Lecture delivered in
Chicage on February 11, 1954
by Michael Polanyi
ENOWING LIFE

When we aceredit owr participation in the act of knowing, we alsa com--
mit ourselves o 4 belief ln the axlstence of the persemal fastzs which we
thus imow. Indsed, everybhing we may say about peraonal knowing implies
something about the naturse of the things knownj if we demonstrate that our
persoral knowing is unapeeifiable, wa demonstrate at the szme time that
certain things canpot be exhaustively represented in terms of their partic-
wlars,

So long as we are dealing with owr personal knowledge of the patterns
or the probabilities found in the inandmate world, this dusl aapect of :
lmowing is unobtrusive znd without great interest, But when we turn to
living beings, there smerges an impertant additional feature in the strue-
ture of personal knowledge which radically changes the situation, This
feature is our lmowledge of the individualiity of living beings.

Lifs does go on in tissue cultures and virusss which are not segre=
pated in the form of individuals, and thes germ plasma transmitting heredity
also presents a continuously extended form of life that transcends
the individuals, through which it passes., In plants and the lower animals
like protista, hydrosoa and worms, meny different parts of an individual
are viable in themselves and to this extent the individuality of the parent
organism is blurred. Yet notwhithstanding, these gases of Incompletely
individualised life we find that the bulk of living matier is embodied
in a finite set of individuals cireumseribed in space and of limited
duration in times. Each has come into existencs at a definite moment, to
remaln alive for a certain peried, after which it will die,

The acimmrledganant of the existence of individuals, Makes the dual
implieations of persensl knowing &% which I have hinted before, effectively
manifest, I am myself an individual being. Therefors as I gave instances
of my personal knowledge and analysed its peneral struecture in previous
lactures, revealing my essential partieipation in i%t, I have already been _ .
descﬂbing a living being, and crediting it with ::ertain acts of duing
and knowing of which I belisve myself possessed.

Prom here we can pass on Lo other pecple. I belleve that other men
are like myself and asoribe to them powsrs of persomal knowing similar
to those which I eleim for myself. Since these powers are unspecifiable,
I can appraisse their existence only by an act of my own perscmal know-
ing, Such an  appraisal of the powers of an other individual differs
from the sppraisal of the ocrderliness of an inamdwate pattern by the fact
that it szppraises its object both from the voint of view of the appraisar

and from that of the iudividﬂ who exercirim t-g& powers_in ouestion.
We rr&y show this by affiliating such cases of personsl knowing once more
to & process of reflection.

Eemomber that owr recognition of an orderly pattern is periormed by
pouring ourselves imto a subsidiary awvareness of 1ts particulars and thus
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schieving a foeal awareness of the whole. For exampls, by dwelling in an
harmonious sequance of sounds, we zcknowledgae the meaning they jointly
possess as a tune, This meaning they possess in themselves; 1t is an
existential meaning, Similarly, we vecognise 2 living individual by app-
raising in him & significant orderliness which mesns something in itseli:
which has an existential meaning. Bui now thie existence possesses a
foeus, 2 cemtre, to which 1ts meaning is ascribed and which exists by
possessing this meaning; 4t is the centre of individuality in an individual
living being. Thus we recognise individuallty and appreise its manifesta-
tions from its own point of view by identifying ourselves with it, and
only after that do we achieve & knowledge of an ivdividuel as different
from ourselves as if we were splitting ouwr united selves into two==

one park of us knowing the other—-sazactly as we split up ourselves in

the process of reflecting on any intelligent powers of our own.

This raises a gurlous poimt, Logicians discriminate sharply bstween
our knowledge of things and our preflectlions on our knowledge of things.
Selence is a knowledge of things and so scientific knowledge about soience
iz held td be.quite distinei from science, and is called "mets-seience.”

In thi= sense, science is placed on a separate logiesl level from that on
which are the things to which seience refers and meta-sclence is once more
removed to yet another logieal level, A4 first floor is thus established
for the objects of science, & second floor for science itself and 2 third
fioor for meta-seience. But what if the objects with which sclence is
concerned are themselves persons and sclence is interested in the knowledge
possessed by them? Take for example a psychologlst studying the process

by which an animsl learns to recognise the ringing of a bell as a sign
indicating an imminent electriec shock, The bell and the electrie shoek
will obviously cccupy the lowest logleal) level and the animsl itself

will have the second floor assigned to it, while the psychologist will be
on the third floor. And anyone examining the scimce of psychology, the
way I am doing at this moment, would be found to be pursuing this meta-science
on & newly ovened fourth floor,

In other words, a science dealing with living persons, appears logi-
cally different from & science dealing with inanimate things; in contrast
to the two-~storied logiecal structure of inmanimete science, biclogicsl
geience is seen to possess a three-storied logical structure, Its problems
should be logically on 2 par with those of the theory of knowledgs
pursued by meta=sclence,

1 shall develop the impliestions of this important point at a later
stage; at the moment I want to concenirste only om the paradox presented
by the fact thet an additional logical level appsars to be insepted
in the course of an evolutionary process which forms a continuous transi-
ticn from the inanimate stage to that of living and knowing persons. It
would be clearly useless Lo speculate at whak exact point of the
evolution of life the new logical level ls inserted intc our knowledge
of life, I should be prspsred teo rival in this respect the offorts of
historians, who are indefinitely pushing each stage of history further
backwards, so that (I understand) for example, the Industrial Revolution
has now been shifted right back to the tims betwsen Clovis and Charie-
magne; in this way it should not prove impessible to reveal the first
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signs of personhood even in the inapimats world, as for example in the
prosess by whieh a erystallographic system geverns the appraissl of gspeci-
mens to which it is apolied, Bub the correct inference seems rather to

be that we regard personhood as varying gradueliy from a rudinentary

Lleval, at which It may be safely overlesksd io igs fully developed forms
which dominate altogether the lives of its bearers, Throughout these atages
the distinetive loglcal structure of biclogleal knowledge can be aclmowledgad
conditionzlly by saying that to the extent to whieh we regard the mani=
restations of life as achievements of an individual, ow knowledgs of thess
is three storied; which means that it is guided by standards of achievement
which th observer accredits as appropriate to the lndividual under his
observation, in view of the nature of this individual, as assessed by tha
obgerver himself, .

I think that this eonceptual structurs ean be properly applied fo the
very lowest forms of life, even though this may put some strain on its
meaning. A plant is an individual, but 4t lacks an active centre for
it merely vegetates, and hence it 1s not possible to distinguish in
2 plent the logical levels of the individual from the level of things on
which the individual operates. Yet there is something remarkabls that
even &4 plant achieves, namely that it displays e signifiecant shape, which
characterises it ae 2 member of & particular species. This fundamental
faet of morphology may be regarded as the minimum achievament of every liv-
ing being, and the establishment of this faet outlines already the typical
three-storied problam of biclogy. In order to saré out 1iving beings into
specles, we have to establish standards of normal ghppes characteprising
s2ch species and then apprajse individual specimens as normal or abnormal;
mutilated or completes; heelthy or deformed: in the light of the standard o
of its own specles, This involves thres logical levels which I shall
now proceed to elabarate further.

The classification of living beings aceording fo typical shapes is
the task of taxcnomy. We sheould reslise at the start bha wagnitude of
this task and the remapitable mental powers available for facing it. Take
the shape of the living being with which we are most familiar, the shape
of man, How wide are the varfations to which the human shépe 1s subject?
It changes according to age and race; then sbnormally, throuvgh malformation
or nutiliation; through diseases whish may shrivel the body or else
sgcll it and distort ity by malignsnt excrescences which may welgh many
pounds, © Yet the Bommon Law makes the crime of mupder and hence also
punishment for mirder, dependent on the human shape of the individual
whose death hes been caused, It demands that through all jts variationa
we should identify the presence of what the law ealls the humen shape;
and this demand sesws hardly cxcessive since one has not heard of & case
in which an aceused had pleaded failure to recognise the human shape of
somebling he had killed,

fet it would sesm impossible to devise a definition which would wover
the whole range over which human shape may vary, and it is certein that
those who recognise it ara not in possession of any such definition,
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Instead they have 2 balief that humen beings exist and they continme to
bulld up thelr awarenssa of tho human type by notlcing imdividul human
belngs., The precess e of the sawe kind by whick our focal awsreness of
& oomprchensive featurs 1s generated from a subsldiary awsreness of its
parts. We have sesn how the attention by which we concentrate onm this
focal meaning way assimiiate further parts of it which £it into the
whole withoul our ever notlcing the act except in the corresponding modie
fication of the comprshemsive feature te which it contributas,

The science of taxomomy has exereised this faculty of comprehending
distinetive types from an ageregate of varied spscimens over an encrmous
field of study. The British Museum haz 5 collection of 15 million imseects
snd 5 million plants, whieh it can use for matehing any new specimen eiiher

An order to idantify 1t as one of the million known species of insscts or

aoma hundreds of thousands of specles of plants, or else as reprssenbing

2 new, not yet recorded species, Equipped with its unique collection of
type specimens, the staff of the British Museum is recognised internation~
ally as an amthorily on the taxonomde classification of inseets, It was
reported for example on Hove. 5th, 1951, that "American soblogists found

a strange flea in Utsh and senl it to Dr, Carl Jordan, the British Museum
expert for his opinion., Dr. Jordan confirmed the Utah flea as a2 new
epecies.” Such are the funetions of the expert taxonomist., The peculiap
fagulties that went to the building uwp of this storchouse of taxornonmlc
connoisseurship and are exercissd in & minor way in the practice of this
connoisseurship can hest be apprecisted by remembering the work of some
maturalists who displayed them im & high degree., Famous among these was
Sir J.D., Hooker, who in 1859 brought together and published evidence of
nearly 8000 species of flowering plani® inm Austrails, more than 7000 of
which he had himself collected, The 8000 gensric entities which Hooker
derived from the Individuvel speecimens coming under his notice, have besn
recognised as valld in the veést majorily of csmses by subseguent observations
of botanists. Hooker's specisl gift for rscognising types have accoriingly
received high praise. "Few bave ever lmown or will ever know plants as

he did", wrote his biagrapher, "He knew his plants personally.! ¥

The persomel character of the knowledge embodied in the identification
ef different species was clearly revealed in the transabtions of the
Fifth International Botenical Congress of 1930 held in Cambridge partly
for the purpose of finding a definition for a spacies. Thus Professor
C. H, Ostenfald responded to the problem of the Congress by stating empha-
tically that a speeies consists of all the individuals the character of
which are in all main peiats the zame s¢ far ss the charachters which we
consider essential are concerned., It is obwlous that the 'we® in this
definition refers neither to the speaker alone nor to the whole of man-
kind, but to skilied botanists accredited as sueh by the speaker. A.5.
Hitcheoek revealed the sibtuation more frankly by saying "The concent of
moat species mst rest on the judgment and experience of the individual
botandst", :

*F .0, Bower, "Sir J. D, Hooker," in Nakers of Eritdsh Bobany,(1913), Do
203, and "Hooker's Position as & Botanist" in lady Putley, Life and
Lotters of Sir J.0. Hooker, (1518), p.ii2
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& species j= admittedly defined in each case by certain distinoctive
key Fesiures which faciiitate the subseguent identifieabion of a spzeimen
as belonging to a species; but this procedure presupposes our anterior
acknowledgment of the spacies of which the key fasture shall be accented
as & true charecteristie, It would be absurd to go sbout collesting
specimens which have soma particuiar featurs in common in the hope that
thiz will establish a spegies of which the feature in guestion would be
tha key feature.

Moreover, key features themselves ars variable in shaps and henocs,
reference to them represents once mors a elaim to the recognitlon of a
tvpical shape which transcends such variations. We cannot escape this
neeessity by referencs to the characteristic details of the kesy since
this would merely shift the problem to & further stage. It is unavoid=
able that ultimately the anatomy of & speclas should rely on reference
Lo _details which are not further specified in detail, and since these
ultimate details will still be manifestly variable such knowledge zs we
claim to have of them must rest on our estimate of what ars things of the
same type in different forms. When key festures of plant apecies are
ultimately characterised by differsnt authors as "ovate, oval, lanceolate,
hirstate, ciliate . . " said .T. Wilmot at the Fifth International Cone-
gress of Bobany, these authors may have guite different attributes in wmind.
For the meaning of such elementary terms is ltself the ucoduct of a
proegsss of gererallsation over a series of variabls imstances which were
inevitably evaluated somewhat differently by different botanists.

Finally, the art of knowing a species depends on the usa of the highly
paracnal skill of examining specimenz. You have no effective knowledge
of a particular detail of anatomy--say the anterior tibial artery in man-—
unless you can isolate it yourself by dissection, and this reqguires a
delicate and not specifiable skill, More familiar illustrations may ba
borrowed from the art of the medical diagnosticlan. In order to judge
the quality of a pulse, you must kmow how to feel for i, Simllarly,
you hear ¢learly enough the changes in the peroubtory sounds elicited by
a practised teacher of medicine, but find that you cannot reproduce them,
What you do will in general determine what you observe; and no specifica-
tion can define the right mode of doing.

I have spoken earlisr of the use of maxims, the interpretation of
which is part of an art, as a guide to the practice of an art, The know-
ledge of a systematic key plays the part of a4 maxim in the identification
of specimens; 1t is uwseless to a person not traired in the art of iden-
tifying the key features within the contexi of which it forms part.,

In any case, the identification of specimens in the fleld may often
successfully dispense with the obsem.tign of any lkey features when these
are loeated inside the specimen's body. ~ The distinguished zoslogist
C.F.h. Pantin has described, in 8 memoir which I have read in manuseript,

1) 5.C. Harland, "The Genetical Conception of the Speeies’, Cambridge
Blol.Rev. Vol XI. {1936) p.83-112
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“he way he ldentifies ceriain spsciss of liserds by bhelr mannsr of
crawling; much as Claus Fuche ldentified Greenglass, whom he had failed
to recognize from his photegraphs, the moment he saw a film showing him
walle about, ' - daad s

These principles of taxonomic classification are most clearly Pew-
vealed when taxonomiste are etbatked on the grounds of practising them,
The sssentially personal and authoritative definition of a species
suggosted ab the Fifth International Congress of Botany was made fun of
six yesrs later by the distinguished gemeticist 3.0. Harland. He racalled
that in Pamy’s First Play, the dramatic erdiic replied Lo the ousation
whether the play was a good play, that if the play was by 2 good author
it was a pgood play, "The situation would appasr to be somawhat gimllar, "
says Harland, "in regird to what constituntes a spesies.! He himself
attempis to correct this situation by analyzing some species in genebic
terms. Other bioclogists would sliminate connoisseurship from taxonomy
by restricting the conception of a specles to & group within which eross-
fertilisation produces fertile offspring. By applying this more impersonal
standard, they would challenge the scientific velue of identifying species
according to typical shapes., However, the lack of fertility im croese
bresds can only be observed by first establishing distinctive morpho-
logleal types beltween which crosaibreeding can be sald to take place, In faet,
interspecific infertilily can be used merely as a subsidiary eriterion
of morphologieal classifiocations; as such & criterion it serves to bear
them ovt and so, add new welght to them. :

The same holds of other tests dravn from genetics, orF else from
bio~chemlstry, scology, etc. They may all be useful as subserving the
purpeses of morphology, but they cannot be substituted for it. The .
suggeation Yo ignore the immenss quantity of morphological knowledge A
accumilated by naturalists from a preference for the greater objectivity
of other %tests can in my view only be regarded as an interesting exprasszian
of a misguided prejudice against the true nature of science. We should
neet the challenge by re-affirming boldly that $i1is immemse spectscle.
of natural order rests and must continue to rest on our personal ecompre-
hension of typical shapes as culled from 2 vast multitude of individuale
exenplifying them; or e€lse on our personsl sppraissl of snothep pargonls
czpacity for seeing such Shapes. Harland's mockery should be answeyred
in his own terms, by replying that good science iz ~ exactly like 2 good
play - inherently the work of a master, and can be upheld only be a
continued respect for scientific mastery, while continuing to practice.
the art of knowing as exemplified by the masters, :

Eiologlsts have indeed folt that the recognition of the typical
shape of living beings 1s akin to the appreciation of a work of &rt.,
They have told us that only the naturelisi who loves plants and anle
mals will acquire a personal knowledge of them, and unless hs ean :
centemplate them with joy he will never be able to cbeerve them with
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sufficient persistence. "I confidently assart " writes Xenrad Z. I-ar‘mzz"‘
"that no man, even if he were endowed with a superhwman patience, could
physiczlly bring himself o stere at fishes birds or mammis as persistently
as is mecessary in order to take stock of the behavier patterna of a
species, unless his eyes were bound to the object uf his observetion in

that spellbound gaze which is not motivated by any conseiouns sffort to

geln knowledge, bubt by that mysterious charm that the beauty of living
ereatures works on some of usl" .

We find accordingly Agnes Arber suggesting in her book "The Nabural
Philescphy of Plant Form" (C.U.P. 1950, p.210} that morphological insight
in botany is aided by artistic powers; while the zoologist, G.F.i. Pantin®
glwes examples of Lhe aesthetic appreciation of saimal forms leading to
the appreciation of anatomical feaiures,

This aesthetic appreciation operates on three logicsal levels as
follows:; FPrompted by his admiration for the harmonious shapes and functions
of animals and plants, the nsturalist sets up standards of harmony for
the several kinds of living beings; standarde, which he regards as typi-
cal or normal for them. Any new specimens that come to hand are identi-
fied as belonging to one of these types or else are acknowledged as the
pratotypes of new species. Specimens which are identifisd, are at the
same time assessed as more or less {rue to type. Soms varlations of
them are accepted a2 normal, while others are condamed as mbilated or
pathological forms, or as oubright monstrosities. When the taxonorist
surveys a system of specles, grading them, for exsmple, according %o
their level of differentiation, he ls operating on the highest logical
level; when appraising sn individual specimen according to standards
which he regards as normal for i%, he operates on the logical level
below this; while the specimens themselves are still further down, at
the lowest loglcal level, This is the three-storied structure of
blological sclencs, in vhich living beings are criticised frem & point of
view which is ascribed %o them as their own. The three-fold stratifi-
cation does not yel reach its fullesi expression here, for the possession
of a typieal form is not something actively done by the individual snd
tharefore the individual's success or fallure in being Brue to type
cannot be brought home to any setive centre operating within it.

Yet the degree to which the perfection of specimens 1s assessed
from the individualis own point of view is distinetly more marked in
this cese than in the application of ecrystallographic standards to indi-
vidual crystal spscimems, which process approaches it most elosely in
the inanimste sciences. For space-groups are derived geometricslly from
& summary experience of cxystals in general, while morphologicsl types
are construeted from a clo=e observetion of individual specimens and are
econtinuously subject %o revision in the light of further cbservations
of this ldnd.

1} Kenrad Z. iorenz in "Physiological Mechanisms of Animel Behaviort
Cambtpidge 1950,

2) C.F.h. Pantin, Presidentisl Address to the Zool. Jech. British Associa-
tion 1951.
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i have explaiged earlier on that every actiol personel kmowing,
whether it liex in the performance of skill or fin the glving of an sxpers
epinion, sels up a standard for appraising theti which It lmows, The
self-set standards of personal knowledge gain Haew structurs when the
ticloglst zets vp his morphological standards fn one logiesl level end
pronownees his judgment on individusl specimsns from the next lowsr
logical level, The persdoxical fact that the/knower is responsible for
both processes at the same time is brought oub bj the different offects
which the identification of every new specimen eitails on both levels of
Judgment. When the expert in the British Musemn'identifies a specimen
of & rare insect with & known species, the emphasis liss of course on the
lower level, from which he elassifiss the -gpedimen by pre-given standards,
But at the same time his expert knowledge of this rare insect ig being
énriched and to this extent its soccephed morphologlcal stapdard is haing
modified. It is even conceivable that the expert would hesitate to identify
the new specimen as a member of the species in question, but far the
fact that he has slightly modified his concepbion of the species by the
wery act of asccepbing the specimen as & membar of it.

An explorer may of course seek his way by the aid of an insccurate
map, which he continues to revise in the proeess of using it; bub with
the taxonomist every asct of mep reading entails the vsluation of a
specimen and every act of mappine the revaluation of the standard of
valuation, the twe going on concomitantly, '

- No wonder that philesophera, reflecting of this procese without
acknowledging the justification of peracnal knowledge, have not been sble
to maks sense of 1t. Take the morphologieal itype of the coelacanth of which
twe living specimens have been observed so far, There are two strictly
impersonal interpretations of this situation. Bithsr the nams
‘coslacanth' denotes the pair of curicus specimens recently discovered,
in which ease it ignores the coelacanth as a speciea; or the name
‘coclacanth' refers to the Platonic ideal of the coelacanth in which ease
we mey doubt vhether we lnow anything about it, since both our speeimens
may be quite abnormal. The dilemma is averted by acknowledging taxoncmy
a8 & personal process of setting wp standards on the groumds of experiemcs
and judging experisnce in the light of these standards,

#

The notoricus logical stumbling block in the bicloglicel sciencas
has of course always been teleology end its relation to natural
causatjon. Now we can see that the logiesl problems of biclegy erise at
an earlier stage dlready from the mers accrediting of fypieal shapes to
plants and enimels. In fact the idez of rurpesefulness czn be introduced
by merely passing from the science of typical shapec to the acience
dealing with the coming into being of these shapes, This= takes us from
the appreisal of living forms by the standard of thelr twpes to the
appraisal of the processes of regeneration or embryomic growih, by which
eych forms are achieved; in other words, from the science of moFphology
te the selence of morphogenesis. The transition frow the appraisal of
being to the appreisal of purposs is thus quite easy.
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Let me give now a fow characteristic samples of the kind of know=
ledige thet we possess of the morphogenesils of animals on whdch we wish
to refiect. Frotosee regemerate from any small plece comtaining a frapuent
of the nucleus. Ascending to multicellular types, we f£ind that hydra
and many other ecelenberabes are able to develop now Andividuals from
cutiings. Oertain fresh water worms (Eumbrieulus, Stencstomm) may
regenecate from a piece 500 tlmes smaller than thelr bulik,

In higher animals wa still observe the regenevation of & limb or =
pense organ. Thus the zrume of the sguib, the eye-bearing tentacles of
enails, the le% of spiders, the claws of lobsters, the lens in the ned
{Cf., Paul Weiss® 4590 £7.) all appendapes of insects snd the limbs of fish
and amphibians grow again after amputation. Mammals cannobt be regsnerated,
all that remdins 1s only a procsss of continuous repair and the healing
of wounds. Young saimals regenerate better than old ones. The frog is
unable o replace a limb wheress as a . young tadpcle it is 2bls to ragmzrat.:;
the éa,me mam!:en

The sexual propagation of tha higher animals may be regarded as & form
of regeneration in which a pew individusl growe out of two fused cells
ef two adults of opposlbe sex. The embryonic stage of this growth leads
up %o the formatlon of a youthful apimal which then grows into a mature.
individual capable of reproducing itself in its turn. The fragments
detached from enbryos of certain lower animals have the capacity of
regenerating the whole embryo and of producing normal individuals,

This ontogenetic principle was first discovered by H. Driesch in the
arbrye of the sea urchin. Throughout its cleavage stage any cell ar
combiration of cells debached from the embryo will develop into a normal
sea urchin. Driesch characterised these regenerative powsrs of an
enforyo by deseribing it as an "harmonious equipotentisl® system. The
apparent tendency of the germ to bulid up 2 normal ewbryo in epite of
gevere amputations is more generally referred to today as "morphogenstic
regulation®, i

Other embryocs show more fiymly localizsd pobentialities from the
very first., If the fertilised Ascidian egpg In the 2 or 4 cell stage
iz cub in two, cach half dewvdlops only inte half an embryo. Though this
type of ontogenesis is never Iree of regulative tendencies, its principle
can be clearly distinguished as a patiern of Independently proceeding
pracesses of growth; by which the organlam ia built up in sections widch
must fit together end be ready to function togsther when the moment
arrives for it. Such a mosaic of independently proceeding interlocking
saguences correspends teo the conestion of ontogenesis whieh RHoux and
Waisman had formulated and mads universally current before Drissch's
ohservabtions on eguipotentiality.

Spemann®s discovery of organisers in the ontogenssis of wertebrates
presents us with 2 combinstion of both prinsiples. Hs found that in the

1} Principles of Development 193%).
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aewt ab the gastrula stags of the embryo there is situvated at the edge of
the blastopore, that iz the entrance of the cavity representing the pripi-
tive gut, a region which dominates the fwrther segnantation of the ambrye,
If the embryo is cub up, any part of it in wideh this dominant reglon is
included or in which i% ls engrafted, will proceed te develop further,
while in the embryonic tissue from which it i3 eliminated, individuation
comes o a stop. Thus the dondnant region, which is the seat of the
organiser, moulds a whele region under its centrel into one eomplete
embryn, irrespective of any otherwise predetermined character of its
several componetits cells, vhich sre induced to respond equipotentially %o
its stimmius, :

. This early equipotentiality is superseded in the further procsss
of embryonic maturatiom by the fermaticn of sub-centires of organisation.
Each of these separate organisers conbrols the development of one section
of the subrye in relsiive frecdom from reguletive influence of other paris
of the embryo which are caveloping under the contrel of other organisers.
The first organiser having split into a whole hierarchy of secondary,
tertlary, etc. specialised sub-organisers each of these controls the
development of & limb, of part of a limb or of scine other orgen or feature
emerging from the progressive differentiation of the individual, &
segregated area provided with its own organiser may be eut off with it
and go on differentiating in isclation; as has been proved for the case
of 1limb and tall buds of newts and lizards. 4 tail bud transplented, aftar
& certain waturatlion, into the place of an amputated limd will =112
produce in this anomalous position the determinate tail. At this Id gher
stage the development of the embryo mey be regarded a8 & mosaie of
interlocking independent sequences, each controlled by its organisaer,
while eguipotentiality hes bsen reduced within the narrow confines
of the several reglons controlled by theiw separate organissrs.

This pictura of ontogenesis, as the invasion of embryonie tissues
by & multiplying aryay of organdsers, represents the outcome ss entdirely
debermined by the action of the organisers, to which the tissuss respond
passively., But embryonic tissues do not always submit unconditicnally
tc the field of an orgeniser. Grafbing eperiments have shown that
# a field cannot mehe any ¢oll produce any specific response unless that
cell is imbrinsically prepared to do so.”— This preparsdness is called
the 'competemce’ of the tissue.* Indeed, the part pleyed by ihe organiser
may be reduced to & mere evocation of the polentialitles preformed in the
tizssue subjected to ite influence. Tissue taken from the embryo of
species A (newt) mey fa2il to produce certain featurss that ars charactere
istic of species B (awolotl) when subjected to the organisers of speciea ¥;
while in the reverse case, these organs will make their appearance in the
engrafted tissue of specles B in response to the srganisera of the
spsodies A - the species which lacke that organ. Experinments of this kind

1) P, Weiss, Principles of Development (1939) p.339. !

2) Weddington's term: See H, Speemsn, Epbryonic Development and Inductien,

Hew Hawven, 1938, p. 241,
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have revealed a2 wide range ol rivalry Getwsen the morphogmetic tendencies
inhererd: in an embryenic tisswe and those induced in it by the orgenising
Influence of adjacent tissues.

1 have given you here lllustrations for several prineiples covering
a wide range of sxperimentel pesulis obtained sines the experimental study
of morphogeneaie startad towards the end of last cemtury. Lat me pun
threough them onee mors as follows. (1)Any amsll eabling of cartain
animals will vegenerate the whole animal, {2)Any 2ell or group of calls
detached from the &bryo of certain specles at the stage of segmentation
may form a complete animal; in contrast to which (3} the Pertilised egss
of other species appear to form a mpsale, the lsclabed elements of which
tend to form only a segment of the complete animel., Fur*hermore (4) the
early development of some animals proceeds under the conbrol of a single
organiser whish subsegaently splibs up into a large number of independent
sectional organisers; and (5) the merphozenetie sffect of any organiser
is restricted by the competence of the tissue on which it is acting so
that (6) the orzaniser mey evea produce a fmature found only in the epecies
to which the responding %issus beleongs and lacking in the specles to whieh
the organiser belongs.

Every one of these principles describes a function, that is an event
defined by some measure of success achieved by it. The sutcsss i3 measured
in terms of right form-achievement, be it in the rageneration of a muti-
lated organism or within the esnbryonic development of a normal individual
from the germ eell. Thus the morphogenetic prineiples discovared by
modern experimental embryology derlve thelr mesning entirely from thelr
contribution to the normal processes of subryolegy as described by
elassical deseriptive embryoloegy.

This situation has ewoked the usual antagonisn on the part of the
scientists whe would rebel against thelr actusl dependence or personal
knowledge. They want to break out of the purposive framework with refersnce
to which the meaning of thelr cbservations is defined. "hus the recent
book of C.H. Waddington, entitled "The Epigenetics of Birds® (1952)
pointedly defines epipenetics zs "the solsnce concsrned with the caussl
analysis of develepment®.” Such & claim i correct only 1f "causal
analysis® is used in a semse that would also apply to the process of
finding out how a machine works, For in both cases we must start with
the aasumption that we are faced with an achlevemsnt and then proceed to
analyse the principles which may account for this aphievement; and in both
sases the causel particulars to which we advance in sither case are
meaningful only in thelr bearing on the presuppossd achievement while any
exhaustive causal analysls of these systems carried out without relation
te this achievement would totslly dissolve our original knowledge of the
gystems 1n questlon.

The study of morghogenesis, like that of morphology, impliea our
apnreciation of typieal living shapaes, but 2dds to this appraisal s further
judgment on the aptness of the proessses by which shapes are achieved, be it
by regeneration or by embryonic development. The personsl kmwwledge invelwed
in appreeiating such morphogenic tlme sequences will be best discusaed
forther by affillating it to other instonces of time sequances

1} Gomp. aiso A.H. Daleq, "Form and Causality in Barly Developmemtt (1938)
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usually deacribed as the behavier of amimels. This will bring cut fully
for all such bime sequences the Lypical three-stopisd structure of bio-
logical imowlodge and prapars the ground for the surious problems to which
this logleal identification of biologieal knewledge with ths process of
epistomological refiection will be seen to give rise.



	Con_46_Fol_18_Pg_001.pdf
	Con_46_Fol_18_Pg_002.pdf
	Con_46_Fol_18_Pg_003.pdf
	Con_46_Fol_18_Pg_004.pdf
	Con_46_Fol_18_Pg_005.pdf
	Con_46_Fol_18_Pg_006.pdf
	Con_46_Fol_18_Pg_007.pdf
	Con_46_Fol_18_Pg_008.pdf
	Con_46_Fol_18_Pg_009.pdf
	Con_46_Fol_18_Pg_010.pdf
	Con_46_Fol_18_Pg_011.pdf
	Con_46_Fol_18_Pg_012.pdf

