division lines between morphelogical
and physiological organs ceincide.

Let vs consider an implerent composed entirely of very
mmall and similar building-stoses—a brick staircase, jor
example—and let us inquire whether it could not bave come
inte existence of itseif, through mere use, or whether any ¢oa+
gtroctional process i d be which is independ
therecf, We are obfiged to look for such sigos as are oot of
u functione] bat of & genetic kind, ie. for pure signs of genesis,
ot coincident with the signs of function.

‘The joins are not necessarily the only pare signs of genesis,
On the contrary, every indispenaable property of the imple-
ment (hat bears no relation to the functions, may be so claggi-
Bed  Think, for insiance, of the rough rim on the undar side
of every china plate, which is elsewhere covered all over with
smoqth glaze. Here we are confronted with a pure sign of
genesis, reminding Us that, when it was being fired, (he plats
stood om a red-hot suppert, which prevented the glase from
forming thers,

On the cther hand, when we examine 3 willow wand that
is usad as & bow, and find that the woody Sbres on the ons
gide are permanently more sirelched than those oo the ather,
we shall explain this as a sign of funciion, referable to use
winog,

Even f all our implemenks were compesed of a three-
dimensianal mosae of very minute slemetits, we might neghect
this investigation ite signs of penesis and of function, for the
histery of the genosis of these thinga of ouz awn mannfacture
rests with vselves.  We abould kmow precisely which whtera-
tivns of the elmmentary mogeic had been eifected by oom-
sirition, and which by function.




THE GENESIS OF LIVING ORGANISMS 7

We showld be able to sy exactly which groops of
elementary stones are to be accounted gemetic, and which
morphotogical, because we can contred the actions of both
builder and user. We know that the comstruction and the
Tananing of what is constructed are two totally differsnt events,
and o we da not need Lo seek foc speclal signs of gencsis and
signs of fyguetien in order ta prove Whe existence of two funda-
mentally different procesges.

But whee we tmm to imp about the
of which we know nothing, and especially when we consider
prehisteric finda, we are forcad W go seeking for signs of
Fenesig, in order to acquire same idea of the way in which
they were prepored. And that is traer still when we torn o
living things.

MORPHOLOGY

We may hriely define momphology as the sclence of the
signs of genesis, for its Lask is to analyse organisme, not inte
thcdr functional, but into their genetic bailding-stones, By

logy is and d the i i of thess genelic
building-stones ; by analogy, the relations of the funetional,

Much that has hitherto appeated mysterlous in mar-
phology will now become compoehensible. There is oo mor-
phatogy of implements as thert is of organisms ; this is partly
explained by the fact that lploments are not eoustrocted,
23 Ofganismy are, from similar primary slemants, nndmnse—
quoently are not derivable from shift in with
law, of the same primordial mosabe, This, however, & only
one reason for the secmingly mysterious fact, The second
reason lieg deeper.  All impleraents are made by a constructor
standing outside, whereas all organisms ariss from a germ sct
in o fixed position in space, a germ which has an immovable
ylane within the structores arising out of it.

All Lplements are made by external agencies; all
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panisms arie from out their own germ.  Thereby a sturting-
point 1 given in space for Ihe genesis of all Uving things ; the
germ is the first building-slone, and, as soon as the later ones
are farmed from it, thay are chliged to take up o position in
relation to & spatial centrse, M duplication foliows, we gel
the Gilaters) type, If the repetition is four- to sixcld, thers
ppear four-, five-, and six-rayed types. If the garm divides
up inio several building-stones set one behind the other, wa
get the segmented type.

Il we bear in mind that the germ of the children arices
from the germ-plasm of the parcuts, we shall understand that
the manifrstations of like germs arc similar.  Hence the first
shapings of the germ which find e)(pmssmn in lyp!-fnﬂnntm
yisld the surest eriterion of relati p.  The marpholog
are justified, L i ibing fund i
1o the morphojogical rype, wiu!n!heylllempt lumarkuﬂ
From one another the circles of relationship in animaly.

It happens not infrequently that animals inhabiting the
same mediom and living on the same prey, or hunted by the
Bame enemies, show, in .panch with their approxi
mately similar function-circles, a wimilar kind of comstruction
n their cHectors and receptors. But such animals are not
related to coe another, il the morphological jaws of their
strocture are different.  They are analogons lo ene another
but pot homalogoas,

Inevitably we assume hemologies between aniroals ow
living and thelr nncestors, end up o this point it s jortifabic

te employ Lhe ical laws of for the de-
termtinalion of lineage. But we oust altogether abjom
Lhe Darwinistic misuse of these Laws.

Morphology i o scienet that concerns itself with the
centrifugal mode of strocture of the cellmosmic of which all
organims are composed.  Where the support of embryclogy
i lacking—in paleontalogy, foc inst PRology is aom-
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cerned solely with the search for signs of genesis. To avoid
going astray through taking a sign of function for a sign of
gemesis, marphalogy must oall in the help of comparison.
COuly when we have shown that, in spite of change of faetion,
the same anatomical characters persist in various genara
and gpecics, can we decide with any conldence as to which
are Mgns of genesin.  For instance, the Sxed nomber of seven
earvical vertebre in all mammala, whether they have a long,
flexible meck like the giraffe, or a short, rigid neck like the
whale, is undoubtedly to be taken as 2 gign of genesis. On
the other hand, the arrangement of the Jamella in the bones
of mammals, which changes accerding to the distribution of
the waight of the body, is 2 slgn of function.

There are i ble laws, ding io which the shifting
of the body-mosaic proceed, before the definitive form is
reached ; and thege laws we sirive to digcover with the eid
of the signs of genesis, for it iz these which 1ell us not ooy
ebout the delimitation of the genetic building-stonss, but als
alwmt {he changes that take place in these.

From study of the animals now Lving, it appears that the
higher animals display, a5 (rangitery sfages, rudiments of
atructures that become crgang in the lowsr fmmms; in the
Fermer these do net seach complete developrent.

‘Thia fact, however important it may be for the deter-
mination of relatlonship, is oo more than an cxpeession of the
cenbrifugal architecture of animals.  How sloe, indeed, should
this centrifugal srchitecturs express itoslf from the germ?
Sarely it is just what we might expect that, when we compare
various kinds of animals together, tba first cystematic &range-
foatits in the mosaie should resemble gne ancther, and thea,
after n certuin time, becorne differentiated from oat another.
A continnons chain of shiftingy and changes characterises the
development of sven the highest animals ; and so we get the
Enpwession that cevtein stages are to be explained only on the
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assumption that they belong to the organcgeny of lower
anipaly, which have branched off at an earlier date, 1t will
never be pogsible to prove that the organs of the higher
animals can be Formed without these ™ détours.”! Who will
undertake 1o show that the so-calied rudiments of glll-ghits in
the Mammalia are oot necessary for the development of the
ocgans characteristic of these animals !

1t i simply grotesque to talk of remnants from past ages,
of wvestigisl orgams, or of embrycenic degentration {ceno-
genesia),

Al such ideps origimate from making a quite meitical
asqumption of an analogy with the ceptripelal architecture
of humap implementy, and then applying it (o the centrifogal
architecture of prganisms.

Yet one (hing mere, The child is never ceated from the
mature ofgans of its parents. Rather, the child, since it
comeg {rom the same germ-plagm 83 its parents, travels the
same path of genesis as they, in opder 1o develop finally its
individual form.  This form is not based on & model all ready
prepared, bat rep the definite jon of & life-
process that Dever before ended up in this particular wsy.
And so it follows that the deflnitive form of an organism can
Dever harbour within it the vestigial texvaine of an crgan that
once upen a time was fanctional.

H wt insist on looking for a science coresponding to
morphalogy to meet the case of our implements, thengh theic
mode of genesia is the very contrary of that of orgunisns, the
acience of architectural style might be considered, because
even centripotal architeeturt shows at certain periods certain
gimilaritin, Moreaver, the science of siyle does not concern.
itself with the functioas of implemeents, but only with their
mode of genesis.  Like morphology, i #1 based on comparisen,
and seeks accordingly for signs of penesls and not for signs
of fnction. It investigates homology, not analogy. Bui
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however exact the histotian of art may be, the science of
style can never attain to the pxactness of merphology; foc
the arbitrariness of the human architect hag to be taken inta
account, wheoeas morphology finds its suppart in the laws of
Nature herzelf.

THE MOSAIC THEORY

Undoubtedly we are entitied to regard each organiam as
a ¢ell-moezic | in so doing, we refer (o the cell as the smallest
stoae in the mosaic, and from this afl the genstic building-
atones are composed.  Now, if this body-messic arisss from
a grmo-cell, we ray ask, ~ In what borm are its rodiments laid
down in the germ # "

If to help wo in answering this question we selact ot
comparison the genesis of 2 mass of crystals from the mother.
liquor, we see that foomation of these, beginning at separate
points, gradually spreads through the whole.  The seqoence
and in which this ds depends on the con-
dition of the motherJiquor at the time, and mainly oo the
position of minute foreign bodics suspendod in it, which serve
83 points of dnposition of the arystaliisatien,

Iimxmgunlhpﬁltmoithﬁekwymblepmnm
1o be o ined by a hidden then fram a cheri
homg;lmusllqmdthlsamcu‘yﬁbaﬂm:stmch:nwdlﬂmyu
emerge, whenrver the liquid centnins within it the same
system ol points of crystallisation, The presence of a hidden
framework of thin kind woald be neccaary, if the erystalline
#ructare were to serve o definite machanical tee. And sa
we put & hidden framewark even inte the germ of the ¢ergamam,
becanse the germ always aliows & machanism to proceed
Erom it

The simplest way we can imagioe this framework i to
ammme & micro-mesaic in the germ-cell itgalf, mplewpulnps
than he de, but of
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the properties of the debnitive mosalc, since that can emerge
Brom it. The body-mosac consisis of cells which have very
different materlal properties. 1t has betn unanimouwsly
sapomed that in the germ there must be as many separate
Todiments as there are material diffevences in the macro-
mosaic.  This seems to simplify things somewhat, For the
wllsthatmwmlarmmatem!mxhebudydnmwhuld
le a oi i of the
vurim:s substances, am:l t}n’s represents the micro-mosaig,

This salotion of the problem is open to cbjection. M we
try to picture the micro-framework in even quite a simple
case, soch as the messic of & chess-hboard, we mest at onee
with insnperable difficulties Lt ug assume that within the
primovdial stooe there are only two separate rudiments for
black gtooss and jor white; it iy vary difficult to lmow
how to picrure the rudirnents of the 32 black and 32 whits
siones, a3 well aa their alteroating positions in & square
fichd.

I we arc seeking for & materiat rudiment of the number
and srrangernent of the stones, we are obliged te pichure ever
and over again & i k exactly ponding to
the final frgmework. ltunoteasytuuulumthumually
ke {hingy simpler,

The rame holds good for al mosaics, Ewven the mion-
muogaic of & brick staircage, which need coptain coly oos rud;-
ment for all the Dricks, must reproduce their number and
their nrangement ny wteps, if it i3 to serve a9 the marting-
point for the finished siTucture,

Av I bave airesdy pointed out, Dricsch's experiments Rave
deal! the Snal blow to all speculatiocns concerning a micre-
mostic in the germ-cells, 1 mosaie which would bave to be
vastly more complicated in the case of crganisms than in
that of simpke implements, such as the onen jnst cited. In the
germ-cells there it no mdero-tnosade which could gradually
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wpread ivelf over the building-wicmes as they inoreassd in
eganber,

Why & it that, in spite of Drimch's discoveries, men of
science still cling to thit ddes of the hidden framework or
initro-mcwaic in the germ-cell #  Seemingly oaly becasse they
are unable to {magine a life-procem othorwise than ay pers
Formed by & mechanbsm. 50 in the gmesis of a new
mechaniom they are obliged to lock for o hidden system of
‘mechanics to expiain what takes place.

TRE CHEMICAL HYPOTRESIS

It we contider more clostly the signs of genesi in our
mplamenits {mvan if thoy be merely jolns delimiting the groetie
boikding-stones, or other genetic characteristies, soch an the
tough rim on the china plute, or the brush-strokes on oil-
paintings, and the lke), they always tell ns about 2 process
that is over and deme with, 8 process having 1o relation
to the Fanection of the fnibhed article. We karn from these
sigos that in the I of an impl certain
digtinct processes were pecessary, which were connected
together in conformity with & plan,

The same is true of the signs of griwsis in organisms,  The
myst striking, i.e. the pavel of mammals, jndicates an import-
ant event which took place during birth, Bwt in the sams
mynﬂtbeolhﬂs—mthenpetmmuhhemmbw

of cervical bre in the dawa to the
hhnﬂntlonﬁtheuﬂsmhommthm——ullwoiulmg
neris of p d with plam, be it

tlnmmd’ull—damm, crthﬂ of the division into geyminal
areas, which determines whether an animal is to be of the
radinte o the bllatersl typs.

Direct observation of the getesls of each animal from
the first divisian of the germ cowmeds, confirmg this impres-
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micm, for the gemesic iy & procags in which new part-provesess
innally appeer in cotjunction, or clse releast e another,
These prowesse are carzied cut i the living material sxartly an
they art in the ponliving, when cor implements. take erigin.
Bat H we infuire wheooe osmes the inpetns for the vadony
Processcs, mwphology tells da that it cannot come frem an

agent placed outsds the material in apace, d.\metheeon-

jon tekes & direction, and not a ip
s is the case with Imnplarents.
vamhthemmalbodyislednpmbya
ble change, duted in many cases by

substances which we call ferments, peesent only in minote
quantities. All of which indicates thal we must not reject
the hypothesis of there being impelus-giving ferments ready
prepared In the genm, which control ihe physical as well as
the chemical changes during ihe genests of ihe anival, and
supply the e of all the part-procestes that yo to make up
1he process of development a1 3 whole,

It is to be poted that during cell-division the ferments
pass from cell to c2ll, and 1 sortiog talies place, 8o that Anally
thmmcnlkmthnnlyalm' Mlled!mnu. Thest final

the which tram-
mmmmmmmwmmuwkmmk.

Thus far ome alople checuieal hypothesis will suffice.
But a fundamental fact stands @n the way: the Boighed
anhmmmdapmdmtawmbnl,nmnhha
renched 4 it is d by
with plan, ot otly to its Delghhours but to all the cells of the
body. This romilt conld be achieved saly if indtiation of the
varlous part-prootaws during genesly went on o perfect
accordatce with plan; and this sgein prgoppows & biddeo
Fruxework o1 the forments that give the impeid

While cell-division goes on, the formation of the perming]
wrean begins, which art to be ponsldeed ap genntic building-
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stomes.  Thess areas, which are so exactly fitted into cne
ancther, are not left to blind chanoe, but are formed strictly
in accerdance with law.  {f we wish to make a chiwical pro-
<ean responsible for the formmation of the gemetc building-
Btomes, we mott suppose that certain cells afinet their neigh-
bours chezmotropicslly ; i this way, we can lmagine o hidden
chemical framewerk, which might be adequate Eor
all that is required of it, .

But 3 chemicel framework of this kind, in so Far as its
expantion in space is concerned, differs @ po way from A
mechanical framewark, and its working is fust as automatic.
If the germ were dividdd mechanically, the chemical frame-
work weuld hkewise fall into two halves, and, just Hie any
mechanism, would lese, in 30 doing, the preperties of a frame-
work.

The conchusivencss of Drissch's experiments is as much

against the ypothesis of a as of o mechanical frame-
work, It Is quite immaterial whether we bave before us a
mosaic had together by chetmical oc by mschanical agency

the ubjections to the mosaic theory remadn the same.

THE THIOKY OF FACTORS

H we may not assume that any miechanisn or chemistry,
however delicate and however fully in accord with plan, can
explain the genesis of the animal from the grzm, we must
look wbout e for a third pessibdiity.

We are chliged to tum oot more o the mode of groegi
of our implemnents, and to wak whether it & sfficient to
know the mechamical end chemical displayed in
the cimrse of their munafacture, Intntluwnatmmmni
nity-implansnt whateoever thers snter @ ymmber of processes,
which are indepandent of one apother, bt which link to-
grther in confarmity with plan.  Between the aze that cleaves
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the wood, the plane that saooths it a2d the brmsh that v
nishes it, & there any sart of chemical or mechania] coxmae-
tion ¢mabling them to produce their effect in conformity
with plan? In the external world is there anywhese, tven
if it be in ibe brain of the several workmen, a chemieal or
mechanical mosaic that would justily us in deducing by
wnalogy & ¥imilar mosaic in the germ of ofganisms 7 Doea
the manafactvre of an implement take place acoording to a
materially existing pattern, or doss it occur merely in acoord-
ance with & plan following & given rule ¢

We can answer all these gqoestions out of our own experi-
ence, becgnge we curselves are in n position to mamafaciurs
implements.  And we must ack dge that the imp
we curselves make are not mete crealions of ihe mechanical
play of our muscles, bot originate from actions, e, from the
mechanical performances of our limba, guided by cur impulse-
seguences, wbout which we ourselves know polhing. The
impulses, indeed, are factors aboot which we are quite
ignorant ; nevertheless, they are subject o dafinite rules.

‘When we consider the actions of our fellow-men [even it
we leave oot of account the whole gqoestlon of consclous
ssations) we are obliged to assume certadn conditiondng
impuke-riles, if the plan expressed in these artions B te be
comprehensible.

Let us now introduce iote the germ of the nascent organism
the factors {which in the case of developing implementy coms
from catside], and ket @ recogoise thent an primary catvral
factors : the ontradictions dsappest which woold otber-
wise ba inesplicable. The whols process of geoess then
resnlven itwdf into & yeries of Independent artioos held together
i equipoist by itspulat-ralm.

The theory of factivs requirts oo kuvisible, hidden frame.
work 1o amake plausible the plua noderlying the genesis of
the oasoent organism.  The theory of factorn takes this plan
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out of the framework, making of it the framework-forming
agant, and tries to show how, hy consistent invasion of the
material by the implses, it imprints itself thereos.

Tkmmabethlmbeﬂlmmmedmbythumpnbesmthe
givean s tust, of conrse, be
buhwemymggmth:iumu.whuhmmumchmwal
proceases.  But it is only when the impolem eniey into the
erments that thess become factors and the chemical proceas &
living action.

In cur attempt to picture the gencsis of an implettent in
a manper analogous to that of an organiem, we shall transfer
into the germ-brick of ocur brkk steirmise not merely the
Factors for the absclute properties of the individmal bricks
[properties such as form, colonar and hardness}. bat alks thos
For The relative propertics, 5o as to get correctly the refations
of the bricks to one ancther in fhe stepe.  To make pessible
the development of (he properties from their factars, we shall
introduce & definite pumber of impulses in a definite sequence,
and these will enable the ferment-toaterial to releass the
part-actions in accardance with plan,

Before the action begins, the separate factors for these
Ppart-actioms e uncoonscted side by slde, and this makey it
possible to interchange them with other seitable factors. I
we wish to change the red colour of the bricks ta blee, all we
have to do iy to exchange the factor producing the part-action
or red coloration with a facter for blue coloration. In the
same way, If we wish to construct an eaaler staircass, we can
replace the factor producing high steps for one producing -
shallow ateps,

The comparison between the mode of genesis of Lving
organism and of implements can be carried right throagh only
when wa have recognised that both are referable to a final]
commen factor. Even thoogh it be true that the genesis of
npl ey e ¥ and that of o
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u, ¢rnivifogel, yet in the lagt instanes it i always an impulse
that permits the oew mechaniem to emarge, for both modes
of genesis are baved on actions,

Later oo we shall have to ioguire how it §s that the
impulgey infinence i acticng in the mapnfacture of imple-
wments.  For the moment we are concemed with their invasion
of the germ of living ovgamiams, and thare we recognise the
md-mmmmnﬂmm

their relationn to the impuses, become i
fattors, and thest Johanuton has called * genes,”  As Mendsl
shownd, the gemes gre interchangzsble with other suitable
genes.  The pogsibility of this exchange depends on the fact,
not proved until moch later by Driesch, that in the germ
there is 0o framework for genesis, Mendel's docttine, when
mdersiood in ity fuE significance, Tefutes any mechanical

{anation of e process,  And that i why
Ihunnﬂedlwd!lthedmu!thelmpm

It wn wish to noderstand aright the conrse that Mendel
followed in arder o arrive at his discovery of the life-factors
in the germ, we mont first get quite a clear ides of the * chare-
ter,” which he made the besis of hin considerations. By
character we umdersiand in a gereral way evary property of
AR organism that distinguisbes its besrer from others of the
same kind, valboulutewuhuwpmpenydwk
and oegans may become n ch i to st
there must sfweys be paCiH Colours, ! the
shape of the organa oc their parts wnd their position relntive
to one another may be alike In two plants or anlmads that we
Investigate, or they may be different. Only In the latter
cast do we speak of charachers.

There are individed < which At

ish the
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Mﬂdﬂlhﬁtbeammimmmothur Therw arn

racis] ch which dj the individuals of the samas
apecles from one anether. Inthgsamewy.thmuupeaﬁc
generic and family characters.

Mendel's inquiry was concarned oy with racial charae-
tern: frstly, becatme thest can be transterred in amphimicis
from ome race to another, and secondly, becavse raciat charas.
ters normally remadn port, and pass onabtered from parenta
to offspring, which we kucw is oot the cags with the characters
peeniisr ta the individaal,

The questions Lying at the basis of Mendel's investigation,
oamely, whether the properties of arganiams can be trans-
Ferved a8 units b the paremts to the children, eould be
decided only by crossing racrs, for here there were. charactess
belonging guite eortainly only to the father or to the mother.
In such & case it most appear whether the propertices, in spite
of thelr close interweaving in the oogenizm, ae te be regarded
as units, or whether they mutaally crowd one another cut
and modify one amother.  Only bere conld it be proved beyond
all guestion whether the patermal characters mixed with
the maternal, or whether they suppressed cme another, or

wert interchangeable.
Mendsl finally decided the question in faveur of the
h being ant bl itudes, which

excdude one ancther. Ewven if ho had discoversd only this
onl!m’;t Inwmldhavednnumnneannmmurnlsen'me,fm
g the of ck Le gave proof
dthmmdthewnpubsdaﬂhdngmgm
whatscever. Biology was shown the uniform building-stone,
whith Nature ees unchanged for the prodoction of so much
diversity, a diversity actoally based not oa varjation but oa
combination. Hare at last we had in our grasp a biclogieal
element which we could regard 23 sn uoaltersbls gtone of
the mosaic, clering us firm frundation for all eur b
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It ined ouly to di dn the it from
dmrmhanpandhtermmgmy unﬂ.lrwu:uirmn-
toial, we shonid be able to paprodoce it the imegination the
constraction of organisms,

mm;mmmrwﬂmmm
In addition to K dedge of the fund |
dmmltahmummmmmw
and exchange in the germ.  The propertiss of the fully-grown
organiem are, as we know, pasted oo by the male and femais
sex-cells, which possess these properbies caly in the foem
of rudimezts. The competition between the patersal and
maternal rodiments takes place ag early 23 the fertilned ovuem.
Accordingly we are jostified in regarding as procesaes in
the germ the results of this competition, which reveal
themselves in the ofispring.

in his seven famoas series of expariments, Mendel proved
that o peas, fogm, colour, mudpumlmn{th:ormm
are ta be regarded a3 ind which, ¢ven as
rudiments in the germ, hawbemmvdvedmlmpeﬂﬂm
regulated by fized laws.  Acoocding to bis doctrine, the pro-
perties can be divided into * domioant " and ™ recemsive,”
mmwwmﬂmymmmefmuwm

mother, The L T the
withwtmmlnmngthem ie H, mthegermofmlnlmll.
the and i have been in com-

petition, the full-grown animal displsys In its dewelopoent
only dominant properthes, but it remsins cxpuble of trans.
mitting i = well an i to i
Thus the <f the St froe the crosdng
of short azd tall races of peas all grow ic be tall, but they
retain the power of producing short pea-planta.

By this, Mendel 4 o
w of suppl ion of the rudi of 3 which
affects these quite independently of wlmm they come.
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Only in exceptional casts are the recessive rudiments theom-
pletely suppressed, and 30 prodoce & medification of the
dominants. Thuos the ofispriog of the black race of
Andalusisn fowls crossed with white are net black, but
biae, Swch wodified prepertisa can sustain  competition
with the rodiments io the full-growm organism ; but, as we
shall see presently, they furnish a0 eanstant racial characters,
They appear only when the recessive property shines throogh
the dominant.

In the majority of cases, the deminance is absolate, and
uwdsuutthsmesmvewoputymogether Thlsuclusnm.
however, refers only to the i
ftomn the germ.  Part of the germ yemains unaltered, end
gives the sexual cells from which the next generation springs.
This pari of the perm, whether it gives rise to taale o to beaale
peodurts, contains 2t first both recessive and dominsnt Todi-
ments unaltered side by slde. At maturation of the germ-
cells, there ensucs, according to Mendel, o separatim of the
competing rudiments, so that, befors crossing, both male
and fetvale germ-cells contain only oar rodiment fer cach
character of the body.

For this reason, the propertles emerging modified from
fhe competition (like the blue of the Andalusan fowl} are not

forther inherited a3 independent properties, but always appear
only when a fresh erossing unites the rival rudiments.
It kolicwm from Mendel's ians that all wff

of the fmst genecation, which comes from different races,
posaess germ-celle, hatf of which show patarnal, snd the other
hal matermal rodiments. IE these sex-cells wie cTosaed
bophaxrd, then, acponding to the role of probability, cme-
mnhnithesymmmmmnninmlypnmdmm
only d rudi while half contains the
rodiments from the two parents.
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If we call the dominant propetty “ A,™ the recesalve ™ B,

and the corresponding rudiments “a ” and " b," the whole

process can be ceproduced dlagrammatically as follows :—

A x A
R PP R

) oeu ) Gn . combrureemaig
A E A A Ao Ahor Ko o prpdieabellly

i {5 T

This diugram gives a firm basis from which we may dispose
in & consistent fashion of all questions conoeming heredity,
Tt will alo mest these complicated relatiom which come
about when two or move paim of competing properties come
into qoestion.

It i invarisbly agtmmed that, in the germ, all the yodi.
ments remain completely independent u( cne another, ang that
earh i inherited by itself as an indey iude.  And
trom the outset this disposes of the notien of & hidden frame-
woark present tJm gorm and conmecting the modiments

h [ phigng cannot overthrow the prin-
apletha!eachmdmntulapwmuwbengardednm
independent natural factor,

The pature of these factors abso emerges from the Men-
delian experiments, which ralate net mersly to the absalute
properies of the individual cells, but ales to Lhe relative
properties, i.2. to the oumber and position of the cxlls snd the
oegam that bear them. It is not only the colour of the peas
that is determined by a factor; so abso is their rotndies,
and this depends on the position of the cells with regard to
the centre,

H wo atiempt to find a mechanical schitien of the trans-
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misgicn of shape from the germ to the body, we find ourselve
mthefonumgdﬂmm {m the one hand, the romwdness,
wh:chmbumfmnthepnuuonoﬂhemmbody-ndh.
can only be nefermad to & T ng hidden £ k
affecting the rudiments ; cn the ofher, thmmbemmh
framework if roundnexs itoslf iy an ndependent facter inter-
changeable with angularity.

Wi are faced with a very kahla fact, The coh
of the body framewerk is not rosident in the germ, bot arizes
From 2 oumber of independent factors having ne firm conmec-
Hon it space but wmerely set alengside oo= another. This
Eact seems no Inss mysterious, if we ealie that every spatial
rulation of the body is created by a special process (form-
process). It is trme that the factars i the germ are not to
be rapgrded as direct rep ives of the spatisl velations
of the body, relations sach as d ar ity, bat
rather an the agenis of thess provesses whick conmect together
u:emmmsmmbody Wemayspeakotmmlstmns
11 releasing tha p fuing forms ; bat these must
taks op n defmite position it space with relation to one
wnother, if they art to eflect tht spatial conmections, For
we kmow of no substance that mn fumish mechanical uniong
from cut of itself. But the factors have the power to impart
to the materind 1 machanical framework by means of a form-
process, and there actustly are factam for Tounduess,
angularity, jaggednesy, and so on.

The only agency thut poasesses the same power to release
Formeprocesses, without itsalf being bound to & defmite form
in space, is the agency of our mmpulses.  They also arm noa-

spatial p of mpatial As, in !
separale manipuiationg wnite to form ave action, so the
[ ive part-actions wrange it lves with relation to ane

nnother imtil the aet of genesis is complete,
T net cnt to show that logical anadysis of the facts estab-
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Iuhed by Mendel could alome lexd w3 to retoguive that the
properties of organisms arise from * manipalations * or part-
nctiony of tha germ-plagm,

When Mrnde] pridished bis discoveriry, which wern to set
2 durd for =1l time, bivlogicsl ideay were ghill in the
mehting-pot. The new way of regarding the wold intro-
doced by Mendel compalled us to snalyse every Grghmtism
fitto part-actions {moch s onn might anakyse an ofl-panting
into brostrstroles); and this gave binlogy the chance of
lefndine it victorh aginst Darwinistic materibam,
sirien it was ngw in 2 position (o base its structurt on eloments
that were ity exclusive property. But Mendel'y discowsry
s disregarded, and Liology was erecked.

When Mendely discovery was rediscoversd in Tgoe,
eightern yeary after the magters death, it was too late. The
meaninglesaness of the universe had become a guiding prin-
ciple. The =yes of scientific men were blind to all natural
factars that were not of 2 material kind  In the pre-Dar-
winian period, two scientists engaged in the study of Hving
ﬂm@mlghtstillargueaw\wmhpmpn'tun(mmm
were tw part-actipns of the germ-
plagm, Afer Darwin, theamunpthnthatNatunwuld
institute actions was unconditionally contradicted ; there
were nothing there but hanical and chemicat

Solmgasmlinened\.\mhoulwmudidns to
what went on in tiving Naturs, they could not dost their ears
to the peculiar thyths that distingaishes ull living ph
and constitutes its own peculiar laws.  But after Darwin, that
was all over and done with : Hfe wan without autonomy.

Let oa male o comparisoa.  Supposs that & very illsgible
thoet of ommic in entrusted to twa investigators to deciphar ;
in the pre-materialistic period they might have disputed ay
to which of the vigns were to be regarded as notey and which
& chance iak-blots.  In the metesialistic period, which knews
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nothing of musle, the dispute bas Jost all point, for there
are o aobes any longer ; there are nothing but ink-Liots.

Undoubtedly it is tros that every wrilten note, materlally
considered, is un ink-blot, and, as certainly, every property
of the organitm has a materie) bagis. But to Ged in the
prvpextios of living matter nothing more than the expressicn
of u dance of atewns i pot coly to be hard of bearing but to
be stone-deal.

Matters being so, it is quite meless to try to oomvines
sclentists with an eyt ouly for techanical and chemical
problems, that there are bislogical problems as well. But
we may hope that the Younger men, who are not yet com-
mitted by cath to the dogma of materialiom, will let them-
mlmbuommddlheemsl:nned“&fldm tha more

a8 igations have braught ever
fnttlm' cofirmaticn of Mendel's docirine. Jeonings has
shown the immuotability of the propoties in Pammeciom
right throngh thouwsnds of generations, when all trossing
was exclpded.  Drrimach, in quite a different way, has proved
that there is oo framewark present in the g, Histological
research hay foond thet, ai maturation of the ovmm, half
the chromosames are cast out; and this is confinmatocy of
Mendel's doctrine, which states that in the sex-ceils the ganea

Bt that it i the ootdeus with itn chrongeomes which
alone haa the power to hand oo the genes, was proved throngh
Boweri's clasical experiment. Boveri sucocoded in fortilis-
ing an enucleated sea-urchin egg with the sperm of o diffeent
specles, and in this way he got uffapring posesiog oaly
paternal charucters.

Freap ol aldes ion and ! ik
wire souk fortheoming, whwhmmdﬂmthnlmﬂdn
theory was not merely called on fo yet the brending of planty
and antmals o0 & stcore baxiv, but, by creating a doctrine of
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beredity that waz generally apphicable, could 2bo throw
Light on the mmential oaipre of the whele problkm of the
genegis of erganiany,

THE THEORY GF THE GENESS OF DRGANTSMS

The mocphological building-stone of all Living beings is.
the cell. Every eli consists of n protoplusmic cell-body
and a nueleas, which contains the chromosctnes.

From the work of BEdtschli and Rhambler we Jnow thal
the protoplasm of Lhe cell-body resembles & foam, e & struc-
ture iting of Huid partith Josing cavitis filled
with another fuid. The fluids in the cavitios differ frem
one toother, and this gives occasion for very complicaled
interchange, which induces complex physical processes,

Wherever we fGnd protoplasm, we find the power to
respond to exiernal efects by irhabillty and movement,
und also the power to take op and assimilate foreign sub-
stances. But we koow of no case where theee activitien go
an withouwt regulation. In all cels a rule coanects them
together into 2 commen funclion. This rule coaverts the
ctll into an independent cenire having an autonemons exisl-
ence. Each cell has ts own set of laws . consequently it
is @ suibjest, for it & in the nature of the subject to be o law
unto ltself. Therein lisa the difference from all muachines.
They abso have & rule which cmverts their activity inte s
functien, but this rule o bever sabjective ; it always enicrs
into the machine from without, Henoe machines are never
antosomrons And bever sabjects.

The Fengtion of all cells s twofeld.  Firstly, it is vagsiative,
when the pell takey up tabstances from the external world
andl asgmilatey them,  The apsimilaped vk foroiab tha
foel for the wovements of the call, o srve for the cell's
prowih. Secondly, the functicn is anémd, When it transforms
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the infinences of the pater world into excitation, which theq
liberates movements.

‘With this twolfeld function, demongirabls in the germ-
cell niso, & third is now sassciated, which provides the germ-
cell with new proparties.  The oocleus with its chramosomes
subserves this function.

Employing & crude but very obvious comparison, we may
picture the chromosomes {o Lhe moclem of the gecmcell as
waghing-lines, on which the factors for the absolute and
relative properties hang, side by side, ke articles of clothing
which the sobject will put on, one by ooe.

Such a comparison, which natarally i far teo crude to do
justice to the complicated processes during the genesis of tha
animal body, has this valoe, that it compels o to divide up
the process of genesi into an active process and 2 passive,

This prevents ue from making the easy mistake of leoking
on the faclors as mere ferments that call forth the properties
by their physico-chemical action, The compariscn with the
garments ung on the washing-line turns cur attsotion to the
aubject, which, by the active process of dressing, frgt gives
the factors the chance to undold

In the genesls of the animal hody there in 2 unity prasent
that contrcls the ph ding to an
rule, In comtrast to what happens with machines, the byilder
realdes within the organism jlgelf. The comparison sbo
indicates that the process of genesis is divided up into separate
phasts, for each property, as & ssli-contained mnity, requires
apecial in efecting its i 1o the subject.
These peparate actions are implicit in the coocept of the
factor or gene, but can be thought of as apart bom it ; they
are then called impulses, and point to the bigher mmity of the
subjoct, whichosnds them out ding ta ity rule.

A gens o fagter, then, i & femment activated by an
impulse.
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THE ACTUAL COVASE OF THE GEFNSIS OF NIW FROFERTIXN

Unjeelinby organistns offer the clearest axample of the
Feesiy of oew properties.  They tepresent subjects clothed
with omoly the most eswntial propertics. Bob sven the
simpligt amecha, despite ity poverty, has a mifficdent number
to form the fanction-circles. What is striking here i that
certain of thetz properties appear only from time to time,
and thes vauish again.

But the strikingness of this phenomencn must ot mislead
1% to overestimate the processes, and 30 imagine that all the
propertles of the amobe s thus parpelually coming inte
existence and then disappearing again. Even in the amocba
the basal elerment of the propertes svbserving Function is
there all the time, The power of receiving stimull and tran-
forming them into excitation is always present, and soffers no
change at all; but the efeci-erguns are ficmcd aoew as
occasion Tequirey, Before the amorba encounters & stimualus,
its entire k-apy iy thers 7 and 80 & its
general power of movement, The coly thing lacking i the
development of special effectors to carmy out regulated move-
ments. The properties of shape, comirtency and adhesh
pems, which the body-plasm makes inte a pseudopodium,
mut be arcused before the action of the animal can

If we turn to the genesis of multicellolar organisms for an
explanation, wa may agmume that, from the chromosomes of
the amabe nuckrus, ceviain ferments are furnished, which,

pomsible that the muckws b contiomally giving of to the
plasms & mited number of such Iermenta, which ke Latent
within 1t. This woukd explain the restricted langth of lite
of poctions of the amocbe that are depeived of the Suchnis
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Tha libtration of the formeats is veferable to an impmise
of the sobject.

T]ﬂewﬂlllwnysbesclmhﬁcmenwhntrytnnuhem

'k ible for these 30 85 o
get away from the uncongenial notiom af the sobject with

And our reply 1o them must be that 2 framewock without
an mutenorecws fonction-role can work only like a machine,
and is never able to repair iteell.  How could the repair talm
place if the rule governing that were Joet through the breaking
up of the structure ?

In the subject, howeyss, the mle remains alive, i in-
dependent of the destruction of the framework which it has
itself created.

It weuld embarrass the biological point of view moet un-
justifiably to assurme that, while the penesit of properties pro-
caeds antomatically, their repair does not.  Both phenomena
take place according to law, but not auwtomaticaily, by an
ordersd sequence of impabses from the subject, which itself
is aothing mare or Lt than " & law of incamation ™

1f we agmme that the propertics of the parndopodia arise
through the release of certait genes, we may conchde that
the vanishing of the pseudopodia and the disapp of
their propecties is the wifect of certain * antigenss,” which
likewise are under the control of the impulses of the subject.

The activity of the subject, convisting in the regolatsd
giving off of impulses, that and the pressnce of gencs and
atiti-genes, are quite sufficient to explain tha appearance and
disappesrance of the vegetative organs in the Infosoria.

The interocking of Tunctim-rale and ruls of geneginin
umicellalars can best be onderstood if we realise that all the
Tube of geneais has to perform in this case i5 ta close the fung-
tinn-gircle every time by ceeating the trangient pesudopodia
airngh as occaslon requires. It Liss eherefore completely nnder
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the role of fanction, and, as scon as the Functlon begina,
merely fumnishes it with the framewerk it lacks.

MULTICELLULAF ANIMALS

This interlocking of the two rules, which is characteristic
of mnjceljular animals, czases altogether when we come (o
multicsllulars, in 3 far ws these conyigt of permanent organs.

Tae life of yuch animals fally into two distinct parts, In
the first, the organy are formed ; in the second, they are wed,
Int]n.glm.lhemknfgmuismuuls:hthem,ﬂn
rule of fomction. Accordingly it is possible in multiceljular
animaly to observe the rule of gemesizs more clearly at a
given time, sinte it proceeds quite independently of inter-
ference from Iunction.

The first activity of the fertilised =gg consists in dividing
equally into two halwes,  In the course of this process, there
frst appears, a2 ateverylaler cell-division, 1 remarksble

of protop ic threads, whick meet at
Mnadﬂpeinn. These points seem, on the one hand, to be
firmly anchored in the cytoplasmic netwark, and, on the other,
to be conpected with the puckers, The protoplasmic threads
Tunning to the pocleus must be contraciile, for, when the
i spit dly, they draw them apart as
far 4 the nodal points. In this way thet aris two new
moclel.  The division of the protoplasn then follows.

The frst divislons of the egg transform the garm Inte 4
nunber of cdi-splerube, which are idmvtioal, for, f we
separate them from oot another, they have tha powar of pro-
ducing two {or even more) independent animals, althoogh of
hal! the normal vize,

Drieach wocceeded in showing in sea-wrchin larvas obtaiond
in this way that the half-sice depended on =ach larva having
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the samne-sized cela but only half the number. Tt follows that,
on the cne hand, the number of celly is normally fixed by o
set vumber of division-impalses, aod that, cu the other band,
mshapmglmpnlsﬂwhmhcam!mhtarmhamﬂexmt

dependent of the quantity of material furnished them by the
division,

The first divislons glve a number of dmilar cells, and these
form a spbere which, by takitg up water, becomes hollow,
As toon as this sphere has invagmated and become a hollow
two-walled sphert, remarkable changes appear in the celis,
These in the outer wall, the so-called etiter germ-Jayer, which
{umish the organs of the skin and the nexvous system, Jogs
the pewer tar form whele animals ; but sach retains the pawer
to form the organs that come from the outer germ-layer. In
the same way, the celb of the inoer wall, ot inner germ-layer,
which furnish the digestive system, lose the power of ferming
the organs of the outer layer. This alzo holds good for the
cells of the layer in between, the middle germ-layer, which
has meanwhils beens split off from the otbers, a layer which
has the doty of [erming the muscdles and the bones.

As %00m a3 a germ-layer has been Jaid down, its cells each
retain only a limited formative power. It 1s natuml 10 sop-
poge that, in the nockel of adl the cells of cach of the three
germ-layers, only ooc-third of the genes are present, while
rwo-thirds disappear by unequal division of the cromatin
or are dissolved (gennlysis).

The same thing appeara later oo when the germinel arean
are mapped out withic the peminad layess, areas which
are 1o produce certuin organs.  Ax 5600 &% o porminel area is
marked off, the cells that compose it forego the power (o form.
the ovgans of ancther permins] aves,

It way be taken wn u fundamontal tow of genesis that,
when & structere appears, this excudes the power to fom
anything she, And so, 25 developient procoeds, it ia wecom-
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panied by impoverishment In formative cells, and this W
youst tefer to the loss of genes.

Thtouﬂ:tbelmdma.mmdthempn]m
which in the o idual cxlls, becomes
meze and more restricted and specialised, 8o that fmally tha
definitive celly of the full-grown crgunlsm retain in theic
reserve-plasm, which does not emler into the framework,
nothing but the power to jumnish that with special ctdl-frame-
work in the event of injury.

An exception to this role i offered by the sex-cells, which
arise from the frst divisions, and pass over into the sexual
mdtbeadﬂ:nndlmdmdmthanthcngem

The of the Toss of geoes 15 as
important to the course of development of the compiets
animal as i the release of the genes, which likewise takes
place comformably with plan, Here also is fo be seen an
invaslon, by the Impualses according to plan, an inwasion
belonging to the gensral melody which all the impuises obay.

In many of the lower animals the lost of ganes i3 not so
tigowoasly carried out as it is in the higher. This permity of
regentratiot after éxteasive injury, to a moch greater degree
than ix poesible among the higher animals.  In the cage of self-
mulilation especially, the eelis, at l=ast at certain places in
the body, musi remain in possession of numercos genes in
oeder to make good the Lows.

TOLAR SYGSTEMS

Thanks to the remariable work of Braus, we are abiw
ko get & clearer idea of the way in which the rule of genmsis
affects shaping in space.

H we cut away parl of the homogenecun call-material
from the germinal ares that servas for the developmiant of the
acptabufum, a socket s Jormed which a quite complete Gut
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correspends with the redoctlon in material, and into which
the bead of the normally developed thigh-bene does not fit.

From this we may concude that the mdividoal cells of
the germinal area are not of necessity destined to form specal
parts of the bone, but that other cells, which in the erdinary
course: of things would occupy other positions, are able to take
their place, Driesch, in his experiments on the whole germ,
draws attentiom to this fact, and from it deduces the concept
of the " harmenicus and squipotential system,” in which cach
part <an take the place of every olher part witheut disturbing
the hermony of the whole,

Morecver this fact proves that sach individual cell does not
create ite own special impulse directing it to a predestined
place, bat thak all the cells within a germinal area are directed
In commen, behaving like iron-Alings under the influence of a
magnet.

Te continue thiz analgy—a definite polar system of
" directives " acting in space invades the germinal arez, and,
accerding to the amount of material present, prodoces & lazrger
or & smaller bodily structurs, and from this, by release of
the bone-forming genes in the individual cells, there subse-
quently arises the plete bone.  The exi of direct!
pointt has Tecently been demoastrated by Spemann in his
rematkable strits of implentation experiments.  Bud he calls
them * ergunisers," beeaust they have the power o impose
theis ocganisation upon the still mdifierentiated csll-matezial
rounding them.

Since st a given time the same relations bold within cach
germinal arem, we mn break up the whole embryo into »
numbtz of independent palar systems of direction-poinls, stch
distributing ite gwn directives, Bot as Bruus' experiment
Proves, no gystem ia wble to exert an influence on the direc-
tives of another system, although the work of the directives
Pproceeds everywhere at a uniform raie.
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Bofore the grminad areas o2 chearly esteblished, varions
chatges in configurmtion have taken place, and these we can
aba refer to fnvasion by polar systerss,  We shall assume that,
i the beginning, the polar spaterms were quite smple, a3 when
they indoced the formation of a hellow sphere.  After they
have established the fundemental iype of the bilatem] or
many-rayed system, they beoome moct anfl more complicated.
The systems require o be very complicated that preduce the
great variety of booy strocture.

The sopceasion of the polar systems in Hime proceeds
according to a rhythm btlonging to the crgunism itacll, a
rhythm which changes frem one type to another,

THE THFULERS

The appearance, doring genesis, of the polar systems with
their directives seems to point to & new facter that escaped
o when we were considering the genes, But that is not the
case, When we consider the Mendelian properties, the genes
of which lie ready prepared in the germ, we find that they
inclode net only chemicald properiies, but abo properties
velating to for.  'We may confidently assume that the com-
ponetits of the chromosomics represent Lbe genes; but m
cotsidering the tmaterial basis of the genes we must not
Torget their non-taierial aspect, and that Lies in the impulsn,
which iollows the yole of the subject.

As slready explived, the material basis is probably a
terment, which in » latent form lies waiting in the chrome-
womes, But, in addition, the gene consists of the non-material
impulse, and 1his it is which nciivates the ferment,

As regards the chemical differentiation of the cells and the
f thon of the milcre- 'k, we £nd no &iffeulty, but
wmmmﬂrmﬂmnﬁmﬂemhhm through
which the foamy fi dually asunmes the defingt




THE GENESIS OF LIVING ORGANISMS ary

structort of 3 nerve<ell o musdecell, a bonecefl, and
5o forth,

The diffculty we experience in adersintding how the
{ormn-giving genes work, lies in this, that, althongh they are
tied to & definite plece in each Individual cell, yet they must
act sccording (o a system which is not present anatomically,
Ithough it ezb a whole germinal rea with many
Tundreds of celbs.

But this difficolty disappears when we realiee that it s
ouﬂ_\rthemnteﬁnlbukf“hegmasthutisdncmtybomd
to a definite position o space, wheteas thelr non-material
portion, the impulse, Lot bound in this way.

The impulte always plays an active part, now stimulating
a gene, and few an anti-gene.  An impobse, which is oot fxed
to a definite position in space, may easily be connected op
with other impulses into a system.

An impulsesystem can allow 2 whole series of cnlls to
b¢ simultaneooaly invaded by a fermentative action leading
to a certain chemical change, In the same way this change
can release in the same set of celis 2 fermentation which
brings about a certain change in their position ; this change
in pogition presents no difficulty, in view of the mobile foam-
stoucturs of pratoplasm.  If we admit this, the sadden advent
of the pelar systems ceases to be incemprehensible. Tha polar
aystem of directing points is then jost 2 system of impnlses,
in which each gives guidance in a different direction in space,

Sinval and equip jal imp of this kind
most produce in o mass of similar <ells & differentistion
wilh regard to pesition, by prescribing a definite direction
for the movements of each, the result of which will be that
even the most mmerpheus conglomeration mast take shape.
The cumber of cells within the masy is quite immatevial For
1he achimvemsnt of the final form ; and this is in agresment
with the remultn derived from experinent,
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Culy 2g infeeace from their effects cn we say that
impulses producing arder in space a8 well as in time izvade
the protoplasm eanformably with plan by cperativg at noe
[recise spot in the nucleus of the call an that particalar sube
atancs which alone iy eapakle of reasting (o them. We
may say that the genes are ™ impulsive,” but by that torm
Wt toust oot présume a physical encrgy, folbowing the rule of
causality ; vather, we must inderstand the power to convert
ar extra-tpatial and extra-trmporal plan into 3 physical
phrmemenon.

This enabies us to onderstand the point of view of Bunge,
who first made the staternent that ™ in activity lies the riddle
uf fife."

On the other hand, Baor's theory, which compares te a
malody the laws regulaling the genesis of an organism, assists
ug greatly in oor attempt 1o understand things, In place of
melody, we may alic speak of rhythm or of symphony,
ncgording to whether we have in mind the rules of the impulses
in their 5i ity or in thei soq

1 must refer once mors to the reugh comparison @
atiempted Lo make when speaking of the way in which a
subject clothes ilsell with properiles. With regard to its
functions, the subject in the germ-cell is stll very simple.
But in the genes it pokstsact a wxy latge oumber of un-
explofied powsibilities which will enable if 1o expand in every
direction. A the posibilities are made wse of, thelr aumber
becomes more nd mort restricted. What the maiblect gaing
in shape jt losts in Eresh life-posaibilities. Thus the frame-
work slowly increascs in complexity and solidity but it be-
eotnes here and toore like g machine, and loses oon soper-
mechanical power niter the other, until finaily there i3 {eft
it each cell only 4 remnant of fhe protoplasm centaining fhe
genes that serve for the necessary repain.  The famowork
Fagizicin frasmawork-formation.
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With the completion of the framework, function sets in ;
Function which, oo the tme hand, sesms an ouicome of the
finiahed machine, but, oa the other, contrels i, for its mule
is now substituted for the rule of genesis, and, in accordance
writh plan, guides the conrse of what happens.

‘While in unicellular animals the rule of geoags and the
rele of fmmction simultanecusly afisct the course of the
impulses, in molticellnlars there is a critical point at which
guidance of the impulues pagses [rom the control of the ruls
of geneais to that of the ruje of fonction,

THE FIHAL STAGES OF GEKESIE

Before we set about determalning this critical point, we
st cotslder bricfly the further course of development, from
the titme when the germinal arcas axe Taid down.

‘We are indebted to Harrison and Braus for some forda-
mantal discoveries made from thesa final stages. Ii bhas
been ghown that the nerves grow out from their germinal
ares exactly in the jame way that ameebe send forth their
thread-like pseudopodia. It is importaat to show (hat the
wo p may be regarded 2 idenlical A

ing nervous inal areas, it has been gemon-
gtrated that the genes furnishing the motor nerves are the
same throughout the entire body; and this considerably
restricts the number of different geaes.

I the nerve that arises from tha germinal area of \he
facizl hay ta take the place of the scintic, it adapts iteelf to
the uttegly unfamiliaz mb just a9 well as would the normally
devaloping nerve. [ the calls of the enprafied grrminal ares
have the same genes as the normal arss, it is all one ta the
impulse in producing ita effiect.

This thows us the complete independence of the impule-
aystem of AL crgat from the soures of the material oo which
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it muerts its infuene. The impubse-system merely confarms
to the positlen that it takes up In the system of impulses as
a whole, and & in o doing it <omes upon suitable material,
containing the Tight sort of genes, all goes well,

What goes on in the adjacent system is a matter of com-
plete indifference o the individuad part-system. Thus, after
complete removal of & nervous germinal ares, perfectly
devejoped limbs have successfully besn prodoced, which
were neveriheless enlively destilole of merves,

The individual impalse-system is dependent on the material
only in o far as that must yisld the suitable genes if the
system is to become manilest. Tv s dependent on the
adjacent gysterms only in o far as its fxed position iy deter-
mined hy its being set hetween them, For the rest, develop-
ment within each systern procesds guile independently,
according to the general rhythm which is prescribed to the
wystens coflectively ; it is all one whether (he normal guanticy
of material is present, and there s ne regard paid ag 1o whether
adizcent systems shape giruclores in 4 pormal way, or pro-
Juce only a redoced organ, of po organ at all,

All of which proves to us the existence of an independent
natural Eactor, representing o self-contained rule it up
of part-rubss, which, on their side, arcange the impulses both
in space and in Lime.

Omce the impulses are sel free, it Joes not matter whether
ihey achieve a material effect or oot ; the rule of genssin
proceeds calmly on its way, und senda forth its impulses
accarding to its own law and rhythm,

The ruls, although it breaks up into separate part-
yobes, is in iteell guite independsnt of space and time
The impulses that obey the rule, are Axed in space and Hme,
but in th are alil) pletely ial, But,
since they are attached 1o the genes, they dominste 1ke
material, for that is set in motion by the fermentative action
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of the genes. The gents themselves Tepresent a union of a
latent ferment with an activating impmlse.

A gens has very differsut aspects atocording te whether
we regand it from the standpoint of plan o of causality, In
the Jormer casa, all we see are impulses which obey an extra-
materlal ruje ; mlhelalm.weseeafmmmn\hchwodm
certain physical and jcal effects in the ¢ jam,

‘l‘hegmusmwmnactedwsﬂherbyllendelshw In 30
far an this relates to the mixing of the genes, it ia 3 law of
probability, pore and gimple ; in 30 far as it refers to the
dominance of certain genes, il & & bickogical law. Those
cages in which ths daminance i3 not perfact and the recessive
character also finda expression (as in the Andalusian fowl,
where the bine feathers come from a crogsing of white and
blark parents) indicate that both genes are set in activity,
but, for the most part, the recessive ferment is blotted oat by
the dominamt_

It helpg us to moderstand this, i we imagine tho genes to
be keys of a piane, only waiting 10 be =ruck for all mannez
of tunes to sound forth. We may consider the notes of the
soore, which arrange for us the Taws of a possitile phencmenon |
oc we may iisten to the playing, when the keys give oat the
sound according to the law prescribed.

The aim of degcriptive biology must be to sct down, by
mweary of ¢ kind of musical notation, the laws accocding to
whmhﬂngenaiaminusnnnnahmndmguhuurin

5 this actation is imparted to ns from the boginning
by the laws controlling the sounds emitted by the genes
in any animal, the genesis of which from the germ we are
rttempting to otmerve.

The destription of the rule of genesis of some chosen
organism would rmpresent just such A musical notation—but
agthing more. It woold tell us nathing about the rule of
function in the follgrown subject, and nolhing abtut the
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origing] subject itself, Tt would ba meraly the rule of a
phenomanon, giving us e informetion as to tha origin of the
phenomanon and its sequcl.

The genesis of an argandsm, howover, is oot just o mosical
phenomenct.,  In the proctsa of shaping, the foll-grown sub-
jeet fimally recavers in Faller dagroe those functiony which ft
had in a more primitive form in 1he begianing.

THE CRITICAL POINT

I call the critical point that moment when the subject, on
completion of ity shaping process, saddenly finds itsed in
T jon. of & fully devcioped and capable of
funciioning.

In ibe majority of animala the critical point becomes
<dearly apparent when the creatore leaves the egg, of when
iLis born,  In other animals, throngh interposition of a larval
period, the critical point is oot 30 obvious,  This difference is
the result of external circamstances which govern the taking
up of foed and the growth during the process of shaping.

Thcfnncham] activity of the developing antmal never
ke h Thel'umy k of 1he p pl
i involved in a i bl andlorlhlslltequilu
a steady food-supply in order to make good the encrgy ex-
pended.  The weed for food becomes very intense on actount
of the growth that accompaties the shaping Nutriment ig
fumished by a reserye supply wccumulated in the germ, o
it is brought by the maternal organitm, or it has ic be got
by the animal itself. To the last case certain penes must
pwud:larrnlm'gmsmngfnrfmdﬂytme thenthe
anjmal as 2 whols i ally active b
it development. W‘lu.nth:fnndulmbedbym
mbatences or by the mother, provision i made by develop-
ment of wpecial food-routes for the supply of nourishment
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to the individual cells, without tha sntire ergan-gystem taking
part in the digesting activity ; for the system of argann is
at that time busy with its own development.

The provisim of food is lated fing to the re-
guiremenis ol the shaping proces, and so is under the comtrol
of the rule of genesis.

This state of things changes as soon as the framewerk is
completed and the fynction of tie fully-formed subject begins.
The majerity of animals at this stage are not yet full grown,
but need a longer or shorter time befors they reach their
definitive size. Indeed, there are animals, soch as some
kingds of fsh, that ars never jull-grown, but go on incTeasing
in gize to the end of their lives,

As Wessely has shown, growth during this period no longer
obeys the rale of genesis, bt the rule of function. By cperat-
ing in vaTious ways oo one of the lenses in young tabbits,
Weasely ded In 5o inBuencing the regeneration of the
Tens that the new ane wag imes smadler and i
larger Fhae that of the normal eye,  And it appeared that the
growth of all the tlssues of the eye, and even of the skull-
bones that form the orbit, directed itsell with reference to this
new kens,  Commequently the full-grewn rabidt had in the ope
case a larger eve than the normal, and in (e other & gmgfer.

If we compare this result with what Braws found after
reducing the germinal sres for the acetabulum, the radical
difierence between the two must be obwicus to every oo,
S0 lang as function has pot begun, the immedints environment,
is ot In the least concerned a3 to the size of the developing
member; but i the framework bay come under the sway
of the mis of function, the whele envirpuing region magt, in
growing, adapt itsef to the growth of the regeperating
structure, and kecp pace with it.

Before the exitical peint bes beeo reached, the impulses
governing growth follow exclusively the gemers rhythm of
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the whols perm sccording to the rmole of genssls,  Adter the
critical point, growth is governed by the role of functicn.
Row the critics] point is a0t pagsed by all organ-systemy
ut the same Mmoot | LnespennLthumhnmnfmammnln
showa an i b i its devel Om the
other hard, Ninslwablelushn\hntm:m{nithelkuﬂ
of a vabhil from which one certbeal hemivphers had been
remooved at a viry ewsly stage, dots not ossify, but becomen
2 tough memnbrane. The skuli-bone, the functien of which
consists in protecting the brain, ia put mut of function by
the removal of its cherge. Comretpondingly, it is oo longsr
governed by the rule of Function, but, Like #very functionles
tissne, @ checked in its devel or simply absorbed
The rule of genssls proceeds on lis appointed coorse as
an independent natural factor as Far as the criticsl point,
but 2o further.  Tts routes can be recognised by morphologists
through the signs of genesis, and these furnish points of sup-
pent -for determining the relationships of animals. The rule
of function, however, ack: like a new broom, which sweeps
away all that is uscless, and etainn enly what in necessary.
It is also an imdepeadent mataral factor, which, according
to its own rule, ahm'bswlmnmdeas,ehechmthmrgmwth
the orguns of the subsidiary g the
duvulopmr.nlofahcnmperm bntmmthenrpmaat
the chief functions and develops them down tor theic last
Ab organ that fonctions has passed the critical point,
and i degenerates if, later on, it is pot oot of fungtion. Tha
mogt exact informatiot we have about the degenerative pro-
coppes concrra the serves.  Accordingly, it is very striking
that, judging from Nisal's discoveries, the cenizal nervem
system of the higher animab formy an exception in this re-
spect.  The half cerebrum of 3 young mbbit which bas been
dgpuived of all iy nervous ivn both with recep
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and effectors, does not degrnerate, but gocs on forming tsell

lly, i it continues o raceive aourist throogh intact
blood-vessels. This proves that in the cerebyom thers are
atill presenst itypulses which are not sobjsct to the role of fume-
tion but to that of construction.

suBjECTy

We have already Jearnt what are the charecteristic features
distinguishing the fully-formed sebject from every machine,
Chitfly they depend on the subject being a law unto itself ;
and this law of the subjett catries oot its awn perfermances
but ne comter-performances. Al sobjects bave a ruje of
function of their otrn, which cxpresses itseH not only in the
framewark, given once and for all, and in the activity therenl,
tut which alse is able to repair all framewnrk within certain
bmits ; censequently, this rale fepresents a natwral factor
that is continaaily operative.

Moreover, all subjects are petfect, becanse, in function-
ing. they mxplait all the properties of their material substancs ;
theymnhnnd:smmmb:lmkndmgsndwmmpanm
prop ug fmpl do, the of
whuhspm-gkumtlmdmdmtmalmtm‘whlchtheym
fashionerd,

All living beings arm subjects; therefore all Bfe must
be traced back to sobjecty, and thn attempt to derive it
fiorn sy mers conglomeration of fomenting matter must
be given op mmea foc all

So!uuwunjndgaatm‘mhsﬁvemﬂmbe
a subject mean tha same thing. To be a mbject mesns,
natnely, the continooos comtrol of m Eramewgrk by an
autonomous rule, in contrast to @ hetérooomoos Tale that
loses ita efficacy a3 yoon 85 the framewnrk is dighrbed.

Therefore lving maiter most babave goite diferently
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from dead matter, even when they both show the pame frame-
work, This ran be poved very strikingly by divien. If
4 d=ad cell i cut in two. the framework is beought to nanght,
and the materia] balved ; if a living cel? divides, hern likewise
the criginal framework is aonhilated and the material is
halved, bt nevertheless the sobject is doubled, for oow two
Hke roles are present, which regeneratn the framework in
both halves of the material Through divisioa, this matecial,
Like all other, is reduced . but the rule cannot be redused
because it is an abgelute mmity. But neither can it increase |
it can ooly become duplicate.

The recoghition of this gives us an insight into the remark-
able organisation of the sobject, which is bullt up oot of parts
bat of whele subjects.

For simplicity’s sake, we have hitherto destribed the
cell from which all living beings are built tgr as & morphologicl
building-stone, the edily and material properiies of which
pass over completely into the framework of the whole, and
serve caly the framework of the whole body.

Thiv, however, is not quite accurate.  Each hwving cell of
the body remaing an independent subject, p g AT
autenomows ruls of Function. Each cell relaine both it
vegetative and its arimal functioms, but these wre now
devoted to the serviom of the whele, Like the fres-living
amoebs, every living ool has to capture food, and bas to
carry on metabolism. Huot the food is brought to it in the
body already 3o well prepured that it iy deprived of the func-
Hon of digestion, and can wivaighiway make the food » part
of itsel. Like the free-living ameeba, every cell of the body
poesses the power of g stinnali indo excltath
and bas some linited power of movement, In avery call,
therefore, there is & modibed refex are.

Arvcording to the position that the cell occuples in the
body, part of this reflex ace is hypertrophied and part de-
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generates. In the case of semsovy cells, almost the whole
becomes receptor: in the terve-cells, almost everything is o
path of conduction | and in the musclscells, it s practically
all effector. The same law can be shown to held good for
the cells of the vegetative oogans.

Thus each cell rexnaing an autonomoas subject, the frame-
work of which, in contrast to fres-living cclls, incimates Hyelf
into & surraonding-werld which is iteelf a subject.

For the sake of simplcity, wt have hitherto asmmed
that the subject of tie germ itself is the sanve es that of the
fuli-grown organitn, and bas merely invested itself with all
the necewmry propertics, so as to exereist in fofler dogree
fundamentally similar functions. But new we soe that it
cannot be the same sobject, betause thousands of generabons,
which bave arisen by division of pareat-cclls into daughter-
pells during the interval, fis between P 1wo., And firally,
the fll-grown subject is oot merely ooc of the thowsandth
generation, but embraces all the mililons of offspring that
have arken through the thousandisld repeoduction.

K we Wt an ammba divide as ofien a3 this, and then
vonsider all ita offspring together, these do not forin a coherent
mubject, but are meraly millions of similar ¢ells. In contrast
to tha thopsandfeld divisien of the ameeha, which always pro-
ceeds in accordance with the same law, the division of the
germ congtitutes quite a differant process. It is governed by
two sets of laws, which direct the individual danghter-cells to
definite places, and, when they have amived there, compel
them 10 take om & definite forrn, Wi bave scen that this pro-
ctss i controlled by & series of palar impobse-systemes redeaned
shythmically. The second set of lsws affects the internal
changws in the individual cell-subjects, which, as they shift
towards their definitive position, slowly bécome poorer in
geaes, inti) at last, having reached their goal, they have but
one left ; this grme austmes the work of their inner shaping,
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and makes the individual sobjscts become an endoring por-
Hen of a dominating whofe.

In the amabe even the ultimate offspring vemain free,
if by the word “ froe ™ we memn that they are not incor-
parated into a framework.

Now we are foced with the following remackable fact.
The cgg-cell ia a sobject & every one of its offsprifg rmmains
o subject; and the perfect animal = abo & subject. H we
regard the possession of an autonomous cuie of function as
characteristic of the subject, he proctss, up to this point,
appears quite free Eromm objection, Wowr let us comsider the
Girst divisons mere cloetly. From the egf-tobject there
emerge two subjects, namely the fist blastormeres. These
can be separated experimentally : then again we have bwe
independent  subjects.  But ihe conmection  beiwren the
two blastomeres, the seli-constructing gertn or eminyo, is
not 3 subject, because it has no unified e of fonctiom,
‘We have bere another kind of unity, formed, not by a ruke
of fanction, but by the rale of genesis aloae.

Froea the first bl until the dction of de-
welopment, the embryo is a unity whick ackses from a subject,
it is troc, is made ap of sobjects, and becomes & subject, bot
ftgeli ig not a subject.

THE BIOLOGICAL AND TRE PSYCHOLOGIGAL SU3)ECTS

The contrudiction that seema to be invalved in the defind-
tion of the subject indicates that we have not yet eleborated
the ides of the mbject sufficiently.

Paychology employs the concept subject for the * opo,” and
understands thereby the unity of the process of appercep-
Hon ; ab the peme Hme it rogards the ego as the source of the
ordersd impulses.

From the standpoivt of biclogy, which considery the
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subject from the outeide, the first part of the defindton is of
novalue,  The subject of ancther 1s always merely a formation
of our own app jor ; only the psythologist who has
introduced himself into another subject can =y sorething
abwoul its apperception.

The second hall of the ition, however, is biologicall
admissible, for heve we are dealing with efiects of the ego
in the direction of the exterior,

Adroitiedly we lmow ing definite concerning even
our own impulses only when we, $o to speak, clothe them
with cor direction-gigng, The rule according ta which the
impules-saquence proveeds i3 known to o3 only through the
melody of the direction-gigns,

‘We can, it is true, distinguish the reflex clesing of the eye-
lid from that pedermed wveluntardly, bat only becaase the
involuntary act takes us by surprise, while the voluntary
does oot.

The impulse introducing the wvoluntary action possessss
no qoality, and we know of it only [rom its existence.  Every-
thing that takes place during the action comes to our con-
sciousness only through the indications of the direction-signs,
Jocal signs and content-signs.

Through the impulsss a change, which 5 also pereeptible
externally, appears as electrical waves in the nervwes or as coo-
braction in the moscles. Oo the other hand, ihe goalibies
that in eur consciowsnsst accompany thix change call farth
oo externally visible changes. Om this account, Jor an eut-
ilm pheerver the impules can be used as the objective indica.
tioa, but the quality can not,

The impalse-saq just ke a ph in the
external world, i pexemived by an cutside gboerver oaly
throogh external ibdications ; and thix permits of odr making
certain important comparisons,

In gemerd), the physiclogical action that procesds withoot
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impulse, is called a redex, whether it be perceived from the
standpoint of the ege or from that of ap ontsids cheerver. In
both cages the reflax is regarded as 2 machanical process thet
owes its exi to a prepared The obvicos
copsequence of thiy is that we iry ta refer (o impulses every
actipn that is not 3 mfex,

T bave wiready indicated tha differant types of notivn that
we can distingiish in the e of animals. These wre the
reflex, the plastic action, the instinetive actics, the action
hased on extperienca and, fivally, the contralled action—
which lagt, howwver, plays o part oaly in the highest animals,

The plastic activn has been thoroughly anslysed by
Pawlow. He succeeded in demonstrating that, in dogy, the
mecretion of saliva and of gastric juios {which are considersd
reflex actipns bacange in byman beings they proceed withool
an impalse of the will) are nevertheless regulatable or plastic,
Dogr whose mbivary secretion appearsd only when 1hey
smelt food, leaat to seowte it also in presence of optical,
weanatic or therma) indications, where quch fnvariably poe-
ceded jeeding.

Accordingly it d possible in this case 50 to modify the
fixed framework, which releages the wecretion a3 & reflex only
when the olfaciory nerves are excited, that it becomes Jocussed
on aew indicatiops. In this way the indicator ia Eurnished
with new indimations, and this meang a considerable invasion
of the dogs’ world-as-sensed.

‘We muosi wmome that in the mark-ongan & change takes
piace which cotwerts the cld reflex into a new one, This is
called plustic facpity. Inmmqumed.nm:
reflex, which presupposes @ p But the
hmnwklb;ﬁmbellmed.byummt. The alters-
tion in the famework cannct be & reflex process, and sccord-
ingly tequires impulses.

Instinctive nctlons afford an azalogoos case. Wi are
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indabind to Wasmann for intd k dge of an ialk
typical instance A& Kittle weevil, the socalled * foandl-
roller,” after its first fhight settles oo a birch-leaf, in which it
makes an incigion alemg a line which wa homan beings could
digover paly with the help of higher mathematics. Than
the beetle works on the veing, and Tolls the lesf together inte
a cone-ghaped hag, whmhltcluseshypnﬂnngmtbaup.
The whole action dmvelops with unfsili
absclute control both of the anatomical and physidngiul pro-
perties of the leai. As soon as the eggs are deposited and
the Ettle bag iy sealed, the samn thing is done with another
leaf, when again the same act proceeda with the same rhython.
These ingtinctive actions, repeated with the same rhythm,
remind ome vividly of the formation of highly complicated
peeudopodia by certain ammeber. Apart from (he fact that
the onicome of these actions is obliterated agmin in the case
of the ameeba, while in the cass of the beetle [t persigts, the
resemblance i perfect. In both, the action proceeds

and in with plan, without any

mechanism being demonstrable,
Inth I iy b d thata in impualse-
the jon of the pseudopodia, TF we

Illnew;e assume in the action-organ of the beetle the coming
nndmdanhﬂpsendopodlamthemplasmofthu
bral the ph is net expiained, it i tros,
but it is brought inte line with Familiar biclogical processss.

Plastic, instinctive and actions based on experjence indicate
tmmmmbymhpuhsexprmslwlnthenppeu-
ance of fresh which then p da o thn
funchional iesue,

Hexe wt are once mose treading on firm ground, New we
may concdude that everywhere thers ore genes, which wre
stimulated by 5 dofinite sequence of impulscy to shape the
protoplasm in a definite diesction. ’
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‘We know that the whele framework of all arpanisms arkes
in this way, and that, when it is finished #t beging every
where t0 work mechanically nndil it suffers an injory, when
the impalses set in again at the damaged place, and repair
the Iramework.

In this way it i possible to bring the desired onity into
the concept of the subject. From the solbject procieds the
rule which, like a melody, binds the gemes together. In the
genesis of ofganios this it a meledy of construction ; when
the buiiding is Gnished, it e a welody guiding the working
of the organism, and it betomes apparent ondy il that is dis-
vrbed. Thus the subject reweals itself to us Brst as an
architeet, and then as a direclor of affairs. We ourstlven
experienee ont subject always through the mediom of the
qualities whicth accompany tht impabsc-sequences of ocor
aehons.

The nezteriel plan of the framework in the body of the
ergamiam it thus refemred to 2 non-material plan, which, so long
as it represents for o9 a clesed unity, we call 2 subject.

GENERAL CONCLUSIONS

From this we may draw some conclusions of a general
kind. There are material gystems that work in accordsncs
with plan; in these, rmaterial processes go on strictly accord-
ing to the ruk of causality. The malerial sysiems are sither
dead orliving.  The dead systems have anly a mle of warking,
which we vead from them, but whih #8 quite without effect
on the framework, In the kiving systems ron accerding 1o
plan, there s a reciprocal action with a rule which we call a
rube directing the working. This b not & mere forouls; it
s & naturad factor,

The plan appearing i rades effects the material indiectly
by meaps of the impulpts. Camality, in conirast to pian,
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uffects the meterizl directiy, and requires no impulses for the
attainment of ity object, Like a]l material factors, it is em-
pleyed by the plan to fem framework fumcticning in accord-
ance with plan, Though we may have astabiished the purely
cauaa] runoing of & process, yet conformity with plan & oot
thersby sxcloded, for, in what it does, the completed frame-
work, working in accordance with plan, does not show the
alightest departure from causality.

Only when the framework suflers injury, does it become
apparent whether, in addition to cansality, thers is a plan
at work,

Two fundamental guestions now arise, In addibion ta
the plan di d by biclegical methods that worky through
the help of impelsss and genes, is there another plan which
is capable of affecting the material directly in \he way thar
cansality affects it ¥ If wo are going to call " subjective "
the plan that works through the impulses, the gqoestion will
run thus, " ls there & plan in the warld other than the
iological, or does all comformity with plan ase Irom
subjects 7

1 think that some such confarmity with plan, indspendent
of subjects, rises before the mental vision of wany scientific
men when they speak of a new, formative energy. An ides
of the kind sepma (o lie at the hagis even of Loeb's theory of
tropisms.  From this paint of view, we might assume that the
entits werld consists of lwlllmg but ml«lal properties.  But,

in addition to their i these properties would
also have special biolegical affinities, Frmthlswuld'be
deduced a sort of bickgicochamical kaw of £ jom for all
oianner of k d in . with plan.

This law would then mean @ direct working of plan upoa
matexrial.

At the present day it §s impossible to decide whether
there is & shaping law of this kind. Buat one thing is cextaln ;
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biclogical frameworks do mot arise on this basis, but selaly
through subjacts, by smoans of impuises,

The second questicn is, " How is the rule of the sobjec
affected by the material factors 7 That there is ag influence
of the kind ia certain from the inter-action we mentionsd
between fumction and Functi le, when the f: rk is
injured.

‘There i3 alto 4 reacticn of the same natore jo the case
of plastic actions. But it i3 quite unknown in all thoss
asgociations which we bring together under the name af
" wisdom of erganisme.”  The popalar dectrine of adaptation
in totally unable to reveal these marvellos inler-connections,

TEE TOOLE OF ANIMALE

The Little bag rolled op by the fonnei-rafler beetle axhibits
al] the properties shown by a piece of human apparatus.
Tty function is not but a ter-action which
makay e performance of (e beelde complete, Since the
birch-leaf repregents dead material to the external congtructor,
the bag has accompanying as well as leading properties. The
same may be said of the nests of birds, and of all the dwellings.
of insects. The less foreign materfal & ueed, and the more
gelf-produced substances serve for the construction of the
house, the less obviows do the accompanying properties
become,

Let us at omee get rid of the mistaken attempts to
cppate with one another implements auch as birds' neats,
and to set up an asconding series indicating the gradoal
advance towards perfection. Hach implement can be judged
mlyutthrewdmhsmmmmfmnparumhm

Iy the inpl am as
mnngtlnmulmumﬂmammahlhnlmnk:thm. The
Deyth of birds, as Herrik pointed cut, form merely an external
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basis for parental care, and cen be judged naly in connection
with that,

All implements of animals that we koow as yet, acise
through instinciive actions, in which neither memory nor
experience play the slightest part. A bird that has grown op
in altered conditiens and has never known the parental nest,
rakes one for iteel on cxactly the same plan as that which
governed the nest of its parents,

It is werth emphasising that every part-action, soch as
the seizing of the straws which are used to build the oest, 15
invariably carvied out with unfailing sureness;, there i no
besdtation or choosing. We do not yet know what are the
indications that guide the birds in this.

Fabre did pioficer experimental work on instinetive actions
when he disturbed the barow of the digger wasp and {inter-
fered with its cart of its yorng. He showed that, kowever
well the entrance to the burmew be masked, it is confidently re-
discovered : as soon as the burow is fomd, the iosect feeds
jts larver in the prescribed manner. On the other hand,
i the upptr wall of the burow hes been removed, and the
mser_t is allowed to enter its dwelling, which is no longer

ded in dark the indications are lacking that lkad
to the fecding of the young, and the wagp gives that up,
even if she be treading on her own larve.

It also seems that, with bees and wasps, certain indications.
must appesr in a certain ocder if the thythmical course of
these insects’ very complicated fnstinctive actions i to procesd
soccessfully, whether these have o do with the constrocting
of the dwelling itself oc with the actual care of the young.

Regently, too, wa have had soma more exact information
mbout the making of the spider’s web. But concerning the
ro-operativn Letween the rhythmicel impulsesequence con-
ditioning the action and the sxternal indications which afect
this chythm, w2 remain quite in the dark.
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o principle, it is quite wwwotasary that the toolt an animal
bay fahivned should appear as soch in fts seroed-warld.  As
T explained, an implement apjmars in the world-as-sensed only
whon the rule governing the course of the activily in the
actionorgan affects the mork-organ in some way, and
there borfos the basis arcund which the indicstons arrange
themselves,

In us haman beings it is the rule of the use-function that
Jumishes the basis for formdng nplements, and oot Uhe mls
of our owm activity i making them. Accordingly, during
Lhe fi jon of the icm, the tule of function
#ts through our apparception as the basis for the properties
of the creaturs formed. Tt is through the cule of Junctice,
and not through the rule of penesis, that we judgz whether
we have a foreign subject beiowr 4s. In this way are ex-
plained the contradictions referred to in the defnition of the
subject,

Censldtration of the foaction-world of i shtrwed
that the animal-subject is not to be sought in an ego localised
im the brain, but that the sabject governe the cntire rame-
work of the amimsl body.

Stody of the groesis of animals disclosed, to opr surprise,
a new rule, which forms the framework. Kal Emst vor”
Haer, il 9 troe, grised that in (he develop of the
anjmal body from the germ onwards, a special natura) force
must be active,; and this ke called * offort towards & goal"
becavse the finished framework slways lorms the aim of the

But it was the ploneer dlssovery by Mende! thal first roads
it poesible to analyse this natoral factor.

As function is bound Lo definfte materdal organs, so s gene-
ss bound to certain material particks in the nucies of Lhe
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germ-cell, which are callsd genes. The nawly discoversd
natural force works rhythmicglly according to a definite
plan ; thereforr it most be called a rule.  The agency through
which it materialised itself we called the impolee, and we
identified it with the impulse that peecedes gur own vehintary
actions,

As 5001 a8 the framework is completed and the fuhchon
ats In as & pmely material process, the contral over the
impulses passes from the rule of genesis to that of function ;
this comes to the rescus when there i3 any injury, and, also
with the help of the genes, canies cut the repairs ; in addition,
it controls the growth of the formed bat not yet full-grown
anirnal.

We Jearn from these facts that, in addition to the rule
that we form with the aid of owr apperception when we con-
sider the working of some particular framework (be it a living
being er @ machine), there i3 slso @ natural factoc that
vmrka after the manner of a re ; this is not operative in

r but only in I

To deseribe two differeat things as “ cule of Function *
may easily lead to confusion ; 90 we might speak of 2 function-

Tule kepl in [ by a Tungti
¥ we choese to use this term, thenthesubwctud:sun
galshed from an impl by p ing an

function-regulator, and it also has an autenemoes rdle of
genesiy ; this, being Tikewise 3 natural factor, may be callad
genesic-regulator.  Thos the subject, as the yisible mani-
festation of the unicn of both thest regulators, forms the
most important natural fagtor in biology.



CHAPTER YII
THE SPECIES

THE species has its origi in the concept of eimilarity. We
say that organiyma are similar which are not quite alike but
are just distinguishable from ome another in & certain respect,
H several organisms are t0 be stodied with reference to thelt
similarity, we cheose out a special individual as a sample,
and compare with #t those nearest to it. Then we go on to
determine everywhers the just perceptible differences, wnd
in this way we onite together the whole group of organisms.
When that is done, the group appears to ms w5 a continmity,
which we call ** gpecies,”

Within each specles we shall always find an individual
which lies midway in regard Lo the total of all the deviations,
We call this the ** rypical case,” while those individuals most
remote from it in any direction are calied " extreme cassq.”

It is not at once obvions whether a specles is a product of
Nature, or whether it is to be considered merely as a means
of claggifying. Ent after it had been ghown that all living
things can be combined mlo contlnuous proups of Epecies,
and that these are scparated from one another by larger
gaps, tuen bebieved that they wee justified in inter-
pEeting species ap npecial products of Creation, whereag
the individual " variations " within the species could changs
in the comm of ages

1t was nainral to go on to suppose that, in the conrse of
&ges, individonl vasiations might drop cut, and, aa 4 resait,
the originally coherent species would cewsr to appear con-
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tinuous, bat wonkd produce the impression of being two
species. It in the questionable merit of Durwinkm to have
followed cut this idsa to an extreme, with the result that
all gaps within species are flled in with products of the
imagination, Darwinim could not really shake the fact of
the existence of species gmite digtinct fram ome another;
sc it conteated itsef with ignering the differences, on prin-
cigle.

Things being 56, thert 1% 0o patting an cod ta the dispute
&a to whether the species is furely & means for classification
necessary for the systematising of the vast number of animal
forms, or whether it is the Temlt of & systematising foros of
Nature.

But there is oo ag even in the !
in defining species, qmapmﬁtbmmtmmmf
Nature, All naturalists highly gifted with intuition, and of
thens Goethe was the supreme instazos, start from one single
instancs ar ** typical case,” group similar animals inio a species.
aronod it, and o ine the viriows deviationy with refer-
enpe thereto.  For such taen the spetiss mmbraces all the
deviatioms that beanch off fremn the type of the anima) selected,

For less “ intuitive * natoralists, the species forms mersly
a group of similar individuals mited by a certain rle,

In bath cases it is open to doubt whetber the mle by
means of which the specits is held togrther in merely a con-
ceptoal rule, or whether wa see in it the expression of a natural
Factor,

To the question " Is the species a matural factor 7™,
Darwinism, with the naive confidence so chamcteristic of
the whole spirit of that time, unmuuglyrepundinthe

4 Sines Darwinkm  was by littln
gifted with intuition, it saw in the specles merely a mixture
of properties, such as oun might find in sty mags of fermenting
matter, The species, like the individual, megt be redoced (o
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» prodoct of netoral forem acting withont regard to plan,
for the existence of such forces acting in accordancs with
design vas denied. |

As the chance product of the general chacs of Nature, the
spocies and its origin would have beceine exccedingly nn-
interesting, were it not that the personal interest which every-
one feels in the crigin of the species ""man “ investsd this
doctrine with immense popularity.

Darwinism referred everything te matter and the structare
of tnatter, and had no eyes for Lthe Lving comlinuity ; then
Mendelism came, and swept 1he whele theory away.

THE GENOTYFE

Jok is ible for & ducing the disti
between the app type, o ph pe, of an
and its rudiment-type, of gewafype. By this mons, certain
variants were referred (o the effects of the environment
during genesis, and others to cimatic and loral influences,
while yet others were based on differences in the genes, present
Through the method of colture of * pure lines ™ {l.e. of ol
aprmgﬁunpunntshawn;wewgmu}md through the
made on P furn by Jenniogs, who
m:m&dsmmmwm&vm&am
individual of this species of infuscrian, it has been proved
beyond all question that the genctype of the animal i not
subject to any change. The phenotype is exposed to il
manner of exvernal influences, whereas the genotype is stable ;
this means that the genss present in the germ are inherited
unchanged, 80 ooy a¢ thers is oo croming with other genes.
It is erpecially satiafuctory that this result should have
been reached by Jeanings, foc be bad 10 depend on it etirely
in order to apply to the origin of specier hs law of ™ trial
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" & law, that is, of almless testing it every dircction
and of & " selection of the fit ' depending on external ciccum-
atanoes,

As we already kmow, there lies ready in every germ a
Aefindbe number of quite definite gemes, which together repre-
seuit the genotype. They themselves have as yet no frame-
work, bist, terough the ordersd advent of impulses, they are
enabled to prodace it.

Through the crossing of different I.Ildi.\'lduu.ls of the same
species, these genes are reclp dly d, in A
with Mendel's rule,

If we consider the coosting, within a species, of individoals
that vary wery much from ome another (as in the fiy
Drascpiilta ampelophila, which we imow from the fine work o
Morgan and his pupils), we e that, compared with the sample
animal, the species pogsesses & mpch graater nunber of grmes,
many of the propeties of which absolutely contradict ane
mncthet. As weil as getes for all conceivahble kinda of eye.
colour, we alss find genes for eyelsssness,  Likewise thers ave
genes fof certain shapes of wings, and others for wingless.
nesk; and so forth,

In spite of the extraocdinary wealth in genes, yet from
every aromting that yields a living germ there ariges an indi-
wvidoal capable of functioning, which we call 2 Drosepkiln
empelophils.

The sme thing appears within every specims. Ewven
Paramecinm fonne epacies, the individnals of which diverge
from oo another in eévery dirtetion, and nevertheless all
beloag to one unity, which we call species.

Starting from this fact, the specics hay been defined as
that member of differsnt incividuals which, crossed with one
another, continue to produce cffspring capable of living #nd
of reproducing themsetves.

1! we accept this definition, then the speciss consista of
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& number of individuals, each one of which bas a definits
aopply of geoes.  Consequendy, each species, ax the gum of
all the individual nrganisms, has a definite treasure-store of
proes, which Lranscends in 3 grester or less degrec that har-
bomred by each individual,

Now undoabtedly (e number and the nature of the genss
in the individual is oot left to chanee, but is governed by &
fixed rmie, (o which we give the name of geantype,

The qocstion arises whether the apesies likewise hax
a genotyps, or whether the boundary of ooc speces with
regard to others is decided by the pessibility that, whea too
large a number of deviating genes mest one another, an
individual capable of living can no longer be produced through
crogsing, for external, physiological reasors. Have we here
npupﬂudpmmol“tﬁaludem"gmgmwhch

ds and i falls? Or I the species
a whole which works in accordance with plan, and is hald
togethar by a fixed rule ? 1f 50, whal is the nature of this
ok

WHAT THEE SFECIES IWIEE

Mercly from the circumstance that the protess of genesis

in the organism produces, as though dent of its goal, a
§ ioming § k, we become ineed that we are
faced wilk comtrel by a oatural factor working o plan, If
the devehoy atopped | ly, or i an in=fc

" embxye owalted, we would not be justifed in coming to this
concluion, A whole Lhat is incapable of performance &
mersly an object, it is not even an implement, and still Tess
i it an orguaism,

This criteyion may b apphied to the Mea of the subject
that we must make for curselves. The apecies, and Men-
defises confoms thin, & fot & mma classificatory formula
created by us in order that we may get a better view of the
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wholr : it i u real natural product, characteried by the Eect
ihat ihe indjvidnals compoging it &re not in & conditien to
crose with thost of wsother specien.  But is the species sl
2 mahmal prodect sanged by some plan, of i it meredy
an object prodoced by meshanical caoses ?

‘Wa must bring forward prood that ihe spocies as a whela
waxpressea life 1o a onified way, and that in this capression
somebow the parts detmrmine the whole and the while the
parts; aod this can be shown coly If they werk in commen.

It is not suficient to ghow that thete are functioning
unities, consisting of a number of indiviguals, as in the cage
of the bamily or the amimal community. Soch instances
merely prove that a whole which will function can be
organiged from a number of animais. Cn the other hand, it
in no proof to the contrary that we as yel do not know
anything about what the species periorms, for 30 far oo one
has gone into the qoestica.

Strange to say, there is only ofie spedies of which we
ussume a3 obvious that it has a common task of performance,
wid that is the species ™ man.”

In especial, the existenee of dark-coloursd races of men
in the hot zones and of Hght-coloured In the eold pones in-
dicates that to them all is set the commen task of ™ deminat-
ing " the giobe. Sines the individoal human heing eannat
emubtanccosly have o white skin and a black, it seems obvious
to o that, to attain the common aim, there must be separale
beings with difierent properties.

This ximple instance supgests to us that the diversity of
individuals within a specles cannot be refemed merely to 2
whim of chance, but may be conditioned by & higher plan.

3 we could build up together the functioe-cirdes of ail
the individosh of one species, we shoald get the common
wurtcnnding-workd of the whole species, and, in correspondence:
with the deviations of the individnals, this would be Jarger

9
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and fuller than that of any cune of them, Within this ser-
roanding-world the fete of many thouwsands of individuals
would have to run its course | and thus we sheuld get a glimpse
into the jons between ing 14 and specizs, u
well a5 an understanding of the meaning of the differences
between the properties of the individual creatures.  Although
each organism is perfecl, in the sense thal it exploits o the
full the means at it3 disposal, yet the perfection of the species
is higher, becanse Ve Bimits that ave imposed on the individnal
wre shilted moch forther backe, An individug) cannet be black
and white 4t the same time, nor swilt and deggish, oo large
ang small. But & species can possess and bring to realisn-
ticn i properties i becaime it is
1ot bound to the funciion of cne single framework.

Actordingly, the species and the mdividual are differently
armed vis-i-vis of al the vicissitudes of the external world
And that, along with the increase in (e surrounding-world,
i& the chief reasan for the sxigtence of the specias,

Let 09 agsume that there were no gpecies, but mepely o
targe nomber of individuals constrocted n exactly the sama
way; 4 very ingignificant cirrumstance might snffice to cause
2l these crganisms (o perish; while athers jurnighed with
different properties would easily escape destructivn, On
aecount of fhe presence within il of many different animaly,
the gpeciem i5 no¢ annihilgtsd even if certain individuats,
bailt all alike, be logt. Fer the animals that sorvive are
able to veplace thogse thet have perished, wince sach may
contain, in addition to the genss For its own properties, 23
many genes for recessive properthes. So the species will
ot bod it difficnit to make good the loss by wossing.

Sexual reproduction serves mot merely for the continuad
renrwal of the same individual; For that, simple divieim
would suffice, a3 we see it in the anicellulars, which split in
two and then regenerate cnce more.  As Jannings bas shown,
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this dividing i useful for the individoal and oot for the
species, I the offspring sontinue alike throughout. Cn the
cther hand, sexual reproduction is therr i in the
interests of the spechs, because it musmres the erossing of
the genes,

M , the ug doction of young is solely
in the mtmslsutthnapem this perpetaally glvea the
specles the chance 1o maka ust to the full of all favourable
apportunities, and to eome through bad dmes without easen-
tial loss, ngcnmmﬁmemmmmmbyam
survivors, that is sufficant to secure fis (|

The difficulty of picturing the species as comaisting of
Rumerans individual organiems and yet being an entive organ-
ism itself, depends only on the fact that the scparate creatures
4o not perfocm their actiong at the same rate or at the same
place. Let g imagine the specimy as, for instance o large
shoal of fishes hunting 2 great guantity of pteropods, and
iulluwdintheirtumhyanumbﬂolshuh We at boca
get the impression of 2 Ruge organi g 2nd pursued,
wh:dnnwspﬂeadsout,nuwdnwswgﬂlmr here becomes
larger, there becoraes smalier, but fundamentally remaing the
same throughout. At one polnt spesd, at another slowness,
at one point datk coloration, at another light, hers sharp
slght, and thtre & koen sense of smell, act for the preservation
of the whole. Solunsasthewholeretalnnﬂthmpmpﬁlm,
it wifl continoe its d, although that essen-
lally eonslsts of perpetaal flight and paorsait.

I think there can be no donbt that every spacies represents
really an ind d inm with a cf of {ts own

but endawed with tremendous lengevity.
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THE PICTURE OF THE SPECIER

1 some coasider insufficient the picture af the species
that 1 have briefiy sketched above, lat them try the fcllowing
method, in arder to get it thearer.  The cinematograph enakles
13 to consider an ahimzl a5 & tontinueus seres, and thus to
pay speciat attention bo each one of ibs actions.

Soch serfal pictures of anlmals acslst cor conertte view
of things very greatly. We can wee them to make a pichure
of the specles.  Let us take 2 very common animal, milky
to us, abd one whose habits we know very well - a cabbage-
white butterily will serve. Imagine that all the eggs, which
diverge frem one anodher in their genotype, arc collected
togethet on a circular surface. They alf begin io develop
at the tame time, Plle up the developmental stages one on
top of the other like a roulean of coins, so that together they
Torm an opwardly grawing stem, A3 soon a3 the phenolype
is ready and the caterpillars haick out, let them all crawl
away from ooe another in every divection. Now note the
Fate of the varions caterpillars with reference to their different
properiies.  Some find the lood thal suits them on the cabbage
leaves, with which they are very closely inter-adjusted. Some
of the others soccumB before their numerous enemist in the
shape of mitey, ichneomen-fies or birds,  The inler-adijustment
dthealerpdhnwﬂmn{ thege enemies is more or lesn

g to theit prop [» 1y many
perish. Finauyaﬂlhawmvmpupatsatlhemm
and bang in & cirde aroond the original stem, like regolary
arranged berrien  Aguin tho stages in the metamerphosis
wre noted in an upward direction, wnti] the botterflies rise
like a whits clond and pass in towapls the cemtre, where
they unite in pairs snd lay their eggs oo o circular surface,
after which they Pall dowm like withered leaves. From the
g grows up the pew rtem.
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In this way it is possdble to redoce to a form that can be
visualised the series of recurrent changer in the specles.
‘Thia ferm resembles a plant, the stern of which, by thythmical
repetition, gives off shoots ; of these a great portion come to
naoght, but the remainder unite again to form a new stem.

‘The greater our powers of visualisation, the better able
shall we be to make thi picture dicher in detail and more
troe to Nature,

‘We can also think of this coming Inte being and then
dying away a8 though it teck place cibematographically ;
then we participate in the rhythm, and so get the right im-
pression of the specles as a rhythmical seqoenee of acks.
The provess of shaping, which follows on plan, and the forims
it produces, which likewise operate to plan, mutually releass
one ancther,

Framework and action are always restricted to the in-
dividdal ¢rganism, and only at one stage, that of sexual
union, is there an inter-adjustment that does not belong to
the plati of the individual, but to that of the spedes.

What showt us charly that here the species itself comes
in and defertnines ihe shaping i not the enewal through
ofspring, but the mixing of the propertics,

The creation of new subjects from the cich material of
the geues affords the species the possibility of shaping itself
anew with each generation. Without this, there would
be etermal repetition; and =0 new variations on the same
1heme i make their

Were it ot for the perpetually repeated ution, the species
would break up inte Jong, uniform chains of individeals ;
whereas, the tnjen of all the chaine in prirs continually
revives the unity of the chaina considered collectively.

Morcover the pichare of the species enables us to visualise
how gpecies live together and affect one anether, and 3o we
got o glimpse inta the living timue of Natore; this was
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quite impossibie 30 long as we were merely considering the

fndividuals separately.
The k and the intor-ady of the individ
axt in th ves 22 that it is impossibl
to take them in at & glance.  The species i & thousand times
richer than the and iy i ithe to

grasp 0 its entirery, i we consider it mersly an the sum of
Jta members, We can arrive at an intelligent notien of the
iroth only by grasping the species as a unity and confining

to the ulti int; ipas 1hat bind it into
a whole. Then svery spetits appears to U as an ingsnious
strocturs formed by Matum, the several paris of which, as
they separate fom dme another, arc popetually reunited
and renewed by the sexoil process and the inter-adjmitment
of the sezual organs.

RAACE-~FEOFLE~FAMILY

The large spocies readily Ell dnto groups, which are
arrangsd aronnd B typical sample animal

Among thest sample aninuals, one can always be found

- that serves as tuch for the whole group.

Soch groups, which esually display & marked tendency to
aveid miving with ope another, are called races  We see in
them the slanting-paint [or the formation of new spocies.

Faces are divisible into peoples, held togsther, as a rule,
by peographical circumstances, which aford them special
conditicns essentiad for their Hle.

‘The uitimate member of the species is the lamily. Races
and people may be degoribed ax sobdivisions of the apecies,
but the famity Iy the true byilding-sione of this elusive natural
whit, In the Bmily sccurs the mixing of the gemes that
makes of the speciny soronthing other than the mere renswer
of the same individual,

The family forms the visible expreslon of the species;
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in it we gee the effect of the continually recwrring tendency to
uniem which prevents the species Irom falling asunder. ‘The
family provides that the perpetually renewed reciprocal action
of the treasure-stors of genes continoes vital and unified.
It is throogh the family that the fullest concelvable reciprocal
exchange of properties is engured.

I{ we develop further the ploturs of the speciss as T have
sbetched it, we get 2 chain that stretches 2way back Into the
past and forward into the foture, beyond the eye’s reach.

To get an idea of the relations of the scparate farnilies
to one another, independent of the phenotype of the individual
Ofgatistus, we muost set, one behind ene ancther, copies of
the Famillar picture of the bifurcating gencalogical tree, and,
by means of un ing kines érom
ont tree to the next.  'We get in this way a pillar-like, ascend-
ing, three-dimensional network, the meshws of which cross
ane another in the most various ways.

I we wish to add the distribution of the different genes,
we gan imagine that the separate strands forming the meshes
are made of various eoloured threads twisted together, which
centinually geparate from cne another and come together
again, ‘To sach species we most apportian a definite number
of colomred threads, which give to tho whole its characteristic
colour, In this way we get a piclare of the stable gepotype
of the species.

All such pictures are merely aids to our restricted powers
of visvaliealion ; but they are wery important, because they
wdmit of our imagining, on the lines of an actual model, people,
mce and apecles as scparate and yet belonging to ooe another,

However this model be constructed, and however the
threads interwsave, tha family, which forms thn knots of
the mmshes, is threughoot the true boliding-stone of the
whale, Feople, race and species are merely links between
Eamilies.
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Through Mendel we have Jearnt about the distribotion of
the parental genes to the offspring. But the lews accord-
ing to which the parents fnd ons anctber in crder to affect
this distribution have a3 yeb been little studied. Jt ig herp
that sexoal selection, so-called, plays its important part. Az
Purwin shewed, the breeder can gtep in in place of natural
selection, and produce new races and pecples within o species.
‘These artificial races play the determining rfle in the cams
of our domestic animals and plants, Wy may still expect
grat remmlts from work i thiy diretion.

Artificial rares enter cur human surrcunding-werdd in
& way that is conformalle with plan, Wa are as yet without
the fondamental clue as to the sfle which natural selection
plays in the life of the individual gpecies ; but w= can be
cotain that scme day, when we have lsarnt to look more
closcly into the sorrounding-world of the species, our eyex
will be opened to plan here also.

The geous does ooi reprgent a connection betwsen
families, MNevertheless it is not considered as 2 mere human
means iy classification, but as a troe prodoct of Natare.  We
ansuma that the genos depends oo the relationship of mpecies
oue with maother. Now relptionship can be baged only ac
the tamily, Therefore we assume that, countlsgs years age,
s=paraie offspring srose from ooe family, which s differsd
from ooe spotker that they mo longer toossed, and in this
way they sstablished new gpecies.  As an analogy, the forma-
tion of races s cited, Illlwudullthaiwemuyeteshhhsh
is that certain groups g toa within
th:spemduphyateﬂncytouwm Bul.ln!ar
whsolutely nothing has been di
dmvahondthelpeuuﬂmmewm‘mplennm
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The asumption of ane pair of ancestors meets with soch
difficultiea that, even in the case of races, it comes up against
contradictions. Fer even In the race the troasure-stere of
genes is much oo Targe to be united in one single pair, How
much the less can 4 single palr of pareots conlain all the genes
of ali the species belonging to one genus !

But thiz very real difficolty, cbvicus theugh it most be
1o everyone, was cheerfully ignorsd by the Darwinians, ina
manner {ll-beftting the serivusness of the problem,

THE ZPECITE A6 A MFANS TO CLASSIFICATION

As soon as we regard the speciés mersly as & means to
classification, we take up a totally diflrent position. In
such a case, we are no longtr concemed with bringing into line
the whole wealth of speciss, but merely seck for a group of

istics that are displayed by all the individuals of
ane spocies, and at the same Lime are typical of this species
alone.

This is made possible by the fact that all the inter-
changeablr propertics of the individual organisms within
one species arc built up on a stable basis of properties common
to them all The species belonging to one genes hawve, in
addition, @ smaller stock of properties, which, etter removal
of the gronp of characters typical of each separate speciss,
remaing over for the genus.

H we continue en thege lines, proceeding to larger and
larger animal groups, we gradusily demolish the stock of
properties, until we come down Lo the frst germina) rediments
that determine the radiate or the bilateral type,

When we start from the species, and astend to the genna
and type as oatural phengmens, the number of formy snd
of properties increzses with the size of the circle encloging the
individuals ; but when we consider the species, genny and
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type a3 & meany tp clagsification, the number of common
praperties presont iv gach gromp diminishes,  This must be 3o,
for, the mere unlika tha individuals, the fewer properties they
have in comman,

Throogh confusing thess bundamenkally different things,
which unfortunately bear the same names (foc specics, genus
and type mean both the logicsl comeapt and \he vigible
phenomencn) it became possiblc to comstrugt animals with
properties acquired in purcly abstract ways, and these impoe-
sible hybrids wern called ancestorg.

In this them Bes a fandamental misconcoption. An
animal, even though it be the mest remote ancestor, abways
remains an individual, which must have indjvidual propertics
exchangesble vwith others of the kind in crosging.  But it is
just these properties that admit of inter-adjusiments in the

How s t possible to imagine an zuima) having anly the
propertics of the species, if, for ingtance, the individuals com-
posing the speciss are spme of them winged and soma of them
wingless ! In a case like this it ig quite possible for 1he stock
of peoperties charactetistic of the species 1o confain bath
winged-ness and wingless-naa together.  But, in ity structurs,
a living individyal canpot simply ignore the qoestion as to
the axistence af wings, Either it has wings, of it has noi,
There is no third alternative

The wider the circle, and the more (he tension increases
between wealth in different propertics oe the one hand and
Ppoverty in commen propertiss on the other, ihe more obvious
becomes the impessibility of making a living individual cut
of those that, as 1 mewne to classificalion, characterise the
anjmal greup.  How, for instance, am [ to Imagloe an animal
that is merely five-rayed, and has ne other propertles whal-
soever 7

It is perfestt Lo read the relationships of animals

¥
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from the stock of thelr common properties, as we might read
thems of 3 measutingrod ; but by this means we leam
abmohoiely nothitg about the methods Mature has emplﬂyr.d
i1n creating relationahips,

THE COLONY

Hitherto we have considered enly sech organisms as cama
brom an egg, and by means of eggs gave tise to indapendent
offspring. There are alsy, however, organisms that do net
ariee fom independent eger, but from germs that Temain
confected with the mother organista, 'We call snch germs
" buds," and the organlim azlsing from a nomber of buds i
oo kgt an individaal, but 2 colony composed of persens.
Themnsutrmmgmsmmuitlusklndmglmbymmn

h These i <olonial meduse are com-
pooed of a serics of individual pérsons, cach of which has its
awn orgats for food-capture, for fteding and for sexoal pur-
posss; but afl the persots are connected together by a
commen alimentary canal_

Colonies composed of & number of similar persons give
the impeession of being a unified animal, posaeasing, bowever,
many mouths, many arms, and so torth,  Tho fuectcn-
tircles resembde those of an individual animal in all particolars.
They have ariscn through 2 definite rule, and bave a dafinite
tule of fonction. ccordingty, thre is ho reason why animal
codonies should not be called subjects.

ARIKAL COMMUNITIES

Animal colonies such a3 we have degsribed are distin-
guished by the fact (Bat the individual persens together form
& bixed framework. It is easy to imagioe that thers are other
celonles in which the individual pergons are not connected in
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thix way, but by an inter-adjustment that expresses a plan.
Colonie of this kind we call communities.

In addition, animal communities are charseterieed by &
smarked diflerentiation of the various persons, 2 differentiation
which ales sometimes occars in colenies, The persons,
eapecially in the familiar bee and ant communities, fall into
groups according to their special vocation ; and these proups
differ widely Irom one another in (heir bodily conformation,
Each group serves some one funclion-circle more perticelashy ;
there are seldiers for driving off ensmies, workers for collect-
ing the food, #nd queens serving for reproduction. It is
impagsible not to gee in the community as 4 whole a modifed
crganism, which has jls own function-circles in addition to
thase of the several persons,

Nevertheless, Ihe individoal persons arise from independent
eggs, which are laid by the queen. Already in the ovary the
Feped are distributed in these cpgy in differem groups accord-
ing bo the vocaticn, or, 29 in the bees, & soppression or an
aceentualion of certain gene-groops i elected by means
of diflerent methods of breeding,

‘The result is always an independently functioning undt, ibe
parts of which are represented by Ihe several independent
ptrsots. Whereas the ongans of the iree-living singhe animal
are cqually developed in every divection of the function-circles,
the Individuat animails of 1he conmmunity, as the result of the
common life which rote them of cortain parts of thess, are
in a position 1o develop themselves with special rdference to
one function. The guemn-bee can devote herself exclusively
to the work of reproduction, for she is previded witk food
and protected from epemiss by the workers, Conversaly,
the workers, relieved of the buginess of producing young,
can develop with reference to fighting and fnod-caprure,

This separation of the functiom-Circles goes Burthest in
the case of the truveller ants, The long procession of thees
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insects, containing various kinds of workers and queens, is
covered by a thin vell cosisting entirely of sldiers, which
support and cacry one anvther and threateningly tmm their
gaping faws, swollen with poistn, tewards every coemy that
AppeNrE.

Such a communlty resembles a very long worm with a
thick, atinging skit. and having the stream of foed in jts
intevior distribated by individua! animals instead of by cslly,
in place of its orgahs there are largr oumbers of separate
creatores, which move forward on their own legs at the same
rate as the whole anitoal,

By this “army ” warm of the traveller ant, Matore hag
saved s the trouble of constructing = picturt of the om-
taunity, with all the individuat animals moving at the game
place and at the same rate—a pleture such as wc had to
make for aurselves in the case of the cabbage-white bottefly,
Here we have before us in a tangible lorm the whale com.
munity as & unificd crganism.

COMNUNITY AWD SPECIES

Now we are n & position to compare the commanity and
species as concrete phenomena. On the ona hand wo have
the pleture of the species as I presented if in the case of the
cabibage-while butterdy ; and, oo the other, the picture of
the commtnity s Wature gives it oy in the traveller ant,
1tuobmmthalhelhmmuwmbuﬂtmmdame

with phen, Le.all th are
with all their funchion-circles 2nd their ding-world, by
mzamufngrntnrwlhmon Ina]lotthﬁnaml;hu
become -] effected

bylmpulns.whnch-reohl@ndlombjeu themu]vesbolhe
Tles,
‘We bave aiready lnarnt that the Impulses may obey two
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Tukes; for the Tule of genesis controbr the impalsss in the
embryo, and the rule of function those in the full-grown

I have already pointed out the relations between rule of
genesis and rule of function, and I have shown that in the
amcehe both mles together control the formation of the
peewdopodia,  In amimals with a framewerk, on the contrary,
the rule of genesis halds sway ooly during the fyst portion of
the life,

Wow Roox, the pionesr fomnder of experimental
embryology, showed that the goal {namely the Anished
Bramework capable of Functioning) i more certaln than the
route followed (iLe, the normal coprse of development).  From
thiz we may deduce an influence of the function-rule on the
Tuke of genesis, an influsnce nel yel investigated.

If we find it dificult to admit the infreence of the one
Tule cn the other, let us remember that, in thele very nature,
the rules are active [aclors, and 3o may abo be called re-
guiators. New i(he analogies for these regulators are to be
sought, not fn the domain of mechanics, but in that of mueskc,
And g0 we may eay that the meledy of fanction lofluences
the melody of genesis.

it o wey dificult to visealise even this much in ihe
roquized degree: and in comsidering the origin of species
and community it i at first atterdy confusing, since wr have
to keep befors vur ryes the influesrcs of three melodies om
the mefody of genceis. The melody of function, the melody
of the species and the melody of the community come to

premion in tha T and eri of the polar
netems of impak The individual ign  formed
during development in such & way that it btoomes & stroc-
ture capable of functioning, Decomes uf the same time &
tnember of the community, nd, by the mers fart of ita sadst-
ence, forms & part of ihe species.
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So every individual being, when it iy completed, is
product of fhree rulm—the ruls of the spegies, the e of
the ity and the individuals ruls of function, AN
theee rules, thereiors, munt together bave been detarmining
the rule of gencsis, which impogey their arrangement on the
impulses,

Reftrence of the phenotype of the individual organigm to
ta genotype parmits ue to separata off the ruje of the species,
and reduce the species to s rule of mixing of the genes—a
rule which I put inte conerete form in the image of the
ethimanar netwerk. This rule of mixing, which snpposedly
forms the family, producss individuals exploiting all the given
poasihilities according to the number and qualivy of the
properties present, and creates & wide-embracing syrroending-
world, wilkin which the species 25 2 whole continges to live
and meve.

The prictore of the species as phenotype, such as I gave it
in the case of the cabbage-white, may be pictured as stationary
oz in action, according to whether we project it in space only,
er in space and time, One thing remaing characteristic of
thiz picture throughout, and it is that while the individual

i idered show a collecti isation, they are
not connected together by a fanction.

By their individeal actions Lue individoals do not partici-
pate in the collective action of the specits in such a way that
coe part-sction conditions the cther in spact and time; but
the som of il the part-actions of the individuals forms in
each association the collective action of tha specieg,

As soon as the organisn is completely developed, the pheno-
type of which was 4 throvgh (he g pe given by
the ruln of the species, the infloence of that rule ceases, and
the collective actan of all the Individuals forms that of the
specizg, without further functinoal binding together of their
acticnd us individeals.
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Azl 50 we may say that, thoogh withewt functional
framewnck, ihe species 4ots in confarmity with plan.

It is only by soxing the species as & lving thing that we
are crabled to understand there being unitles which have
mistn in accordance with plan and yet can do without fome-
tional connection ; for here the action by the whale, which
fs in full conformity with plan, arises quite of itself from
the rudiment so laid down.

Ia the speckes ihers B no vocatfonal organisation, but
the pect: by the whoie itself directiy in the
activities of the individuals.

In this respect |he community is essentially different
from the gpecies.  The community is distinguished by & par-
vading inter-gdjustment. [n it the unified action ariges
threugh o nnified rule of function, and the function-circles
are sharply deiined from ofe another, at least in so far as they
relale to the werld of mction. For in fully developed com-

ities we find builder-pe . Who amange the medum
to form o dwelling, saldlers who fight the cneny, and workess
who see to the commissariat ; ﬁnal.ly. ihere are the ssxual

pﬂmwhmbummu prod There i a i onal
division g o i {nganizati thraughvnca
tion ix ch intic of the of the

ﬂmummmumsmmdbyﬁrud:ﬁuﬁnt@llﬂp—
ment of the effectors m different indtvideals. OGcecagiovally
plso there zre vormtione! groups in respect of receptors:
swans, for inatancs, set 2a outpoets those individuale possses-
ing especially kren sight.

Arcording to the type of the animal comnmmmity as a
whole, the inter-adjusiments within it are very variowly
apecialired. IT there are vocational greups of workers that
never leave the dwelling, their receptons, in correspondence
with the rmtriction of the function-circle, art reduced &0 a3
10 deal omly with those that have i

v ¥
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‘within the erganizm of the comtutnity : among the termites,
there are totally blind werkers, The analogy here is very
stelking with the different developenent of the cells within the
framework of an individval creature. We find thia faniliar
process within the arganism repeated in the case of the in-
dividial cell-subjests, of which the function-circss are soms
of themn sappressad and some of them intensified.

The unified behavicur of the entire community is oon-
ditioned, as a4 rule, by the interlocking of the varlous voca-
Honal groups in conformity with plan, without there being
demonstreble any unified centre whick, notified by its re-
vephors, would set in action oow oo group of sgents and
new another,

Andtnal communities are constructad, as a rule, pursly on
the principle of coordination, and not on that of subordination.

Thert are, howsever, cfrtain exesptions: io the bee-
commmmity the queen is sometimes desoribed as the Jeadsr,
for she has not only te look after the production of young,
but also has to sheer the twarming community the direttion ita
flight must take and the plae on which the tew colony shall
settle ; this place, it would soets, & roootneitred by cectein
workers, whosum.tiun,mﬂmm uth&lofispm

We find this distinchion even among mdividual animaly,
For instance, | have called gma-urching “ reflex-repullics,”
‘becange, in these animak, many organs, much as gpioes and
,"‘hauhecunn',‘mﬂexpuwnswhnu
actions arm int, dinated, and not d to the
central neTvoms systam,

In the Eramework of the individual creature, as well
as in the interadj within the being, there
is a coordinate type of strocture a3 well a8 & schordinate.
Thus the laws of function of the community approximate
cloealy to those of the individual creaturs, whereay the corre-
spotking laws of the apetdey are of & differsnt kind.
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THE WEH OF LIFE

Starting from the shaping process of the Individual
orgunism, we perceiva that we bave before ws & prodoct
of several formative factars,

We care rightly appreciate De movements of 3 drop of
water oo the rppled surface of a lake, ooly when we have
sindied the directlon as well as the force of the intersecting
lines of ripples: fn the same way, the lomn of each living
creatume can be brought nearer our comprehension, anly when
we have analysed the action of the formative impetuses that
oo oae ancther within It

We may peohede the attempt by pitturing the formative
tendency of each impetus as dominating feely. In 3o doing,
we bacome aware of the restrictions imposed on it by the
others.

If we coneentrate our allentlon soktly on oor formative
Impetos, we caonot fail to perceive that, from the standpoint
of the individual beth ity wod species
imnpose on it rictions that are intic to it aa an
indivicnal. Tn the same way also, Fom the standpoint of
the specics-impetas, we feel the embarrassing restriction that
the ok ds of the individual and of the ity lay upon
that. The samwe is true of the intorest of the community,
which finds linddf heramed in by the interests of the ndividoal
and of the specim.

Thess motual resivictioms give m proof that we have
before 1 a coarsa-meshrd Hssoe, which can be comprebanded
only from & standpolnt higher thac those aforded ws by
individoal, commonity or speces. This allembracing inter-
weaving canopt be refmred to any particular formative
mpetoy.  Here at lant we pa¢ the action of life as noch, wock-
ing tn conformity with plan.

As & ruls, the attempt is made to pisce the interest of the
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individual £ ud to 4 its luterest in the
formaticm of speeits and community. Acttally, them can
be mrither specits 1or cotmunity withoat the individusl ;
ofl the other hand, it Is possible to convelve of individoals
withoat species or comminity.

Begioning with the unicellulars, we must admit the
possibility @i there boing among them individuats entively
ﬁmmﬂy,andmtbnwayperpenm]lysmﬂnguh\shmd

plying. Of anch individuaks we might admit that they
were, in 4 sense, immortal ; but thelr immutability, though
ceﬂamly‘nthehmlaﬁtdtbamdlwdnaLunbnnuﬂynntm
the i of life. G .| , eachn ona of them iy
furnished with & gpecial mber—ndjustmmturg;mgltmoun-
jugatipn and the creation of pew and modified individuais,
which take its place, Thmghthzmtmdncbmutﬂmmnal

Eanction-cirche, the i I m becomes a metaber of
the spacies.
Whenmdhd.duahmnnrgedmﬂumes thelr bm-

mortality and i i i in the i

of life, and this shows that the W interssts are not identical,
Moceover, each organist is obliged to take on a new functioa-
circle, which it can perfectly well get on without. The scxual
circle requires special effettor apparilos and a specal stear-
ing bearing on speelal indications.  This Imposss an extremely
breavy borden on the framework of the individoal, and means
a grent increass in the dungers it has to ran, for at the bresding-
time the other Functicn-circles are forced into the hackgroand.
And thus, in the interesty of the preservation of the species,
that of the preservation of the individoal is throst into x
second place.

The stamp st oo the individoal by the ity
impetus iy diffrent. Mo new function-circle Is sequired ;
on the other band, the individuals function-cirdles are
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markedly altered, and that of sex is often completely sop-
presmd, a5 in the case of sexless workers and asldiers amang
the bees and ants,. Which demonstrates, in a very striking
wuy, that not cnly is the individual crganism ble to Live
without the sex circle, but that it event displays an increase
in its other fusctiens. When the comnrmnity sdects ooly
certain iodividudds for reproduction, the spedes-impem

becomes supp in the other of the
It & imposible not to recognise here that three rules
interlock in conbormity with plan.

In the majority of antmals, it is only the rubs of the
individual and of the species that take part in shaping the
organism ; in all communities & third rule s added to these,
In spite of this incredibly heavy handicap, the resnlt it always
& perfect conformity with plan,

And there i spread out before our cyes a multiform
wealth of tramsitional fooms, which we can coly describe as
vodnthess variations o the theme of lie,

Only throogh compleie misapprebensdon have thess
trangtions been regarded as links between the move perfect
and the les, The central power, to which we give the nama
of “Life, 1, by its very mature, in actord with plan, and qaite
inapabin of producing smythlng void of plan and imperject,

THE EVOLUTION OF SPECIZS

It is remarkable, to say the beast of it, that the Darwinians
atways mpeak of the avalution of the individasl, ot naver
of the avohriion: of specien, althongh they distingnish batween

{odeed the entire gemealogiosl tree of animmls, which
“mMmmalm-bwh i wppord to
from the atmple to the
mmmmmmmewumm
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Meamthe{mmto{thmrmhom Why then thic
id of an evolution of the species ¢

It is becavss the whole sequence of the various apecies
which palmontology reveals to us from the Cambrian up to
the present day, I regarded by them, not as a life-process,
but as by chemical, physical or hanical causes.

Varigtion, according to them. i a chemical process which,
without any plan, creates organisme, from among which the
gtroggle for exigtence exterminates the unft, ie. those in-
capable of life, so that a ssTection of the fit is effected,

The gengalogical tree i3 not mesnt to give a picture of
an inper growth, but merely the result of the infusnce of
external Jactors, The shape given to the animal kingdom
at the present day is (he outcome of the action of physical
factocs o 2 chemistry that displays me coniormity with
plan,

1 simply rannel undergtand how, bolding soch views,
men can talk of an evolotionary idea For the external
tactors can at any moment become such that, by extermina-
tion of the complex, they make the gimple animals the only
ones capable of living, and thus bring about a return to the
Frimitive,

Iz contrast to the Darwiniaps, the Lamarckiang s=e at
work an inlernal shaping ferce, which, in accordance with
plan, creates beings that express that plan,  ‘The Lamarcldans,
therefors, ray speak of an evolationary idea.  But the signifi-
cance they attach to the shaping force {9 paychelogical, and
30 1t not controllable by an catside cbserver. Biology must
insist, wilboot qualifcation, that it shall be 3o controlled.

Before examining the scanty facts at our disposal for the
comprohension of the evolution of speries, T muost state the
reascns that incline biology to spsak of an evobation of speciss
and not of a0 evpluticn of indivichmly

I have given detailed rezsons for the opinion that, in the
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geomis of the individual ecgurism froen the garm, we are not
denting with ab unfokding— “ evolutiv” — since in the
gorm there is 1o k lying ready prepared, and qaly
requiring f¢ open out in erder to give the finighed animal,
On tha rootruzy, ﬂtgmmmdthcnn‘hrynmunﬁnuhed
,, which are d g inte
ooly through invasion by lmpuise after :mpnhe waking
in wovordance with plan. By the fermation of oew folds,
the smph becomes complex. Thes we have to do with
u folding up, and not with an undolding; with 2 ' cow-
plication,” and tiot with an * explication.”

With specios it is quite otherwise. There i no such
thing 2= an onfinished species {in the way that there are pn-
finished single organisms), and there orver has heen,

H by * species " we understand an association of different
individnaly arcording to a plan, then juch associations exist
both among organisme with complex and araong organigms
with simpls frameweak.  The asstclation, ie. the method by
which the comuection is efiected, in the same in all cases.
When we consider together Smultasecnsly the family organi-
wotions of animals g9 they wucoeed poe ancther, it i Aways
% chain; when we separate them from one enother, it is
ways a oeteck,

The more rumerous the different genotypes within &
apecies, the more readily do they seem to split off into different
taces, which may then [orm pew species,

‘That is the only thing we can sy with much probability
concerning the evolution of new species.  All the rest iy the
work of imagination.

1t Goes really mean something, ihen, when we speak of (he
evolation of ooe gpecies from another. We are then pletur-
ing the races as having been wrapped up within the species.
Or the apecies unfolda lote differwnt wpecies when ity chees
separate from oos another.
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One amsociation splits up inte several. The fost, it i
true, incloded o greater momber of differcaces within it ; bnt
it was oo mere fomly kalt together than thoee which aroer
fromm it if It Bad been, it would have beco able to bold
together the greaver wealth of varety.

Tt we try to represent graphically this splittimg off of new
species, we et the familiar picture of the gencalogical iree.
Since the specles-assnclations are constructed in confertmity
with plan, we may see in the gencalogical tree the representa-
tion of & Hving phenemenon.

It iy cbvious that, by mere splitting off, no bigher com-
Flexity can be created. Higher complexity in 2o way owes
L3 origin to the appearance of new specles, but to that of new
individuals. When 1he complesity of the individuals within
B species increases, there comes a monwnt, it would seem,
when the bond no lenger suffices, and races begin to branch
off, which ultimately become independent.

The inquiry as to increase in complexity, iherefore,
must be directed, not to the species, but to the individual
organism.

THE IDEA OF BVOLUMIGN

The enthusiasm witk which Darwiniars sdvocate the idea
of evolotion has something absurd in it; and this is oot
merely becawse thelr view of the world, esscntially based as
it it on physics and chemistry, capnot create the idea of
avolation out of these sciences, which art fundamentally
opposed to any evolution whatsoever. It is alko, and chiefly,
becamse the word " exp just the opposit
of what jt is intended to mean.

" Evolutio,” of unfolding, cleazly means that the form-
ing of fulds becomes Jess and Jess.  But " evolution * is wsed
1o axpres the increase in complexity observed in the reabm
of living things, begianing with the sinpl xuatba snd going
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up to the mammals, It iy obvious that here we are dealing
with & complication ; for no ope will deny that In mammals
the relwtions of the parts to cne apother and to the whele sre
far more inwolved than in the smerbee, Thinking of this
trangition from the gimple to the complex crganizm, how can
we zpeak of an evelotion, an mefolding ?

It will at ooce be admitted that evolution i3 perbaps a
tadly chosen terminus technicus; for it iz costomary o
speak of mere highly evolved animals, when what is meant
is that there is an intrease in complaxity.

Bunt this is not carrect; foc when Darwiniam speaks of
the evolution of the individoal, it means quite rightly the
decrense in the number of its folds. In the Darwinistic
senge, evolution means that within the germ the finished
animal siready lies concealed, just as the jolded bud containe
the perfect flower, and in addition to growing, has merely
to nnfold and evolve in order to prodece it.  That this idea
is falge does pot affect the present argument; it merely
proves that Darwinism, hers using the word in its Tight sense,
seaq in the genesis of the individual & decrease in the folding,
and, accordingly, a simplifcation.

1t cannct ba denied that, in the same breath, Darwiniam
uges ope word in two cpposite senses.  When it speals of

the evolution of the individns], it means smplification ; when
it speaks of evolotion in the animal kingdom, it means
conpdication.

Tt is pot nopriimg that the hopelass confusion abtaining
at present {and mot only among laymen) with regerd to
Fundamental questions fn natural science, ghould be the
outcome of this noconscious joggling on the part of Dar-

Darwinism, the logheal conshrtency of which leaves as
mach to be desired o8 does the aceuracy of the facts on which

it is baged, is & religion rather than a sclence.  Censequently
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all argroents Jevelled against it rebound without «ffect it
is nothing but the embodiment of the impulss by the human
will to get rid, by every pomdble means, of plan in Nature,
The idex of svoluticn has thuas become the sacred convietion
D!thwmds but hat ceaned to have anything to do with
i of patural pt

INCREASE IN COMPLEXTIY

We tun sgain to the quastion, “ On what 5 based the
ncrease in the complexity of animal jorms, which in the course
of agns has come about npon the earth * *

As has been chown, this increase canoot be explainad by
the splitting up of species. 5o far a3 we can judge at present,
this splitting up is mercly the consequence of grewth in
complexity within the confines of a species, to sach an extent
that it becomes incapatde of holding together any longer.

The naxt question is whether thiy growth in the complexity
of the pleted form of the ph pe within the speciea
can be adequately explained by increase in the mixing of
genes in ity fixed genorype.

There iz no doubt that the varigtions) extent of the pheno-
type, given by combining the genes in every way possible, is
very great indeed: and indsed, it may be that this enrich-
ment of the phenclype withoat change of the genotypa may
iead ta the formation of races and to the splitting ofl of oew
species.  What i3 certain i3 that every new species ariging
in this way must be poorer in genes than was the mother-
sped.es. mmﬂmdemhsphttlnguﬁlsanmm

bined with a d in ihe iath
nmgs,anﬂlhiseondiﬂom 4 greater stability in ferm pro-
doction.

In the sphitting of specics we seem to have 1 division in
which thare i3 nmbqual distribution of the heritzble properties,
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while in the genesis of individuals we may also asume 1 pro-
gregaive genclysis.  Both lead to gimilar reswits by methods
that are whally in accord with plan.  Just an the final prodocty
of thy germ, the completsd sematic cells, ars &t once more
differentiated and poorer in potentislities than are tha germ-
cefls, 30 are the gpecies that have wrisen by splitting off
more differentisted and less rich than ia the mother-gpecies.
All of this conetrns mérely the morcast of complexity in
the phedotype. but tells us aothing about its increase in the
geavtype. The genotypt cin become richer only through
new geots srising ! and @s to this we know nething.
Kuzamiérer's expetiments, which are intendsd to prove that
oew getiet do arise, certainly give interesting preliminaries
for sluciating this problem, but arc far From containitg
suthclent evidence for the settling of anything o far-reaching.
It i also peasible to take up another attitode, and mppose
ibat oew genen do hot acisc at all, and that it is only 1he
mickdy of the impulssseqoence that changes. I we compare
the genes to the keyn of 2 piano, it is obvious that all tones
can be played with relatively hittke material subatance. If
we anme that in the germ of the frst living organism were
prescnt all the Baments nocessary to efect all the changes
In form and substance that we obstree it the developtent,
wt might maintain that the difference between the forme
of animals from that time until now depends merely oo the
tmlhatnnlylhmtednumhudhnnmummhym
nc of ihe first peganiam. In courst
ni time, the mvpu!n—mdodles became richer 4nd mere
tricate, so as to create at nyt the symphoay of the Mammalia,
At the same tiree, perhaps, in consequence of the splitting
off of species, the criginally complete keyboard Jost mare
and more of ity notes, 30 that in animals st he present day
the possibility of shaping new melodies diminizhes as the
melodies are developed.
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This theoty Tuks cut the posgbility of the forming of
nrw genes—which has certainly not been proved ; but just
on that account it is ramarkabily simple and clear, 1t transfers
the centre of gravity from the material into the plan of Natorz,
and thereby pushes the limits of the inveatigukle #s far back
ux possible, to the limits, hamely, of what haman knowladge
can teach, Knowledge of conformily with plan belongs to
the capacities of our apperception ; and beyond the limits set
by hat it is impossible to kaow anything.

The special advantage of thic theory, ! congider, dies in
its putling sgide the utterly impossible iea of sach species
oc gents baving sprung from ont pair of ancestars; for it
is quite out,of the question that ome yair should contain afl
the gemes farming the genotype of the species or of the gemus,

To assume that the shaping of animais advances in acoord-
atiee with plan cariainly gives a more solid foundabion from
which to consider Nature than does the so-called evolutionary
idea, which i really just a misconception. And we can put
the mere confidence in the idea, since, by amphifying the
melody * man,” it kads us forward towards ages far richer
in poesibilities than thost offersd by the physical forces,
which at any moment tmay mduce s degemeration of the
creature that has been formed.

Lastly, through the idea of shaping melodies that progresa
step by step, wet come to undersiand why it is, for inatance,
that ammals still show rodiments of gill-archey, In fghes
thess structures become gills, wherras in mammals quite
different orguny are produned, for the development of which
the rudiment of the gill-arches seems to us 2 * détour,”

The melody “ mammal " did not adee all by itsad, bat
&t a certain paint branched off from (he melody ™ fsh.”
This certainly proves thati mammals are related to fighes,
but not that mamrsals ever bore gills, 1§ we ask whether
we ought to regard fBahes e the ancestors of mammah, we
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most get quite clear an to whethar by the word * anceator
we moan only the mabecfal basis from which the pew melody
detived its building-material, or whether we mean the oew
melody tteeH. In the dmst case, fishes are abviously our
ancestors ; In the second, they we metely our velatives,
i o b as thelr melody of genesis codtcides with our own.

T we regard the increase in complexity 1hat we sze in
the development of each Hving coganism, as the refiection
of the Increase In complexity of cganisms in general, we
aTTive at an idea that is dictery to Haschel's biogenst
principle (which requdres thal we have sprong from function-
ing, Tullgrown ancesiors) ) we arrdye at the ldea ihat the
melody of genesis 1hat Jorms fishes, at a certain period in
certaln perms ended diferently, and that when this new
melody or rule of shaping s2t in, the pew forms arose,

Accordingly, we introduce an inner cause as determina-
tive, & cause which we do vt know, and which we can do no
more than recoghise, a sort of ' further covnpodtion ™ actord-
ing 1o plan ; and plan we have recognised as beitg the creator
of life in general,

Tn ovder o carry om 2 melody, it v net necctsary to
introduce new noles @ in the same way, it is not aecewsary
that new Impulses and new genes should come i, The same
impalses can reach back and seize on the genes that are alrmady
presstit, and in this way develop the melody further. We
1oy amvume the impulses to be all alike, since they uit display
the mume mctivity, namely that of mobilising the genes it
i the genes which they affect that produce the differenice.
It g alyo reasonabie to soppose that (he same genes arranged
in different sequence may give completely different revlts,
and produce new kinds of organisms.

Admittedly, the foregoing aze mere comj for we
are withomt any reliable evidence. Buol they move in the
rame dirsction as the Laws with which oar study of the genesis
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of the individua] cganism has made va familiar, They wre
therefore anglogies, and in the present state of our kmowledge
we cannot kook for more. These analogies have the further
admmge*httheydunoﬂeadusmtospecuhﬂmsmm
ing the ext of i i , bt simply indicate
the given relstions. Thﬂ‘embemdaubtthltnhemelody
of genesls in mammals repeats in jts opening msasares that
of fishes, and diverges therefrom at a certzin point.  This
ia the material that we bave before us; we have nothing
further.  From ik I conclude merely that, at the time before
there were any mamnals, the mammaban melody had not
stk p.

11 is quite possitle that the introducticn of few melodies
coincides with changes in the medium ; but of this we have no
proof, One thing only 1 assome ag certain—that when the
new melody strick up for the Gest time, it did 20 in the
way that we tan still shserve at the present day, when we
pomtpare together the shaping proctss in two related animal
ternes.  That is all one can affirm.

But it i « yeod deal, for the idea of an ipvasion by new
welodies according to plan gets us out of the difficoity of
appealing to chanca fo expiain the genealogy of animals,
The gensalogical tree becomes a living structure developad in
apotrdance with plan, and, under compalsion frecn vrithin,
pecpetually forms new growths of the samme kind

I consider that to corapare this inner urge with a paychic
affect is merely @ sign of the inertla of the powezs of our
hnmnmagmahon which is unable to free itolf from a highly

to anth phose nataral §
I!WwﬂdhlthwoﬁmPﬂymmmlmp
pisgs, it would pass over straightway into the biologi
Joctrine of conformity with plan.




CHAPTER ¥iIl
CORFORMITY WITH FLAN
INTRODTCTION

v by bickgy we widostand the ductrive of conformity
with plan in the world of living things, we shall cealies that
et of the Jundanwntal inqoirjes of the wience must be
inio the oature of this comdormity. Istheeaniunmtymlh
plan that we can & in A bk
associated with their being 7 Or is it mersly a cTeation
bynnmmalnnal.ngywnhourhwnanhie perhaps incapable
ion, which scts Dothing
Mamhtymallnntm'alphummm? There has been
much in favour of the sccond view, and mors especially
the pame given to canformity with plan, [nstead of secing
I it merely a rule yyetching acroy time gnd space, men
have spoken of * purpost " and * parposdulness ™ in Nature ;
and this introduced the idea of Nature as a sort of homan
being, foteseeing Eoture events and acting acoordingly.

But just where cenformity with plan & easiegt to detect,
we can find oo trace of any soch homan-like being It iy
ardvisahle therefore to dymiss from biclogy, for wll thne, wx-
poeasioes soch as * puzposs ' and 7 purpossiulness.”  What
remaing peputested is the presmcn of & rla in lving Nature,
which reveals itwlf even in ihe mechanleal proceses of the
oganiam.  The ooly debatable qutstion ihat romains i
this-—" Is there only & mochanical faw in the world of living

n
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things, of i9 there 2ls0 8 guper-mechenical law, for which wa
wish to introduce the term * conformity with plan "7 ™ Are
the processes in conformity with plan, which we study in
the Hving world, coonected solely with the rules of a
wechanical working that has been there from the very be-
ginning, wm:heymmnedbymatmmmmmm
not only the working but als its gridance 7

To advance as far as possible by means of the mors simple
assumptiog is eutirdly in accord with the soientific method
of thought. But it is not scientific to make of the simpler
awsumption an artick: of faith that excludas other assgmptions.
Those investigators were right whe demanded of the vitalists,
“ Show us the point at which a super-mechanical activity
begim to supersede contral by the mechanical,  Until then,
we must refuse to admit 2 super-mechanical factor,”

in the case of the genesis of the living organism, this
requirement has oow been met, and as clearly a9 coald be
wished, We have demotistrated the poming into activity of &
super-mechanical factor i the gemes, which are lodged in
the puclesr snbstance of the germ, and we bave called this
[actor " impoise.” It only remains mow to investigate the
effect of the impalsas on the acticns of the Fully formed animal.

JMPULSES IH THE ALTIONS

melhegcnedsodmimakw:hnwlamtthatm
: I principie is thiz—where now

mfurmnd thers a super-mechanieal factor is in ection.
Agcerdingly, ail we beve to do Ls to determine in what actions
nzw framework ociginates ; and we are then in & position to
12y, At this point sn fmpuise must comein,”  The possibility
of forming zew framemerk is given in avery organism every-
whers and at all Hmes, becanse in evary cell part of the
unincorporated germine] sabstance remains i the protoplagm
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of the nucleus, from which the tramework portion of the call
Mndwltmytmmmm

Bvery I oot mepely a
umh;nzwhmhhasnnthnghulalmmmk but it con-
#ists of framework + protoplazm, which itsel has the power to
form fresh Irameawork.  Wharess in & machine all wear and
tear of ita parts through use must be repaimd from without
by the director of the action, in the organiwm this is dowe
by the f k-faming | which, by meams
dthmf&c\ﬂty.takesthephoedthetha‘nald&\emon

Hitherto we might have writteo the formula for o reflex
action B—NO—ACG-E (Recephor—Mark - orgati--Action -
organ—Efector}, because we were concerned only with the
rule of warking of the fnished ramewnck. I we wish to com-
bine with this the power 1o direct the working, we must write
the formels §—MO-AC_E, hereby indlsating that every
paﬂdﬂmhmmkomndmanymunderthcmﬂnenu
of ihe super-mechanical factar sctive fm the protoplasm,
The formula R—MO—AQ—FE, sccordingly, stands for the
known role, while J—I—J—T indi the unk ule of
direction, Tt is enty by taking the twa together that we get
veproduced the function-rule of the reflex action.

How the reflex actien is by no means the only action of
which animals are capable ; but, in the veflex, all the parts
of the fi k ar= yeady prepared from the beginming
and sa it is only in refexss that the ackicn completely repro-
ducey the rile of working. In 4l other aciions, framework-
forming comes in, and thix oecessitates tha eniry of the
uper-raechanical factor of directi In this cage, therefore,
the “I™ must be incloded along with the main formule
Accocding to the points et which the 1" comes i, it
is postible to ipstitute w classification of actionn which
agrees in the main with the cor thet v I general
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F«'Mhholm,lahnﬂmﬂwmfnmm
for the various kinds of action, and T shall discuss these
alterwasds,

The refex astbse§ 040 ¥
The form m_?_lIGHAIO_EI
The nstincive acton = MO_401_E

The plastic xm_{{_um__ Alo_%

The action basad on “mm=1lz_101_501_?

TEE EFFLEX ACTION

Hitherto the refiex action =77 =0 -A0_E 1oy peeq
treated as 2 portly mvechanical process, without taling intg
woeunt he " direction,” which, here alse, is going oo all the
time. And again and again there have becn atempis to
intorpret all other actions as reflexes,  This is justifiable in
o Ear that, during mvery actiom, the course of excitation in
an animal presuppises 3 Bawless steering-mechaniom, since
the transmission of excitation and its reversal art partly
meachanicil problems. [ a number of works I have pointed
cut that, in excitation, we have to distinguish between amount
sl preswuze, and that the nervous centres have a varying
capucity forit. Furthermore, there are nerveus arrangements
that cun beat be compared with valves.

u spite of all this very finely elaborated detail in the
stpering-mechunian of animab, the machine of the body, like
any other muching {ewnn Uf iy Tkt of working is elaborated
very praciscly] is Dever i a position to g0 oo cotitinnously
‘withent directing, Amdlngiythemtllwmmded
the body-machine & i we leave out




L THEGURETICAL BIOLOGY
the } and the imp which domi It, and oo

which the direction devolves.

THE PORM ACTION

The form ac:ion-lll-%o—af'-n. which we observed
in onloellulars, is remarkable in thet hera the efectors are
formed anew each tims under our very eyes, before the real
action begine, Here, apparently, the forming of framewncl
enters intc the action, whetber it be the fotming of peende-
podia in amwbe or of digestive ap in the Inf
lu the comse of this, the direction reveals itself as an inde
petadent process, having its own rhythm. This thythm is
epevially obwious in the successlve formation of mouath,
stomoach, etc. in the case of the Infusoria. The rbythm is
afiected, indeed, bt nol created, by the excitalion proceeding
From the receptors,  The jmpulses bringing about the forma-
tion of framework must be connected together by a rule of
thefr own into 3 unified imperglive, in the same way that
the handles which an engineer pully in reversing the levery
of some steam-engine must foliow 2 fixed mls  Bot the
directing of the organism does not lie in the hands of a being
vianding owiside ; it is entrugted te the protoplastn from
which the whole machine has proceeded, and which, from the
injtial coostructing of thereed, reveals o rule of its own,

THE INSTINCTIVE ACTION -IIl --HIO—AO—EI'

The firzu getion of ised by
of the external o intermal shape of the animal, & disto-
guished by the release of the action being reflex-liks, while
ts performance follows laws of ita own, infleenced, but net
aeated, by the process of exchiation. Accordingly, the
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axécntion of the action is not conditioned, but plagtic, And
it may remain plastic, if the efectors havo a fixed shape, and
only the rule of thelr use o infiucoced from withoat by means
of the excitation | in this ke, the framrwork cannot e Jedged
taechanically fir the sction-omgan, bot in its fermation follows
the rhythae Law of the fopulses.

This is typical of the courss of the processes deseribed as
ingtingtive actions in the seering-mechanism of animals,
The dinary namber of sep which fit
inte ope ancther in conformity with plan during the course
of am instinctive action, makes it difficult, however, to asume

% prepased f tk in the steering-mechanism that would
be adequate to these demands. The plasticity sbown In the
execation of the instinctive action makes such an assumption
impossible.

If now we observe the attions of the funnel-roller beetle
ot the ichprumon-fy, we may pote aguin and agzin thet Unese
are infloenced by w number of external indications, and yet
proceed according to laws of their own, Thenumb«mdthz

nalore of the indicati B but they
mdmmhmemﬂwalmmm Since the
animal I quite incapable of g mew i the

taking up of indications remaing smcuy reflex and gquite
non-plastie.  The plasticity of the actions performed comes
about only thraugh the animal baving at its disposal a larger
tumber of indications, and this enables it to accommedate
jtself within u wide range o tha extarnal circnmstances that
offer, by altering the rhythm of {1s action-sequence actording
to the differenve in the indications.

Agnin wt sce the two rules @t work in crder to glve the
actions their sspetial stamp,—the rule of working, contraliing
themechanical cotass of the process In the steering-mechanixm,
lndthemkddn!mnn.whlnh by moditying the warking,
i y #ute p that wonld rut
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antomatically. We even call our own actions instingtive,
whtl: & striss of movements in conformity with plan are per-
formed by o wooording to & lew of their vwm, which adapty
Ieself to the external conditions withoot being automatic.

THE FLAKTIC nnmu-%-—um—“lo-%

The plastic action, in the narrower sense, refers only to
e plasticity of the mark-organ, while the ceurse of tha pro-
cxeas in the action-organ iy reflex. 1 would remind you of
the dogs in which Pawlow managed to connect the searetion of
saliva with new indications of an optical or acoustic nature.
In thic case alto there can be no doubt that new framework
appears. The presumption, of comrse, s that the indications
brought into fresh promioence were already there. But
there is introduced 3 new kind of coonection between these
indications apd cifector processcs not hitherto under their
influence,

The plasticity in this case depends. not on a mere in-
fuencing of the chyth of a glven impulst-series, buot on the
introduction fnto this law of impulses bitherto unused. Not
merely i the rule of wrking governed by o rule of direction,
ot 2 new one makes ity sppearance. [0 such 2 case, after
formutian of the new b X in the mark-oegzn, this ruke
may withdraw, Jeaving behind it mearely & new reflex action
2 evidence of s plasticity that once wia there,

T2 ACTON B4SED o ExeEmENcE m T ~MOL_AOT _E
When, by whistling to his bull-inch, & bay gets It to pipe
4 pew tune by iteelf, that is an action of experience on the
past of the ball-inch. It in churacterioed by there ariging,
ot merely 1 pew combingtion of Indications in the mark.
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organ, bt alto 4 new rule in the action-crgan that controls
the muscles of the myminx.  Aceocdingly, formation of new
Framework has come in both in the mark-ovpan and in the
ag{ion-orgun ; 50 We may asFume an invasion by impalses,
The plagticity of the action based on experiencs bears oo
the dircction itself, and nat merely on the rule of working,
as it is in the tise of the instinetive action, which is subject
t wn unchanging dircction.  As & result, the instingtive action
appears from It very inception fofly prepared, whereas the
action of experichee must be learnt gradoally.  Simple actions.
based on experience, I often repeated, may beoome raflexm.

The bull-finch that hag leamt Lo pips & new tune forgets
naglml[nnsprewmedfmhwmgltsmvmu
This & the of alling the animal's
own effectors by its cwn receptars. The oonlmllnﬁ nction is
an ection baged on experience that does not become 2 riflex
and then run automatically. On the contrary, the new rake
n{dnecunuln the action-organ requires to have its running

led by the marl ; and, i order to
develop'mwwlwpelmmnue,themleufdhmm that
has boen newly formed in the mark-argan has need of the con-
tinued infiluenicn of the rule of working in the artion-organ,
To grasp these complicated pombinations, it is usefol to make
a diggram of tha steeting-methanism of a smple
mim,:—g‘—“g—; iz the disgram of the steering.
mechanizm as [ gave it when describing the fahctisn-cirde.
is that of the steering-mechanism when we
huve to do with a controlied action, in which the inflosnce
of the efiectors oo the morptors cocare outside the body,
e buppens in the case of listening to one’s own singing.




aé THEORETICAL RIQLOGY

Much tore frequently tha control oocurs inside the body.
Hexe there are two cases t0 be dlatingnished : either the move-
mmtndlheﬁmarmusdeensremvedbyspwnlsmswy
nerves as the o

wdxmndhﬁmmv!yedwth!eﬂnchrmisw.
tially taken op by special centrad receptors and conducted
back ko the sark-ocgan. »—@r These teceptor
form the central sense-organ of Helmboltz, which, anatomicalty
speaking, is still undiscovered.

In the imoun being all three kinds of meeptor cotar:
he ban the power of controfling his own mevements, Graily,
by the eye or the simge of tooch ; secondly, by ruschlar sen-
sations ; and thirdly, by direction-signa.

Our ignorance of the relations of the central receptors
prevents any dealing with their relations to the organ for
giving direction in space that lies in tht semicircular canals,

1 shall bring togtther all conbrolled actions wnder the
NOI;’_;\OI__]IE_

commen lormuls %-

THE RECEFTOR ACTION

If [ lay before a drapghtzman ao waiamilisr arabesque,
:nd.aﬂﬁnhasbmhhnl“y{humlbletompyll,that
is an actiom based an axperi
from the imitative piping of the ballfinch thal has heard
& New Lune.

The draughtaman, howsver, must, in receiving, execute 5
movement, and thit wakes his action more difficnit. In
listening to a plece of music, the hearer doss oot have (o maioe
any mwvement, whereas the draughtsmen, as he cbeorves,
moves his eye to mud fro with his eye-muschs, 50 that his
glance follows along the lne of the arabesque ; and it in this
directing of the sight that must be formed wnew like & melody,
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if be 1s to be dn a position to pot the arabesque down on paper
on bis cwn account. Just as the melody ix decomposable
into separate notes, 3o the line may be broken up into stparate
direction-steps.  Just as the notes counect up together into
& medody, 5o the direchon-steps connect up inte a lne, The
direction-steps forming the line of an arabesque or the cutline
of some ohject are exactly as objective as the notes p ding
from some source of sound In space.

The receptor action which forms merely the introduction
toan actign based on expe"enc.e or a comtralied action, com-
sigty in i Jodies of lon-steps m the mark-
organ, meledies which then influence the actiom-organ.
‘The forming of the melody of direction-steps 15 of very grent
interest, because usvally it is associzted with the excitation
coming from a receptor that itself is moved to and fro through
the sabject, at when the cye or the fnger " feels,” Hers

bjective and obiective Indlcations sre bound together into
& single amity.

‘Thers appears to be a contradiction here. I have just
hesn hasiting that the direction-steps of which the lime

i made up are indications as objsctive as are the notes com-
posing the meledy. In like manner, the optkal stimules
proceeding from the black esloar of the arabesque e
undaubtedly alsn an objective indicstion ; but now the
line appears b e a subjecHve indlcation, because it
awisey throngh the movement of the eye-muscks of the
subject.

H the oyt were mechaninell d with the arab
and if the of the eye ically followsd along
k.thmuchshepthatthenyemﬂeahngthelmewuld
btadly be an obj ion, as 3000 a3 it became
transforraed into itativa by o corresponding efector.

The eye, howerer, follows the line of the ambesque by its
own mugcoler movement, In doing sa, it proceeds also step
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by ztep, and each step forward that it mabes is token up
bry it as an indiention.

Snce, however, the steps that it 1akes Tollow 2 line pre-
sented from withoot, they act a1 an objective indication, and
can unite with those Ehat are optical into ome that & objective,
without there being anything left over.

The dlagram for the stesring-mechantsm of a reorpior
wction would look like this '— t@)

First we see the receptar. which is moved by the mesiving
affector.  The receptor tranismits its excitation to the mark-
organ, while the receiving effectar gets its excitations from
the actioncrgen. These excitations are in part tumed off
from a central meceptor, and sent to the mark-organ, whers
they arrive in company with ihe waves of excitation procesd-
ing from the receptor,

In the general formula for the action based on experience,
the receptor achion does not find expresion, because this treats
all the receplor effects in the same way.

THE [NFULSE 'Y THE WERVINE FYSTEN

We have ltamt about the invagion of the germ by the
impualtes, and we know Lhat they afiect 1he genes which lie
all together, side by side, in the nuckeus of the fertiised egg-
call,  But where do the impalees invade the completed anirmal,
when it perlorma an action §  Even i we restricl the invaxion
here abwo Lo the genss in certaln cells, we stlli have to inquire
where these cells are to be looked fov.  The formule for the
sajouity of Actiot refar s fo the two cantral polnts—ibe
mark-ogun and the schicn-organ. It i herm acoardingly
that we mst Iook foc the celln in question.

To determine oo thes cells 1 must frot go back to what
¥ said in the wection dealing with the theory of indicatioas,
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the | principles of the nervons system
i snimats. Evcryuﬁmnlmthatreachumamﬂaﬂec!slt
in the game way—a wave of excitation ariges in a nerve. Al
waves of axtitation arn quoalitatively aliks, and do not permit
of our dstinguishing between stimuti.

On the other hand, ell the oervefibres of the animal
are bolated. Each retepior mtrvefibre ends in a raceptor
centre, The isolated nenve-fibe with its centre may be
described as an independent nerve-person.  This srmhgement
makes it postible to distinguish from one another as many
siimol as ihere are nerve-persons. Now every miscle and
svery gland is contiected with a nerve-persos. I we conalder
this srrangement as a whole, we scé thet, on ofie baed, the
possibility is offtred of somming up any chosen combination
of stimuli by cotting oot certain receplor nerve-persms,
and, on the other hand, of making every sort of nervoos
combination of the muscles and glandular structures, the
activity of which then gives 2 unified response.

The binding together of the narve-persons it effected by
net-shaped meryous connecting routes. The nerve-persons
themsclves are merely representatives, and within the body
ihey transmit, on the one hand, the stimoli to which it is
sobjocted. and, on the other, thoes which it iteel exerts.

1n the mark-crgan are united the receptor eprescatatives
In the combination characteristic fer ¢ach anftal, and in
the action-organ are simibualy combined the efiector Topre-
sentutives,

The combinations of ives et 50 d, that
thaose of the main receptors are mited into speclal groups,
and thoss of the main effectors into others. The groups of
eTve-persony may aguit have o represtntative of their own,
which we may call thelr cuptain; and the captuins may he
united into grovps, represenied by an adjutant.

It we consider the whole body of represeatutives {of the
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receptor a3 well ag of the effector side) each as a single base
on which the captain or adjutant forms the apex of a
pyTamid, we Fet, at ouwr picture of the whele, 2 number of
pyramids, ariing from & commen base, and coming together
by thelr apices,

Il now we copnect each receptor captain or adjutant
with ¥ goneyponding effector, we get, a3 the expresgion of
the yieering-mechaniom, & bundle of reflex arcs, which, for
the mejority of animaly, suffices to sxplain their varicus

i “The camy ai e ives as a two-
sided gystemn of pymamids conmected together by pervous
routes, will suffice, however, only for reflex actions For afl
other actiony, fresh nervaus connectiony mest be made ; and,
to meke these, it i3 necessary that the impulses invade the
protoplaam of the nerve-persons,

The T of new nerve-p cannot be demen.
straled anywhere ; but whal unguestionably happens ig the
formation of new paths far excitation between those already
present.  Sa the merve-persoms must have the power (o send
out fervous peeudepodia, which serve as permanent or 2
tempovary bridges Eor the conduclion of the excilation.

This simplifies extracrdinarlly the problem om which we
are chgaged : all we bave to do i3 to imagine the nerve-
persons In guestion at the memont as little ameebe, con-
nected together by means of a parmancnt nerve, whether
Tecaptor o effector, and having the power to send out paeudo-
podia, which fue with those of other amecbe, and with (hem

borm bridges and ks permitting isthon of the
mxcitation.
The don of a dopodi in referable to the

achivation of u gene, The activation of a gene can take
place coly through the coming in of an impuise. But the
powsibility of the wctivation also depends on externa] cirpom-
wiances; for imstance, there may be s material chemical
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check which hinders the f inn of the new
mdmnmlyh:dmadwtuithewaybyﬂiemmmlﬂg
mxcitation. We may assume that by this means it iy pogsible
ftor frec-liviog amathe, whese rhythm in peeudopodium-
formation depends on a shythm of the impulse-ackin, to
cotorntrate oo the stimuli acting from without.

I we with to form some sort of approximate idaa of hew
a reconstruction of the Eeamework proceeds, let U6 tmagine
a weries of amosbe, each with a permanent cutgrowth. Each
of thess projectd is 4 with a The
Tesomators respond o the sounds of one octave, and serve as
receptors by caclting through their responss the nervous out-
growths of the ammebe in conpection with them. Now let
us play on sone instrument a simple tune, the notes of which
He wilhin one octave. As soom as an air-wave of the corre-
spending number of vibrations strikes the suitable resonator,
n excitation travels to the amzba, which thereupon is freed
from the check :mpose\'l on jt, and becomes accessible b the
thythmically i p that excite the formation
of preudopodia. The peendopodia of the ameba®, responding
simultaneously, or one alter the ather, unite to form nervous
bridges. In this way, the impulse-thythm, setting in quite
mechartically, can be excited by externel interference.  If the
thythm of the implse-melody is determined beforchand,
the forst onset of the excliation suffices to make the impalses
of the amneche respond actomatically, and, conducted to and.

fro, further and Farther, it the inhihitlon g .
and permnits Hae impuse-Tvesion to dollow in the given
saquence.

If, by the help of the cinematograph, we fix the bridge-
formation that ariees in this way, we get & plcture of 4 chang-
ing tinsam, the pattern of which remains the same at every
tepetition, A sldlled musician ctuld then read freon the
pattern what the melody had bean that wes played outside.
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However the actoal process may one day appear to the
tye of the obesrver who succeeds in penstrating the detail
of what goes on in the brain, cne thing is certain—it will
pocor in the forms Pamitiar to us, of champe of shape
abd transference of excitation in nervous stroctures, The
arena in which the phenapene we expect to fod must take
place is aiready 8o narrowed down that we need look for no
mndummmlumm. Everythmgwﬂlappelrtopr:v
mm!whuppremtcdhyonrm The only thing
that we shall be able ta show is the coming m of an aute-
matic rhythm in the bridge-forming—a kind of sell-aciive
* Bahnung,” if 1 may use Emner's term.

It must be kept in mind that the impulse-melody i 2
completely aulomatic process, which belongs to the sulbject
alone ; and while it can be excited by external circumstances,
it can never be formed by these.  The caparity of responding,
now to one melody, now to another, is limited in the case of
eich subject, Ome may play 2 cerlain sequence of nobes &y
often a3 one Jikes to an unmusical person ; he will not be able
10 censtruct & melody therefrom. The same holds good of
optical capacity. There are only a fow tosn g0 artistically
gifted that in them other than goite primitive mclodies of
direction-signs sound forth, just sufficing for recognition of
the necessary objects.

From this il follows that the power to form new impraise-
soquences through so-called “ laming ™ is restricted.  For
each creature there is a certain extent of learming power
[very different in diferent individnals) marked out at the
beginning. It depends on the individual whether he koows
b to exploit this to the full.
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THE CONCRETE SCHEMA OF FRAMEWORK-FORMING

5o Jong as we were dealing with framewerk-forming in
tha cemtral netvons system, inmfficint koowledge reduced us
to conjecture.  Fortunately, however, ragearch in other Belds
has advaneed so far that it has surprised Nature in the very
aet of forming Eramework,

The bedy of animals is not merely 3 machine parforming
none but mechanical actions; it must perform many ﬂlat
cannot be lled in mechanical ways. Super.
actlons of this kind are always required when fmmewcrk
1s formed anew; and the framewerk already thers is quits
incapable of this, in spite of all the physical and chemical
adds that the body has at its disposal

Growth by cell-division, which in all animals proceeds
in the same way, offers a super-mechanical problem of the
kind. At every cell-division the aim i3 for the mechatical
apparatos of the cell bo divige iteelf into two parts, which
ere cquivalent to the frt, since they in thelr torn must
again divide.

The problem of comstructing an spparatus capable of
dlviding ltsell into twa aqui s technicall
impracticable. Nuframmkmbembu:ltthatum
duplicate jiseli. By the funciice of a framework we always
nnderstand its action in an outward direction, A framework
that dimdlves ov divides itself no |oager fulfils a functien,
but koeca it altogeth But in coll-division a fonction
requited of the cellapparatns that ehall merve oot merely
1o divide the cell's own apparatm inio two balves, but to
make these halves duplicate.

The dividing cell does actually develop wn spparutus of its
wwn that cHects this doplication. This egentially super-
mechanics] process bas beep loid bare dowen to the fmest
detnil, wod appears to uE 5o logical that scientific men 1y a
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vule do not gtop ta consider that in it & peoblem i solved that

1 reproduce the disgrammatic pictares that Boveri, in
hin great work, Das Problem der Befruckung, glves of call-
divigion, and this will nable rvery reader to gt an idea of this
* miracuious * process.

In Fig. 1 we se¢ the resting call. In its protoplasm i
the litile centronome, which s placed above the cell-nuckeus,
The celi-nucleug is et of protophem, and consists of the
scaffclding of chromatin, which is speead out like o sponge
ifi the ooclear sap.  lo Fig. 2 the centresorne has duplicabed
Itseli, aod at the same time the chromatin is st ln motion.
In Fig 3 the ceotrosomes have separated from ane another,
while the mesh-work of the surrounding protoplasm arranges
itsell in rays around them.  Within the nocleus the chromatin
hay clumped together into jour strands, the so-called chrome-
somes. (The number of clhromosomes is constant for each
apecics of andmal.  There may be from foor 1o four hundred)
In Fig. 4 tha nucdear membrane has disappeared. The
nucksar sp s sbemrbed by the protoplusm, and the four
chromosomes lie free. In Fig. 5 the two ctntrosomes have
separated o0 far that they stand directly opposite one another.
At 1be same time, the mdition of the protoplismic aetwork
has incressed. Four rayy have mestwhile olited them-
selves completely and oo each side they become cotmncted
with the chromosommes.  In Fig, 6 the chromosomes now split
lengthrwise i ball, and the eight protoplasmic rays sach deaw
2 half-clromosome towards the centrosome to which they
belong, the centrosome with il rays croainiog Srmly fed
it the protplass {Figs. 7 and 8). llll"il g the drgeneration
of the diviske-app begins, the are ance
more sorounded by nuclesr sap, and (he protoplusn haa
divided iteelf into two halves. Fig. 10 shows the two resting
nuclei which cepresent the duplication of Fig. 1.
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In considering the whobe process, we can distingmish two
acts—the division snd the duplication, The protoplasm of
the cell in simply divided into iwe haives, which form two
wew sphezen.  Sinee the protoplasmic mesh-wock everywhere
caugigts of ke alements, and the amomt of protoplaam plays
a sectmdary part, division soffices bere, without an actoal
duplization coming in.  But with the chromatin it is different.
The chromoatln B the bearsr of 1he genes, and in order to
distribute these equally to the two dadghtercells, they must
first arrange themstlves in cows, and then the opporiunity is
given for them to become paived by duplication. Then at
divigion there go to each half the same number of all the kinds
ﬁgmﬁmnlhﬂnw@nﬂc&ﬂ At the same Hime the

of the in into o gives a
chance i certain ¢ases for the divisien to vesalt in nucked
with unlike chromatin constitution.

In notwad diviskon, hewever, where the material bearing
the herltable properties is equally distributed, there i an
wctnal duplication covresponding to that of the controsemes.
Even in the case of the centrosemes, we cannot speak of a
gimple division, because eich of the two that arse come-
spands in svery particular to the criginal one.

The whole process o comphicated by the fact that, in
Iﬂ-dlllnntnﬂwdlmmufﬂmwutuplmmdmduphmtmn
of the znd ch ther J come
in ively, p inwolvi and shaping.
The oo effocta the transiormation of the spongy chromatin
inta four digcrete chromosumes | the other relates to the
developmant of the divizion-spindle, thewutophmlhmda
of which serve to srpurate tha duplicated from
mmmhumddnw‘hmwlhd:mum Lastly,
the degeneration and the re-forming of the nuclear membrans
comws into the process in complete conformity with plan.

These are all independ which are d
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together by  ruls. This rule, however, caonot be referred to
a hidden framework, becausa the hypoibetical hiddsn frames
wirk most likewise divide and doplicate itself =3 process
that is just us insolnbls mechanically,

Thern ramaine 1o omirse open for 08 it to recognise
that bern befire muc syns & procesy is going on that is accoms
plished, not throogh machanical compalrion, but through
aetive invagion by a guper-mechanics] design.  Following the
lin= wre have pursued op to now, we ghall assame the wasion
by separate impulses, which are coomected together into a
gystem,

The sindy of cell-division 5 accordingly of great value
wns,mnpmwdunsmthahdp{nlschtmahrthe

idation of the super-mech ¥ in the central
nervous aystem.  There also it s sufficient to assume the
sppearance of centrosomadils sructures with their prote-
pluamic threads . and this will give s tome concrete idea of
how fresh conducting bridges appear between ooe meove-
person and another. This does not cssentially alier our
comparison of the nerve-persons to amwebe, but mecly

simplifies. and decpens it.
The sore and flawdess intetlocking of the various part-
in sell-division bas misled into regarding

1taaapumlymschamcalpmm This it & misconpepting,
for every machine, whether it be one worked by man or a
living body-machine, js finally reforable to a super-mechanical
process,—to that, namely, of framework-forming,—and the
mechanical rule of working slways presupposes a super-
mochanical rale of construction.  Moreover, it has Deen aver-
locked that every machine in coursa of tims wears out, if
there be ne direction continually dispesing of the dumage. So
there must always be a super ieal Tule of i
coming in to keep the mechanicel running in working order.

Here we have baicre ts, in concrete form, direct invasion
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by the contol, for cell-division tannot be effected by aoy
echanical rule of workng.

Even where Mature s active in soper-mechanival wayn,
there i3 1o arbitrarioess anywhere, but always law. A law,
however, which iz abo design of the mast exalted lind, and
which casts its apall aver the antire process.

DIRECTION

Tovagion by the impulses aiways means a new fommation
of framework, and cotsequently is always referable to ao
infinence exerted by the genes cn the protoplasm ; the peato-
plasm, as & yesult of this influstice, cither itself bogins to move,
or else {ransforms poteplasmic bridges into perveus pathy
of conduction.

If we Jook at the entioe oervoos system of an animad at
the beginnitg of a refiex action, we sec everywhere the peri-
phomal routes for excitation and the bridges leading from centre
to ceatre.  Thest structurss, however, are invarighly accom-
panicd by protoplasm, contaiting nuclei with geoes, ready to
repair any damage that may arise by forming new structure.

At the beginning of the non-reflex aclions, the intra-
central tridgem arc not qoite complete, and accordingly must
e re-formed from time to time by the infdoence of the impulses,
Et Jooks like an ingeniougly woven net, in which, bowever,
at certain spots, whether in the mark-ocgan or the action-
ofgan, some meshay are mising that are of decisive impoct-
ance for the path that the excitation shall fellow. These
bridges are re-formed exch time, and then again broken down,
The re-lorming of the meshes is zot fixed meckanically, and
does not follow s automatic rale of working ; it depends oo
the dirvetion, which 1s alw subject to laws, but of & mwper:
mechamical kind.

Let s Imagine that on & ship which in to Sollow a cortsin



CONFORMITY WITH FLAN Etl

conrys, the movementy of the helm are mochanically connected
with the compasy. But in order to meet all the contingencies
of the vayage, we place the helmsman betwesn the compans and
the rudder; the halmgman gets his bearings from the compass,
though be in not mechanically connected 1c it, and it is his
Pusineas to steer the whele ship according to cirenmstancss,

In every living crganiam there is 2 super-mechanical
divecting of this kind ; but it is oot connecied with scme
peraon, of director of works, standing cutside ; it liss within
1he works themselves, even i external to the actual frame-
work. [t cannot invade the works in any way, except by -

o by bmeaking down of the k. Throngh
tack of sty analogy, it & very difficult to mderstand a directioa
of this kind  Attempts te comparn it with 2 mechanizm lead
us just as far astray ag do those to set it ao the Jovel of &
personality conscicus of an aim.

50 far as 1 can ses, the only escape from these difficulties
is o imagine some implervent, with the jmmewerk of which
wt are: very familiar, and endow it with those soper-mechanical
powers that are the prerogative of the oogantm,

Let os imagine a two-wheeled iroo cart, ail the stroctural
party of which ars surreunded, as in a living arature, by a
régervn subatance, * protoferine,” which doca fot enter into
the framework. This protoferine has the power, not coly to
replace @ piece of iron if it brenks off, but also to forra anew
whoale structural portions af the framework. Acordingly, it
ia able, not only to repair substance, but alse to restore form.
This poesibility of restaration of form is the question that
imtecests ma bere. It 1y obvicua that the form, onee destroyed,
cannct produce form anew. There nrust sHIl be present in
the redoe of protoferine the rule that led ta shoping, and
thin even after part of the framework with its protoferine
hay been logt. As an auxilivry concept, oumﬂn]t'hamlu
of shaping with that of sub forming, [ bave introd
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the impulss,  The rule of shapdng thereby becomes a0 impulse-
system, ded in space and i tng matier at differene
places, e must now break op inte a number of such aystems
the protoferine that hes not entersd inte the framework of
the cart ; and we shalt find that the domain gowarned by
each systera eocresponds to the spatial extant of the part-
fonctions of ibe whole vebicie, Two impobse-systenms, for
instance, would embrace the two whesl. At the common
axle, these wonld pass cver into one another. Again, the
body of the gart, the seat, thn pobe, would each correspond
o ofe system,

The sevoral impalse-systems of the cart must in 2 measure
affect oo anolber mutually, for at & nomber of points the
stroctures they govern Bl inle one another. At these points
the same protolerine will have demands made on it by two
impoke-gystems,

The impulse-systams have no direct influence on the run-
ning of the gart, since they are suited only for the production
of framework, and bave lost all influenes oo the Eramewock
itsel.

Evrn in those canes where, as in the ship, the compass is
not autoinatically conbected with the rudder, but has to be
lnked up with it snew as occasion requirss, the steering
dmuotuhephudmlythmughlhalmm but by

P of fresh . i between the
receptor and efector organs.  'We may imagine that the nerve-
meshes a1 the decimive points in the central nervous system get
linked vp, now with ooe impulse-system and nowwith snother;
and this must result in a complete change in the reaction of
the whale animal Avcording to the oumber of fmpulse-
systema that be ready to invade the central point, the
plasticity of the action will be greater or less,

‘We can express this, indeed, in the formula for the plastic
action, I instesd of T-MOI_AD_E o oy B_NOL
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Mz 22} _AD_E fhis means that, in place of the sction
RMOLAOE iy B MOZ_AOE o
performed | and 9o forth.

In ail forms of action i& revealed the close conmection
between the individual organs and their assoclated inipulse-
systerns, But while the connecticn of the separate parls of
the framewcsk within the organ, as well 35 of the argans
among themselves, is obvious to the inguiring eye, fhis i
naot tie case with the impulse-systems, which can be revealed
only by expecimenta] methods,

So long a3 we content ourgelves with incnding in rules
what hat been learnt throngh experimont conotrning the
Inmer connections, we require no further adxiliary concept
in erder te base the connection within a rule.  This 1s already
given by the concept of the mgularity of the rule itgetf,  But
a5 soon at we tranaform the rubs into an impulse-sysiem, in
the attempt to st how it affects the protoglagm, we have
need of some idea which shall help s to visualise the onity
wlt.'hm an lmpu:lse-sysnem % weﬂ. a5 tha mnity among the

st ly. For Lhis purposs,
lchmetheideaofsmnwi equitibrium, which scems to me
to express more clearty what one usoally understands by
coreelation,

FUNCTIGNAL AND GENEITTCAL BUILLHNG-STONES

Bedore I go on ta speak of what bas heen Jearnt by experi-
mental rezearch ing the internal equilibrium of the
impulse-gysteme, I must discuss in mere detail an idea that
has wiready besn treated of n another connecticn—the fdea
of Munctional pudlding-stenes, If I wrive down the aimvplest
action-rrde of the refiex s - 49 A0 _E 1 1yve in go doing,
broken up the whole teflex ax< inte functionad building-stonss.
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l}.[wmpk.nmmsrmpm—meye,lutusmy.—
together with all its protoplasm and the impulse-spab
governfng that, To the eye wlso belong the nerveuy conmect-
ing-routes to the mark-organ. But, oo the caher hand, these
belong to the mark-oogan itself. Heve, therefore, is the de-
batable ground, which i under the control of two impalse-

tystems.

‘&omnslbe mark-argan of the central nervoes system,
\ﬂﬂllhpmmplasmandﬂungmmglmpuhe-ﬂysum e,
But ¥ i bex from one organ to the
mmﬂnmlmamgw'tmoieuhm The functional
building-gtones of which the reflex arc i made up, =very-
where interlck with onm another. In how far the impolss-
systermy interfock can be decided only by experiment. As
concerns the metor nerves going from the achion-orgen to the
muscley, Uhe experiment of svering the nerves has shown
that they belong 10 the impulse-sysiem of the action-oogn,
Tor from Lhat organ the nerves grow vut agwin to the musch:
alter the severance.  The impulse-syatem of the actico-oreen,
and not that of the muscle, iz responsible for the repair to
the pervous cofnectlons,

The i g the dellmitation of the fune-
tinoal boilding-stones poe from ancther exists fram the
moement beyond which one can speak of functional tmilding-
stones at all, i From the critical paint onwards,

Up to the critical peint there i3 in the animal body no
eonnecting fuaction, and there wre no ional
building-stones. Until the eritical point is reached, the body

lnadueomkaqmtadmthnmgumtmnm
Pace at the critical point, et os asume that, in some selected
snimal, the critical podnt comes on through the whoin body
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at the same moment. Let s imagine, in an earthwori,
for instance, that the development of the germinal areas pro-
<eads 30 equally that we fmally hava before us an anlmal
‘which, in afl essentials, already has the form of the completed
animal, bat consists entirely of protoplasm. A protoplasmic
animal of this Xind consists entirely of independent genetical
buliding-stones, which, it s true, ars spatially contiguous, but
do noxr exercise the slightest influrmer o oee anether, I
we retiove from one of these 2 portion of the material, §t
will restort Its own shape from the remaims of the protoplasm,
without any regard 10 its neighb Indsed, as Harri
showed, ot cah remove an ehtire groctical boilding-stons—
for ingtanee, the rudiment for the sciatic nerve—without in
any way checking the development of the rest af the limb.

Now the cffect of the eritical point expreages jtgelf in every
cell of each germinal area, in such a way that the gene pregant
in it beomas aclive and allows its specific framework to
crystalliss out of the protoplasm. At one siroke a fully
developed earthworm, with all its fonctions, is got from the
protoplasmic worm. And tharcwith the genetical building-
stones have disapp d, which isted of protop alone :
in their place functional building-stones have <OmE in, Com-
sisting of framework + protoplasm,

What hm now become of the |mpuhemmm which, In

b dependence, sach g 1 ical building-

stnn!? Tha boundaries of the completed organs, i.e. of Lhe
functional huilding-stones, are quite different from those of
the germinal srean, Arc the hnpulse-syatems subject to the
same reurangement, or not # As we know fromn Wesely's
wxperiments, &t the critical peint ther\eoumrsam
ment of the impulse-systems ale.  The cal
systems have vanished ; in their place have come {unctmru]
impylne-syatemns, controliing the animal's growth.

The sarthworm need not fear that when soma repair of
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a part of ity crguns is oecessary, it will take place withoat
regard to the funchimal connection with other organs, my
happened before the critical paint. On the coantrary, the
Tequirmment it pow raited to the pormal at sach reconstrustion
of the framtwork,

During the time that elapses up to the eritical point,
the directioh of constructiom alone is active With the
develop of the E ck the direction of working comes
Into its own, It iz ferred to Impulss-syat
from one another In space, which influence cre another
resiprocally.

INTERNAL BQUILIBRIVM

Each impulse-gysiem g ing & jeal building-lone

i 2 sl ined unity, which i ly strives
to repalr, after every injury, \he protoplasmic smlclnrenndlzr
its contrel, independently of the amoont of maierial at ity
disposal, In the teginning, the genetical building-slones are
few in number, and of very simple form, In the couns of
development, they maltiply, and assume more 208 more com-
plicate] forma; and congmrently there procesds the dis-
tribotion of the genes to the cells, which become more and
mor: pomercuy, As this happens, the impulse-sygtema
belenging ta these gradnally separate off in 1 perfactly regular
way. But o long a3 it is active, every impuls-system
forme a unity, whick in beld together by ity internal
equilibriom. If a germinal ares i1 halved, each half gets
Tall the building-material of proteplasm : each bl remains
oounectsd with, haH the nomber of impolses, but this in itselt
lormos oo unity and possessss no rule, unkss the Intermal
equibrium reccastructs the rule of the whole system. A
ruils in affective as 2 whole, of not at all. A rede i independant
of the number of times it Is osed ; aceordingly, it may Just
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an well comie into sffect onoe or several times in the same
germinal ared, 30 long 2k the material permits,

Applied to the auxiliary idea of the impulses, this know-
ledge must be expressed a3 follews . —

‘The number of inpal d by a rule is nnlimited
and 30 s the number of impulse-systems follawing a ruls.
The intermal equilibrium alome is effective, which steives
to remove the disturbance, This equilivinm, bhewever, 1s
preseni throughout the eatire system, and can make JtesH
Jelt from every part,

Of the experiments that have been made on regeneration
{by which is understood the repair of form and coptent)
those performed on the genetica]l building-stones give us a
muoch less equivocal reswlt thanm these performed on the
foncticnal, because here we are dealing with protoplasm
containing the same genes o like mixtores of genes,  As long
s it i3 present in the requisile quantity, the materal puts no
check in the way of repair.  Amy cell can take up any position
within the same germinal ares, since ity gene-content is the
same, ‘With the crilical peint this ceasss, The oells belong-
ing to the same Junctional boilding-atone are very differsnt
from cne another. 50 we might ssume from the outset that
repair would either not be possitde at all, or only to 2 lmitad
extent. But it has been shown that, especially in the lower
animals, the cells, althoogh with regard to their framework
they are just ax definitely formed ag in the higher animals,
Still bring with them s larga reserve of genes, which permits
of ion to & very iderable extent.

If iz u cart consisting oF woodan und iron parts, the woodan
parts alvo harbour protoferine and the iron parts & primordiom
for wood, the qoality of the material presents no hindrance to
the reconstructlen of Tost portions.

The fonctional bullding-stones have this advantage ower
the genstical, that they are not prevented by the limited
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quantity of material lefi over from fummishing paris of the
framewnrk in their oormal sise; for the circulating giream
ofﬂundsmblummmakeuptbelukmgsnhsm

We bawa got the fund abmnt
umkumuxpenmhunearthmsmm Hern
it appears that each trangverse glice cut pat of the animal
at some selected point is able to remake the whole, right
foreazd to the anterior and and cight back to the posterior.
1 this we perceive clearly the action of an internal equibibrium
extending thronghout the entire animal.

In thess animals the material for the reoomstruction of
the equilibrium lies cverywhere at the disposal of the impulst-
systems. An exception is offered only by the bead of
planarians.  }f this is cut through trangversely. each serface
of the wound is capable of regenerating cnly the antesior half.
The consaquence is that enly the posterior portion of the
head regrnerates @ vormal head @ the anterior poriion dupli-
cates itself, and produces 2 ] head incapable of living.

1f wn cut a planarian lengthwise, aach hall
the missing side, and we get two normal planavians  IE
beginning at the anterior end, we carry the cut only through
the frst balf of the animal, the edges of the woand gape apart
on account of the pull of the lateral muschs, and sach half
Tegenerates the misaing side. The regult is n twoheaded
planasian,

This experiment, (which, after what hag been mid, hoids
ncthing surprising) has played o fateful part in the history
of biclogy, for from it Volpian concluded that thére conid
not be amy vital force, since vital force woald never create
wongters.  In the state of biclogical thooght at that time,
Vulpian could not conceive of a vital force a3 other than one
endowed with reason.  From hia point of wisw, there mist
either be 1 human-like director in every animal, or else nons
at all. We have become more cautious, and we speak only
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of n direction, the powers of which we endeavonr to investi-
gute; wnd we find it expressed in the internal squilibriom
which, within the limits s2t it, effects the reparaiion. Vul-
pian’s experiment, which was made abowt the middle of last
century, gave at that thue the death-blow fo vitaliom.
Nowadays we know that It fits in completely with vitabisiic
ideas,
Very interesting experiments have been made on the
earthworm. (¥ thege I shall mention one especially, because
it selves the question 23 to the possibility of competition
Tetween two impalge-aystems, Lot s Srst cut off the head
of an earthworm, and a quarter of the rest of the body., Let
this grow on (o the trunk again in the reversed position, so
that now x cat surface iv directed forwards that wormally
st regenerate the hind end, 'What is the resuit? The
Tegenerated part is the missing head, Here, apparently, the
jelernal equilibrium controlling the larger pertlon of the body
s outbalshced the smeller partion, and the cut surface,
which is able to create either (he anterior or the posterior end,
s compelled to meet the junctiomal needs of the tronk,

To the seme citegory belongy the experiment on 4 wmall
<rab, which has one small pincer and coe large. 1t we cut
off its large pincer, the small one grows large, while in place
of the amputated kmb g small pincer forms anew.  The result
i & crab with reversed plneers,

Of espectal mberest is the Rmeus experiment of Herbst,
who swoceeded in makiog s crab Tepenscate an olfactory
antenna in place of & stalked eye. In the course of this
experitent, it appeared that, when the eye was cut off, it
wag; ahwnys regonerated so Jong as the optical panglion way
not removed, But if the whola funchinal building-stone
of the gtalked eye disappears, that of the olfactery fecher leaps
inte the gap and duplicates froelf,

All experiments made hitherto agree in this, that we
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Lave to distinguish an interal equilibriusa within each
functional building-stone from the internal equilibrinm con-
trolling ihe function as a whols. According to external
eonditioning by the injury and the itternal conditioning by
the reserve-material present, now the one and now the other
cores into tvidence,

EUILINRIUK [N TIME

The instances Jealt with hitherta ll refer to spatial
equilibrium, which expresses itself, now in one functional
building-stene and now in afl together, But it cannot be
denied that thers are also rules connecling into onities. facters
sepazated from one another in lime.  The notes of 2 melody
that we have heard immedlately appear to us connected to-
gether by a rule.  But the melody is not just 2 rule discovered
adterwards (which would be merchy passive) | on the conloary,
it & active in the extreme, as soom s we curselves ping &
song : and, in a way unknown to s, it controls the impualses
in the actions of oot larynx, which prodoces the netes, In
this cast we are folly jusiified in axsaming an impulse-system
comesponding to the melody, and in sccking for its Internal
equilibrivm, T the same way, active rulss, referabde to
impulse-systems, lie behind all thows of ogr actions that am
oot zeflexes.  They must 2]l posssss an internal eouilibriom.

The way in which we have to picture the invasioa of
impulse-gystems has already been set forth in detail.  Accerd-
ing to this conception, there is every time & regeneration of
the centra] mesh-work. By this means we are enghled to
consider the whole proczss rom outside, without entering on
peycheological questions. Before our gyes & natural process
ia taking place, which follows an autevomous rale. 1t owes
its qutenomy to an impuleeyystem, which is held togrther by
s irvtersial aquilibriom,
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fn order to express fn the familiar formuiz also the
impulse-systems. active in time, we have only to replace the
I by a geries iil, and bo write thest one belowr the otber, Lot
meinsﬁndiunnﬂamnanmph. It mogt be written
ths MO "“’! B It would be atill more exprossive,
iiwuinxmd.uoedﬂmmnamusiwnataﬂm,

A formuls of this iind would take account of the fact,
that, for instanes, the fonnelroller beetle performs its action
in melodic seqoence, althangh the birch-leaf on which it
does its wirk does oot furnish it with any standard for the
sction-melody.

We shall do justice to the gnified sction-sequences of
ingtinctive ammals, and to the plastic actions of animals
that learn by experiemca, mlywhenwereoognhemmpub&
melody that o ines the acti q The i
of the surrounding-world serve, it is tros, to rejeass these, and
at times to retard or to quicken their course, But they have
no influsnce whalgoever an the melody of the action. As if
or its own hLinges, the melody hangs fxad and infallible, within
the chythm determining its intermal equilibrium,

BHYTEM
In & melody we distingulsh thres things—the notes, the
sommid and the beat-seq in melody only the

lasto{t'heselsdmmhtdnsrhyﬂm But it i different ns
aocn an we trarader 1he word meledy into other nayociationy,
If wa compare some living process with & melody, the beat—
the rate at which the process takes place—interests o9 quite
secondanily: of the other hand, the regulsr wlternation in
which the part-processes releass one another, comes into
prominence, and is then deseribed as thythm, although it really
crrespands to what we descibe as sound-sequence in the
anelody.
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Now the sound-sequence in o melady is also the expresion
of & law, for which we have no exact word, It iy true that,
in & genernl way, we speak of the relationship of the sounds ;
bat for the gpecial law determining the sound-seqoence in a
certain fune, we have no expresgicn, ]n thit cage also we
help ocuarselves cot with the word rhythm, althoogh that i
intended to dencribe the special law of beat-stqoenes.

Hut it is oecowary to distingmish bhetween the two.
Accordingly I shall demcribe the tow displayed . the sonnd-
arquence a3 thyihm, and that displaysd in ihe beat-sequence
s " beat-thythm.”

In malody the conditions are axtraoedinarily ckar: the
somnds arc srranged in a fixed relation, which & all viroum-
stances must be preserved, if no dissosance s to come in.
The chythm of the single sound-sequences, however, canmot
be derived frem this relation, which has been
to a seven-sided column, for the law of that relation tells us
nothing, for instance, as to whether two related notes axe o
sound gimultareously of in suceession.

The law of ralationship deals ooty with the special nature
of the sounds afd how they are adapted to one another.
The rhythm should reproducn the law setording to ‘which
the pecoliarity is made use of in single instances.

The shape and material properties of the bricks reproduce
the pecoliar natore of the structural materil of a bouse,
and the lows of this must be kept in mind in building.  The
weqoance of consiruction that causes the homse to asise, and
with which brick afler brick is barmonised in accordance
with its special nature—that is the chytam.

htbedevehpmunn!mymnthenmthmg
cxn be ok ly, ¥ parts, which
are sdupted to one another in scoordance with their special
natoee, and o rule, the thythm, by which the strocture arises.
The taw of peculiarities is called in chemistry the afinliy of
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wubstancen. By affinity was at the same time mndermtood
muinal process of attraction, which was part of the pecallarity,
The word affmity was then applied to the relatiemhip of
pounds, although these possess no reciprocal powss of atbrac-
tunn Smnudam:ryhasd.evelopedmmandmemm
ical ideas have begun to
h«ukdmthemuptqlaﬁmty As a matter of fact,
eothing newadeys stands in the way of our basing all mixing
of sobstances oo & mechanical idea. Te understand the
fired arrangsrent of the atoms in the molecule, we may
represent the atem es an already formed spatial magmitode,
holding on to its neighbonrs by means of peg and socket, joints.
tAn atom of this ldnd is aleady o shaped, tbree-
dimengional object, and hag Jost the ociginal meaning implicie
in tha word, ie. indivisibility : jor only what is without form
can be thought of as indivisible. We muat a0 express cur-
salves that thers can bt ne misunderstanding as te which
kind of atom wn mean-—whether an elementary particle
having form in space, and carrying out certain mechanical
1asks, or the ultimate samee-quality from which the world of
appearance is canstrocted. The latter ia shways just a locai
gD associated wilh & conteni-gign )

It is possibie to refer all chemical processes to the con-
crete Jdea of peg and socket jeints, if, in eddition, we bring
in a polar tension drawing the pegs to the sockrts and repeiling
like structmres from coe another,

Fer the building wp «f & liviag organiam from the germ
the impulses have at thelr dispesal nummroas chemio) strig-
tures with complicated peg apd socket joints, and their polar
tenmions,  What the impalses fhrempabves must bring i in the
Tmikding-sequence (hrough their rgthm,

The mistake of all antl-vitslistic hypotheses s to the
§eoesis of the organimm lies in their reganding the building-
sequence as abready given o the material It is junt w
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impessible for & melody to derive its law from the relationship
dthem{mnﬂlhemhtedmta:hmddmnmaﬂynm
abe another] & for the building. of an

to be deduced from the chemical afinity of the germinal
elements (i.e. from their peg and socket joints. logether with
ihe polar tension).

What semms to us agentizl—namely, whether or not the
raythm of an action is given all prepared by the framework
of the organs—is for Mature of enly secondary importance,
‘The process of the building-gequence ig not laid down in the
germ by  framawork of any kind whatsoever ; for the artiony
of the completed animal the same holds true—the thythm of
the same action that in the one creature iy fixed by the frame-
wark, m ancther may dispensa with this fixation,

In the majority of animals the process of digestion is
conducted aleng fwed rootes by a series of organs, which
are joiped to ona another,  Studants of the digestive procesy
utrive, throngh exact kmewledge of the alimentary cazmal, to
Iearn how to read off frem it, a9 from & progressive musical
notation, the act of digestion, which begins at the mouth
and ¢nds at the anve.  This is repdered possible, became the
food-balls, as they move aleng, are all the thne being con-
ducted past fresh receptors and effectors (glands and muscles),
Each secton of the get receives in an allered conditian the
food-balls pushed forward by effeciors of the preceding
wecticn, and | on 2 comre-
Spnnﬂll@ydaﬁcmnlphn whmhml'hle by means of their
effectory, 1o induse a further change ; and 5o it goeg oo, (ue
part links up with the other in unbroken seriss, and this chain
performa a chain of separate actiom, which, taken collectively,
lead to the diginiegration and sbeacption of the food

In this process an obvicos thythm in expressed, which
it in the task of the physiology of digestion to study in all
By deinil. Niereosteln foend exactly tho same rhythm
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in the Infosoria, which have no digestive organs developed
Here, ax we have aloaady pointed out, the seme food-vacucle
goew through all the changes shown by the framework of the
alimantary canal of the higher animals. The rhythm of the
impulyes in the completed organ~chain becomes effective
indirectly through o permanent framework, and is directly
active only from time to time when that is Jocally disturbed :
in the Inftsoria it it exproascd directly through  progressive
framework-forming,

L we lock inte the matter more closely, we shall under-
stmdwhythtdgﬁhwmmmﬂy;eumdby

i ion, and becomes frozen inle a
dmnutml:m Ead:stmtdmnheahmentuyanalm
with the food-ball as indicatar, a very simpls kind of function-
cireln, whlchlsslmlnﬁasipmmﬂﬂmmlhemm
of the gnimal, The d ds mads on the st
of the norvons sysiem are very shight. Themploﬂmy
everywhere ba close ta the glands, and coovey the excitation
te them by simple oerve nets. The secretion from the
stimulated glands alters the food-ball in such a way that,
when it gets 10 the next secticn, it sends forth other stimoli
for which there are other recoptors.

The onward movement of the fond-ball is mifscted by the
movement of the cireuwlar muscles, ccording to the simple aw
of muscular tensien. Round the food-ball they are on the
streteh, and so the excitation fiows to them, snd they push
the ball forward,

OF course, at each digestive proce= thérs occar 3 pamber
of complicatioos, alnce the food consists of diffomt sub-
mmwhmhmumﬂmmuybewmnymnndwn

severul function-circks then intedock. But the principle is
cyerywiere the ayme and cverywhers simple,
I we the iong of an aninal with

those of fts digeation, we gat the reverss pictwee  Hrow the
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animal corresponds to the food-ball, and the alimentary canal
te the momomwdizgwerld, Thiy holds good, not only for
animals that move along through cavitimy and pasages in
the earth, but for all Joctmetor animaly whatssewer. IE we
folipw the track of seoe stdected anlmal we cin re-creats ity
sorromding-world arvund that track, by setting up again
the indicators with which it came inte comtact. The sur-
ronnding-world of the anirnal thas becomes a tannel.

hhmdnﬂthn—lmﬂﬂwuﬂmalmmlwwuﬁm
virtoe of the 1| d museles of its 1
orguns.  This i true of progreas in the water and in the air,
us well a5 on the dry land  Each forward movement causes
an indicater to disappear and a new one to arlse.  Whertupon
a oew functon-circle begine. The course of the functlon In
cach new cirtle means & new action, and so hers o one action
conacts up with the others into a chain, which winds itself
through the whole life.

Nowe il 1s true that each member of the chain—ie. sach
feartion-dreks—is an independent action on the part of the
animal ; bot the chain itsell—ie. ihe chythmic sequence of
the fonetion-cirches—-is o creation of the external werld,
bocanse the order in which the indicators appear depends on

dations that are independent of the animal.

Here for the first tioe we meet with the idea of an external
thrythm which eters into competition with the internal rhythm
of the animal

If the meveral fonction-circles arc fixed &5 reflexes, the
whole ¥fe-roarse of an animal may give the Dpeession of
being a process that unrolls autematically, An indjcator,
wech 22 the prty, atbracts the anbnal, is devoored, and
dirappears. The indicator " enemy ** appenry, and repely
the animal, whose flight resnity in the wwnishing of this in-
dicator also, This led Loeb to consider the life of an animal
puredy from the standpoint of physics, & u chain of tropisms,




CONFORMITY WITH PLAN 307

and to transfer the thythm of animal We entirely o the
exterior.

There is an tial mi ptina here, for the
are oof simple physical processes, The appearance of a
tropism, which by itz pature remaing & reflex, necessariy
Preupposes e of an indication, It is krue that an
indication creps up on the life-path of an animal only when
o stimubey affects the receptors. But it depends eptirely
on the structure of ibese as to which stimalus is taken up
and converted into excitation. There is oo physical Jaw, pro-
eceding from which we can say that such and such 2 physicat
process must bexomie an indication for the animal, whils
such and sich enother one will not.  Moch Jess dare we assume
that some particolsr cbject mist play 2 part in the life
of the animal alss, We can only oonjecture that it is an
indicator : what indications it gives depends solely on the
amimal.

The kfe-path of an animal, which wa may imegine a5 &
tunne] of indjgations, holds only such things as exist through
their relations to the animal—these and no others, I we
wish to enter into the life-path of an earthworm, for instance,
we mnot nof forget that it is composed of earthworm things,
e of nothing else,

Revertheless, the inguiry inte the pregence of an extarnal
thythm and its effect on the animal is justified  The cheerver
can thow that the indicators appesr om the Hifspath in a
aeqoence independent of the animal, and he may ask himaclf
the queston, * In how far is an inner rhythm of the animpj
opposed to the external rhythm 7

It mmst fizst he shown that the threshold valoe of the
external stimuli is determined by an inner thythm based on a
peclodic change in the steering-gesr, Thus, ior exampie,
an chject will not aet as an indication on a satisted animal,
theugh it cortainly would on & hungry. In the same way,




308 THEORETICAL BIULOGY

during the brsoding-ssason thert comes in o changing of the
Wmhdm:hingmpwhnnlwm

Ject dowed with plastic
power 1| an though it be oft
repeated, by raising their thretholdlevel againt it ; and this
is especinlly obvions in the cae of activos based oo
experience.

In many wnimals an inner thythm, consisting of waking
and sleeping, strives to fall in with the outer rhythm of the
life-path that expresses itgelf in the alternation of day and
night. By raisimg the threshold during sleep, all indications
can periodicslly be mipprasgsed. In the spotted doglish,
which rest a)l day god geek their prey by night, Beer found
& periodic opening and cosing of the pupil, which could be
denonyirated in animals kept cootinually io the dark. The
riythm of ebb and fiow is responded to in littoral
by & periodic change jo the reflex aclivity, In these animals
alsa Bobn was abje o demoastrate that there was an inoer
rhythm, which persisted for days in apemones kept in an

saynarium
Tbulun.hmwnlchamofmemutmntn&mpdhng
i to change of wrk, is an P in

and can be achirved only by means of n further mechanical
device. The framework of animale, characterised by the
presence of a protoplasmic matrix, makes the rhyihmic
change seem lass mysterfous.  Actually, those who have coo-
orrned thenmelves move cosely with the question, set in the
proteplasm the saune of this phenoeatn.

‘We might speak of & chemical tide-change in the prote-
plasm, excited moce or ke by the axtersal thythm. These
cntters il e g0 far beyood the possbility of artual lnves-
tigation that we wre zedaced to mere conjecivre. Al that is
crriin i that there must be a rhythmically nctive impolee
sysiema wi the back of this phercmenon abo, furnishisg the



CONFORMITY WITH PLAN 304
protoplasm with the power of performing a chemical tide.

change.
If we continme ta ofserve the laws thit meintan in their
mutunl depend tha indi bardering the life-path of

an animgl, we penetrate desper into knowledge of the external
rhythm that iofiiences tha lifecourge. This law muy con-
gt in the spatial confection of the indicators, and yet to
the animal this most appeat as thythm, becauss, as it meves
along, it oomm in contact with thess in time only.

‘When the funnel-roller bectle vuts its pracige mathematical
line, th 1leaf-vel oz by one inta i ding
wirld. The whole birch-kaf, which tv ns appears as a de-
finitely outlined object, is broken up fov the beetls into
number of indicstors, which can be conbeciad {ogether in
time only acoording 10 a certain rhythm.  The moer rhythm
must correspond to this external chythm, if it is to contnal
the fixing of the soq in which the indi appear as
the leal 13 cut through. Fere, accordingly, the lnner chythm
comirels the outer, for the path follswed by the aniral within
a group of indicators fixed in spane is not glven afresh each
Hme by these as they successively sunge wp: the reverse is
troe, for tive inner chythm itslf conataty entirely of sign-poats,
which are cbliged to cover themselves with the indicators.

The rhythm in which the effectors of the beetle work
hay not besn created from one action to anather by the
sequence of the indicators; it is jormed by fhe impubse.
mquence ftself. The formula for the instinctive acton

E
expresses. thiy: ? MG _AG [ilg-l

mpmsmnfaﬁrmextmnlmmcﬁm,uflwlﬂ
o of o temporal kind, between the indicators, forms the pre-
Eminary dition for every nstinctive wetiom. The in-
stinctive nction can constroct itself oniy on such & conmection.
T thiy i3 present, then (after the first indication bas glven
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the signal for the action to begin) the inner rhythm can et in,
to guide the animal cafidently through the forest of indicators.

Tn terms of human theught, the ianer rhythm of the
animal doeers the laws of the outer werkd, although the
axitial gets no information thereon through the indications
ut its dispomal. It is this knowledge posscssed by the inner
rhythm that I bave called the * wisdom * of organlsma. Of
course, thae v no guestion here of knowledge or wisdam
In the human sense, but of o ** congruity ™ of the internal pre-
teates of the animal with the laws of the external world.

For the inslinetive action io the widest sense fembracing
aiso the tidechange in the protoplass) it is immatedal
whether the Law of the exterial processes consisis in & regular
altersabion of day and night, of the scasons of the year,
of of £bb and fiow, or whether it Is expressed spatially, as in
the geographical formation of thoss portions of the globe
woedd in the migration of birds, cr in the organisation of the
birch-leaf for the beetle, or in the anatomical disposition of the
mervons gystem of ity prey in the case of 1he ichneumea-fiy,
or in the chemical reacticns of the human tissurs in the ase
of the malaria paragite. Everywher= we see an autogenous
chythm at work, which, from the factors held Logether by
the external laws, copstricts its awn path, a path which
# the more securely lald the firmer the external connection
of the factors.

Beside ihese remarkable facis, which T describe a3 ™ con-
proity,” the question ar to whether the rhthm is given

Iybya sponding fi k, or P8 answ

&8 otcasion Tequires, appears quite subocdinate.  To ioguire
into the lnner rhythe that brings abot this harmony involves
a Ear harder preblem then the gquite secmdury considerstion
as 10 whether, in & givem imatance, we have to do with an
isoluted or with a lasting influence oo the framework.

In the case of the complicated and prolonged actions
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of insacts, it is easier to assume that the impulss-systems
continoally carry on 2 Jirect reshaping of the Framewark,
The same holda good with all phastlc actions and actions bassd
an gxperience; Wn‘hﬂmpleacmnsappwwjmaﬂnglomﬂmu,

we may amume fhe p of a g y
adjusted coce and for all
When we have recognised the inaer b fsed rhythm

w3 the determining factor, then It is pot diffcuit to deduee
from it the asticms that lead Lo the [abrication of the animal's
tools, actions which, almeost wilbout exception, belong to the
instinciive category.

REAT-REVTHEM

In comparison with the general thythm of the impalss
which controls the whole Ufe, the beatshythm is very fo-
significant, for it plays an important part ooly in the higher
anfmak, A certain beat, it it trog, can be obstrved in all
Torwurd siovements by anizals, becatme, in these, antagonistic
tmavements of the limbs relazgs toe ancther in regular alterna-
tion. Hot there is nothing to indicite that the beat according
to which these movaments are set going, is fixed in the interior.
On the contrary, the epse with which the limbe of the animad
adapt themselves, in their to and fro movemeat, to the difi-
culties presented by the ground, depends on the lack of an
internally fred beat. As a mle, the free extension of the
lirabe takes place quicker than the pushing back of the groand,
by which the body is driven forward.

The rhythm of the gaif is, In most cases, 50 well adapted
to the condition of the ground, because the exritation fows
fo the " antagonist,” anly when that is actoally on te stretch,
That bappens, however, only when the " agenist ' has con-
rracted, and it representatives have been " locked " againgt
exciiation, while those of the extendsd antagenist are
* untocked.”
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The rate at which the extensicn snd contraction in tha

muscles of the limks al dapends in considersble degree
on tha chstacles oo the path at the time, obstacles whick
the muschey must by thsir contracty o an

internal beat were trying bere to regulate the movements,
this wounld only add to the difficallies.

We find an interiorly determined beat only in those effector
organs that have always the mame ohatacke tc overcome,
such aa the hearts of vertebrates, the margin of the umbrela
of jelly-fiches and the wings of insacts. The basris of inverte-
brates move according to the general law of tension; therr
beat, therefort, is not in constant dependence on the amocn:
of biood ihey coutsin. The stroke of ihe wing in o bird 12
regulated all the time by the receptors, while in insects it is
oaly the beginuing and the ead of the chythmical wing-beat
that depend om these ; the shythm itself iy quite amomatically
exexrted from the wing-mmsde centres,

The eBector ovgans which preserve their own beat-chythm
have for this an errangement of their own, which is expressed
in tht socalled * refractocy period.”  The refractory period
rhythmically lowery to zerc the threshald-vehue for the regular
waves of excitation fowing to the points where the nerves
enler the mustkes In what the amangement consists bas
not yet been ascertained.

The beat-rhrythm in the recepter portions of the steering-
mechanien s of quite ancther kind.  {t serves to fransiorm
the external rhythms in the surrconding-world inte an indica-
tion, and in this way to £t these into the workd-as-sensed,
Let us imagine that a chemical tidechange of unequal tate
contitmally coutroly the mark-organ of an animal; then we
ahould see in this the means by which the animal would be
able to reler external thythms to its own beat, and thereby
coanect them into an indicatisn.

As we know, 1ke powrr to form indications is amscjated
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with the possibillty of bringing in certain representatives
for certain stimull In o brain that is extended in space,
the poasibility «xists everywhers of uging spatially ssparated
centres as reptmnul.{m for the stimuli coming in®irom
varions directs becanse the T are in a pegition ta
pass on the stimali in the form of excitation to nerves separated
i space, Tt i also possible to transdorm externatl mevements
into Indleations, because thest permtit the representatives to
sound out in & certain sequence, and one captain may stand
In place of 3 certain saries of repressnitatives,

‘The arrangement of spatially separated representatives
fails, however, as soon a9 it is a question of mere extended
sequences of external stimult, Now, as indications, the
external rhythms play 2 very small pant in the lile of an
animal. How few animals thers are that can recognise a
sound-saquence again | There are such cases, however, even
among the lower animals, Unquesilomably the beatrhythm
serves as &n indication when the femgle hare warns her yaung
of danger by a rhyibemical series of kmocking sounds, which
she makes with her foot on the ground, When the male of

the American g] , by a rhythmical " short-long ™ of
itg fash, causes the female to react, weseethatthepower
10 iate beat-rhy a3 indications is mere widesp
than is generally supposed,

For the study of the werld-as-sensed, such ohstrvations.
are of great interest, for 1hey give vs the ppportonity of
raising the qoestion, * In what sensed-worlds did " time * frst
appear " One thing is cortain—that only the presence of
& ptraistent interna! baat-rhythm permits the animal to break
up time into & seriey of moments, and thereby make me of
it a8 un indication.  Animals without & receptor beat-rhythm
certainly Hve in time, ke all those we observe (for we set
everything in the frame of Hime); they may even perform
movements according to & beat: but 3o leng as they have
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a0 intemal time-standsrd capable of bringing together in
moment-groups evants in the oater wordd, they live without
time, without past o futdre, i a perpelual present.

THe attempt has been made to refer the inner beat-rhythsn
1o mechanical arrangements ; but since even these are subject
to comtrol of the animal’s wezking, we cannot gt on without
sgsuming & beat-forming impuise-system,

CONGRULTY

A carelessly chosen weond may cause incalculable barm ta
acisnce, if it contain an analogy going beyond what is actoally
knownandsogweturﬂsuthamlsduecuon Snch 4 word
s " ien."  Originally by adaptation was meant only
thsumhakableinclthnlallannnnlsmmmdwﬂml
envirmment.

Bntﬂthurdnmtzhﬁanannl&gymthhmzﬂadwtty
i&ﬂfm"‘l' I itahke-t voth of two
b]eclaAandB 50 that ihe word Intreduced two socts of
principle, which did not arise from observation of Nature.
Firstly, it is stated that A and B did oot suit one another
froms the beginning, and secondly, that the business of be-
coming suited reqoires a ¢ertain time.

By the aoiversal adoption of the word adaptation, men
of selence were compelled to see in the mutual * harmenis-

ing " of T and their In Natore
& procts which i graduall plished Some relati
botween i and their eavi are beiter adjusted
than others.

Thix mzsomption, bowewer, was @ dimct contradiction
to the actual bacts observed, for which the term " adaptation *
Lad becn chosen. Bot as soon as the word had been

the diction was overlooked, and the lctors
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were sought that were sapposed fo have brought about a
gradual adaptation,

So for decades the word “ adaptation ' hay served as a
false gign-pest, which has turned ressarch away altogethar
irom the right path. It B Hine, therefare, to chooge a word
that containy oo fuse theodts of the kind, bat repo-
duct nolhing but the naked teth. ** Congryity " sesms tome
& term of the kind, incn it asserts nothing byt the undispated
Fact that crganism and sovioment amit cne ynother, The
question remalne open as to whetber the congruity was present
tom the beginning, or whether it was gradualiy acquired.
In the latter tase, we shoald be able to discover relations that
are mort incongrioas than others,

As we know, this question has already been dacided
There s oo “ more ™ or “ besn ** as regards congreity. Coo-
gruity is always periect, so far as the means at the disposal
of the animal extend. 1f all organiems are perfectly con-
groogs. with their surrpanding-werld, there i3 no such thing
a8 gradual atiai of perfection . the pefection, of con-
gruity exists everywhers from the very beginning.

1f this be admitied, the paltry analogy with the human
way of doing things collapses Inta nothing, and we stand face
to face with a real law of Nature, as free from exceptions as iy
the low of gravity.

Every organbam, &0 long ac it has all itx mechanical and
chemical properties, In congrious with its sirrounding-world,
in perfect confarmity with plan. This at omce disposes of
the doctrine that denies conformity with plan in Nature. At
the same lime—and this & less obwious—the doctrine of
parpossfulness in Nature falls to the ground. A purposs, Le
nnid.eapoatponedtothefu‘m.mnuwxymwhhlt

for the P itation of alt the dlabi
eSS ; thrhwlﬂn]wysbem!ymurlumplmw
realined.
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Karl Erust von Buaer, who in his day investigated this
problem wezy thoroughly, ales decided to deny parposefol-
ness in Nature altogether,  Instead of ™ purpose,” he declared
that “ goal " was the decidve thing. We can make Baer's
idea clear to cursslves by an example that he selected.  When
& bollet lzaves the barvel of a gun and hits the (arget, the
target It the Eactor that prescribes the path for the ball, Tf
we imagine the act of shooting to be eliminated, we must
ascribe to the ball fiself the property of being influenced
directly by the target in the direction ity movement takes.
In such a case the tall possesses what Baer cally “ effort
towarids 3 goal.”

In the same way, Baer declares that !he embryo displays
effort towards a goal. Considering the iime at which he was
writing, this presentalion of the matter was quite correck.
It suffered, howwever, from the circumstance that the target
was placed oo near. I what we have in mingd is ot the full-
grown body, but its congruity with the surrcunding-world,
then the envicenment becomes the geal into which the body
with all its receplors and cffectors bas to grow. But from
the sorroonding-werkd, namely the morganic medium, ne
influrnce @an proceed enabling the germ to folbow 3 defnite
course doving its development. A direct reciprocal effect
between germ and gerrounding-world, such as the doctrine
of effort towards a goal presupy caohot b d
The main dificuity—namely, the congroity of i
und environment—is qot sclved by effort tosrds a goal.

I we could ascribe to the enviromment all properties,
and these in their fall degree, the solution would be simple,
Then every shape assumed by the animal would siraightway
be in congrulty with the outer world, But things are not so.
‘When an aninal gets inte » strange efrirenment, It is wcally
turable to make s mitable grrounding-world for itelf,
and, because it canmot £t in, it perishes,  The exbernal world,
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it iy troe, always y many more properties than the
animal requires for the ion of its dmg-world,
but by oo means shoogh to satisfy all animals, Weha\m.
accordingly, the remarkable fact that there are actoslly o
limited number of certain propertics present in the external
world, hrwhmhlhelnlmal.lhtisbopru—per mmtdsvelop
in its bodly
whkhshaﬂﬁtmwlththmkkepqsmdmm

The external world offers to the organiem a certain tomber
of properties peparated in space and in time, from which to
sclect, and therewith the possibility of making 2 poorer or a
richer surrpunding-worid.  But the external world itsell 1akes
n¢ part in the galection, which has to be madn by the arganism
without external assistance,

We have to come to terms with this fact: on the coe
side are the properties of the external warld, which svercige
po dizertion-giving infivence ; and on the other is the living
xerm, which possesses no organs that coald glve it koowledge
of thtse properties. And yeu we sea how the embryo un-
erringly p Jdefinita ter-properting, which &t into a
Sefinite group of properties in the external woeld.

Slnes the discovery of the ganes. we kmow that in the
germinal rudiments all U pegs and sockets of the counter-
propictits e presenl, and thess they only have to shape
according to a certain role, in crder for the congruily with
the external wordd to be complete.

As we know, the rule of shaping is not mechanical, but
iy boroe by otber factors tham those with which we are
eoquainted threugh physics and chemistry. I bave called
threwe factars impaltes, and have shown that they are enclosed
in un impulse-system, having an interoal equilibrium both of
a spatial and of = temporal kind,

1t only remains to ahow that the impulse-gyvtems corme-
spond with the growpe of properties in the cxtemal world, jut
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29 strictly in cooformity with plan as they do with the pro-
perties of the germ whoss shaping they control.  Beyond
that, the state of vur knowicdge it the presmt day doos not
permit o to make any afirmation.

It b caly through a diagram thal thess mysierfous re-
Iations permit of concrete representwticn, Lt s take a3
the starting-point the impalse-gysiem ; through the individeal
impulses i ij this affects the genes g g g in a soper-mechanica]
way {as is indicated by tbe dotied ling). In o mechanicl
way, which, bowever, in virtue of the Hnpulse-invasion, (s
miriving towards a goal, the genes permft the reflex-are to
aris¢, which fits into the indicator, oo the ome side by i re-
teptor, and on the other by its efector.  Since the nuelei of
the veterve plagm retaln their genes, 1he influence of the
impalte-gystem on the body b kepl persbient.  Now we have

e [

to assume that, at the critical point, the interna! equilibrize
in the impulss-system veers round, for from this stage cnwards
the directing of the construction of the developing body
becomes ihe directing of the working of the finished crgusism,

Onee we have accostomed curselves to the idea that the
whole direction of the organism, In the apecim znd in the
comumunity a1 weil a5 in the individual, Hes fn the hands
of a super-mechanical rataral powes, which in to be recognissd
a0t only throogh roles, but itself asts ncciding to Toles, all
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lifn oo the globe derives » Tew content, which i neoeasible to
investigation,

It is not intended that this shall be the statement of &
oew dogma ; merely that the way shall be deared for study
of the cld but ever-oew inquiry inte the " meaning ™ of
life, a problem worthy the earnest effort of the noblest minds.

Confermity with plan, as the nltimate natural iw embrac-
img all living things, is orice more laid open for bislogiesl
investigation, Conformity with plan is the guiding law of
the lmpulsssystems, by the zid of which it crganises all
living matter into subjects, and the coming and going of which
it controls, a3 well ap the relations of the subjects to ota
nnother and (o non-lving Nature,

THE THEORIES OF ADAPTATION AND OF CORGRUITY

I we regand the world [rotn 1he standpoint of the theory
of adaptation, then sach organism i the prodoct of influctices
to which it has beet expoeed for thousands of years. Every
object, imph and igm in its i bave
their shart in the transiormations that it has andergone.
The media, animals and plants set ther stamp on it. Tis
entire oegankc axd inorganie environment, light and rain,
warnith and cold, stter and shape the susceptible protoplasin,
until at last it assomes the fortn, colour and consistency
that assure it a peymanent place in the world,

Throogh inmumerable * erors * the everlasting “ trisks ™
of Ratare (which permits all the agencies within it to infuence
each single organism) lsad on towards an ultimate product
that shall have achieved the mitable form, making it wholy
congrooas with the other world-faciors.

The Darwinian theory cifars only an approximate ex-
planation of this dogma. It peints out that the production of

g ia 5o that if ench ovgunicn sould wultiply
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without restriction, it would s00n crowd ont adl the others.
That is guarded against by the struggle for existence, in which
all animals compete with one another, & slruggle that makes
for balance in the world, but at the same time permits of o
finer and fmer gelection ; for aoly the " best adapted ”
organisms are capebis of murvival,

In ordar to enter mare dostly into this idea, ot us first
of afl neglact the super-roechanical properties of animals,
and regard thern purely ay machines, having neither bujlder
nor director : then all the protoplaam m the world appears
s a suk ergoing a kind of § iom, and broken
up into a great variety of parts—a substance that, doring its
changes, is continually being infivenced and shaped by physical
and chemical agencies, until machites art avolved that am ell
adapted to onc another.

It inly requires a p to assume
that any machine capable of functioning could arise in this
way. But the Darwinians provide the requisite imagination,
Unfortunately, they carefully avoid the more gerious consse
quencsy of their doctrine.

All the physical and chemical agencies are supposed, by
thair extornal infinence, to carry oot the meation of form
on 3 substratum to which no peoperties can be ascribed
othey than great power of reproduction and variability. As
000 53 We prosiion airy tend t in the f
tive process to have 3 goal or give 1 direction, we are forsaking
the Darwininn basis, In this respoct it is sssentislly different
from Lamarckism.

The direction followsd by the shaping & excluslvaly
dependeat on external factors. New animal machines do not
consiet exclosively of external organs, but alse of intemal,
and these cannot be influenced directly by exterml agenciem.
How are we 10 loigite the geassis of wach argees? s thern
« virugple Jor existence even among the organs ¥ Rows put
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this problem very clearly. But be met with mothing but
complete gilsne on the part of the Darwinians,

It is obviows that any machine must fall to pisces i its
whetls, instead of cooperating according to the same plan,
work aguinet onm ancther, and try to increase at one another’s
expoise.  But in no droomstance must there be a plan at
work, o the whole doctrine wonld collapss,

To Nature, however, it i more important that her crea-
tions hould not £all asunder, than that u theory, howsver
elabarate and ingenlods, should come to nanght.  And so she
has constructed all animal machines in full accordance with
phan. In all organisms the various organs do net become
adfasted 10 one another by mutval wearing away—a methed
that no machine could bring of—bat, from the very guiget,
they are quite perfectly * congrocas ™ with one another.

I we proceed from this undenisble fact, and conclude
from it that the like congraity also cxists betwesn the organism
and its serrounding-world, the world taloes on a totally different
aspeet.  Each organiem is then tio langer an impression of the
untverse, but, like any machine, is inserted in a perfoctly
dr.ﬁmbearda of activity and congruous with the objects,

and mms of its dingeworld, 1t is
Tt the enviroaing world that bas given the shape to the
erganism by an infloence From without ; an inner plan ever
uusutﬂmfmmwtﬂuegumplm(:eshwgsnum
which are in 1 with their su a1
mlﬂnn!sludfth:mh'udwoitheofynim,md
comes to expreggion in the protoplasm by the belp of the
impalses, which it torces to the wrk of shaping.

There are a8 many plans a5 there are organisms. The
plan of the fndividual never embruces the whele universs,
bot just a awmall, sharply delimited porticn thereof. The
plan of the individoal inclades mom than the shape of ths
orgunism that [t creates, but nover moce than the crganian’s
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surruincting-workd. It Dever trwates this sonoossdieg-world,
tmt, Broogh selsction, binds it, by all ity pegn and sockets,
into a mified oasting-moukd, which intimately emboace the
ofganion and its reotpror and effector Juncticas.

Thix mould is the life-tunnel, cohstructed entirely frem
indikators arranged in space and time, Hers the exbdence
of tht animal & passed, consisting as it does, not merely of
strugide, but of all the functions of the lie.

It is the task of biclegy to seek for the plans of the life-
tannels, and to investigate the complicated ways in which
they intersect,

The plan for each life-tannel is fixed, and 50 is the creatare
within it [hat 1akes on shape and powser to move, But the
carrying out of the plan dependn o external circumstances,
which always induce deviatlons, These devistlons bear a
defusory  testmblance to the vasabllity of organierms, and
Por the theory they are of secopdacy importance, although they
oy come into the life of the individual and determine it.

1t was resecved for Darwin to make what is secondary of
primary importance, and stmply to deny the main feators,
namely the defnite plan. By doing this be eecored the
recognition of plrysics and chemitiry, bat he wrocked his own
science, hiology.

The entive plan of an organism, which surounds beth it
and its lifatanuel, f anly & part of the plan of the species,
which wmites related onganizms inve 2 whele of & higher onder.

The introduction of the plan of the specics, which, as the
mmdn.hﬂstwmmmmm

g abund of sef fives, helps 0s to understand
the ifold deviations of the indivi plans, which in the
species flow together into n whole that expresses plan. We
are then faced with large organisma, stretching through long
pexiods of time and acroas lrge apaces, organicms whoss
jpuarts, the individualy, are fited into one ancther. It i troa
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that we are then still far from the attainment of 2 real survey
of the whole ; buk we are on the way to it.

Confermity with plan is never given us dimctly, but is
always yielded up to ue, That B to say, it is aor task to
discover it by studying ihe associations in the single instance,
That alone is diolgy. To deny conformity with plan i
certainly convenient, becanse it relleves us of this beavy
task ; but to act in this way is not sclentific.

The peculiarity of every plan that leg at the back of an
crganism conaists firstly in this, that it at one time Bnds
expression. in infiucncing the shaping of the orgawisw, and
sacondly, that it is manifest in the seection of ke indisalors
any their combination into an indication-tunne).

The first half of the plan forms in the anmal's bedy the
pegs and sockets that Gt into those of the inditators. The
sacond half itself selects and takes over the pegs &ud sockets
already present in the indicators, and, by Gitting them in
with the sockets and pegs it has formed in the crganiam,
it conmecta them alf into o anity, the indication-tunnel {or
surronnding-werld) of the animal.

1t cften happena that somt property of an animal belongs
te one plan or to several, according ta whether it {5 merely
1 member of the crgapisation of the ceature that bears it,
of appears aa un indication in one or mose of 1he other sor-
rounding-worlds,

Perhaps the presence of the frst half of the plan—that
which gowerns the shaping of the animal-will be accepted
without contradiction: whersas the second hadl—which

the selecting of the indi y excite questi

Se lomg as we are unable to Tid ourselvet of the idea thet
the plan i lodged, spatially, o the germ of tha organiom,
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we are ot Mkely to credit it at the same time with fhe power
of having such & knawiedge of the universe a2 would enable it
ta cul out therefrom just the piece that suits it.

But we must realise cleardy that the vy same difficulty
exists in the case of the form-giving part of the plan, How
wre the impuises, connected into & ystem, to acquire know-
ledge cf the yubstances pregent in the gam 7 And i we are
obliged to admit that they do dirsctly controt the gbgolntely
foreign material of the germ, there remaing no ground for
doabting their indimct control of the indicators through
selection, & contral which likawist can be demonstrated,

Wummuymupmdthn!armmmdawhqec-
tive plan dwelling within all erganisms which we invel
set in the place of its direct activity. We mos! take a general
wirw of the sphize of that plan's influence as a whole. And
then we shall perceive that the plan is abke to shape reiations
in time exactly as il can shape those in space, 8o that it cannot
be trangferred to a point, limited in ome and space, within
the germ.  The impulse-yystems, which we may call subject-
plany, or, briefly, subjects, in their amangement control the
time-relations, not only during the genesis of the organism,
Bt also throughamt the rest of its life. Youth and old age,
sleeping and waking, the period of sexaal maturity,—these
are just as Srmly linked a3 is the arrangement of the limbe
in the body.

In contrast to the doctrine of sdaptation, which places
time cutside the fife of the orgaaiam, and regards it as the
actoal focser of the species, the theory of cangruity regards
time ay 4 factor under the control of the organixing power.

ORGANIC AND INONGARIC ACIIONS

‘When we Jook at & pireams burrying down thrmigh the bed
which it drags aloog with it, we know thet it & obeying
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directly the forces of gravity and Kictlem. The regultant of
these Jorces gives us the result directly. We cn draw a
parallelogram of the farees, and staightway calcelpts the
tegult therefrom,

The same B true of a stream rushing over a mill-wheel
thet it canses to turn.  Buot in the fizst cage the action of the
stream is withoqt plan, whils in the gecond it belongs to a
system {to mse Driesch's eapression), and o expresses plan.

The acticns of organisms fall inte neither of these cate-
jgaries, for in them a new factor, the indication, is interpalated
betwsen cauge and efiect. Unlike the stream, many animals
run goicker opkifl than dvwn; here the relt cannot be
calcolated from the lorces of gravity and friction. Their
actions are pot determined dirsctly by mechanical forves,
but only indirectly by the indication which releases within
them their ¢am Jorces, and gives the direction to their move-
ments.

WNow let o9 suppose a self-construction by machines that,
in order 10 execute the action, likewize require 3 definite
stimulus for the releasing of inner Terces.  Machines in which
the extermnal stimulus serves for steering <an be imagined,
it is trus, but they have not yet been made,

In & general way, then, we teckon the actions of anima]y
as mechanical, if it can be shown that the forces present in
their mechanism are merely released by external stimuli,
and then complete the action ically, 29 in the rebex,
The cxternal stimalos tr this case, however, in virtoa of special
Arrangesiants, strves ot merely to Teleass the mner foveeg
for the mochanism, bot also to steer the movements, and it is
then called an indication,

‘The guper-mechanical actions of animaly (ameng which we
reckon, skng with development and direction, all the plastic
nctlons) are not conditioned indirectly by an indication, for
they first create the internal conditicas that Jead to the selec-
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ton of the extermal stimuli. They determine dirsctly what
shall serve a3 stimgh or indication, and what shall not,
since they form the intarnal framework anew, or repair if,
or rearrange jt.

Seen from this point of view, the difference between
machine and organism can be defined quite precoely.

Eoth machines and organisias show two kinds of actions.
which art emsentially different from one atother, (1) the action
of genenis, and (3) the action of fabction, But the actim of
genesis in the organism {to which ioa of & 4
timmme is to be rackoned) is direct, wherens that of machines is,
withrat excepticn and in s very nature, indirect, since it
mmmmmmdmmmwm-m

3 by indi The function-action of the
organiym iy always indirect, becanse it i3 puilt up on indica-
Hons, whether thess be fixed once and for ali by the [ramesork
that makey the gelection, or, 23 in plastic actions, are con-
diticned by the newly formed constroction of the machinery,

The Function-actian of the machine is, 23 = rule, direct,
and requires no celessing stimulus, because the whole system
i focussed om 1be effect of one definlte external [oree, whether
that be ibe force of falling water, or whether it be heat,
8 in the case of sieam-engines.,

The super-mechanica] actions of the organism resemble
inorganic actions in peoceeding directly, Like the forces of
inorgamic Nature, they are thereiore the outcome of actyal
mitarml factors. Bot they appear to contain a plan, because
they cresta a gystem, nad 30, oo their side, they must be
refarred back to a plan ypytem.  The Graeks sho referred the
actions of inorgamic Nabtwe fo  system, end we cannol
maintam that they were wrong in so doing. Even st the
present day we involuntarily base the concept of Nature cn
the idea of & Fystem.

Bat the system that fs ex] in the yup 1
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lcdmnu(thunrgxnimwrdu-wadeﬂmmdemmdmb]ad
which, In d with ity impral
with plan, is able to areate directly definitely ovganised shapes.

As we saw in the previcus section, the diffculty in the way
of understaniding the actions of tha smbject fies not 50 much
in thair diectly preducing forms capahle of acting indicectly
through indications, bt lo tht selection of the indicsiors
that accompanies the shaping, 3o that utimately an indi-
vidual is prodaced which & perfectly ftted & o an
indication-tunoel.

Even we human beings, in constructing our machines, have
to consider getting a soitabls envirgnment | for every action,
¢ven the simplest, has velation to certain objests, the pro-
porties of which must accordingly be taken into aceount.
To doing this, we art guided by tur indications, and moed oahy
make & slection from these.  But subjects stand in a rdlathon
to the universe that 1o o (5 totally obscore | they me parls
of the universs, Like all other aatural factors.

We can state comfidently only this mmch,—that there
are nateral factors cting in pecordanee with plan, and eith-
cut 1hess Eaciors organic life would be quite inconceivable.

TRIAL AND EREDR

We have now claborated our point of view 5o far that
we can easily attain to a critical understanding of the two
Tatat imporian theories of life at the prescnt day, and explain
their contradictions.

As we know, Jennings built his af-embracing iheory
of “trial and eror™ on a single example, which was
to be typlcal of all life's menifestations, A dog, which ax
& rule could exsily jump throogh & gep in & fance, tried to do
10 when he was carrying his mesier’s stick beld crosswise in
hit mouth. He failed, bectuse the gap was too barrow.  Then
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he took boid of the stick at various places, untl he managed
to jump through with it when he held it by the ook, for
now the stick no longer pressnted an cbstacle,

Undcobtedly it is of vercy great help in binlogy to seek out
typical examples, because only through such can we get
wisual representation. But we most carefully analyse the
typics] cage down to its pltimate elmments, i it & to -
5 po explanation of other cases

In Jennings' exampln, it iz obvious that the dog bebaven
differendy From a1 machine. A driverlsw motor-car, for
instance, wondd have amashed the stick, or wenld have come
1o u stamdstill in froot of the gap in the fence. 5o in = certain
senge we may sy that here we have a typical example of 2
* living * artio, us opposed ta @ mechanical.

‘We might just as well take the case of a fiy, which comes
to & window-pane, hitx jt with ity head peveral times, and
then vo longer treats it an though it were air, but walks about
o it an if on the ground.

In both instances, threngh the coming in of an indication,
a, resrrangement of the action iy mdertaken.

But Jennings' experiment tells ns nothing further.  Rightly
mnderstood, it snggests that all the function-actions of enimals
are getermized by indications, whils those of machineg are
not. In so jar, it & typical. Fot there iy not the slightes
grousd for irying to make it hold good in the case of develop-
mental actions.  And jost a1 Ltthe will it serve as evidence of
adapeation : for both fhe old and the new indicaticns wem
foreseen in the organisation of the dog mod of the Sy, und
the pew nctions alio lay within the norral one conditioped
thereby. Moreover, the nervous steering-gear that undertakes
the change was already present in both casex

Mexnwhile Jennings himmlf becume convinced that the
amparisat of the geneyi of the organion with the behaviour
of the dog is open to objection. For through experiments
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uﬂiedmfuanmnbndymhuhadshmlhathephn
according to which a P, lops remaing it
through many thowsands of genarationg, and its place cannot
be taken by blind experimenting in Nators.

Althongh the doctrine of * trial and emror ™ completely
miseed fire in the cass of the genesis of the onganism, Tennings
ang his pupils cannot bring themselves to explain, by re-
cognition of a specific bological Eacter in Nature, the chvioas
differencas belween evganic and iorganic actons. (m the
contrary, they try to get some noderstanding of the actions
of sndrals on the basls of boman poychology. Like all
paychologists, in so doing they change their standpoint and
think themaclves into that of the dog canying the stick.
To be consistent, they should also think themselves into
ihe itisect as it flies against the witdow, and put boman ideas
inte it

The vutside observer is guite wosatished by this. Ha
wante to know an objective reason for the behaviour of the dog
und the fly, and he rejects presumptions that be canoot coa-
trol.  Accerdingly he seeks for sibnoll in the coktide woeld
that might merwe the dog and the By ax indications. And the
kmowledge of these solves the problem completely as regards
function-artions.  In so doing, be i% constivus that the indica-
tigns are drawn from his own appearanco-werld, and he doss
not seek for the indication-signs that sumber perbaps in the
minds of the dog and, the By.

J. Loeb, the founder of the doctrine of teopisms, comes
fram a far too exact school of phiysics 2ver to try to explain
the obosrved Mfe-processes by the aid of pryehological hypo-
theses, He never steks an explanation through the mind
of what twls place In space and time in foll concreteness.



10 THEOHETICAL BIOLOGY -

He in 2t moch wverse to expleining the ection of s enimal
througk ita sotl as be would be to inguiring inte the sl
of a steam-engine,

Nevertheless, he & pearer to biology than ars other
physicicts. For him the world does not consiat of a bap-
bazard dance of atonw, but i BDed with mechanisms and
machines, which £1 sxactly inte one another. Loeb it moch
too much of a7 jonal as regands mechanical p aver

to recognise 1he docirine of adaptation. No oze could sver
persnade him that amtm:oadd&vﬂopw:ulabuyd

He openly grises the 2 ong
with ancther and with their med.l\llll. vmhou: resorting (o
a3 to series of ancestors, and

lmrdmgly he & an cutspoken anti-Darwinian and an opposer
of Jenmings.

The mechanical side of the life-problem bas in him its
mest conslstent and logical champion.  In fighting this cause,
he tries 10 pupsue his line of thought to ity extrems, and
this readily brings him inte oppmition with well-known

biclogical facts.
Asxphymn Loebrecoglmedh‘nmibeoutwtthal
a1 inary to Ibe und g of the of

mal-mﬂunu. there must be wt Inowledge of the steer-
ing. Now such of our machines as perform spontanecas
movemenis consmt, withoot exception, of an apparatus that
is solely efector, capable of carrying out locometion in a
determined direclion enly when exlernal forces impart 1o it
the right guddacce. Loeb, judging animal-machines from the
st point of view, Jooks for the factor [n the external werld
1kat shall do this for them. He finds these in the * directed ™
foroes of 1he external world, and primarlly in light and
gravity, and accordingly attempis to explain the directed
movements of andmals by two factors (1) the animal’s oo
motor apparaiva and (2) the direction-glving agent cutside.
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In this way be has wmededmexplmhlgannmbern&'
kinds of animal as E “ lie
directed. from without). Hebiotropiam, phototropiam, geo-
tropigm, rhestropiam, et¢., have become useful shibbolethy
to incdude a great nomber of similar movements in very
diffsrent animal groops.

Bot Loeb’s doctrine has not gained any gereral recognithon,
for it leavey got of account essential parts of the animal
organigation, A Living creature, ¢ven i we try to regard
it a3 & mere machine, does not consist merely of 20 efeclor
portion, ag our mackines do; but also of 2 receptor pertion,
which frst converts all the influences of the external world
into an indicatien which then deals wilh the steering-gear,
And it is not permissible to put on one side this impertant
part of the life crganization, as Loeh has dome.  Even when
externally directed lorces are present, these must transform
themselves within the animal into an indication, which then,
in accopdance with thewe external stimoli, pregeribes the
animal's own direction.

II we wish lo compare machines with animals, we musk
first, 1hen, comstruct them to corespond with the animal
bedy. It is not coough to assign to them elastic foroes
of their cwn, whith can be released by selected external
forces and so pecform actions. This is found also in the
effecter portion of the animal crganism, The part that
wakes the selection must be fitted up Delore the steering-
apparntus, if the cxternal stimulus is to act as the directiv-
giving indicatioh. Even in this case, the resemblance would
contitiue 1o be porely suternal, becaust every organism consists
of cells, which are all of them active, both as reccptors and
wn effactars.

And in sddition to el this, the super-mechanical capasitios
of the crganiem are not taken into nccount,

Apart from thess shoripomings, Loeb’s doctrine semaing
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& seriout allempt to manage without sny amateurish scces-
socies, Bt hes m firm mechanico-phywical bash, which it
has expanded in & remarkable way, and it scorms to borrow
imsecore soppert from  psychology asd the doctrine of
adaptutioa,

Unjortuoately Loch gives his case nway, a3 3000 as he
comes io speak of the boman soul, the activity of which
be nndrrtakes to explain through the chemical procemes of
the brain 1 bt repels the eoertachmenis of the pey-
hologists in the h of the body, the
peychologlits have equal right to s4 aside as amateurish his
wechanical caplanation of the e of U mind. Even if we
recognise law and ocder in e Jife of the mind, und o speak
of an organisation of the soul, there are no mechanics of the
soul of the mind. Loeb's attempt 10 ascribe to an acidifying
in the beain ihe appsarance of an idea in the human spirit
B pomitlvely grotesque, althoagh it is not actually Jess in accord
with the facts than is 1he statement Uhat the writhing of an
earthwerm trodden under foot is cansed by [ts pain,

THE SEHEED-WORLDE OF HUNAN BEINGE

H we with to apply 1o human beings what we have learnt
from biological consideration of animals, it &s of the fost
importance 1o choose the right standpoint, permitting us to
view not mertly human beings themselves, but also their
sirrontiding -worlds.

If we mount up in & captive balloon, boman baings at
first recwde from i, and then, at & cartain point, this changes
into their reduction in size. They seem mearer to us again,
but very much smaller. Let us choose the momemt when
thry have assumed the site of u large insect, mach us & dragoa-
iy or & grasshopper.  Now at our beimre lat vy consider these
liktle creatures which cccopy but 2 tiny action-clrcle in the
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wast herizon, W see the tlvers, as on & map, branching away
Tike bloe ritbons ; the mountains have betome mare monnds,
and the cities playthings, Within thess the homuncal
move to and fro.

Unlike what happens in the majority of animals, the
senged-world of the buman being also embraces his affector-
prgans ang their activity, So it i possible to Jorm real
Implumenhbusedunahummmmn-rule arotind which
cartain prop arrange tk dves nnder pubtlon by
thexhumx.

I early childbood the implementy are gtill few in oumber.
As the man grows, they become more nomercus, and soon
mhuwwld—awenudweundmungmshlromommthzr

abjects and organi A9 ghservers, It is true,
whﬂﬂwlpw!mﬁmlmphmmudthgmm
on the lines of owr own disgrams and achon-ruies. But in
spite of the monctony of the material, it is quite possible for
s to detect great differences in the sansed-worlda we atody.
1f we begln with the external suvelope of the space of
the senses that swrounds each human being—the extended,
which encloses every world-assensed—wm find, up to the
Middle Ages, a definite wall, an actnal firmament, which thut
off the men of those devs from the universe, Behind this
u deity was enthroned, dwelling in the incomprehensible.
Everything bentath the heavers oheyed his laws, which at
that tims were horribly arbittary, and kept men in 2 constant
state of fsar and dread.

Then {as TroesLtnd convincingly explaing) came the
period of astralogy. The aky, With the fred stars, becams a
vast clock-face, in front of which the planeis circled like the
handy, and to him whe knew how te read gave information of
kis fate, The worlds-as-sensed acquired Tigid laws ; every-
thing within them moved in time to the evelasting clock.

Then Gicrdano Bruna rent open the rood of the heavens,
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wnd i its place put space, infinite and meaningles. Tn this
boundless space, existing coly in thought, the small earthly
dimensions cowld find no explanation. Their place was taken
by light yeass, and light centuries. And everlasting space
mgulicd these too.

The deily ¢nthroned above the sky disappearsd; there
was po place for him in the infinjte expanss of space, Bot
with him cisappearsd the idea of the universe. For mow
the world-as-snsed really embrazed everything that was
kere, and did pot, ay formerly, seem ta stop at the limits of
what could be apprebended by the senses.

Tha newly discoversd telescopes seemed 1o be (rying to
master the infinity of space, and yet they culy pushed back
\be vigihle @ little forther, withont ever being sble o burst
the bonds of the extended. Iz the mme way, microgcopes
stemed 1o open up the world of the infnjtely small, bat
they alsc wern able to sxpand the Limits of the visible only &
squll way. Ewen batween tha smalleyt peints the extended
always reappeared, enveloping them ke a frm wall, Even
here the limited percepiive facuitiss had atways to he cor-
rected By the aid of & “ thought * space in which the whicl
of atoms could ypin,

The infmite space of thought, combioed with the infinite
time: of thought, p d men fram goising & vmiverse
lying heycnd the possibility of their own perczption.  Every-
thing, pesitively everyibing, ought to be and must be carried
out in the world-ag-sered of each individual human being.

Since that time a kind of megalomania bar seized men,
and they will oo fonger recognise limits to the poasibdlity of
knowledge.  To the observer in the balloon this magelomania
by wnething contical in it ; humas belngs seem to him like
Bion gane g0 muad that thry belicve thay can cooumand » view
of the entire ouiverse wod master it

With the shape of the world that they marked off from




CONFORMITY WITH PLAN 383

the universe, its planned construction and the cootrol of ie
working diappeared, and new ewerything was banded owver
to physical necessity. The first thing that resulted waa tha
complete withdrawal of interest Eom the starry heavens.
The sky, which once was able to embody the idea of 2 pro-
widanee enthroned above it, became o wearisome mathematical
problem. In most buman sensed-worlds to-day there s oo
disiinction betwetn ficed stars and plancts: o their place
Bave come irregularly arranged bright points, which are some-
bow coanscted togeiher physcally.

Beginning with the bheavens, the phydeal procsss of
decotposibion his gradually invaded the whale of the world-
assensed.  If we astume from the beginalng that there is 20
conformity with plan hidden behind nutnralpbennmm Imt
always just Lhe same b ical caleul
it is true, but ohterly stupid, thcaanmtnestmthmthmgs
must die cat.

A sort of ot bas set in in the sensed-worlds, and everything
within them has been handed over to disintsgration.  Singe
Drwin's day, we sec not euly the inorganic objects, but alse
the living things in the sensed-worlds of our fellow-men, fall to
pieces.  In the majority of senged-worlds, animals and plants
bave beceme nothing tmt aspemblages of atome withaut
plan. The same process has ale snized oo tha human being
In the sensad-worlds ; even the subject’s own body & jost an
anseroblage of matter, and all it manifestations bave becoms
reduced to physics atomic procmeses,

If we ook down attentively from oor balloon on this ever-
Preading epldemic in the world: 2d, we got the imprea-
wian of 1 dangeroas infections disense, The joy in the search
for new indleatinas has quite shacked off. ‘What is the use of
wearching, iF we know beforehand 1hat tha whole thing is just
u dance of atcma 7

On the othur hand, we peresive an alwrming rednction in
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indimatiats. The werld of most people whose calling doss
oot oblige them to pay regard to Nature, is hopelemly ito-
poverished.  Instead of the thousand different planmts and
animaly, we see 2 deadly, moocionous repetition of the same
tree with the same indications of ™ green ™ and " high,” and
among animals ever the dog and the horse are scarcely dis-
tingoishable as regards their indications. Almogt every
thing «lse i simply aod moostonously “ animal.” 1t is not
surprising thot landscapes differ from one another merely
quantitatively, The most famous view-points are always
those from which one can se¢ “ a1 mmch as possibde.” We
arm able to ser * mapy ' mountains or ~ many " river, it &
true ; bmt fandamentally they all look aiike.

I we look ita the worldsassensed of the pygmies that
tear through the world in motor-carg, we find, with the excep-
tion of indications for the hotels, scarcely any by the zid
of which we coald distinguish between towns or belwesn
landacapes.

Such people, dwalling in the magt dresdful wilderness,
where only a few of the commonest cbjects Twpeat them-
selves again and again ad nauseam, are called “rich,” a3
though in mockery ; although in comparisen with any peagant
or shapherd, they are 2a poor as beggars.

This regretiabls laying waste of the worlds-ay-sansed has
really arben from the snpemiition starved by the physicists,
which would induce each person te consider as the mniverse his
own small and often inferior sanaed-world, « mmiverse composed
of nothing but points revolving ronnd one anotherwitheut plan.

The phyxicists have a good reason for spreading this bediel,
What would became of thel mdestructible continuity of
the workd as & whole, If once It wort andorsiood that the
millions of worlds-as-sensed are completely independet, each
with jis heaven, itx stars and its wun 7 These Innunperabla
frmaments bave xo physical infinsoce oo ene another,  The
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law that forms and binds thew is not physical, but blelogical,
conatructed on the sctivity of impulsagystems arranged in
accordance with plan.

‘We must ciearly reallse that, when we leave the balloon
that gave us a general view over the semsed-worlds of other
buman beings, and yield our plage to angther abserver, oor
whole werld wilh ite btaven and stars shrinks together inta
that littke opague saucer which, looking down Eom above,
wa discovered in the rase of all our fellow-men.

But if wo have once enjoyed the wide and universal view,
we shall qGury away with us the convictbon that all the many
millicns of animal and buman wickds are in the coarrol of a
great universal law, which governs in full conformity with
plan. 1t is true that we are ahle to récognise this law only
by the aid of the means at oor disposal, in the shape of owr
order- and content-qoalities and the laws pertaining to thes
[snch as the law of regular increase), bot, in employing this
meas, we shall be obliged to recognise in Nature the pervading
cotfetmity with plan.

All worlds-as-oenised are compemed solely of the relation
to their indicators that ave aitached by the subjetts them-
snlven.  The neture and the number of these relations Is
dezisive for otimation of the individual worlds-ag-sensed,
To illestrate the relabions radiating on every sids from the
wubject, we may choose the image of a tres with branchey
ramifying far and wide. The beafthy tree will always be
sending out fregh twigs, whils the sick tree Josts oue twig
after the other.

It will then aprpear as the task of each man's life to develop
his tree into full follage and blessom. And it will alsy be
realised that even the tallest troe does nat grow op to the sky,
and that thers is an absolute limit to the world-ag-senged,
behind which the universa begins. Even the mbject of a
man's neighbenr it on the far alds of the boondary.

L
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THE COMMUNITV AS AN OWGANIZM

If we mount up still higher in tha balioon, there become
defined below m the boondariss of o ymall community-
Teing, which wa are nble top yarvey in jts entire expanse. Wa
now employ the method of geographers, who are able o con-
Struct an entize portiofn of the warld oo their mapping-table —

the method of by, which, unlike mi py, makm
thedumﬂ:mbwd!nammﬂmhmmmkuithawhh—md
we try to detach by from the sut

Mbelmsnnthehnmanomnnmtybemg wt_'hnmmny
ypread it out oo o small scale oo our wirk-table. Wa gut
then 2 delicate tismue, filied with life. The rajlways intersect
the tissue as Srm, straight chreads, with which the network
of gyeets and roads connects.  Towns, villagas and coyniry-
houses, interspersed in the network, are Siled with little
buman crestures, which we have carciully datached from the
earth, along with all their tools and machines, so that we cat
study the whole of buman production as one complete freme-
k.

The underside of the tissoe in the most interesting, which
shows us all the apparatus that, like a system of roois, pens-
trates the ground for the axpleitation of its treasures. Every-
where we se2 ploughs and barraws at work, scratching up the
ground. Desper than thess penstrate the shahs that bring
up io the smface metals and ccal. Thess direetly ob the
carth of ity treasures, while the plonghs and bacrows con-
tinually enable it to bear fresh fruits, which are then harvested.
All products of the soil move into the interior of the tisaoe,
which they removate and dewelop. As well as food and
cothing, thry provide men with dwellings, and with mrans
for commupicstion and for work.

All this ja effectnd thromgh the cmasalest labour of & thoo-
sand toody aod tnachines, which are warlked by hurnan beimgs.
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At the firgt glance, the men seem part and patcal of their
epperatus, ¢o tlosaly do their actions correspend with the
movement of the machines. If that weva really 5o, then
the bl to an animal ity would ba P
end we shoold onty have to lock areund for these inhabitants
who, like the qoeens of ants and bees, see to the business of
reproduction, which is pectssary to ensure the perpetuation
of the community.

Hire we set the fundamental difference between the animal-
oommumtyundthehnn\z:\ The human commmunity has no
sexless i id i ly to the affairs of the
oommity,andlherﬁmgz‘owntothmrlwhh’hethawm
and soldiers of the ants, All human beings can free them-
solves from their apparatus, their clothes and their dwellings,
and still remain capabls of exerclsing the funetions of the in-
dividuat life and of reproduction. It is vnly among buman
beings that we can separate the community and the people.

The cormrounity shows haman beings as associater In
wark ; the people shows them as Jounders of families, devoting
themaelves to reprodoction and the rearing of childrett,  Each
homan being has o twofeld task assigned him, a8 member
of the people, and as wucker for the community. The com-
munity mquires that the pecpls shall provie it with saitabla
workers; the peopla demands of the commuanity that it shall
crests for it soitable conditions of Ufe. Awnd thus beth com-
plete themselvng, though they are cssentially different from
one another,

Lat m cousidear fret of all thees orgens of the commnity,
the task of which is to bring to the individual beings the
frujts of the earth o & suitable conditlon.

H it is to be hully exploited, the spatial nxtension of the
earth requires & spetial distribution of the individuals that
everywhere attack it. Hot the workers distriboted in space
bave needs greater than the prodocis of their own wok
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mnhsfy,mdsotheymrdmdwtboudndnmm
Likewise d ip space. A dingly there must be an
exchange of products of geods.  For thin exchange roads and
railways serve, which, cn the oo hand, accumulate the goods
and, o the other, distribute them again, A centralimtion
of the prod becomes BA BOOT. A% fon in
spaoemhesdilu:twuhmg:inrpmlhje. Wa see how, in this
way, the goods comn inta the hands of the few, wthough they
are made by the many and nsed by the many.

Moreover, very few products are capable of being wed in
the form in which they leave the hands of the werkers on the
a0l (Corn, for inatance, mimt fitst be ground and then
baked, before it can be msed as food) The comsequence of
+his 15 that theve i3 a forther assembling of goods in {he hands
of the few who are interposed betwem the many workers
and the many conyumery,

To gememetrate thess relations, ket w mmke a simple
diggram (Fig. 6) ; then we se¢ how ihe goods Erxt fow from
the producers B to the oantre C', bedowe they reach the con-
vamery P*. Hut these, in their teen, are prodocer of clber
goods, which must be cotveyed to £ beforn they reach the
produsers . We gt from this the impression ol & circulating
stream, which rhythmically broadens out and then narrows
again. But we must oot forget that each stream of products
dries up a5 3000 o4 it gets to the consamer ; and 50 the stream
can o orly il the iy also 2 prod

Now thers is one prodoct that casnot be sonsymed, bt is
in continual circulatio, becange it strves an the means of

gold. Gold circulates in the ppposite directon to
themdmm bat foliows that faithially in all ita
mmificatipny, flowing, Hke it, in great abuadance towards
the cootre, wid so pasiing from the hands of the ouny into
theee of the few. The centralising of gold, howsver, goey
further than that of goods, becanse it caz circulate inde.
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pendently. Thus special gold-centres dewnlop, which are able
to contral the exchangt of goods aver o wide araa
‘The amassing of the gold-siream in the hands of a few

oy L

fl!_d o -

individuals gives these a great advantage over their fsllows
in the coommunity, and may result in injury to the com-
munity as a whole

The commumity, however, has organs of its own which
determine ity pecoliar jramework, and they are called on to
safeguard the normad coores of the Functions againet the
esncrogchments of Iindivideaks. Such are the crgans of the
adminkstration of juslice and of govermment, and to these is
allotted, ag exscutive crgan, the police.

‘While we may compare ihe stream of goods and the stream
of gold with the strewims of blood and fuids i the body, the
organs of the administration of justice and of goveramant
form the bones of the commmmity, which, by their stability,
Eerve ag mupport for the everchanging sireams of goods

and gold.
I fxed rules for g and the admin ion of
juotice had developed in & ity, snd the individoal

beings forming these cogans autcmatically accommedated
themselves to these rules, it b possible that e community
might get cn withant further centrabisation, provided that the
earth on which it had grown furnished it writh all the
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producis,  Since, however, every state is swrounded by
neighbours, and is perpetaally at {he mercy of their encrosch-
ments, it always seen jtsell faced with oew contingencies,
tmrdsﬂnd:ltmwtak\eupapwtmasawhuh

mgly, like every org it requires gar
and a steering-apparatus and specin] action-prgans, in ocder
to ward off bogtile attacks, if need should arive, Al thean
urgans myst be farmed out of individuals

Only guch fndividuals are suited for sense.organy ag are
wpecially developed ay Gbyervers; otherwise they wonld only
involve injury.

At the present day we nead not wiste words on the
orcenity of having an acmy as actiop-organ, all ready to
srike,

Very varions views are held 23 to the best kind of con-

of the steering-app ‘There has been miserahle
failure from all atiempts ta set in the eritical place a large
mumber of individusly who decide by 2 majority.  Individuals
are like qualities, the valmes of which we can weigh ooe againat
theotbu if we treal them ay quantities, the remlt iy shenys

1 So we shall probably {l to place at the
head of the commonity asmglebem;who freed [rom wuth
upwards of all speclal . and

mlheinwmdmwhnlnhabhtomighmmtom
another impartiafly the individuals whont he entrusts with
the directing of the community.

Yet none of these considerations po to the heart of the
questioti-—hew it is pomible to compare 4 community, con-
aisting entirely of separate individuals, with an k
whick, Hke the body of a Mving ereaturs, is soldy composed
of intergrown calln 7 Ou the ént hand, we have an anstomleal
framework, closely lmit by means of pegs and sockets; on
the other, lhumplnydmduﬁua];whkh att.hawmﬂl
mixing of their propertisa, effect i g tu the
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okt of probability and withont regacd to the functions of
the whals.

Nevertheleas we sae that thiz free company does not jorm
merely = pecple-unity, but alse a function-anity, which is
able to carry on like clockwork, $o, sven if invigible, there
roust be pegs and sockets there, for ooly a framewerk will
Emaore the ¥ cotperation of the sep parts,

Let us make use of @ very simple illustration. Two
Dlacksmiths are werking at the same rate with thelr hammers
on & piece of iron. We can show that the soond of the fust
man's hammer, a8 1t hits the fron, rebeases the action of stxildng
by the smeond. I we ralise that each of the men is sor-
reunded Ly a wotld-as-sensed and 2 wodd of action, then 1t
is obvious that the rhythmic cocperation of the two comes
froma the deed in the world of action of the first appearing
ar an indication in the world-at-senged of the second, and,
by of the steetingapp focotsed on thic
activity, producing the same action of striking in his world
of actlon alse.  Thiz agaln sarves as indication in the world-as-
senged of the first blacksmith ) and 30 it goes on.  One effect
of the action of the first blacksmith, namely, the sound,
Gits like & peg exactly Into the socket of the world-as-ssnsed
of the other, which 18 concentrated on the reception of this
sound. If the sound-recoption by the second man is diverted
by any circomstance, external or internal, then the chythmical
stroke of the bammer ceases,

This example explains ko us very completely how the frame-
wkamxhtwbedmn]lhmanbﬁngswhnmooﬂabontmg
Performance in the world of astion of the one worker Always
serves aa pag for the socket in the world-se-sensed of the next.
In thiz way we are enabled to conslder the machine of the
commumity nd thongh it wers 3 wheel-work, In which a peg
on e cog-wheel fity into 2 gocket in the mext, o that the
while machaniyn gets going.
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This simple iden, however, can be taken ag 3 substitats
for the whele process, only if we bear in mind that here we
hgve to do, not with a but with a binlogical
framework, In every case, from the action of the one
colaborator n stimulos must procesd, which & converted
by the other into excitation, and this then leads ta release
of the corresponding action,

Accordingly the whele process most be described as a

of excitation from erganism (o organism, which
procesds along fixed paths, because in each orgamism the
gteering-apparatus is focussed on & centain excitation-indics-
tion, and after that appears, hands on the excitation 1o certain
effectors.

The means whereby the excitation is transferred from
ooe homan being to another in speech and wriling become 3o
complicated, thal we wraally forget theit significance a9 effector
Pegs which Rt into receptor sockets,

The power to Lhe steering-ape in 1he
individual man both on the receplor and on the effertor
side with the degres of delicacy and aceoracy required for
mest soris of work, 1 not present from the beginning, but
must be atquired through ing certain and
through working out certain indications, which cften appear
above the threshold only after others have bexn suppressed,

And so it happens that the worker must be zpecially
trained for cach wocation, before he can serve xa & cog-
wheel In the community-sraching,

When we have succseded in forming 2 picture of the cm-
munity-machine, we shall be able to show that hers, an in
evary other machinery that has to run amoothly, the xame
bakic principlts ire in cootrol ; namely, compalsion, varisby
and yuberdination,

We shall also leamn to estimate the varlety of form of the
workds-ag-sensad, which bave to change with the vocation,
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and which giva to each human beidg a different stamp acened-
ing to the place he dummes In the community. Thus the

' community itself sees to an cverinomasing progressive
Jifferentiation of uman beings.

The danger that ultimately the members of exllings far
Termaved from cme another will not be motuslly imtelligible,
is obwiated by the Fact that eack individual beongs to a
Tamoily as well a3 20 a profesden, Sines the tweds of all
familiey are in the main alike, thege provide that & dmilar
human foundation is retaimed, from which cenewed nnder-
standing can always precesd; for in all questions affecting
family life and the life of the people, the senced-worlds most
exhibit lile indications,

The fact, 50 characleristic of human beings, that they
belong both to community and to people, has ked 1o manifeld
migurderstandings, Men have iried to raise to the pesition
of the ideal of the community the ideal of the people, which
may be formulated ag fiberly, apuality and frafernity . whereas
the community ideal cannot resd other than compuision,
insquality and swhordinali The dliation of these two
antitheses iz the chief task of humanity.

THE OBGANISN A A COMMUNITY

In compariog organisms with machines, I have pointed
out that, In comtrast to the majorlty of tools and machines
made by man, they coneist of very small units, the boundaries
of which by fio means always eoincide with the mechanically
conditioned boundaries of the ogans. I bawe referted thie
state of things to the organista's mode of gensgis, and shown
that there ure ™ signs of genesis " in the rell-boondarieg,

Apart from Denes, hairs and similar cell-products, which
show na cellular structure, the whole body is composed of
rells which persist througheut the entire fe, They all show
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he Earoiliar twofold structure,—a mechanical portion, which
hares in the performznca of wark by the organs, and a prote-
plasmir porting, which carries out the repairs.  This residoum
of protoplasm is the maans emplayed by the esatrel to make
injured crgans ues more capable of funchioning.

Fram this it appesred that the callolar structure of the
ovgans and tissues wea sofficienily established, and the fact
that remote portions of the body, such as the Jeos of 1he eye,
while cansisting of cells, yet behaves like a polished, homo-
gentous lens of glass, scemad to reme no fovther problems.
The skin, consisting of thonsands of eolls, and with it the
connective tissue, divided op according to the mechanieal
mequirements of the body-machive into strands oc fat surisces,
works like a lena, goite irrespective of Bt tumber of cells
ibt go to form 1he parts.

But in ather respects the cellalar structurs of the dissues
is exploited to its utmost by the body-machine. The single
nuuscle-fibtes are commected by single nerve-fbves to their
representatives, which are able to stimulate the muasce-fibres
ot At @ Hme ; just as the keys of a piano cause the strings
ta pound singly. And mach single muscie-fibre can inflecace
i1a reprosentative, which, as £ach Iresh excitalion comes in,
can lock or wnlock, according to the state of tension of the
muscle-fibre. Even in this case we might continue to regard
muscle-cel), nerve-fitre and the motor-gentre serving as repre-
sentative a1 an isclated part of & machine. Indeed, the
romparison hay even heen pushed o far that the whols raflex-
arc, from the receptive sense-cell to the effector muoscle-cell
or gland-cell, has been Gescribed as a self ined
apparatus.

But s this respact the pomparisen of the ity-being
with an orgativn fequoires caution. As we see, the transfer-
ence of excliation from me individgal to another often takes
place quite ically, as & a machine, without the
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individual losing its Independ, in 30 deing. an indepandance:
expresssd by the fact that an indication referdng to the
individual must always appear in its sensed-workd before it
can perferin the sction,

Tt we imagine the world-as sensed to ba eo regtricted that it
containg only coe indleatien, thm the: acuv:ty nf the in-
di\dduak!ﬂ.l.‘lamnman
A ding to the of the individ this may be of
3 very special kind, Hf only one external stmuloes serves as
fndieation ; o of & general kind, if maty different atimob
act a3 the same indication,

Regarding the reflex arc from this point of view, then the
sengory cell that resp 1o a gingle stimul n a
specialised individual, eg. the auditory cell responding to
a certain atmospheric vibyation, the cptic cell to a certain
etheric vibration,

The nerve-csil follows the sensory cell It also is an
individual which can comduct excitation only when {t has
Teceived Erom the sensory csll a stimulos, which becomes an
indication 23 son 49 it releascs 2 neTvous excilation at the
peripheral end of the nervaccll.  Buot the nerve-cell i ahle
ta convert into excitation other siimuli, such ay mechanical
and electrical shocks, and it can do this at any point on its
slongated body. A nervous excitation, however, must always
be aroused before it can be conducted Purther. The siuple
sleering af the nervecell contists in conduction. It mast
hend on by stimulation to the central cells an excitation
trangmitted to it by the amscry cell.

In this way the ' of excltation procteds in
the reflex arc, whether we have to do with nerves, cemtres,
glands or muscles. In each cast & very restricted semsed-
warld forms the socket into which fits the action from the
similarty restricted world of action of its neighbour.

The commanity-mechanism, based on the transierence of
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excitation by individualy, appears with eypesial clearness in
the white bood-corpuscls, which move abogt Fresly through
the tisyues of the body, callecting together at the shmulated
parts, in order ta efface there the injuries that producsd the
stimulos.
meatmmmmtnmmkd
i by individuals Tans through the body,
andpluysavu—ympﬂlntpaﬂthm capedially in the
“H " i the name given to those
snbsumeea. which are cast futa the blood-stream by certain
celly of the alimentary canal: they form a special stimahns
for certain other digestive glands, which thersopon pomr
out their séerttion into the gut. For the most pard, this
hemical iy of FLati panies the norvens
vae, bt it remains quite mdependent thereof.

Further, it has been shown that there are a whole number
of imtemnal glands, the secretion of which, cast into the Blood-
atream, affscts other cells as a stimulos, and artivates them.

Finally, the whole taking up of food by tbe cefls from
the blood-atream and the body-fluids mugt be referred to
stimulation of individuals and the action that ensues,

To the same clus of facts belonga the power the lissses
have of reacting to poiscny by throwing anti-bodies inta the
Pood-streamn, But In this the protoplasm ssems 10 play a
part, and the direction itsell seems to come tn,

The action of vitaroins on the tiscues also poinis to as
~ individos] " reaction, the omission of which has harmbul

Ahtbough this Sinkd of investigation is atill very obecure,

and we art dependent on vagne canj p '“uto

the stimpli that o restrict cell icati

lhnnoignllrwmgli Iﬂﬂndofh'ylngbomhnﬂme
newly by ing them to wmple

hanics] or o we rely on the transfer-



CONFURMITY WITH FLAN EL )

e of exctabon by indivi that iy ished m3 by
the analogy of the community, Part of these proceases takes
ploce in the differemtiated, mechynical poetion of the call )
but another prt initiates an invasion of the protoplasm by
impulses. From our stady of the His of the community,
both are Familiar 10 a5, for there also the co-operation of the
individuals depends partly oo shmple reflexes, zod partly on

‘There still pemaing much teo be done before we can muecnsed
in revealing the higher mechanics of the relations of tha
individaal somatic cels to one aoother, Bot only when this
is trpught to Hight, shall wo be able to say that we have a real
insight into the functions of the body.

The titne is past when we conld compars living crganisms
with machinies ; it may be that we shall apcoeed in construct-
ing machines that, in additien to the familiar mechaniom,
powess A special itati hamistn for the i b
of differmatiated substances. But even so, if thcanzlogy
with Jiving trganisms is to be complete, it woeld be pecosary
for the machines t6 be built ap of individoaksed pacts of the
framewock, converting only certain slimub inte indicalicns,
and then performing eortain actions.  But cven all this wodld
not guffice, for we should nct be sble to endow cur machines
with tht itternal constroctar and director. Thesa remain
the lasting grecogative of the living organiam.

Gntheotherhand..amm])mfwndknowhdpafﬂnhfa
of the ity will benefcially affect cur
of organians. The commupity is itseH a lving being, pos-
sesaing an intamal constrnetor and director,  All it crgans
are compased of indivi Its Functions take place in the
realm of hightr mechanics, by means of the translerence of
excltation. Tis sucoess depends on the Fultless Focussing of
ihe senspdomondds of Individual beings on the indickiions that
wocord with their special vocatings, and on the Bawles execu-
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tion of the actions pertaining to these. For both these tasks
d’mn}lmcislbwetllw For the rest, the sope-

] prireciple of the b d . thosn
plas‘ticmiunsdlt; t lowed with protop
which form the community and maintain it,

TR [IPE-EXNERGY

The ison of the organimtion of he ¥
with that of the body of the living creature has revealed s
mmm:ﬁlmﬂuw!ormﬂvhg

th of functi trdinid, o

" indivisible uni.t.l" having llmzuwnlmuw.{ty.ﬂmrm
conduction of excitation {or stecring), and producing thedr
independent efect.

Each individual well deyerves this name, for only so lohg
a8 it contabng the ondivided, tripartite chan, can it 61 jts
place a8 Hving member of an organium,

An individual soay copsigt of cne cell, or of a8 ascociation
of oells.  [n the latter case. the single cells have so far fitted
thamselves into a whole of a higher order that they have
apecially developed a portion of their fanction-chuin in the
interests of the whole, without, however, surrendering the
other portions.  The sensory cells have had to devalop
expetiaily their receptor part, ihe parve-celh their condncting
or stering part, and the muscle-cells and gland-cells their
effector part, in vrder that, for instance, & reflex-arc may bo
formed. The nepwefibees, which condust the excitation
turther in one dirgvon, have the simplet kind of steering,
which permits the excitation to procesd aways wlong the
same toutes : whils the nerve-cells of the centre are abie to
conduct it now inte this ootgrowth and now inte that, It
in imenatarla] whether we speak of steering as a conoplicated
conduction, or of conduction as a simplifed steering. Both
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expreaaions describe what is done by the coonecting portion
between reception and efiect, an action which s sometimeg
mmsnnplemdsmnebmesmmwmplex.

Thae three links in the function-chain of the individual
stay be described g2 pii duction of excitati
eifect,” or 28 ' obwerve—sreer—act,”

Each individual must form an indivisible whels, becauss,
o tha oot side, it serves as the peg gart of the machine, and,
on the other, as the socket, while ot the same Hme it makes
the conticcton between the two, Any cell will serve ag an
example of an elemestary building-stone of the kind, Tha
simpjegt piece of fmmework we can think of consists of & peg
and a gocket, with & singls comnecting-route between them,
The simple refiex-arcs, in spita of being built up of sveral
call, nevertheless form simple piscas of Eramework, when, by
meang of one single path through the centre, they effect the
canpection between a nerve-rell and a musele- or gland-cell

A3 3000 29 gevernl receiving celly are connected through
a centre with several effector calls, the steering in the csntre
comes inte it own, and guides the excilation, now into one
route, and naw into another. The steering, on itz side, i
influenced by the ™ tone * of the whale, which may change
periodically. This decides the appearance of thresholds,
which divert the excitation, and 3o invade the steering. In
the same way, the threshold in the cenlre can be influsnced
by the effector-organ.  We koow of mugcles that a rhythmi-
cally “ iockad,” and then " uzmlocked ™ (towards excitation).
In this case we speak of 2 ** refractory period.”

The impulses, a3 we bave sten, also influencs the centre
und, within modest Hmits, enabls the body to perform new
actieny, which wa il “ plastic.” The plastic actions alsn
are icted within a f ined frame, and oover go

This limitation, agais, cesillts Erom the comgrulty which
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binds the crganism to a defmite life-tunnel, with which it s
dovetalled, on the gne hand by its receplive organs {ms
snckets), and on the cther by its efector organs (as pegs).

Tn this way thers develops, everywhers that life extends,
» chogely coherent [ramewcrk, built i Full conformity with
plan,

1t we consider the framework of life a3 2 whole, we come

¥ an indivh which itqte fis organg, and
serve the life-functions so long as they jorm a whole,  Accerd-
ingly they are to be Tagardad a5 the elements of the living.
Since gndoubledly fhey mugt always be renewing themgelves,
we mogt conclude that there iy a fifs-energy, which perpetually
prodoces them, This life-snergy i3 subjective, in the senss
that it pots sutonomona subjects into the world  We may
therelore infer 1hat the saveral impulses are aiready united
into subject-systems when they begin thair activity,

As woon at Living organisms are made, their organisation
enables them ta lay hold of the world and systematise it.
The genesis of their own organisalion, howsver, lies oulside
their scope, and requirss special natwral forces, bo which,
in the Iast resort, even the machines and took of man are
referable, since thess owe thelr existence to onganised beings.

And s0 it I8 2 mistake to condode that organisme shoutd
bt treated as mechaniams. Fundamentally, the genesis of a
mmachine is harder to usderstand than that of a buman heing.
The geoesis of the latter involves the former, sinee the machine
is m secondary prodoct of @ being that has arisen through
prhmryiwmnfﬂatma.

d, the g of a machina
mmtom beuuae,upmalo‘bmmmntdk
us, it arises from wnorganised forces of Natore and nnotganised

o which isation is imposed by the organism
Man  The conclusion thet has been drawn from this is thet
in Natwre there are ooly unorganbed substances and forces.
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u,hmmmmm«mknmm to refer
to yamised fovten and b the of
themalves,

Cmite constionaly they have tumed away from recognition
of nature] forces imposing onder, and in thiv way they hava
attempted to dspose of the problem of Life,

We know now that this i not possible, bot that behind
every living ereature lie clemmmts that are not disorderty but
arranged, consisting of pegs and sockeis that fit into one
another,

mmmﬁlﬁmu in thelr easemcn,

e that are the unergmnised
forom of physics. Accordingly we are uite justified in
speaking of '* spwcific energien,” or Bft-energies.  Their specific
naturs coteists in their mxisting anly in an crganised ot
dition, Their specific sngularity, cfgabisation, does not
come under the law of the constrvation of enecgy, which
han anty to do with quantitiss, 20d not with arrangements,
hmnmtmthls,mgnmsmmmthewnddnhhemg
which exp itsalf in i plexity, i9 & process
of perpeiwal shaping,

It is true that the gimplest argantsma are jost ag congraons
umtheh:glmt But the congruity of the highest is very
mush more

Tlummermwhnhthcnpedﬂ:enﬁmmumhled
i with pulslon, but i, in its natore,
animpu'llive AL living beingz develop, not in scoordance
with & causal " thoo most,” as i characteristic of the un-

dawd forces, but ding to a blalogical * thou shalt."
Mwhﬂwﬁnumtaﬂaythemhhﬂmmd tlmu
shalt " i referved toa 1in h,

Mnﬁﬂnﬁhmnnbm,aﬂdtbeempmul:haﬂclﬂr,
with & * thou sust,” forces the Jucision.
Cu ihis nralogy, wa may desoribe all actions of the body
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"&wm“nhquthqmwnnthmpnhm

of the developed jon, and all saper-
mechanical invasiozs a3 & ' thou sbalt,” procesding from as
impule-rystem.

‘This way of considering things permits us to say of the
impols-rystemy that they mre " Imperative " in respect of
form, which they atways reinte to the development or main-
temnce of {he individua),  Thin ingividal is alwwys 3 subject,
begagw it alwaye fwme 1 sew workd-centre.  Everything
that bappens, bippens for the mdivideal only in %0 far a
the pheremenon becornes & new indication within it. The
fndicaticony aye, 5o tc spenk, the fighthouses of the individual,
from which it gets glimpaes of the world, Each individoal
lmwl)rsom:hwmduwwh]ecmdylmbletom

sach idusl, whether large
wmall smdmeﬂmmhmwkdmmle inte
which it £ta by pegy and sockets,

Accordingly the impule-syviem, t¢ the Imperstive of
which the owes its mist, from one
aspect, be described as & subject, because it creates & world-
centre. But from the other aspect, it i3 arranged as an
objertive Gwtor in the ptan of the world as u whole, In order
that the oew world-centre may becdms part of the framework
aof the whals,

We et u pirvwy of these difficalt and complicated -
Intions most eaxity, if we proceed from a goiversal conformity
with plan, in which the wehjective, impuise-systems are woven
in a3 objective faciors along with the other objective Inctors
of Natare. For the conformity with plan of e emboaces
‘both inamoiz and onpazic forces, even if it directly infineaces
culy the crganic shaing.

The Empulsc-sysiems contionaly form in &e Lndividuals
fraub worli-entres, larnge and small; the workds befoaging
to thesr centres modmlly embrace and cul acress coe




other natural forces exert on gua another ; for the impolsey,
which do nothiag but organise, act on physical und chenrical
ilﬂmlkudyp!uentinthepumophm

pli s almost nolimited in its pod-
'buhhﬁ.andwualmod)denlulplmcmadmm

But st the present day we de not kiow why the impnises
affect the protoplasm oniy, nor how dhey doit.  They connect
i ves with wub that releass and they
activate these Fubstances. That 3 all we can say aboat it

Azd 30 the impulses differ from other watural faciers
in two respects—by the way in which they affect the proto-
plasm, and by thelr association Into systems,

The great question of the future will be whether it is
possible to isclate the impalses, and force them to inBuence
substances other than protoplasm. Already there are indice-
tiows that an isclation of the impolses may be efected.  Many
fnstances of gall-formation paint this way, weming to suggest
the tranchrmnce of & borm-giving impalse from the insect to
the plast, Thdmwmﬂm&pmannshbmtm‘yhy
Warhs when working on Amphibia bas a like signi
hnfmdthltthndhn{theuppslrhwhdldnm
themaclves possess the power to make lens fGbes, can be
endowsed with that power by & secretion coming from the
Tetine.

I am convinced that cases of thiy kind, atcemible o
analysls, will become TNt Dumercn B5 oon &4 attentlon
in more generaly directed to them,

Tt ia impoasible to say whether we shRll attain to the ideal
I have before me, of inducing form-making to taks place
within & test-tohe, But at any rats we can get moch closer
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10 the. prohlem, as poots 1y we bave fouad the right way of
putting the qnextion.

It ia not w qoaviion of maling samething Hving oot of
dead matter. That i doomed to faifure. It in & qumition

of breaking up the protopl 3 d by the inpubes fnbe
stparate gends, and then investgating their offect, un;l,
and together, oo & 3econd suby that & not
protoplasm iteelf.

Since thers can be no doubt that we have to do with real
matural factors, it must be posble to get on the track of
their mode of operation and their L In 30 doing,
the more we employ the methods elab il by physiziats and
cheniits, the socner will biology win the ecognition of these
two scienees, which hitherts have been her implacable enemies.

H my statements as to the life-tnergy be compared with
thow: of Reinke, It will be soen that they agrer almost com-
plotely withs hin thoory of dourinants.  Ouly that 1 cmphasise
more shrongly than be that, when I cefer to genes and impilses,
1 am talking of actos]l natosl fachore. And I refose to
the impuisesystems (0 an objective conformity with plan,
stend of to w woiversal world-intefligence. The workd-
intelligence: always vemaing & peychical facter, and no one
would dream of irying to igject single intelligences into
matter, however plastic.

ERLF-OREERVATION

For u blologist, cbeervation of his own body doea not
differ fundamentally from cteervation of other living angane
joms.  He shows that thent i & surouniting-world i the case
of his own body aieo, divisible into wirkd-gs-sezsed and world
of sction, anud set over against an ioner world within the body
imi, And his functioms, tco, are ade mp of numeross
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fonction-circles, with refeence to the medivm, enemiss,
food, family kife, the bosiness of the commumity, the

The wocld-ay-smed, discovered through obmervation of the
hody, cattains a greater number of indications than the workd
of the pmges can afford ug directly. The stimahus producing
the reflex closing of thn eyelid is often so trivigl and 30 fssting
that we are oot conseloms of it at all, and yet we shall admit
that gwen this releasts an indication, though, for our con-
acimemes, it may remain below the threshoid.  The nahme
of this indication belonging to the reflex-ztc is an muck ont
of the mach of oor loowledge a3 thoogh we wire dealing
with that of some animai; and yut it belongs to the sensed-
world of cor body. The zame is troe of all the indicaticos
lhntappenrlnduounnﬂmreﬂuachmotowursam
‘enpecially the organs of digesti and
We koow abeolutsly nnf_hmg abwtﬂnmdu!lunsolwr
innumerable body-cally, What w= are conacicus of are coly
thowe that eppear in the mark-organ of our rein, when
we perferm plastic actions, This iy the wholt material that
serven foc tha construction of our conscines sensed-wodld.

The proof of this liss in the fact that only theee merve-
fibees that run from the organs of reception to the cirebral
hemigpheres capse sengatinns to arise it o when they am
directly stimuiated : when axy of the other perves are so
stimmlated, we have no sensations. Accordingly it & only
on stimulation of the mark-organ that sensations avise in w,
and not on stimulation of the actiom-organ of the cemtral
Dervous gystern.  Moreover, if the process roms o miex
or instingtive linem, 20 i are experienced. From
whith we may concode that jons are 1 with
the tuset of Puper-mechinical proveseen in the mark-organ.

Ounly when this bun bten recognised, can we attun (0 ¢
right und ding of the l doctrine of I
Maller, who desccibed my “ spesific stnsocy enapy ” the
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appearunce of oertain qralities o our mind after stimulation
of certain sexsory oerves,

Ha theory goes bevond the mere phyailogical demon-
sization that the same steering in the cntre is coonecied
with the excitation of the cxme ipeial fibres. It speaka
of & " specific.” noo-mechunical energy, which i active when
the qualitiec appear in the mind ; ad only in the second
pluce dows it point oot thet the nature of the guality that
appesrs is connected with the permon of the perves in which
this " super-mechanical * energy becomes effective.

Now, 31 I bave stated, i super-mechanical processes,
imprlses atways come in determinatively ; they are spectfic
Life-energles. I we wish to follow Johannes Miller, we oot
amume that the ispubes which invade oo mook-segan
determitatively and create nerw forms, ane in essence qualities,

Fnrlhe!upmunhrhmnlldmﬂutnmdsm‘thm

thin iy Tt is of oo interest
mthnmmdhnwwhthn'thumm&hm&u
iz sretching forth their paendopodia to make new bridges
for excitation, receive the order fo build the bridge in the
form of “' & way for Bloe " or " a way for red”  The content
of the subjective noark-cgn in the active bealn doring the
bailkding of zew beidges 14 & satter of Indifferencs to the
obwrret.  He need mly pay regard te the mature of the
extertal stimulm to which the bridgebuilding gives the
opportunity of entering determingtively into the steering of
the action.  From those obj B will
the pensed-workd of animals, je be will always employ hiy
own qualitics, Erem which be constructs the warld, to deecriba
the sensed-world of anlmabs. I3 o dalng, he will make
oy digtinction a8 to whether the indications released by the
stlirali defermined the actions in 4 refier or In & plastic
mamner. AN indications are equally necamsmry for the cone
stroction of the world-aypansed,
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Thene inddications, taken ool are subjective murk-
#lgng of the cbmerver,  That being ne, when try play the part
of ebjective indications or external propertiss i the sensed-
world of the animal obeerved, the obesrver will be obliged., as
we have already said, to confer on them the kawa governing
his own sabjective indications or qralities. 5o be will alwags
wmround the living orzanism with spare and time, sinca these
congtitute the formal laws of his erderqualities.  In the same
way he will always endow them with the laws of relationship
and of the regolar mcreage in colowr, soond, etc,, since thess
urw the formal laws of his cootent-qualities.,

Bot the conclocons ta be drawe from Miller's theory
arw of grekt inlerest, if, an obeetvarg, we follow what goes on
in our own central nervous system. Eacitation iy {rameferrmd
it the familinr way, and arcives in the mark-crgan of cur
cerehrum. Now the impalses become active, the bridges ae
it on which the excitatlen will be cogducted on to the action-
organ. Butl in this cass we know the impulses ; they say, far
instance, * a way for blue,” At the same moment, the ndica-
tion “ blos ' sppears it oor workl-as-msed.  The swbjective
mark-sign ** blue * forces a plant for itsclf as odjecHive fndication
in oor appearwnce-world It acts as an imperative o the
properties of the external world, which it transforms and
enriches.

The d given by the saper ical impulse acts
on the world Tike an snchanter’s wand.  Hy a stroke of magic,
the sum of the impolses that sppear eates around U8 the
whole vust workd of calour and sognd.

From the standpoint of the outside observer, the taak
o€ the impulses in to steer to the actin-orgun e excibstion
prod.nudbythemmlsﬂ:mlus.andwwmmmﬂinm
un indication. We must therefore try to discover whetber
the paychical mark-signn sleo show a steering. I we ponslder
the three grest works of Kant from this point of view, those
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incomparable guides to the asociations in our subjective
life, we may say that the Criigas of Purs Reayon daaly with
the forming of indications, while the Critipue of Prachizal
Eowson snd the Critigur of Judgment deal with the steering
by oweans of jrdp which are ised both by the
rthizzl and by the ssthrtic impole,

To go furthr ioto this satter would take us bepand
the scope of oology, and into the realms of peychology and
the critique of knowledge.

Thexe is just one rore peint to which I with to direct
atbenton.  Why did Kant write no Critigee of Wil
Power? Botmoc wre koow  nothing  about  will-power.
‘When the excitation leaves the mark-organ and enters the
actlon-ofgan of the brain, we se¢ the impalses lkewise making
ihelr aclive invashm, Bat this releases no mark-signs in
vut mind. We have only the vagoe sensation that impulses
of the will are in play ; but we de not know them.

That is why the organisation of the subject remain so
incomplete. It shows 1w quelities which ww aranged by
schemats and group themsedves round actions {i.c. round the
typical movemends of the body trasmitted to the oork-
orgun by inoer senseorgama) in order to make objects.  Con-
cring the impolses of oar will, which aleme myks the forma-
tion of actions even posxibie, we Jexrn nothing,

Thix hiatns is very regrettable ; it appears in the tane of
all actions. Suppose 1 ask mysell the question,  What
yeally called forth my wction 7 [t waa not the indication,
Deither was it the judgment; it wis a something which I
call “will,” but wiich I do oot lmow. The gap becomas
most unfortonate when we inqeize iotc omr memary. For
Instanve, I can vepest a4 posm withoo! smittieg any paot
of 1t} before X repwat it, T ktow nuthing of it, and yet, ua 1
wpemk, 2 whole chain of will-impalses resls off withoot inter-
ruption. The chain muost bave been there abready, o it




CONFORMITY WITH FLAN o

could be ran off M that. But it i quite unkmown
to me.

It we could observe oiir artioo-crgan during the repetition,
wr: shonbd see no more in it than when we looked at the mark-
organ. A nnmber of impulses become active In accordance
with law, and they make bridgts . but they glve us no mark-

Small wonder i the impules that build op cor bodies
eludns our kovowledge.

And a0 it is selfrvident that (be whele Impulse-system,
which it st ¢moe the architect and the director of our body,
is forever bidden from cur view. As Kant would say, we
have to do with 1 transcendental subject (ie, a sobject ying
beyond what we can experience) far wider in ity embrace
than the spisit, which embraces culy the ke of our ego,

And so it i quite bopsless to try to explrin through
tur paychica) experiences the life of other fiving ofgankms.
We do not even kmow the quality of the command given by
the impulees active in the mark-organ of anether, which
tievertheless da permit of a tertain atalogy with the impulse
of our cwn mark-organ. Aod for all the other impokes w
cannot rely eves on this very jnsocure analogy.

There certainly are realitis which remain insceessitle to
investigation, and of which we arm able ¢ form only a very
dublous image, deduced from their ectivities Bat funde-
mentally biology, in s far as it iz obliged to deal with the
organising factors of Nature, is in exacily the same case
% physics, which iz atdn to judge of the unorganiged forces of
Fature that form jts provines, ooly brom their activities.

But biology has & far more secure fundation than physics
and chemistry, proceeding as it doe from the only stabla
basis, the semse-qmalities; Eom thme the smrcanding-
‘wockds, with all their snbatances and forces, things, objects,
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implements and Uving organisns, are wholly and solely boilt
up, and In sccordance with enduring laws.

And 30 the theocy of biology must wways proceed from
these el=ments of inthition, it would seck to bring the
pheoomeny. of [ife into & ariprehenstve Bsociation,

The prenent book cmttmine the frat sttempt of the kind,
How far it has bean socosaful, my resders can devide for
themmives.

FERTES BT MR T
Tt R, § AN b VO STRENT, KaBGRON
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