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. PREFACE
[ J L] [ )

SoME men of science seem to think it desirable to offer an
apology for a volur® of popular essays on their owh subject.
I do not shgre this view. One of the duties of scientific
men—not necessarily of all of them, but certainly of some
of them taken as a group—is to make available to the lay
public the facts and theories of their science, and especially
to try to re-create sc&mething of the mental background that
is engendered by those fgcts and those theories.

There is a danger, in these days of manifolded information
and broadcast amusemenf, that the world will become
divided intoethose who have to think® for their living and
those who never think at all. I am not speaking of those
necessary but limited processe§ of thought needed to
accomplish some routine of business, but the real thinking
which does not stop until it has enquired why and how
of the most fimiliar facts and processes, and insisted on
exploring they foundations of belief. The true philosopher
or man of science (as well as the true man of letters or the
true stafpsman) is thinking new thoughts, or at least seeking
‘the material r new thoughts, every day of hiselife. Mean-
while the occupati?)n by which the average man is gaining
his livelihood is becoming more standfirdised in its conditions,
more limited in its scope, more definite # its routine, *In
the morning he reads his syndicated news and imbi.bes his
millionfold-disseminated opihiors. In the evening he goes,
to the ctnema, or turns ¢n hig wireless set, or(if rather old-
fashigned) magipulates his gramophone; in any case he
again receives impressions which are being or pave been
scattered brgadcas to millions of other humar beings, ax.ld,
what is more serious, he s preggnted with his impressions,
whether by newspaper, cirfema, radio, or whatever else, in,
a form demanding the®minimum of thouBht, #nd indeed
usually (like smoking) an #greeable substitute for that painful
“-ocess of cerebratior’ which solitudesor personal conmgls

ight otherwise engender. v *

[
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Scienct hegself is ovéer-specialised: her right hand knoweth
not what her left hand doeth; scientBts in bulk inhabit
a city of water-tight compartments, Each of them isgbusily
engaged in investigating the interior of hi§ own compart-
ment; but by the irony of the situation, the compartments
are_not quite gvater-tight, and each investig;agor finds that
the results of some one else’s investigations sooner or later
percolate“into his own place, and often Sransform the whole *
aspect of his interior in such a way that much of his former
descriptions turn out to be useless. . . . ¢

Then there are insistent prophets who foretell the break-
down of scientific knowledge under its own weight; and
there is no doubt that the burden of mere factis enormous.
As greatest difficulty of all, hovg_gver: there remains the
relation between scientific discovery and general thought.
1t takes so long for ideas to filte? across in their true form;
so often what comes through is the idea withput its back-
ground —in other words, quite a different idea. But there is
cven more than that. Whenever the lag in communication
between science and gencral thought growe considerable,
whenever science, through laziness, pride, or pedantry,
fails to make herself understood, and wheneVer the public,
through laziness, stupidity, or prejudice, fails t9 understand,
then we shall proceed to a lamentable divorce. It will not
be merely the results of science which will not be assimilated,
but science kerself and the spirit of science willaaot be under-
stood; and scientists will become an isolited caste in a half-
hostile environment, ° .

All these pictufes I have drawn have been of the gloomy
side, It would be perfectly possible to draw equally true
nictures in a cheerful vein? polnting to the increase in the
rate of scientific discovery, the gener.al thirst for infofmation,
the growth of scientific endowment; yet thergis undoultedly
a gloomy gide, of at {east a gloomy possibility, to the situation.
T hé’ possibie ‘isolation of science, throug% i*s very increase
of bulk, through its penetra((ion t@ regions beyond the ken of

,common-sense, and through the temper of*mind required

of its votares, is%a real danger. Furfher, the more democratic
the general civilisation, or, to i@ more accusate, the more
rapid the process ofy democratisateof in our Present type
o?psoéiety; the greater is the danger. o

i
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But if any excusg were nceded for the pu%lication of
these eélsays and articles, T shoqld happily possess it. After
giving "lectures @r addresses on scientific subjects I have
always been asked by some among my audience when I
was gqjng to print them. Without such grateful encourage-
ment from myedaditors I do not suppose, in shite of genufne
belief in the need fgr the popularisation of sciengg, that I
should have been stimulated to take the extra (and, may I
add, often censiderable) trouble needed to convert notes
for a spoken address into written form, or to revise occasional
articles so as to make them a little more worthy of a book.

The two longest of the following articles have not appeared
before. ‘ The Frog end Biology® was a lecture delivered
to the Nature Study Uni®n at University College, London,
in January 1925. The finalglong chapter on ¢ The Tadpole:
a study in developmeatal physiology,” is based on a lecture
given to Sectfbn D of the British Association at its Liverpool
Meeting. * Elixir Vitae’ and ¢ Why do more Boy Babies
Die than Girls ?” are also here published for the first time.

Of the othe?s Heredity: 1° appeared in The World’s
Work; ‘Heredity: 1’ in Discovery, as did ° Birds and
the Territorial System,” and ‘ The Determination of Sex’;
‘ Biology in (#topia’ in Nature; ‘ The Meaning of Death’
in the Cornhill; * The Inheritance of Acquired Characters’
in the Mew York Saturday Review; ‘The Control of the
Life-Cycle * iff TheeEnglish Review; *The Donlinant Sex’
and * Birth Control in The Spectator; “T. H. Huxley
and Religion’ in The Modern Churchmgp; ‘An Hour’s
Psychology * in The Nation and Atheneum; ¢ On the History
of Science ’ in Yhe Observer;, ang * Evolutio.n and Pugpose’
in The Peacon. To the editors and proprictors of these
journals | offer my thanksefor #heir kind permission to reprint.

In %ddition, ® should like to thank the editors, authors,
and publishers for.permxssmn to reprotiuce a ntmber of
figures frome the following journals and books:—Schoso!/
Science Review (Figs. 6 and 7), ®ohn Murray; The Journal
of Heredity (Figs. 5 gnd 9a), The Anmericag Genetic
Association (and the Jm‘rnal of Experimental Zoology,
and Dr. Max G. Schlapp); Prof. C. M, Chiid’s [ndzvzdualzty
in Organismg (Fig. 14), and Physiolo¥ical Foundanons &
Behaviour (Figs. 15 afd 17), the Umversuy of Chlcago Press;
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Dr.L.T. Bgrradaile’s Manual of Elementary Zoology (Fig. 8),
the Oxford University Press ¢ Professor D’Arcy Thorppson’s
Growth and Form (Fig. 20), the Cambridge, University Press
(and Sir Donald Mac-Alister); and Prof. R. C. Punnett’s
Mendelism (Figs. 2 and 3), Macmillan & Co. Ltd. (and
DRBcovery). * %,

There js at the present day a growinginterest in biological «
science. This is seen not only among the lay public, not
only in the applied sciences of medicine, of plaat and animal |
breeding, of agriculture and economic entomology, but also
in the revolt against the one-sided arrangement by which
physics and chemistry alone represent science in the average
school curriculum. Physics and chemistry are sciences;
but in the minds of the majority 8f schoolboys and school-
girls there must be rooted the unfortunate idea that ¢ Science ’
is Physics and Chergistry. .

The chief concern of man up to the present Ras been with
his environment. He hasehad to tame nature and harness
her forces. To do this effegtively he has had to learn to think
scientifically about those forces: the result is epitomised
in physico-chemical science and its brillians application.

To-day and in the future, man’s chief concern must be
increasingly with himself, With his very Success in the
conquest of the environment has come a new danger.
Unless the° civilised societies of to-day impréve their
organisation, unless they invent and> enfGrce adequate
measures for regulating human reproduction, for con-
trolling the quantity of population, and at least preventing
the deterioration of quality of racial stock, they are doomed
to decay and to, be subfherged dn some new Barbarian flood.
To achieve this man must at Jast consent to think scigntifically
about himself and the intimage faets of his life, instead of
surrounding every vital problem with tabdd or prejfidice;
and in tHis tasR, biblogy must be his chizf servant.

dt is therefore of some real importance that the publicinterest
in biology shall not flag: &nd if: this little hook in any way

* helps to maintaén that interest, it wll have served its purpose.

I would like to express my particular thanks to Miss
»  G._S. Somerville for drawing a‘n%m:ber of figures specially
for this yolume.  © o .
LonDpoN, August 1926.
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ESSAYS IN POPULAR
* .« SCIENCE - .

HEREDITY

.
I. THE BEHAVIOUR OF THE CHROMOSOMES

*

THE Greeks had a special word to denote remorseless destiny :
Até. The word is Qften translated fate; but we use fate
with a milder meaning, gs if (which is indeed the case) we
only half believed in it. Much of Greek tragedy is imbued
with this idea of a power, %2t but not apprehended, feared
but not understood, which shadowed® and obstructed the
striving and the desires of humanity.

During last century, pioneer® workers in the field of
heredity often%ame to regard its® power as something very
like that of the Greek Até; as something which accumulated
the sins of the forefathers within itself, to charge their grievous
burden uponethe children’s shoulders.

This gloomy point of view naturally carried the seeds of
its oppgsite within itself. A prominent disciple of M. Coué
recently said#o mg, ‘I don’t believe in heredity’#and though
this ostrich-like burial of one’s head,in the sand of disbelief
is carrying matters®to extremes, there are many to whom
the idea of a hereditary force pushing dien blindly along
predestined roads is hateful, who seact to their diglike by
belittling and discounting ifs pbwer and txtent. .

But science takes nq acgount of likes or dislikes; its
busimess is toefind out the truth, to discover what things
are, and how thex work. Before we can profitaply discuss
what part perédity should play in our philosophy of [ife,
we must first descend ineo they workshop of living reality
and see what 'machinegy %is there at work. To speculate,
without facts is to attempt t@ enter a house of wHich one has
not the key,® by wapdel’mg aimlessly round and round,
searching the walls and®now and them peeping through e
windows. Facts are the key. Biology, during the last half

- . . 'ﬁ.l .



12 ESSAYS IN POPULAR SCIENCE °

century,° ant especiaolly during the last twenty years, has
provided us with a ma&s of facts—resuRs of long-continued
breeding tests, of patient observation through the fmicro-
scope, of ingenious experiments—which are unlocking many
secrets of heredity.

b would beouseless in the short space 1 bave at fhy dis-
posal to try to present the evxdence which biology has
amassed.® All I can attempt to do is to®ry to give a picture
of the results achieved. Imagine then that you have found
vourself in a world which, by some unknown power, had
been magnified to such a vast extent that an ordinary blood
corpuscle was of the size of an elephant Or, what comes
to the same thing, imagine yourself ronimﬁed to a degree
which would enable you to creep into the cells of the body
as if they were rooms in a house. It is perhaps as well to
remember that to do this your hefght would have to be about
one-millionth of wimt it originally was and eyour weight
accordingly reduced a million billion times. What then
would you see? When ySu had penetrated the membrane
which surrounds every céll you would find yourself in a
chamber chiefly filled with that semi-fluid mixture of sub-
stances which we call protoplasm. Susper?ded within it
would be a great sphere or ovoid bounded again by a resist-
ant wall or membrane. Within this would be a substance
called chromatin, arranged in a dense network ang, bathed
by a more lmquid stuff.

This you would see in almost any celf of the body; bu
in addition each sort of cell would prdbably contain other
special structures br substances. A muscle cell, for instance,
would ghow a great scaffolding of those fibges whose con-
draction makes tuscular thov@ment possible. The gland
cell, in the sweetbread or in thg saliyary gland, woufd show
you drops, large or small, of the chemical sybstance which
it was magufacturing for the good of the body. A cell of
the liver, in a well-fed animal, would be crowEleduwith tumps
of g]ycogen, the substance ito whlch sugar 1s transformed
for purposes of Storage

But if gréwth is to proceed orqf tfe wastage of cells which
die and wear out is to be replaced, hew cells must continuaily
beg,peoduced, and thispas a matter & fact, is always accom-
plishe3 byethe division of previously existing cells into two.

- a © -—



. * HEREDITY: I 13
®
If you happened, in your new diminished existenc‘e, to come
upon a cell at sch a time, you Would be presented with
a sthinge spectacle which w8uld keep you standing before
it as long as it continued and leave you puzzling over its
significance (Fig. 1, f-k). As a first preliminary you would
see the wall af the nucleus beginning to break down; wean-
while the network of chromatin within would condense,
become more SOll.d, contract, and finally sepafate into a
number of. thick strands, or we had better say ropes, of
chromatin, lying about bent and haphazard at the placef
where the nucleys had been. You would see that along the
length of each of these bodies there was arranged in orderly
succession a great pumber of smaller units; probably several
hundred in each strand, not arranged side by side, but one
. after another like beads on a string. Gradually you would
see that each of these blads, or lesser units, would divide
into two, and that by this means eath of the fibres would
simultaneously be split along its whole length. Other strange
changes, however, would have been taking place while you
were watchifg. A small, rather®dense body that you might
have noticed originally outside the nucleus in the resting
cell would have been seen to split in two, and round each
of the halves of it a curious radiating appearance would have
become visible. This radiating appearance is due to some
effect gxerted by each half of the granule upon the living
substance of the cell, turning it from a more %iquid into an
almost solid state. This inﬁuencg radiates out, naturally
enough, in all dir®ctions, and so a star-like figure of these
almost solid strands comes into being found each half of
the granule.  Meanwhile, the twoe halves move apart from
each other. The fibres between them, like fron filings betwesn
the pdles of a magnet, begome bent so that a spindle-like
appearance ig presented, and finally the whole figure, with
its spindle in tlze centre and its twe siar-likg masses of
radiating fibres at its two ends, comes to extend acrosg the
whole of the cell. . P
As it did sd, you woulll have seen the yopes of chromatin
gradually arrange themsecbves, in obedience fo some un-
known forcé, round thesentre of the spindle. Some of the,
fibres of the spindle #ould get attached to the chromgtin
strands, which by «his time would have been di%ided along



Fi6. 1.—Semi-dia-
gram of fertilisa-
o tion and first
cleavage in a
o higher animal.
(a) One sperm
o enters the egg:
b, ¢, d, e the
sp erm-nucicus
swegls up and
© {ravels towards .
““““ the egg-nucleus: !
= the asters are
formed; (f) the)
chromosomes ap- ¢
pear (paternal,
white; maternal,
bla&); (g) the -
chromqsomes be-
comearranged on
the equator of the
®  spindle; () each
chromosame is longitudinally split; () the
two halves of eache chromosome travel
to oppositeo poles of the spindle; (j) the
cell-body divides; (k) the resting nucleus
is reorganised in bcdth cells. In this
diagram thO normal chromosome number ¢
is supposed to e 4. * L
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HEREDITY: I . 15

their length. And Jiow the fibres whlch had blen made fast
would begin to contract the two halves of each chromatin
rope bwould be pulled slowly®apart from each other, and
slowly the two set$ of halves would be separated to the two
poles, of the spindle. Just so could one imagine ropes being

made fast to®bales in a ship’s hold, and®® at a word of .

command, a crane,coming into action and pulling the bale
out fo where it.was wanted; only here, there is no word
of command, no directing beings, but all proceeds in
silence and by virtue of the inherent properties of living
natter.

As the half- strands proceed to the two sides of the cell,
you would see thegn begin to lose their sharp outline, to
swell, to become less salid, and finally to branch and inter-
lock with one another to,form a network; and meanwhile

. the radiating fibres yvoulcr become shorter and vaguer, and
eventually, swith some change in thé central granule, dis-
appear altogether. The network arising from the chromatin
strands would become more and more irregular, would
swell, would®form a tough m®mbrane round itself, and
would thus gt last come to resemble an ordinary nucleus
again. Meanwhile you would have been surprised to see
a furrow apwearing all round the cell, deepening gradually,
and finally cutting the single cell into two halves in such
a way &hat each of them would possess one nucleus and one
granule. S® the grocess would be complete, 4nd two cells
be made out of blge: growth along is now needed for each
to become identical with its parent.

If you were to travel round the'body (whether of man,
or animal, or plant) into which you had penetrased, and
were o see many cells dxvxdmg, you wduld find that the
number of chromatin strands present was always the same;
whBe if you explored a number of different organisms, you
would find that cg<h had thus its constanteind okmaracteristic
number. ¥od would also usually find that that number
was an even one, and tHat the chromatin strands fell into
a series of similar paigs. .

But your dxscovemes woilld not necessarlly end heret you

might be lutky enoygh o be a witness of the progedt¥ dify
reproductign, and you(vould see tha? what is usua‘ﬁx &aied\
the * beginning of ® new life’ is really not that®at all, but

N IR E
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16 o ESSAYS IN POPULAR SCIENCE

the handing on of life, the original and only article, to a
new individual (Fig. 1, a-j). "

You would see, if the organism you were exploringlwae
a mammal, a female reproductive cell or egg which, in
spite of its being minute in comparison with the egg,of a
bird®or even of %4 frog, would to your milliofi-fold diminu-
tion be as, big as a vast skyscraper. Then you would see
enormous numbers of a strange new sort of cell, each with
a main piece or ‘head’ not much larger thgn yourself,
armed forward with a piercer, and propelled from behind
by the violent lashing of a formidable length of tail. Million
upon million of these sperm: (as they are called), a huge
rushing horde, would be seen swimming past you; as they
approached the egg-cell, you wowld see them converge
upon it, swim round and round it, and finally one of them
would succeed in burrowing right intq its substance. On
this, the egg-cell would cease to attract the othefs, and they
would swim aimlessly aboyt. until their death-—the failure
of millions for the success oof one. Meanwhile you would
see the ‘head’ of the sucCessful sperm begif to swell up
within the egg, transform itself into an ordinary-looking
nucleus, and approach the nucleus of the egg. The two
nuclei, now together, would be seen to breal® down into
chromatin strands, radiations and a spindle of fibres would
grow out, each chromatin strand would split lengthwise,
and half of éach would go to either side,cas bé&ore, in the
ordinary tissues of the body. ° .

If you had thopght of counting, however, you would
have found that the egg-nucleus and sperm-nucleus each
produced only half the ‘ordjnary number ofestrands, and
that each contained only one member of each pair of sgrands,
In other words, the nucleus ofcan ordinary body-cell con-
tains two complete sets of chromatin strandsg and onePset
has come ffom the mother via the egg, ard the other from
the dather via the sperm. RS

Egg and sperm, therefor§ mugt have ungdergone some
process by which ¢he ordinary numbsr of strands is halved,
the two sets separated from ea'ch, other. If you were to

N attempt to discover more on this po'%lt, by penetrating back
aloag their history, yofi would as a Tnatter of fagt discover

that at oné of the divisions very shorfly before the final
-]

[ ] (-]
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*
production of eggs,and sperms, ingjead of the chromatin
strandg splitting lengthwise, thefe had been first a union of
the méhnbers of a pair of strands, then a separation of one
whole strand from the other member of the pair (Fig. 2,
p. 44)s .

In these glimPses of the appearance and dfappearance® of
the chromatin strangs, their accurate halving at,ordinary
cell-divisions, their sorting out into two similar sets before
reproduction,s the union of two sets again at fertilisation,
you would have been viewing the actual distributive machinery
of heredity. .

This machinery can actually be seen through the micro-
scope. The chromatin and the chromatin strands, or chromo-
somes as they are genefally called, have the property of
staining very deeply with vgrious dyes, and so being readily
visible; and every stage of the process has been minutely
described fof many different animals and plants.

In your imaginary diminished sgate, you would have seen
much more than any micrbscopisthas yet seen; he is limited
to magnifications of one or two thousand diameters; and
to work with dhese, even with the best of microscopes, is
no easy task. Nevertheless, the general facts are perfectly
clear and welf-established.
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HEREDITY (continued)

2. CHROMOSOMES, MENDELISM, AND MUTATION 4
.

[+] [ ]

L ]

Tue latest advance in general biology hgs been the discovery
that inheritance takes place by means of separable units,
generally known as unit-factors or genes. It iy effecting the
same sort of revolution in our biological thinking that
Dalton’s realisation of atoms as the units cpmposing chemical
substances did for chemical thinking a hundred years ago.

The facts which have been elicited by microscopical
observation have been briefly sketched in our first article.
Practically all of them have bgen discovered in the last
fifty years. Much of the earlier woyk, especially on the
meaning of the obsefvations, was done by Germans, promi-
nent among whom were, Flemming, Weismann the great
evolutionist, Boveri, and the botanist Strasburger. In later
years England has prodced well-known Workers in this
field in the persons of Doncaster and Farmeg, and America
in E. B. Wilson, Sutton, M*‘Clung and others.

When these facts concerning chromosomses were first
discovered, the theory was promptly advanced that it was
by means of the chromosomes that inheritance wes to be
explained. The ovum and sperm differ fom @ach other in
almost every particular, of size and shape and constitution.
There is only ong point in which they agree, and in that
they are identical : both possess one complete set of chromo-
somes.e It was therefore natural to suppose that it is by
emeans of these clfromosomes that organisms——whetheg plants,
animals, or human beings—inkerit ¢haracters equally easily,
as we know they do, from their mother’s @r their father’s
side. Weahall sse later that this theory hgs been abundantly
jusdified by the facts that have since been Hisepvered.

Meanwhile, let us not think tbo much of theories, but
smerely of othe established fact tﬁatoall highér living things
possess in every cell of their *body two complete sets of

. chromosomes, one coming frome the,father, ‘one from the
mothgr, and that eah of these isSiccurately divided every
time that®a cell divides. °

. £8°
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While one set, of workers was establishing Yhese facts,
others were engaged dn extensive-planf— and animal-breeding
experiments, with far-reaching ®sults.

Enormous numbers of crosses between different varieties
of both animals and plants were carried out during the
nineteenth cenfery, and a number of general conclusians
arrived at. But there remained a feeling that we had only
scratched the skin o? the problem, without any real pene-
tration of its, hidden secrets. Then, in 1900, a dramatic
event in scientific history took place. Two independent
workers, reading through the literature on the subject in
the hope of hitting on something to illuminate their results,
happened upon an acgount of some experiments carried out
and recorded as far backeas 1866 by the Austrian, Gregor
Mendel, Abbot of Briinn (Bgno). These had lain unproduc-
tive for half a century, like seed in a box. Now at last they
were to germinate. Both men realised their importance;
they have served as the basis of all the enormous advance
that has since been made; and there has sprung into being
a new science, 8f animal- and plafft-breeding carried out on
the Abbot’s prigciples, and called Mendelism in his honour.

What were the new principles that proved so illumin-
ating ? Put as ®riefly as possible, they are as follows. Where-
ever one variety of an animal differs from another variety
in a constant and well-marked way, these differences can
be shown, by® crosgbreeding experiments, to d&pend on a
definite number of separate characterg which can be passed
on from parent to oﬂspring—in other worcls inherited—and
each of which can, by proper crosses, be separated from
the others. Am example will make*this clear. These are
two raceg of fowls, the one bléck,'the other Wwhite with black
splashes.  When crossed dogether, all their offspring in the
first, 8r, as it imoften called, the F1* generation, are alike;
but they do not regmble either parent. «Thig form of fowl
is Dbluish-blagk With black lacing, and is called the Blye
Andalusian. If these Andalusiams are bred together, the
next, or F2, gefieration Wiﬂ consist of threg different sorts
of fowls—white exactly likg their white grandparénts, black
exactly like thelr black grandparents, and Andalusian exactly

1 F1 stands §or 1st filial, F2 for 2nd filial® and so on: P1 swande
for 1st parental, P2 for®nd parental or grand-parental, &tc.
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like thelr parents Tllese will always appear, if 2 sufficient
aumber is bred, in the same proportlon, the whites averaging
25 per cent., the Andalusiahs 50 per cent., and the blacks
25 per cent. Mendel, as a matter of fict, worked not with
fowls, but with different strains of peas, but got essentially
similar results® The explanation he gave wa«shat something
which made the black fowls black was present in their
reproducuve cells, and so handed to their offspring; while
in white fowls, a slightly different but corresgonding some-
thing was handed on in the same way. These ¢ somethings’
may be called factors, and the appearances they produce in
the adult fowl characters. When whites are crossed with
blacks, the fertilised egg receives ones white-producing and
one black-producing factor. The resultmg character is
neither black nor white, but a cgmpromise, the bluish colour
of the Andalusian. R When the Andalusian fowls come to
reproduce, the Mendelian theory supposes®that all the
reproductive cells will geceive either a black-producing
or a whne—producmg factor, but not both.
Let us for convenience call the former B and the latter
b. There are, then, four possibilities for the next genera-
tion. A sperm with B can equally well fertilise an ovum
with B or one with b; and the same two possibilities are
open to sperms containing b, and each of these unions is
equally likely to occur. Thus on the average, outeof every
large lot of resulting fowls, one-quarterowill Sontain B+B,
one-half B+b, and the last quarter 4+b. But B+B will
‘give a black fow], B+4-b an Andalusxan and b+b a white.
We thus have an explanation both for the sorts of fowls
produsged in the F2 géhergtiop, and -of the*proportions in
ewhich the different sorts occur. In subsequent geperations
the F2 whites will breed truo like the original pure white
strain, the blacks breed true like the origina® black, afld the
Andalusighs will gite the same results as 611e1r F1 Andalusian
parents (see diagram, P. 22). .
" Another character in waich Preeds of fowls may differ
¢ is the shage and size of the comb.e If two breeds, one with
the ordinary high comb (so- callgd single comb), the other
. with a rose comb (a low comb*wijthelittle warts on it), are
w@ofssd, we shall get Pesults essentially similar tq those found
in the Ardalusian fowl. The second, 8r F2, generauon will

. . o °
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consist of 25 per cent. of birds which will breed frue.to single-
comb shape, 25 per® cent. which.will breed true to rose-comb
shape, and 50 per cent. which will contain one factor for each
of the two comb-shapes, and therefore will not breed true.:

The question immediately arises, What will happen if a
white'bird withea single comb is crossed with a black bird gith
a rose comb ? Will the white colour and single comb shape
stick together, or shill we be able to separate and tecombine
them ? The answer given by experiment is that recombination
is possible. In the F2 generation, we shall get two new pure-
breeding types—white birds with rose combs, and black birds
with single combs—as well as types like the original parents,
and types that do not breed true (see diagram, p. 23).

Similar results have Peen obtained by the hundreds of
thousands of crosses which have been made during the
last twenty years w1th Mdhdel’s principle in mind, and we
can assert, without any fear of contrAdiction, that for the
majority of characters which go to make up any species or
race of animal or plant, and to maTrk it off from other species,

_the fundamenml laws laid down %y Mendel hold good.

Curious results are obtained when a hereditary factor
acts as the foundation on which other factors can build. For
the ordinary golour of a wild mouse to appear, for instance,
at least three factors are necessary—one for colour, called C;
one for producing black pigment, B; and one for producing a
yellow bandeon the hairs and so glvmg a grey effect, G. If,
instead of G, only the recessive g is present, there will be no
yellow bands, and the mouse will be black ; if further only the
recessive b is present instead of B, the mouse? will be chocolate-
brown. But ifthe recessive ¢ is substituted for C, no,colour
at all will be produced, and tHe mbuse will be white, whateven
combinftions of B or b, G oggit may possess.

We can represent the mouse’s hereditary constituticn
as regards colour by a formula. CCBB,GG és a grey,
CC.BB.gg § blac®, CC.bb.gg a chocolate, CC.bb.GG, a
chocolate-grey, and all ammalg possessing cc are albmo

11n this case the F1 al]chave combs of the rése tyge. Here we'

say that the rose type and fagto‘r are dominant, the single recessive.
These Fl rose-tombed pirds are mdlstmgulshable in appearance
from birds pure for rose-#mb, but do net breed true, beu!g ef
constitution Rr msteag of RR.



(44

. o
- ° . ° {g
n
Parents. . Tspring: ®
8ross. ° ® o e Fertilisation. ,-—onﬁ?rqu 5
. Appearance. Factors. Reproductive Cells. actors. Appearance. wn
o Black BB AllB o o r=
Fowls, blackxsplashed | o . B+b-—— Bb Allandalusian ® 2
white (Ist generation) < =F][) g
o White bb 1{?1 b 0" %
®o 50% B B+B-—— BB  Black (25%)
° . © B! Andal- Bb { ° (25% } S
e % usian 150% b BP+b —— Bb) Andalusian \(=F2) . 2
Fo@ls, bdack X splashed 50% B B+ —— Bb (50%) B -
waite (2nd generation) | { N J w
s © (F] Andad Bb (50% b bih 2 bh Whee (25%) - ° 0O
usian  © . o
Z
@)
el



¢ . Parents. : disati Offspsing.
L] T0Ss sation. A L
b . . Appghrancc. " Factors. mpro@ctivg Cells. o Fertilisatio Fact(;;—r_ Appearance.
Fowls, tl)olack and tiose Black, rose BB.RR AlIB.R *
comb X spl ed . 4 .
o o whiteand singlecomb . B R+5.r—Bby Rr Andalusian
(18t generation) © \White, single  bb.rr Altb.r > rose (=F1).2
'y L] . From these gametes, besides com-
. o ® . 25% B.R ° %inations which will not breed true,
. . FleAndalusian, Bb.Rr 259 B.r we shall, in F2, get BR+BR=pure
® rose 25% b .R for black and rose, like one grgnd-
™ . 25% b.r parent; b.r+b . r=pure for white
F1xF1 25% B . R and single, like the other grand-
F1 Andalusian, B6.Rr 25% B.r parent; but also B.r+B . r=purg
. . rose 25% b.R for black and single; and 5. R+54.R
. 25% b.r =pure for white and rose—i.e. two
. . R . new pure-breeding strains.

1 These fowls have a rose comb as rose is dommant to single: i.e. rose appears even when only one R is
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This has’a curious, consequence. A mouse with the
formula cc.bb.GG, althoughy white, is carrying the factor
for grey, ready to act as soon as opportunity offers. *If this
mouse is crossed with a black one, the offspring will contain
cne C factor, one B factor, and one G factor, and, siace all
thele are domiflant, will all be grey like ordifiary mice. It is
like the appearance of the image on the photographic plate
when the developer is added. This atavism, or reversion to
an ancestral type, is not uncommon when different varieties
are crossed, and receives its explanation through Mendelism.

To be brief, we may say, first, that alP the characters of
a species are controlled in their development by definite
units or factors, which can be handed® on from parent to
offspring. Secondly, that all such factors are present in
pairs, one being derived from ¢he father, the other from
the mother. Thirdly, that when the seproductive cells are
formed, the two members of a pair separate frofh each other,
so that each sperm or each ovum must contain one member
of a pair, but cannot contajn both ; and, finally, that different
unit-factors are inherited independently of each other, so
that, by making the right series of crosses, we can build up
new races or varieties of animals by combining factors for
characters of different existing breeds. All kifids of charac-
ters have been shown to be inherited by means of unit-
factors——colgur, shape, size, fertility, vigour, oresis?ance to
disecase, abnormality, length of life. The external environ-
ment may often modify the way in which g character develops;
but the basis which can be modified at all, and the limits
of the extent to which it can be modified, are provided by
the faetors and their ififlugnce, during devel®pment.

* Through Mendel, the idea of the unit-factor was intro-
duced into the study of inh@ritartce. By the labouss of
innumerable workers, some of the best-know® of whom are
Bateson afld Pufinett in England, Baur in&ermany, De Vries
in Holland, and Morgan in America, his principl8s have been
shown to hold good for efery sgrt and king of characters,
*in every sogt and kind of organi.sm,éncluding man himself.
We shall next see how the most recent work is combining
« <he facts drawn from a study of thg chromosomes with those
confected with inhefitance by unit-factors. e
So far*we have been dealinog with®facts and principles
-]
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which, though oncg the subject of Jeated disp:xte, are now
accepted as proven by all biglogists. In the present one,
we ar® touching on discoveries so recent as to be still in
the region of controversy. The principles here set forth,
howeyer, though still not accepted by many men of science,
are rapidly gafiing ground, and are being tised as a lsasis
by the majority of gesearch workers in heredity. The writer
believes them to be true in all essentials, and certainly to
be far bettes as a working hypothesis to guide our future
advance than any othérs now in the field.

In our study of unit-factors, we saw that one of Mendel’s
laws asserted that unit-factors were inherited independently
of each other. This was the original form of the law, and
is true for many factors. But as animals were bred on a
large scale, and single spegies were worked on in an inten-
sive way, so as to study the relation of a great many separate
factors to &ch other, exceptions were found which have
made it nccessary to restate the law. In its new form, it
rons as fol]ogvs )} Umt-facto;s are inherited in groups.
Factors in separate groups are inherited independently, but
those in theesame group are linked in their inheritance.

(2) These groups of factors are not inherited entirely en
bloc, but, thbugh the factors within each group are linked
together, the linkage is not absolute. In other words, the
factors®f one group tend to be linked together in inheritance;
but the lml&ge i® not complete, and is of varymg intensity
for different factorg (3) The number of groups is constant
for any particular species.

Into the details of the second of the three points we will
not now entér. It is the fact,thdl a constant number of
indepegdent groups of factors do exist (and ‘this is undoubted
which interests us for <he moment.

I will be ®membered that observation with the micro-
scope revealed, thg fact that a constan® number %f chromo-
somes wasealso present in each species. It is, therefore, a
natural questign to ask whether‘there is any relation between
the number of group and the number of ohron]psomes So
far, on accoynt of the engrmous amount of time and labour
involved in carrymgooyt *the requiste number of breedmg
experiments, the question has only #een actually answvemd

for one genus, thowth researches with the same énd in view
- P . .7 [ ]
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are in progrgss on many animals and plants. The one form
where a definite answer has been obtained is a tiny fly called
Drosophila, the fruit-fly.: This is particularly suitatsle for
breeding experiments, as it can be easily kept; it has large
broods of offspring, and a new generation appears @about
onee a fortnight. In D. melanogaster, Mdrgan has now
records of several million flies, all wigh known pedigree.
To obtain a record of the same number of generations in
man, we should have to go back before the dawn of history.
Something like four hundred variatidns, or mutations, have
cropped up spontaneously in his stock, aed the inheritance
of most of these has been worked out. The result has been
to show that there are four groups of §actors, which is the
same number as the number ofe®pairs Qf chromosomes.
Further, the number of factors s¢ far found in each group
is roughly proportional to the length ofithe different chromo-
somes as seen under the microscope. MorgafR and many
others, therefore, concludg that the physical basis for the
unit-factors is to be fou%d in the chromosomes. If one
single factor were to be found not linked to any of the four
existing groups, the whole theory would haw to be given
up, as it would be impossible to reconcile five factor-groups
with four pairs of chromosomes. On the other hand, a
related species, Drosophila virilis, possesses Six pairs of
chromosomes, and six linkage groups of factors ha®e been
found in it, °and in Drosophila obscura the five discovered
linkage groups tally wit the visible five chromosome pairs.
Other facts conngcted with linkage indicate strongly that the
unit-factors are arranged in a row along the chromosomes,
like beaels on a necklace. In this, therefose, we trave an explan-
ation of the facts ‘observed in the division of chromogpmes.
From Morgan’s work in New Y¥York on Drosophila, it
seems almost certain that when the two chromosome® of
a pair uni® befere the formation of gagetes, they some-
times twist round each other and break across.e If so, the
pieces then join up again, bt aftef an exchange of partners,
so that eaclj of the resulting chrompsomes is made up of
one piece derived from one of the,original members of the
pair, the rest derived from the othern If the factors are
arrantsd along the chrBmosomes, then the nearer dwo factors
1 It has alsd been recently made alx:mst cer@in for the Sweet Pea.
(]
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lie in a single chromosome, the less chance ther® is t)f their
being separated from®ach other when this process of crossing-
over, as it is called, takes placet so that the closeness with
which factors stick together in inheritance—the strength of
linkage, as we say technically-—~should be a measure of their
actual distance, apart on the chromosome. -

Working on this hypothesis, Morgan has been able to
construct a map of the chromosomes of the fruit-fly, on
which are plotted the positions of the four-hundred-odd
hereditary factors yet investigated in the animal. Of course
the map, instead of being reduced like most maps with which
we have to deal, is enormously enlarged. Microscopic
objects are measured jn microns, each of which is the thou-
sandth part of a millimejre; and even though the longest
chromosome in the fruit-fly is only about 3 or 4 microns
long, yet we can be sure That it contains at least several
hundreds, and probabfy several thousantls, of these separate,
living, self-reproducing factors or genes.

What is more, each factor always keeps its place in one
particular chrotosome, and at a Particular spot within that
chromosome. Ihe chromosomes of one of the higher animals
thus reveal themselves as the most complicated piece of chemi-
cal machinerw known to science. They are composed of
thousands of separate particles, each of them capable of exert-
ing a paggicular effect on the developing animal, but all bound
together in aedefinife arrangement and in unvarging propor-
tions—a living necklace, each bead different from every other,
all tied together in a®definite order and pattern, and thus the
guardians of the general hereditary constanty of the race.

Of the exact,way in which these factors exert theig effect
during development we are® stiti almost wholly ignorant..
Biology s in about the Samg position that chemistry occu-
pied evhen Dajfon’s inner vision showed us the atom and
the molecule as the units of chemicgl gpmbigation. A
glimpse hasg been rfevealed of the kind of machinery that is
at work. This, in chemistry ang physics, led rapidly to an
enormous extehsion of ohr. control over, lifeless matter; .
new processes were dis‘covered, new compounds built up
from the elenfents to gervé diuman purposes. It is inevitable
that the same increase ®f control wilk follow in the rgalgy
of living things; onlwhere, because of the greater omplexity

- - LK o
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o .
of the Brolﬂems and the greater labour involved in keeping
and breeding animals or experiment, & will take longer to
achieve an equal result. o

From another point of view the study of heredity i 1s bound
up with that of variation. All livmg things vary—that is,
thg different irdividuals of a species differ fagm each’ other;
and it is clear that only through the fact of variation is
Evolutioh possible. Thus it is of the greatest importance
to know what are the causes of variation, and whether all
variations are heritable. Great strides have been taken in
this field too during the last twenty years. We can now
theoretically, and in many cases actually, distinguish definitely
between ° mutations,” which are due tQ changes in the con-
stitution of the animal—in the hergditary factors themselves
—and ‘ modifications,” which’ are due to changes in the
environment, and cause the safne constitution to develop
in a different way ftom the normal.’

If one were to take a random lot of several thousand beans
of the same garden variety and weight them, one would find
that the weights could be affanged in a continuus series, beans
with weights near the average being the most numerous. If
one were to breed only from the heaviest beans, in the next
generation the average weight would be highar; and if this
process were repeated for several generations, the average
would go up very considerably. Eventually, however it would
stop increastng and further selection woulgd have no effect.

This was carried out in practice by the Danish botanist
Johannsen, who by flis further anal9¥sis, enabled us to
understand the reason for the facts. Beans are self- fertilising ;
s0 thay if, instead of treating the sample as agwhole, he kept
+he beans produced from &ch® plant separate he could be
sure of dealing with a heredigarily, pure stock, or’as it is
usually called, a pure line. He then found ghat eachopure
line showed a cgrtain range of variation m the weight of the
begn it produced, but that selection withia a, single pure
line had no effect: whether he bred from the lightest or

+from the heaviegt beans of one, plire line, the’ average weight
of the desfendants was always theosame

The interpretation of these resiilts js this: the hereditary
cenﬂtution of each pure line, theSsum total of its factors,
is a constant quantity. The observed differences in weight

T
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shown by the beans produced by a single pure®line are due
to external factors—the degree-of nourishment in the soil,
the amount of rain, the positfon of the bean in the pod,
of the pod on the plant. These ‘modifications’ do not alter
the hgreditary constitution of the stock any more than
freezing or bailing alter the chemical compdsition of water,
although they so prqfoundly alter its appearance an.d proper-
ties for the time. In the first experiment, where an alteration
of average wejght was produced by selection, all that was done
was to isolate certain pure lines with high average weight from
a large assortment, of lines with very various average weights.

Numerous other experiments of a similar nature have
been made and simgilar conclusions reached. The main
result, enormously impomtant not only for animal and plant
breeding, but also in its applications to human heredity,
is that so-called °agquired characters,” in other words
modifications caused by the environmerit, and those resulting
from use and disuse of organs, are either not inherited at
all, or else to such a slight degree as not to be of any great
importance in *heredity and evolftion. Docking dogs’ tails
for generationg does not cause the birth of puppies with
shorter tails, any more than the muscular development
resulting from® blacksmith’s work produces better muscular
development in his children. Chinese women are not born
with abmormally small feet; nor would an English child
brought up %n France by French foster-parenYs have any
more tendency to speak English thap would a French child.

What then is the Cause of the variability which, as Darwin
and his successors showed, is universal in nature? What is
the cause of the diffgrences between the pure linesewhich
Johannsgn used ? What is the Origin of afl the differences
in character which are inhemted according to the laws of
Men8el in wildend domestic animals and plants ?

If a pure stock, Jvhether of animal oreof plantseis inbred,
we get a puse lihe, or at least a line which is pure for many
characters. Every now afld them, however, one or a few
individuals of the stock jwill be found to ke different from e
the rest. When tested by préeding, the peculiarit} is almost |,
always found 1o be inperited according to Mendelian rules. .
‘In other wopds, what h48 happened h#s been that a sikgle
hereditary factor hae altered, and altered permdnently.
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Such an alération in the hereditary constitution is now called
a mutation. Mutation$ have been seerf to occur in many
animals and plants. The most extensive series have baen ob-
served in our friend Drosophila. This little insect has red eyes
and a grey body. Mutations giving white eyes, pink eyes,
miRiature eyes,mo eyes at all—yellow and black body-colour
—curved wmgs short wings, rudimentgry wings—different
arrangements of bristles and hairs—an extra pair of legs—
different degrees of fertility—different length of life—differ-
ent resistance to unfavourable conditions and to disease—
different instincts—all these and many others affecting every
sort of character, whether -physical or mental, structural or
physiological, have been seen to originatg in pedigreed cultures
to breed true, and to be inherited aceording to Mendel’s laws.
As a result of these and many, other observations, we are
now in a position to assert deﬁmtely,,ﬁrst that whenever a
difference between twd varieties or species is found to depend
on a Mendelian heredltary factor, we can be reasonably sure
that the difference of character was originally brought about
by a mutation in a single f&tor. In general, tfe mutation will
be in one of a chain of factors; then the resyjt produced by
the whole chain is affected, e.g. a mutation in the colour-
producing factor C of the mouse can give alsino mice, but
the difference between albino and grey mice depends on at
least three factors, not on one only. Secondly, thie appar-
ently spontefneous change or mutation of singR factors has
been and still is probally the most important soufce of the
new departures w1’thout which evolution &ould not take place.
The most obvious mutations are those which produce
large effects; and it has naturally been these which up to
¢he present havé been chleﬂy ‘studied. But there ds good
reason to believe that very esmall mutations, producing
small quantitative changes in size, in shape, in gr@wth,
in fertilityp in aetividy, have made the mgst 1mportant con-
tribution to evolution.
That difference in size may be dy to a number of Mendelian
«factors, whose gifferences in -theif, turn must be due to
mutations, 1s shown by various dregding expemments When,
. Jor instance, two races of tobaceo plgnt with®very different
stze29f flowers are cfvssed, the first generation, has flowers

which ar8 uniform in size and intertediate between the
Y o ©
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flowers of the parents. But when a.second gener.ation is
raised from these plants it presents®a very great diversity
of flowgr-size, the small and large sizes of the original parents
being recovered or.even surpassed. From this assemblage,
varieties could be obtained which bred true and showed
differeht degregs of flower-size. This means thgt the diﬂ'ere.nce'
in size between the flowers of the parent stocks was due to
several Mendelian fdctors, each one of which causes a slight
amount of increase in size. On no other supposition can
one explain the uniform and intermediate first generation
followed by the great range of diversity in the second, and
the segregation of true-breeding stocks in it. Similar results
have been obtained with different-sized strains of such
diverse organisms a$ foyls and maize.

If it is the hereditary constitution which determines what
any animal or plant shall be® then even the differences between
species shoyd be dut to differences in Mendelian factors.
Where the offspring: of species-crosses are perfectly fertile,
this often seems to be true. When two wild species of snap-
dragon, for mstance, were crossed, the first generation
was very uniform and showed characters intermediate between
those of the to parents. But in the second generation an
overwhelming variety of types appeared, differing from the
two original species in colour, shape, size, habit of growth, and
every other conceivable character. True-breeding stocks could .
be obtaineddrom them, and there was no escaping from the
view that the differences between the original species were due
to differences in a considerable numbtr of factors; a difference
in fifteen factors would give over thirty th@usand types in the
second generagion, and this is approgimately what wag found.

We must now ask what® bearing theseediscoveries havg
upon hhiman heredity. Itis ¢f course impossible to conduct
conwolled bregding experiments on man, and without these
it is often impossible to determine the inherigance of a
character. Butwéknow that certain well-marked characters
(such as eye-colour, or the abgormal condition knowi? as
brachydactyly,*in which te joints of the fingers are one too,
few) are inherited in M%ndelian fashion, ahd we know that
man possesses chromosofes; and we can have every con-
fidence that the laws Yosnd to hold ggod throughout highlT °
animals and plants gill apply also to him. . = ®
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If suéh io the mechanism of heredity, such the process
of variation, it remaims to ask what econclusions we are
to draw as to the way in which evolution has occygred.

It was supposed by Lamarck, the great French zoologist
of the beginning of the nineteenth century, and by his

- followers, that gequired characters were regula.rly transmitted
and that their inheritance was the chief factor in evolution.
It is known that use strengthens and disuse weakens many
organs; that the stomach of a sea-gull fed on corn will
become hardened and thickened to cope with®the unaccus-
tomed food; that many animals and plants have quite a
different appearance according as they dre brought up in
the warm or in the cold, in damp or dry surroundings;
that training and effort are necessary to ntellectual and moral
achievement. It seemed therefore natural to think that
changes produced in this way sh8uld be handed on to future
generations; and by many it was felf*that if they were not
thus handed on, then half the spur to human effort would
disappear. .

But facts take no account of what weohuman beings
think or desire; and with the establishment of the pure
line idea, and the discovery that the hereditdry constitution
consisted of definite units of living substancg arranged in
a definite  way along the chromosomes, the matter took
on a different aspect. In the first place, it was q,eﬁnitely
shown that many acquired characters wereno: injerited. And
secondly, it became clear that the real pr(ﬁ)lem befere us was
to discover how to alter® the hereditary oonstitution at will.

In the ‘past, Evolution seems to have depended mainly
on the random occurrgnce of all-sorts of r.nutations; and
the sefection and survival of such orfganisms as possessed
mutations which were favourable in the struggle for eRistence.
Man must aim at replacing This §low-worl%ing machénery
by one mqye rapid, this blind and accidental process by one
inspired with c8nscious purpose. ° .

But revenons & nos mougpns— our chromosomes. We
Jmnay sum up by saying that the hereditary constitution
of any onganisfh consists ofea g$reat number—probably
thousands in the higher animalg2-of unit-faotors arranged

* “th two single rows ¢ series insidd the nucleus; that this

sCrig® is cut up into what we see and call the citromosomes,
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for the sake of convenience of handling at cell-dividlon, etc. ;
and that the presence of one series—in "other words, of one
set of unitefactors—is necessary for ievelopment to occur and
for characters to be handed on from parent to offspring.

It will pe seen that the observed fact of the chromosomes
being present in pairs fits with the fact of unit-factors being
present in pairs, and that the reduction of the chromosomes
explains how only one of each pair of unit-factors is present
in any of the rgproductive cells.

If the reader has had the patience to follow the discussion
till now, he will see ¢ghat a new way of looking at animals
and plants is opened to our intellect, We must think of them,
in the first place, as bejpg produced by the interaction of a
great number of separate particles of living substance, the
factors, each one a separate m}it in the original fertilised egg,
and each one capable, of undergoing lasting alteration
(mutating) quite independently of the r&st. Secondly, we
must think of ourselves and other organisms as being
essentially double, with a complete set of these units from
father and mothér alike. Thirdly, fince these units can be
inherited more o less independently of each other, sexual
reproduction means first a reshuffling of the factors, and then
a recombinatior? of them in new arrangements. In other
words, if a useful variation in one character has occurred in
one animal, and one in another character has occurred in
another, sexu# repgoduction gives the opporttinity for
these two stparate useful characters {0 be combined in a
single breed. (In pasfing, it may be remarked that this is
probably a reason for the almost universal occurrence of
sexval reproduction both in animals and plants.) Fourghly,
we know that these mutations ih sifigle factors®are constantly »
happening. At present w¢ doenot know how to produce
mutati®ns; but the belief that we shall eventually be able to
do so underlies our york, and once we have giscowered the
way, our knowledge of the laws of heredity will enable ug
to build up improved races ‘9f anienals and plants as easily
as the chemist now builds yp every sort and kigd of substance
in his laboratory. In a wogd,*Mendelism made if® possible
for us to represent the hereditary composition of an organism _, _
by a formula., Morgan’s €cent work issmaking it possijice
to represent that comsosition by a structural formmla.
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THE INHERITANCE OF ACQUIRED
CHARACTERS! .

L L[] .
ngE inheritance of acquired characters is not only a question
of the greatest theoretical interest,® but also one of out-
standing practical importance, since with it many educational
and social principles and practices stand or‘fall. It is worth
while to summarise how, to most biplogists, the problem
of acquired characteristics and their inheritance looks
to-day, since the discoveries and analyses of the last quarter-
century really put the matter inga new light. It is no longer
of any use to discuss it from the standpoint of Lamarck
or even of Weismann—any fhore than it would profit to
discuss the transrmutation of the elements from the standpoint
of the alchemist or even of Mendeléef or any other worker
of the pre-radium era.®
Thanks to the discdveries of MendeP and their later
extension by workers such as Bateson and %specially Morgan,
we can now identify with certainty what Weismann could
nly guess at, and Darwin not know of at @ll—the physical
gasis of inheritance. This is constituted by the so-called
ghromosomes (word as yet unfamiliar to the mgan in the
street, but which he will have to learn Jjke awom or electron),
or by some part of them. The chromosomes are elongated
bodies, and along thelr length is stretced the stuff of heredity.
This is compoSed of units, the so-called Mendelian factors,
whigh are arranged im a definite order dowg the line, so that
each factor isenot only Ivdgdd in a particular chromosome,
but has its particular and,unvarying station Within that
chromosome. Alternations in factors (* mygations ) produce
characteristic gffegts on the characters of the animal, different
lcinds of effects for different factors® Thus,so far as we
can see, the hereditary constitution consists of definite

chemical unit%? united in copsfant proportion and position,

and combining to make the éigvelopment of the animal

1 From a review of The Inherisance pf Acquired Characters, by
Dr. kPauL; Kammererp translated byS\. P. Maerker-Branden, New
, 1924, -

o 84
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(or plant) proceed in just one partlcular way———when in a
standard environment.e

In a stgndard environment : thm is where the next stage
of the analysis begins. Some people who study education
are so impressed with the environment’s power that they
ascribe eYerything,to environment: while many who haveg
had to do with the science or the practice of breeding make
equally sweeping statethents about heredity and its *omni-
potence. Both are quite wrong. In a sense both environment

- and heredity ard omnipotent, for the best be-chromosomed

—

4

A

ovum will only develop within certain limits of temperature,
light and other environmental agenc1es and other eges in
the best surroundmgs may die or give rise to monstrosities
because of defects in tHeir pereditary make-up.

What most people forget is that in this whole problem
of the analysis of inheritance,%e can only study differences.
We see that twp animaf§ or plants are défferent from each
other, and we try to discover the cause of the difference.
Sometimes we find it due to a differ¢ice in the environment
in which they grew up; sometime® to a difference in the
hereditary factors with which they are provided: voila tout.

It is clear that %ne and the same set- of hereditary factors.
might react qujte differently to different environments:
for instance, fish which grow up normal when in normal
sea-water gossess but a single Cyclops eye when grown in
magnesium chioride | solutions; female ant-eggse on one
kind of food become queens, on another soldiers, on another
workers. Such facts ase remarkable efough and important
enough: but they are in principle no mdre remarkable
than the fact thaf a pure paraffin wax. remains solid bglow
a certain temperature, But becemes liquid abeve it, or that
sulphuric %cid reacts with ong metallic salt to give one
result, with anotlger to give another.

The extraordinary power of the environmgnt gver inglividual
development is well®shown by facts like the following.
If a tendon like the Achilles tendg of an animal is cut, it
will heal again. “If, howevef, the calf muscle which pulls
on that tendon is at the sanf time put out of acfion by cutting
its nerve, the tendon does hgt heal properly, but only an
1rregu1ar mass of connective tissue fills tde gap. Finally, if =~
in such an anirhal a silkgthread is healed into the wouwd, afd *
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slight° terRion exerted on it day by day, a little tendon is
formed along the thread—at right fingles to the original
tendon’s course. It has leng been well known thaj tendons
are wonderfully adapted to their function, both as to their
strength and their direction. We now see that we need not
postulate special hereditary factors for each.nuance,'but that
given the fundamental property of tendon-forming tissue to
lay down its fibres along the lines &f greatest tension, all
the rest follows directly as the result of the strains which use
and the form of the skeleton and the muscles put upon it.
Similar principles hold good for the detailed architecture
of bones, the size of muscles, the course of blood vessels
and other ‘functional adaptations’owithin the body.

All this, as you see, has nothjng to do with inheritance.
Fundamentally, the theory of the inheritance of acquired
characters asserts that change® induced by the environment
in the developing® organism tend Yo becorge fixed in its
hereditary constitution so that they eventually appear whether
or not the same kind of environment that originally induced
them is there or no. © e

It has also in recent years often been extended, in ways
quite different from those imagined by Lamarck, its original
promulgator, to ask simply whether the heredisary constitution
can be affected from without. And this is really the best
way to put the question, for it is the most genergl form in
which it €an be put, and the truly Lamagckian theories
would constitute only special cases of it. ‘

Can the hereditary® constitution be®permanently changed
by environmen?!? That, then, is our question. It is clear
that,, theoretically, ite should be pgssible.to induce such
changes. The hereditary Constitution is seen to be something
material, which only our lgck of knowledge pfevents us
from defining chemically; and as such it gnust be possible
to alterct. The gemarkable fact, however, is its stubborn
rgsistance to alteration. Sixty-nine gerférattiong of flies bred
in the dark, and yet no altgratiomsin their eyes or their instincts
with regard to, light. Ninety fdenerations df an attempt to
raise theR resistance to heat by actlimatisation and selection
~ —Without result; indefinite tithe gpent by dandelions in

othe lowlands not ereventing their reacting to mountain
conditians immediately by changing, size, form, and pro- .

o ©
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portions—or vice versa on replantmg from mbuntam to
plain; the failure of tendons to. form except under direct
stimuluse of tension (see above) ® the failure of children to
learn their own language quicker ’than a foreign tongue—
conditigns of course being equal—et cetera.

When changgs do occur in the germ-plasm, they ase
usually of the kind kijown as single-factor mutatlons Great
numbers of these have been described, especially by Morgan.,
Naturally they must have a cause; but so far, no one
has succeeded In discovering what it may be, or relating the
changes in any way {p environment. So far as their connection
with external conditions goes, these inner changes can only
be described as spontgneous or random. Indeed, although
each cell of the body normally contains two similar specimens
of such Mendelian factor, mutation can be shown usually
to occur only in one cgll of the thousands in the body, and
only in one ok the two factors within tHat microscopic cell.

There are a few cases on record where treatment appears
to have induced mutation and so caused hereditary change.
Many of the exferiments, however *were carried out without
proper controls gr full understanding of the pitfalls that lurk
for the unwary in the interpretation of results, and, leaving
for the moment Kammerer’s own work on one side; we are
left with perhaps a dozen or two dozen cases where the desired
result may possibly have been achieved, but where rein-
vestigation is mecessqry for certainty ; and three or Your where
it probably has been achieved.

What is emerging® more and more clea;ly, however is
that even in the more probable cases the effect is rare and
uncertain, affecting onjy a very few ©of the spec1mens- sub-
mitted tq the treatment.!  ° .

Now Dr. Kammerer claims bimself to have experxmentally
demofistrated the inheritance of acquired characters in
salamanders, in toads, and in ascidians. «In ghe b#ief space
at my disposal, 4nd at the risk of seeming curt, I can’ only
say that his work has not‘cametl conviction to biologists
as a whole, and ‘in partlcglar to those who qught to be best
qualified to judge—the stugents of heredity, with” Bateson,
Baur, Morgan, Goldschmidty and Johannsen at their head. ,»<

1E.g. Jollog's experiments with paranfecium, Guyer s wishe
rabbits, and Harrison’s evith moths.
® 0 .
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No one h&s ever been able to repeat them, and dlstmgulshed
workers like Herbst®have obtained uite opposite results.

It is a sad thing whenea man has spent half g lifetime
on researches which his c‘olleagues will not accept. However,
let us not forget that it is not always the orgamsed body
of the science which is in the right ! Luckily in his’ experi-
ments with sea-squirts he has given us something which can
readily*be repeated and tested ; and %his is, I believe, now
being done Till then we must bring in a verdlct of ‘not
proven.’

How difficult it is to be certain in guch experiments is
shown by facts such as these. A few years ago it was claimed
that ¢ waltzing > habits induced by rotgtmg rats at high speed
over long periods (an experiment, primarily carried out with
reference to the equilibration of aviators!) were inherited.
Later painstaking repetition- by°one of the leadmg American
geneticists has shbwn that the inheritance is probably
apparent only, the motion causing a decreased resistance in
the ear with consequenf bacterial infection, which, once it
had got a hold, infected subsequent genefations, with the
same result of running in circles. Or again, g year or so ago,
the famous Russian physiologist, Pavlov, claimed that he
had found the effects of training mice to be inherited, the
animals needing fewer and fewer ‘lessons’ to achieve a
certain trick as the generations went on. Two independent
American ®workers, however have repgated the experlment
with quite negative results. One possible explanatlon is that
Paviov, who had not previously worké&d with mice, mistook
the effects of gridually improved treatment on tameness and
health for true inheritance.

One is always asked what &xists as a possxble alternatlve
to the inheritance of acquiged gharacters if we® wish to
account for progressive change in evoluthp It is sirange
that Dagwin’s thepry of Natural Selection seems never to

ve .been properly assimilated by the® average man in its
sixty-five years’ life, especéally new that the neo-Mendelians
such as Morg%n are finding .su%h strong cbrroboration for
its postul‘ates

If variation (mutation) occurs, a§ it appears to, in all

ctions, the struggle for existtnhce will ensure that only
those which are in the ‘ right* directipn shall ‘be preserved.

o ©
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The very real difficulty exists that the® greater giunfber of
mutations whose ogcurrence has baen observed have a
deleterious effect. Even if we pQ'ssessed a complete sample
of the thutations that occur in a given time, this would be
expected, since change is apt to throw delicate mechanisms
out of egear: but we almost certainly have not a complete
sample, since the mutations which exert stril&ng and oft®n
monstrous effects aresthe most likely to be observed, while
those which are likely to play a part in evolution, namely
mutations of esmall extent, often affecting physiological
character instead of structure, are very difficult to detect.
It is, however, confoling to find that Mr. R. A. Fisher, the
statistician, has demonstrated that very few favourable
mutations are quite sufficient to provide the raw material
for progressive evolution.®

The great question is, of comrse, the genesis.of the hereditary
variations, As we have already seen, gumerous mutations
occur which a.ssuredly have no definite relation to use or to
environment. These must provide some of the raw material
for selection. Ieis further highly pgobable that we shall find
special cases in which the environment can be made to alter
the germ-plasm® and that some of these alterations will be
adaptive. But jn spite of all the work that has been done,
we have only established the very definite certainty that to
a great many apparently potent outer influences the germ-
plasm is 'quitg unresponsive. The old Lamarckign is dead:
the inheritance of &cquired characters is of a certainty not
the universal provider which it wa® once thought to be.
It remains to be seen what the more srestricted * new
Lamarckism ’ may finally bring forth,



THE DETERMINATION OF SEX

SEx appears tp be absent in one great gropp of organisms,
tfe bacteria. There are also here and there & few species of
plants which only reproduce a sexually—Some kinds of banana,
for instance, never set seed; it is therefore clear that sex
is not a necessary accompaniment of life. Why, then, is it
so widespread ? »

A partial answer at least is given by the well-known
facts of Mendelian heredity. Through sexual reproduction,
the factors in the chromosome§ ar® at each generation
shuffled and recombined in new arrangements; and this
provides the possibility of comPBining separate advantageous
mutations in a single stock. If, for ifistance, g tall pea with
green seed-coat is crossed with a dwarf pea with yellow
seed-coat, all combinations will occur in the second generation
—tall yellow, tall greem dwarf yellow amd dwarf green.
If tallness and yellow colour happened to be more advant-
ageous than dwarf size and green colour, tfen it is obvious
that any race which possessed both these characters would
be well placed in the struggle for existence. If crossing were
impossible, such a race could only arise if both the f%vourable
mutations evere to occur in one line. To put §t in the most
general terms, we may say that, if xoseparate.mutations
arise In a species in a Biven time, then &f sexual reproduction
does not exist, the result will be x-+1 varieties; but if it
does gxist, then by regombination 2x varieties are possible.

. If the number «of mutations had beén ten, the number of
varieties would be eleven in tl&e one event, 1,024 in the other.
The existence of sex thus obviously favours constmictive
change, gnd makes, it possible for a species, 9f the conditions
in which it find$ itself alter, to adapt itse§f maich, more rapidly
15 them. ° .

. It has been supposed that sqxtfal fusion ofscells was accom-

panied by soffie mysterious» rejilvenation, without which

- the race would die out. This, Rowever, is becoming more

:and more doubtful, For one thingpit*has been found possible

y special treatment to keep variogs uniceflular animals

L] Dﬁ)
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like the slipper animalcule (parameciu?n) reproducihg by
fission for apparentlysindefinite periods without any sexual
process of conjugation occurring, although conjugation is
a normal process in their life-history. '
The evil effects of inbreeding were supposed to proceed -
from a similar lack of fresh blood, from the agsence of that
fusion of gamétes from different stocks which normalfy
happens in sexual reproduction. Here again we are new able
to give a different and more satisfactory explanation. In
an ordinary amimal or plant, mutations are occurring all
the time. Many of these are unfavourable—they represent
little accidents to tBe factors, to the machinery out of and
by which a normal organism is built up. But most of such
harmful factors are recéssive; thatis to say, if they are carried
by an individual which is 3lso carrying the dominant factor
of the same pair, no visible effects are produced; this is so,
for instance, ir.l the case of tall and dwarf peas, which when
crossed give hybrids containing the factors for both tallness
and dwarfness, and yet are indistinguishable by inspection
from their tall parent. In a large gross-bred population, it
will be only rarely that individuals containing two of these
harmful recessi® factors will be segregated out. But if
inbreeding is practised, a little calculation will show that
it will produce a number of different stocks, each of them
pure for some particular combination of the various factors
which were pgesent in the original population. As a result,
the recessiye factors will segregate out pure, in double dose,
in a number of these §tocks, and will éxert there any harmful
effect they may have; and the general average of the popula-
tion, in vigour, health, size, and fertility, will go down very
considerably. But the®poor $ypes can now,be rejectéd by
the breeders; and the good ty.pes which are left are known
to be gure and to possess"no more harmful recessive factors.
Thus, if the go8d types are now crossed together. a stock
will be produced wshich is as good in 'ap;fearance as the
original, and has the furtheg merit.of not containing harmffl
£ecessive factorseand therefere not continually producing a
certain proportion of Mow-grade individu%ls. hus the
immediate effect of inbreeding on a large mixed population
is bad; but if it is judfciemsly practised, it may be the Ges *
means of buitding up & bure healthy stock. That jf canfidt
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be alwhiys and inevifably bad is shown by the fact that there
exist some animals and a number of plants in which self-
fertilisation—the most rigid form of inbreeding possible—
is the invariable rule. In brief, it may be said that our
understanding of Mendelism has made it clear that in-
breeding is only bad when hidden harmful factors exist in the
sfock, and that it is harmless and eveh*good when the
stock’s hereditary constitution is a goodeone. The ecclesiastical
prohibition of the marriage of near relatives is thus seen
to be only conditionally justified on biologieal grounds.*
Two quite distinct processes are involved in the fertilisation
of egg by sperm which occurs in the orflinary sexual repro-
duction of man and most animals. First there is the fusion
of two separate nuclei, two single set® of chromosomes, and
the consequent shuffling and recofnbination of the hereditary
factors. In the second place, there is what is usually called
activation—the stagting-off of the egg upon its career of
growth and development. In most species, %if fertilisation
does not take place, the egg remains inert, and sooner or
later perishes. However, in some animals, such as aphids
(plant-lice) and water-fleas, the egg is capable of developing
without this stimulus. Such forms are called$arthenogenetic.
The bee is of especial interest, since the males, or drones,
are fatherless, produced parthenogenetically, while the queens
and workers all arise from fertilised eggs. In the course of
evolution, @& change must have come about so that Sctivation
is no longer carried out by the spermPbut by gome other
means. What in these ‘animals has, happened naturally,
has for otherse been accomplished artificially. In many
creatures, such as segq-urchins and starfish, marine worms,
molldscs, and gven frogs, i has been found Possible to make
the egg develop without sperm. In sea-urchinse the best
method is immersion in certflin chemicals; in starfigh it is
heat or shaking; in frogs it is pricking with an extremely
fine glass needR which has been dippeddn Rlood. The result
s the same—that father%ess individuals are ®produced by
man’s intervention. Some of the fathesless frogs havg

o . o
1 The sﬁmulating effect which qften follows a cross between
markedly different stocks, while algo exp}icable in terms of factors,
“is~due to rather complgx causes. Thesseader is referred to the book
East gnd Jones, Inbreeding and Outbgeeding. .

°co° . -~ .
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been raised in the ordinary way, and gre appareﬁtly healthy
in every respect. THis shows us that the sperm normally
performe two functions: it contrtbutes a quota of hereditary
factors from the father to the developing embryo; and it
activatgs the egg, probably by chemical means, to start its
career of growtheand division. This artificial parthenogenesis
has so far only beey tried upon animals which lgy their
eggs into the water before fertilisation; there can be no
doubt, howevgr, that it is theoretically possible in other
forms, and that it would be only a matter of surmounting
technical difficulties (although these would doubtless be
very grave) to apply it to mammals and to human beings.
Whatever the origipal reason for the wide occurrence
of sex, whether the greater plasticity it confers, or some
more primal reason still, in gny case, once it was established
it reacted markedly upqn thei;ter history of life. The gametes
are primitive® alike; then a division® of labour occurs,
and the male gamete or sperm takes pn the function of finding
the female gamete or ovum, which is concerned with storing
up food-material for the future development of the embryo;
then the indiviguals which produce the different gametes
became different in other ways, the male generally more
active, the female generally more passive and concerned
with the nourishment and care of the young. As mind
developsp new complications arise; in the first place, the
female requir®s to e courted and stimulated, het emotions
roused, before she will yield to the jpale; from this cause
there have arisen th® elaborate and wondgrful ceremonies
and displays of courting animals, associated often with
special colourse and structures. Sofnetimes the reswlt is
grotesqug, as in the wattles and %are colouted skin of the
cock turkey, or the coloured mosteriors of many male mon-
keys ;®*more often the effects are striking, as in the gleaming
metallic patches on {he legs of many male spéders, ®isplayed
to best advamtake during their strange courtship dancggs;
or they are of real beauty, H](e the?song of the nightingale or
the thrush, the coloursgof ¢he cock hurgming-bird, the e
plumes of the egret, the tgail of the peacock. 1t may be
indeed said that the semse_of beauty has mainly sprung ouf, =
of the relatiqn of the sexes, and that the actual beautyf.',fo
animals, where it do® not depend simply upon rtgularity
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of form, of upon the sense of power or of speed or of vitality
produced o1 us by certain-creatures, if due originally to the
existence of individuals of separate sexes with emotions
which must be touched before sexual union can be con-
summated. Finally, in man himself, recent work in psyghology
has shown timat our instincts and the em®tions associated
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F1G. 2.—Diagram of reduction and fertilisation in an animal with
XX-XO sex-determining machinery. The female has fourteen
chromosomes, twelve ordinary chromosomes (autosgmes) plus
two sex-ehromosomes (XX); the male thirteen, twelve auto-
somes plus one X. All the eggs will ha%e 6+X, while of the
sperms half will haves 6+X, and be fgmale-determining, half
6+0, and be pale-determining.

with ¢hem are the drfving fogce of our actions; that the
* most primitive ‘instincts, such as those of fear ang of sex,
are perennially active in us¢ but that the human mind
possesses the power called by psychologistscthe sublifation
of instin®s, wkereby the instinct becorges directed towards
asher objects—its driving force harnessed t® new, more
exalted, and more spiritua ends.' So fear bgcomes the basis
of reverence aed awe, the sexual ginstinct gives rise to the
highest sympathy and most udiversal love.
ex is thus intertwined, inevijtabdy and fundamentally,
quith all our activiti®s and with our very being. Man and
woman Hiffer from each other, notfonly in body but in

o ©
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mind; and such is our mental architecture tifat tLere are
few activities of Mfe in which th& sex-instinct, however
transfqrmed and sublimated, edoes not play some part.
It thus becomes of the greatest interest to discover the’
mechanism by which sex is determined, and to find out
whether by any means we can bring it under our confgol.

To do this it is necessary to revert once more to the lower
animals. In discussilg heredity, we said that the chrdmosomes
of any species were present in pairs, the members of each
pair being sinfilar. In a number of species there is an exception
to this rule. In gertain insects, for instance, while all the
chromosomes of the female can be arranged in pairs, those
of the male cannot. ,On closer examination, this is seen to
be due to the fact that thegnale has one less chromosome than
the female, and that therefore it only possesses one instead
of two of one particular %ind of chromosome. This sort
of chromosqgme has Been called the X&chromosome. When
the female comes to form eggs, ordinary reduction occurs;
the two members of each pair séparate from each other,
and all the eg®s receive one X. ¥n the male, however, the
X has no matg to pair with; accordingly half the sperms
will contain an X, half will be without one. If a sperm
with an X fertilises an egg, the result will be XX—in other
words, the constitution characteristic of a female; whereas
if the ‘ go-X’ sperm fertilises an egg, the result will be X—
in other wouds, a gnale. As the two sorts of sperm'will be
producedsin equal numbers, an equal number of XX and X
embryos will be fotmed, and this Will result in an equal
number of males and females (Fig. 2). *

A similar state of affairs is to be found in many, other
animals, including cattle, hotses? and pigs.» In other cases,
including man himself,, thee male, instead of possessing
simpdy an ynpgjred X, has an unequal pair of chromosomes,
one being like the two found in the feynalg, and therefore
called X; the othe? unlike,"and called Y. Here again theye
will be two sorts of sperms; the X-bearing will produce
females, the Y-bearing will produce males.

Let us now turn to the results of breeding efperiments.
Besides ordinary Me‘ndehan inheritance, there has for
some time been knows® another type, called sex-lh@
inheritance. *An exargple will make this clear. Aemutation
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producin‘g waiite instead of red eyes was discovered in the
fruit-fly Drosophila. When, a white-eyed male is crossed
with an ordinary female, all the offspring are red-eyed,

_ showing that white is recessive. In the second generation,
there appear 75 per cent. red-eyed animals and 25 per cent.
wh%e-eyed, as ia a normal case of Mendelian.inheritahce-—
but the white-eyed individuals are all males. Still more
strange, if the cross is made the other wfy, between a white-
eyed female and a red-eyed male, a quite different result is
obtained. In the first generation all the daughter$ are red-eyed
like their father, and all the sons white-eyed .like their mother;
in the second generation, 50 per cent. are white-eyed, and
males and females are equally affected.

The fruit-fly is one of those anymal§ in which the male
possesses one X and one Y chromosome. If we suppose that
the Y is inactive—a supposition®which is, as a matter of
fact, borne out by other evidence—thi$ curioussand at first
sight very puzzling form of inheritance is exactly what we
should have to prophesy athematically, if the factors for
redness and whiteness of ceye-colour were sftuated in the
X-chromosome (Fig. 3). That this view is correct, at least
for the fruit-fly, has been definitely shown. Tertain stocks
of the fly were found which gave exception to ordinary sex-
linked inheritance. These exceptions were to be expected
if, through some accident to the machinery of cell-djvision,
animals were to have been produced which gontained a
Y in addition to two X’s; and when the stock was examined
microscopically, iE was *actually found ethat this was the
case.

Exactly similar sex-liaked inheritance is fQund in most
ather insects, in mammals, aftd in man Rimself. For instance,
the human diseases known as hemophilia (habitual Bleeding
due to the inability of the blood to clot) and %ight;blind::xess
are transmigted if thjs way. It is also found in some plants
in é%hi‘:h the sexes are borne on separateindividpals. Since
in Drosophila the association of sex-linked factors with
X-chromosomes jis certain, ’cmq ifi many otler animals in
which simil&r sex-glinked factors eccusS the male also possesses

LAsingle X, oran X andaY chrbmosome, we may safely
s@hat sex-linked inheritance ifkpﬂes the existence of
sex-chromesomes different in the two sgxes, and vice versa.

. e ©
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Fic. 3.—Sex-linked Inheﬁgance of White Eye in Drosophila.
Females on left, males%ngight. The sex-chromosomes behgaigur™
is represqnted diagrammatically; the X-chromosome beawifig
the factor for red aye is represented in black, that®bearing the
factor for white eye in outlige. .

ﬂ?eproduced JSrom ¢ Mend®ism,’ by Professor R. G. Punnett, F.R.S.,
by permission of the Author and of Macmillan & Co., Ltd.)
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It is a curiou® fact that in birds and in butterflies and moths,
while sex-linked inheritdnce eccurs, it is Seversed; it is the
female, not the male, in which sex-linked characters ysually
appear, and the facts can only be explained if we suppose
that in these animals it is the male who possesses two X
chrgsnosomes, tiee female but one. This supposmon has been
proved to be true in the domestic fowl gnd in some moths,
where the microscope reveals that the females have one less
chromosome than the males.

From all the facts, we can, I think, be sure that all the
higher animals possess special X or sex-chromosomes, two
in one sex, one in the other, by whose agency sex is determined.

What must ‘the precise action of jthis machinery be
supposed to be? What, for instanse, is its relation to the
so-called secondary sexual characters, all those which,
like the beard of man, the voice of the nightingale, the
plumage of the pheasant the sexual instincts of many
animals, are different in the two sexes, but not directly
concerned with the reproductive organs? Here again,
recent research has given % a definite answef. The factors
necessary for the development of the charggters of both
sexes are present in all individuals of any of the higher
animals, but normally only those which_ are proper to one
sex actually develop. The presence of one or of two X’s
acts like a switch, which alters the condition in the dewsloping
embryo in sufh a way that in one case only the mate characters
can reveal themselves, in the other case the female characters.
A female animal contains, locked withift the chromosomes
of her cells, the factors which in other circumstances could
combing to build a males the male contgins, ngver expressed
in actuality, the constitution®” of % female. That this .1s SO is
shown definitely by the facts cobsefved when two species
are crossed. The males of different species of pheas@nts,
for instanco, differ fsom each other very much in plumage,
whilg the females are all more or less drab® and alike. If
a female Reeves pheasant 1s:crossed with a male of another
qace, the males ;among the hybncl’ offspring show many
characters ®f the male Reeves pheasant, although these

«characters must have been transmittedgsthrough the chromo-
seey of the mother, in whom th& were 1nv1s1ble

In insects, the simple presence of ore or two X’s in the

. o ©
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cells of the body is enough to call forth the broper sex-
characters; but in Hgher animals 1ik® birds and mammals,
there is, another link in the chain. This link is furnished
by the reproductive organs. The sex-chromosome machinery
acts as a switch which allows either male or female repro-
ductive organs (@ develop in the embryo; but as soon as thgse
are developed they start producing a secretion or hormone
which is necessary £Or the development of all othér sexual
characters. The most complete proof of this has been afforded
by the extraordinary experiments of Steinach, Sand, Moore
and others, who have removed the reproductive organs
from young rats or guinea-pigs, and grafted into them
reproductive organs tgken from individuals of the opposite
sex. The result has been agcomplete alteration in the animals’
growth, endmg in an almost complete assumptlon of the
characters of the oppositc® sex. Male guinea-pigs whose
reproductive gorgans lgave been removed and replaced by
ovaries have even yielded milk and suckled young in the
normal way, and show the sexual irfstincts proper to females.
Such animals c®n, of course, not Breed, since at the time of
the operation the internal organs associated with repro-
duction were already laid down, and only the subsequent
growth of the animals was affected.

Very interesting results have also been obtained on adult
birds. Hgre it is found that the ovary secretes some substance
_which prevents the development of male plumage. A capon,
or any male bird with reproductive organs removed, shows
no alteration of plifinage.* But a Hen b1rd whose ovaries
are taken out will at the next moult assime the plumage
proper to the jnale. Further, theresexist certain bregds of
fowls, such as the Sebrxght Bantim, in whieh the cocks are.
hen-featflered and posgess grone of the special hackles
and eurved taiJ-feathers usually seen in cocks. This must
be due to their possessing a secretion s;mlLar to éhat of an
ordinary hen, for wilen their reproductive organs are remog
we find, paradoxmal as it may seqm, that they assume normal
male plumage a5 the resulty In insects, as mdlcated already, »
removal of the reprodﬁctwc organs has *ho effect upon
other sex-characters. , o -

! The comby and wattles, ﬁowever (like the instincts), are u{é'
the control of the testisy and revert to a minute size in 4he capon.



. °
50 ESSAYS IN POPULAR SCIENCE °

We nex? come to certain strange abnormalities Wthh
throw considerable light upon our problem. Among insects,
curious individuals are found from time to time ig which
some part of the body—-usually a half or a quarter—is male
in character, while the rest is female. These are known as
g}gzandromorphs In ants, very remarkable appearances
may result. The male ant is winged, the worker female
wingless’; and thus a gynandromorpﬁ may be winged on

one side only (see Fig. 4).

In the fruit*fly, not only
the sex and the secondary
sexual characters, but also
the gex-linked characters
mway be different on the
two sides. It has recently
°been shown that the
gynandromorghs in the fly
are really female in con-
stitution, but that at one
of the earfy divisions of
the egg, jone of the
X-chromosomes lags
behind and fails to get

Fic. 4—A gynandromorph ant; iDCOrporated with the rest

male on left, worker (sterile Of the chromosomss. Asa

female) on right. consequgnce, oone of the
(Re-drawn after Doncaster.) resulting cells stdl has the
proper complement of two X’s, while¢ the other has but
one. The part With two X’s becomes female; that with
one, igale. If the two X’s were carryipg diffgrent sex-linked
Jfactors, sex-linked charactérs also could be differegt in the
two regions of the body. In msammals, these sex-mosaics, as
we may call them, do not occur, becauseythe subs@nces
secreted by the feproductive organs pass into the circulation,
d influence the sexual characters equafly a¥l oger the body,

n even more remarkable aBnormahty is provided by

. What are calleq’ intersexes. Thé gipsy mofh, that terrible
forest plague, has a well-marked variety in Japan When
this is crossed with the European rage, very curious results

aredobtained. When a Japanese‘"male is crgssed with a

Flropean female, 50 per cent. of theooﬁ‘sprmg are normal

. ¢ 0
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males, but the remainder are intermediate betwedh ma’tle and
female—so-called imersexes. When® these are carefully
examined, it is seen (by an examination of their hard parts
which, Once formed, cannot be re-moulded) that they have
started their development as females, but ended it as males.
They A&re fema]ps which suddenly, during etheir growgh,
have by some invisible but inexorable power been switched
over to become of tBe opposite sex. All degrees of inter-
sexuality are known, according to the races employed in the
cross. The fentales may show only the faintest traces of male-
ness; may be equally male and female; may be preponder-
atingly male; or finally, in certain crosses, the change of
sex may come SO early that no trace of female characters
appears, and the cross regults in males alone.

Even though half of these all-male broods ought by
rights to be females, yet all?behave like normal males, and
can mate ang product offspring. Witle these experiments,
carried out over a long series of years by Professor Gold-
schmidt, of Berlin, we can at last Be sure that it is possible
for a complete ®nd functional reversal of sex to take place.

When the cross is made the other way, with a Japanese
female and a Eu.ropean male, the first generation is altogether
normal. But in the second generation abnormal individuals
again appear. This time, however, they are different from
those firgt seen, and on analysis turn out to be intersexual
males—i.e. apimals, which have started as males and been
forced to finish their development as females.

What is the explanation of these stfange facts ? It appears
to lie, ultimately, in the different climat®s to which the
different races gre adapted. The Japanese races are adapted
to grow more rapidly. The factot which preduces maleness o
must lie fh the sex (X) chromosgpme, which in moths is double
in mades, single in females. The factor producing femaleness
we cannot yet locate so definitely; but it,hag beensshown to
be transmittgd alw®ys and only through the mother;
us call it Q. Then all the*factors in the Japanese race are
geared at a higher rate thah ;hoée of the Epropean race— .
are producmg more of 'the «characteristic sex-d@termining
substances in a given, timle, Let us mark this difference
by calling the sex—factoxs’ of the Japanecse race X+
Q-+, those of the Eurppean race X— and Q—. o

-
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The °croos Japan::se male x European female will, as
a minute’s calculatioch will show, give female offspring
with a ‘strong’ male andea ° weak’ female facto‘r: X+
combined with Q—. Both male and female factors are
producing their determining substances; in a normal female
Q keeps aheadsof X in its production; but here the ¢ $trong’
X% is producing too fast for the ¢ weak ’ Q—, and after a
time catehes it up. From this time forwhrd, there is an excess
of male-determining substances, and the animal must finish
its growth as a male. The opposite result, when the production
of female-determining substance gradual}y catches up and
surpasses that of the male-determining, only seems to occur
when a ‘strong’ female factor, Q-+, is combined with two
‘ weak * male-producing factors, Xs— >%-—, and this can only
come about in the second generation after a cross.

Similar reversals of sex are® known in other animals,
in shrimps, in frogs,and in fowls. Ind2ed, it is guite possible
that some sexually abnormal human beings are the victims
of this sex-reversing powér, and deserving, not of the oppro-
brium which they generaldy receive, but of ptty for being in
the grip of inexorable hereditary forces.

There is one curious consequence of in?ersexuality. If
it goes so far as to lead to complete reversal, an animal
will be produced with the appearance and functions of
one sex, but the chromosome-constitution propeg to the
other. When such an animal comes fo reproduce, this
must lead to upsets of the sex-ratio in the next generation.
In frogs, for instance) the sex-chromsosomes are XX in
the female, XY In the male. When a female is converted
into a,functional males she (or he, as we should now say)
svill still have the two X’8. Therefore, when this. animal
mates with a normal female,,which will also posfess two
X-chromosomes, all the sperms and eggs alike will cortain,
an X, and gl the offspring will therefore be XXin constitution,
apd therefore females. Such an expefment bas actually
been carried out, and nothing but females obtained among

. the seven-hundred-odd offspripg® .

Space forbidsus to enumerate x;nSre of these experiments,

~ enPrecisely similar results have Aoy been obtained by Gold-

sshitidt by breeding from sex-reversel moths, and by Crew by
bféeding fsom hens which had undergoneosex-rever§al to cocks.
. .G ° . ° -
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for, remarkable as some of them are—for 9nstance, the
fact that if a frog which has started fo lay is stopped, and the
rest of the eggs fertilised three or four days later, they will.
all give rise to males—we have as yet no explanation for
them.

W¢ must ¢onclude with ashort consideration of gsex-
determination in mammals and man. As we might expect,
here too sex is n&rmally determined at the nfoment of
fertilisation. This is shown particularly well by the fact
that whenev8r a single fertilised egg divides so as to give
rise to two or mgre offspring, these are always of the same
sex. This occurs as a normal event in the Texas armadillo,
as an exception in sgQ-called ¢ identical > twins in man. Other
twins, and the membersqof the same litter in most animals,
are equally likely to be of opposite sexes.

One of the most puzzliflg things so far discovered about
sex is that the ratio Of males to females is not always equal,
and may vary from species to species, and at different seasons
of the year. The fact that one s€x possesses two, the other
one X-chrom®ome should inevit&bly produce equal numbers
of males and gf females. Yet in man, for instance, the ratio
of male to female births is about 107 to 100, and if we take
into account the embryos which die before birth, the ratio
of male to female conceptions is about 130 to 100. In many
breeds @f animals, again, the percentage of females is greater
whien the hreeding season is at its height, ti® percentage
of males greater whilst fewer young are being born. Recently
it has been assertetl by Siegel thaf in man the percentage
of males varies considerably according t0 the time during.
the monthly pgriod at which fertilisation or conceptian takes
place. If this proves to be* tnfe, the power of controlling
the sex’of our children, of having boys or girls at will, will
be ® a considgrable extent within our grasp. But in face of
the fact that a great many other so-calledspecifics for con-
trolling sexghave thirmed out to be worthless, it is as weé])o
be cautious. It has been'maint.qined, for instance, that the
right ovary prdduces eggs'gi,ving rise to bqys, the left thosee
which give rise to gir]%; or that the formatidn of male-
producing and femaje-prqducing eggs alternate, first one.
sort and next time the other being given off. But it has
definitely shown tha§ there is no foundation forsthese and
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° ..
many o't,hercsimilar statements, and those of Siegel have
already come in for very damaging criticism.

There s, however, one understood fact which may prove
to explain many difficultiecs. As we have already” seen,
male mammals have but one X-chromosome. Their sperms
therefore are of, two kinds, one with, the other witholut an
X. here careful examination has been made, it is found
that these two sorts of sperms can be 8istinguished by the
microscope, those without an X being smaller.t It is quite
possible that these smaller sperms may be Yess delicate,
or, in their long journey to reach the ovum within the female’s
body, may swim at a different rate from the larger. In any
case, anything which affected the two classes of sperms
differently would lead to a differegce fn the proportion of
males and females produced.

The whole problem, as will readily be seen, is far indeed
from solution. But here too we have nmde énormous strides
in the last twenty years, and instead of the vagud generalities
which alone were possible before, can see the main lines
along which the solution issto be sought. °

We can see the characters and instincts of the two sexes
as two divergent possibilities of human or anim@l constitution,
both present potentially in all individuals of the race, and
only waiting the right soil to develop. From this point of
view it is easy to understand the fact that has struck so many
observers of human nature, that feminine chgracf%rs are
often latent in men, masculine in women’and in particular
circumstances may emerge, to their osvners surprise and
sbmetimes confuston. The fact of intersexuality shows us
that we may have to revige not only our moral judgments but
Qur legal practicg with regard o varidus abhormalities of
sex in human beings, and the knowledge we have ®quired
of the sex-chromosomes is bound®in the not-too-diglant
future to legd to a considerable measure of cotftrol over what
until recently wa§one of the greatest mycterigs %f life.

*In man there is a large X gnd a viry small Y. When I visited
othe University of Texas in 1924, P;of.’ Painter derdonstrated to me
his beautifuP preparations, whiche pr(.)\f’ed this fact beyond any
doubt.

- =, [} o, °
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WHY DO MORE BOY BABIES DIE THAN
. GIRLS? .
.® °
A FEW years ago the Daily News (I think it was), offered a
hundred pounds for the best answer to the question, * Why
do more boy babies die than girls?’ If I saw the winning
essay, it was one of those things that one very readily forgets
—about constitusional differences and innate tendencies and
such-like causes which, when they are not the most general
of generalities, are ¢he mere re-christening of the facts to
be explained. hd

If only the prize had feen given a little later, and my
answer could have bgen sent in after lisfening to and thinking
over the paders at the British Association in 1923, I should
have earned those hundred pounds ! I should have earned
them with a gommendable brevity; for 1 could have com-
pressed my essay into two sentences: ‘(1) because man has
the X-Y type of sex-determination, (2) because of the existence
of recessive semi-lethals 4nd other recessive genes reducing
viability.”

But perhaps. the editor and his public might have liked
those ®wo sentences expounded at somewhat more length,
and with 1ss te@hnicality.

* X-Y lype of sex;determination,’dhen. In many, probably
all, higher bi-sexual animals as well as+in some bi-sexual
plants, sex is normally determined by means of a difference
of chromosomes besween malg and female. i

In ragard to these all-lmportant entities, male and female
often differ. In most ecasef, including man, the so-called
X type is ound. Here, all ordlnary chromosomes are
present in pairs, gne of each pair froth the fatfer and one
from the rother: this is, in our present type, true alsePor
the sex-deterrpining or ‘eX’ chromosomes of the female.
The male, however, hasgonlysone X, the otleer mgmber of the
pair being wholly absents or represented by a ‘Y’ chromo-
some unlike its mate, apd vsually rudimentary in smg»nd

bearing no .heredxtary factors. .

0§5 o
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When $he gime comes for forming the reproductive cells,”
the members of each pair of chromosorges separate. Thus
every reproductive cell will i;ossess one set or pack of the
non-sex-determining chromosomes: all the eggs wilP have
an X apiece: but of the male cells or sperms, half will have
an X, the other half will have a Y (or in some species, no
sex-Shromosome at all). (See Figs. 2 and 3.5°

What then? Put it in the form of are equation:—

X sperm+X egg=XX embryo=female.
Y sperm+X egg=XY embryo=male. *

Somehow or other the different balancg afforded by the
presence of one or of two X’s results in chemical differences
which switch on maleness or femaleness respectively. The
quantitative difference in hereditary eonstitution at the outset
is turned into the qualitative enckresult of sex-difference.

But there are numerous by-products, of this mechanism;
of which perhaps the fnost important is the fact of sex-linked
inheritance. .

It is clear that in the human species, all men will have
received their single X frdm their mother, ®while women
will have had an X apiece from either paregt. (This may
perhaps account for the frequency of greater likeness between
mothers and sons than between fathers and sons—but that
by the way.)

1t is also a well-known fact that many hereditarycfactors
are recessive—that is, do not produce theio effeces if masked
by the presence of thegjr corresponding dominamt factor.
Blue eyes are recgssive to black, for intance; albinism to
colour; horns in cattle to hornlessness; and so on.

But # a female is carryilsg a recesyjve character in one
Jf her sex-chromdsomes—to talfe an actual case, thg factor
for the disease known as hemophilia, or excessive bleeding
due to failure of the blood to clot—and suppgse she nfirry
a normal $nan—evhat then? The result can again best
bégiven in a diagram (and compare Fig. 3).°* o

Mother. Father. .
o Pdrents, XXbxXYe
' X X3
Eggs {Xh Y}.Sgerms.
,  Children, XX, XXh, Xﬁgi Xhy, e

e o
. d [} .
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Xb represents the chromosome with the factor fomherr?ophilja.
It will be seen that ¢n the average heAf the children of either
sex will possess this factor, half will be without it. But
whereat in the girls the Xh will always have as partner a
dominant-bearing X, and the disease will therefore never
appeat; inthe hoysthe Xhb if present has only the functionless, -
factorless Y as partner, and therefore the recessive factor
can exert its effect even though present only in single dose.

Normally, therefore, the disease should appear, only in
males, and be transmitted to the next generation only by
females who act as ‘ carriers >; and this is actually the case,
hemophilic femal® being only possible as the result of a
marriage between a man with the disease and a woman with
one Xbh, *

We now come to the ®cond step in the argument. It
has been known for®a long time thab individual members
of a single brood or family may show remarkable differences
in vigour and vitality—in brief, in what the biologists call
viability, Momgan has shown in is little fruit-fly that such
differences are dependent upon mutations or changes in
hereditary facfors, and usually upon changes which make
the aftered factor recessive to the normal.

Sometimes the impairment of vitality is so great that
the organism pure for these factors cannot exist at all:
such factorsgare styled lethals. Or they may make it difficult
for it to ljve in any but the most favourable circumstances—
semi-lethals. Or mesely reduce its geheral resistance a little—
‘ recessive factors unfavourable to viability.’

That similarly-altered factors would exist uniyersally
is what we should nhturally expect, mutations of this type
simply Yepresenting more or, less damage to the cogs and
wheals of the machine of infleritance; and there is certain
proof that the do exist, and in all sortg and kings of living
things, frop maiz to flies, from pigs 0 potatoes. Ope
good example is seen im Dextgr-Kerry cattle, as rechtly
analysed by Crew. Here%a .letlial exists which produces a,
certain percentage of nfonstsous embryos v'vhichoalways die
at or before full term_  *.,

What will be the com8equence of the existence of &t
factors in the sex-chyomosome? After what we dave saxd
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above, ft iseslear thal, being recessive, they will be able to
exert their effect far nrore often in malgs than in females—
their effect will indeed be glmost exclusively masculine.
That will mean that inherent incapacity to exist, or ifiherent
lack of resistance to any unfavourable agencies, will be
commoner in gales than in females, and this should hold
for® other mammals besides man. This is ‘dctually so, as
Dr. Parkes of University College has vexified. He has taken
the matter a step further, since he has found that poor nutrition
(in mice) not only causes more deaths of embryos in utero
(the number dying being ascertained by the difference between
the number of young born and the numbe? of corpora lutea,
or traces of discharged ova, in the ovaries)—not only this,
but it causes a shift towards femalenessn the sex-ratio of the
young born, a disproportionately large number of males
dying as embryos. °
The facts in mam, are all concordant. The number of
males to 100 females at conception is about 130; at birth
it has dropped to a little over 100 (from 103 to 107 in different
nations); at 5 or 6 years ths two sexes have attained equality ;
and by maturity the females are slightly in excess.
Furthermore, the proportion of live male chfidren decreases
somewhat with the age of the mother and with the n!mber
of her pregnancies. And the proportion of miscarriages
and abortions increases with age and number of pregnancies.
Thus a greater percentage of embryos die befpre Birth in
old mothers; and, owing to the existence of our unfgvourable
sex-linked factors, more® of the excess deaths are the deaths
of males. L
It wjll be seen that the greater part of the excess of males
is got rid of at oy before birth, by resdrption,’abortion, and
still-birth: what is more, of thes remaining difference between
the proportions at birth and at miturity, most disapgears
in the firstyyear or two of life. °
Now it is an iffteresting fact that efforts at reducing child
e e s . ol
moRality, in spite of (or bgcause of) their great measure of
JSuccess when looked at as a whdle, have met with greater
and greates diffRulty in reducing the mortality in the first
few montbhs of life beyond a cgftain point; there seems,
evemn with the best methods, toebe a scarcely réducible
nflnimum,of baby deaths. .

- o 0
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The fact that the post-natal death of maleS due to the
existence of unfavolirable factors in the hereditary make-up,
is, as we have seen, most rapid’in this same period, leads us
to ask a pertinent question. Is not this as yet unconquered *
early ,infant mortality due, also, to the presence of such
unfavourable thereditary factors in othe! chromosotnes
besides the sex-chroggosome ? And if so, will not the reduction
of this particular section of infant mortality not merely be
a task of extyeme difficulty, but may it not be in some ways
undesirable to reduce it? We should be simply saddling
with weak constatutions the individuals whose lives were
preserved, and the community with a greater proportion
of unfavourable facsors and unfit members. It is a point
which deserves the best consideration of Public Health
authorities. .

Meanwhile this byief sketch will perhaps have put a
number of femiliar facts in a new setting, and shown on what .
strange and unsuspected mechanisms may hinge the most

vital problems.. o



THE DOMINANT SEX!

*

I syprPoSE mosteof us as boys and girls have been intrigued
and puzzled by those passages, to be discovered not un-
commonly in the most varijed types of literature, which refer
to the mysterious properties of Woman. Woman—with
a big ¢ W —so often seemed to appear to writérs as a being
almost wholly different from Man. She, was strange, in-
calculable, fickle, intuitive, unplumbed; she has (indubit-
ably !) a ‘ woman’s heart.” . . . On the qther hand, the women
we knew as mothers, sisters, aunts, nurses and the rest
appeared to us as perfectly natural phenomena, and indeed
in many ways more comprehensible than our fathers and
their masculine acquthintance. °

Later on, as we grew up, the males among us began to
see the force of the remarks which had so perplexed us
earlier; and yet some of®us may have wondered whether
the girls as they grew to women did not find a precisely
similar inconsequence and incomprehensibility about men,
but were restrained from formulating it by reason of the
contrary convention already possessing the field.

The problem is indeed an important one; for, properly
understood,®it involves the whole statuseof weman in the
community. In order to form a judgment upen it, we
require answers on a number of poinfs of fact. First, is
there to-day a difference between Woman and Man as
finished products, and if sg, how gregt is this difference ?
Becondly, grantetd this diﬂ'g;ente, how much of it, is due
to inborn differences between sthe sexes, how much to the
different social and domestic functions of the two sBxes,
how mucle to the dnfluence of tradition and education?
qu, finally, to what extent is it possf'ole *to dncrease or
decrease the hereditary, tig socjal, and the *traditional’

odifference? The question is thus parfly biological,
partly hist8rical and anthropdlogjcal—sociological if you
Wil}. . o. ©
o, The Dominant Sex. By Mathilde and Mathias Vaerting. Trans-
lated by Ee and C. P‘aul. London: George Allen and Unwin.
. 600
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The authors of this book have attempted #n answer to.
the problem. Their answer, if, I mhy try to summarise it
brieﬂya is as follows: the b#ological differences between
the sexes in man are negligible, so far as they have an influence
upon their social status; this status is determined over-
whelthingly by the ideas prevalent at the time, which in their
turn help to determine much of the difference in social
function between th® sexes. .

They document their thesis from ‘history and anthropology.
According t® them, there have been, in the most various
races and stages of culture, communities in which Woman
has been regarded’ as the dominant sex, in council and adminis-
tration. Once this occurs, all the rest of the commonly-
received attributes of thg two sexes are reversed—men are
regarded as by nature coy and fond of finery, women as
strong and full of initiftive; and social customs and
institutions Jfall intd line with this * reversed tradition,’
women being the suitors, feminine nobles and princes keeping
male harems, boy babies being fegarded as a misfortune,
and so forth. ®hey adduce anciert Egypt and ancjent Sparta,
some tribes of}\lorth American Indians (when shall we prefer
convenience to purism, and call them Amerinds as do the
American ethnologists ?7), some African negroes.?

But, they hasten to add, out-and-out dominance of either
sex is pad. Poor social status, unequal rights in marriage
and divorce, ecogomic dependence or inferiofty, and, up
to a certain point, prostitution—these and other evils will
be found burdeningswhichever sex isregarded as the inferior.
We therefore need a new belief and tradition, one of sex-
equality, whic.h will automatically bring about equality of
social status and funltion betwe®n the sexes, and apparently
is to minimise the biological differences as well.

There are gbvious criticisms of this standpoint. In the
first place, while it is true that some decades ago a oensiderable
vogue waseenjoye® by the theory that a matriarchal stage
had been passed througl* by ald or most civilisations, that
belief has beent more and’more’ underminegd by subsequent.
anthropological researdh.' Matriarchy, or as ®ur author
calls it ‘the womag’s state,” was probably a sporadic

t An amugng satire in'gvhich this idea is developed is ’TR
Sacred Giraffe,” by S.ede Madariaga (Lond;)n, 1926).®
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phenome?lono Then a°good deal of their evidence appears
rather like special pleading. I think thatyscholars will need
a good many more facts bgfore they are convinced that
women were truly dominant in ancient Egypt and Sparta
and in the negro tribes that are mentioned.

Finally, their biological judgment is profoyndly at fault.
Do “they, I wonder, realise that from the moment of
fertilisation onwards, man and woman ®differ in every cell
of their body in regard to‘the number of their chromosomes
—those bodies which, for all the word’s unfaméliarity, have
been shown by the last decade’s work to be the bearers of
heredity, the determiners of our charactefs and qualities ?
Furthermore, they grossly over-estimate the ease of biological
change. Of course the hereditary cq,nstﬁution can alter, and
alter in regard to sex-difference as well as to any other char-
acter: we find degenerate femgles in moths, degenerate
males in crustacea and worms; biologically nejther sex is
necessarily inferior or superior, and all grades of sexual
difference from the barest minimum upwards are possible.
But any considerable alteration of the hereditagy copstitution
is an affair of millennija, not of decades.

The physical differences between the sexes Sn man (quite
apart from those that are part of the primary sex difference)
are, though not great, yet distinct enough. Size, bodily
proportions, amounts of bone and of hair, voice, slbape of
extremities—ahe secondary sexual characfers age perfectly
definite. But let us leave these and look at thg mental
differences. Here recent%xperiment has achieved interesting
results. It has sh8wn that a male mammal after birth may
be mage not only in gany respects physically, but also
psychically female by rem@val of it8 own® reproductive
organs and engrafting of those of a female, and vicé versa.
In other words, the physical brain with which the animol is
endowed igpsexually peuter, blank; and in it%he secretions
of, ovaries pick Sut and bring into actien the perve-paths
appfpriate to females, thoss of testes the paths appropriate
.0 males. In man, not onl}y d9e§ common observation as
well as reasoning from lower forms9ndicate that this is the
case, but all special investigation go%s to show that the sexual
feelings, whether normal or neuter®er abnormal, are in the

grfeat majerity of cases inborn. ° .
- . ‘ [ -] '
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The differences then are considgrable; s0® considerable
that they can never permit of the simple equivalence of
the sexes. On the other hand, tite superstructure of intellectual
and practical life is potentially the same in both sexes. The
recent Board of Education Report of the Committee on the
differentiation eof the Curriculum for Boys and Girlg in
Secondary Schools (London 1923) has estabhshed that the
intellectual dxﬁ‘erences between the sexes are very much
slighter than popular belief allows. But it is temperament
which in the long run decrees what we shall make of our
intellects, and in temperament there is and will be—not for
centuries but for biological periods—a fundamental average
difference between the sexes.

This by way of criticissa. On the other side of the account
there is no doubt that our authors are right in emphasising
how the current traditio} of society may accentuate or
minimise op in some points override %hese differences.

But I venture to prophesy not only that the ihherent
differences between the sexes will not tend to diminish
in the cours® of evolution, bu? that man will continue,
as now and in, the past, to emphasise them by custom and
convention.



BIOLOGY IN UTOPIA!
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TH;:) columns of Nature are.not the place *to discuss the
literary nferits of Mr. Wells’s new bool—although, for the
matter of that, good style Jr artistic capacity, and appreciation
are phenomena as natural as any others. Suffice it to say
that he has achieved a Utopian tale which is not only inter-
esting but also extremely readable. Mostreadable Utopias
are in reality satires, such as Gulliver’s Travels, and the no
less immortal Erewhon. Mr. Wells has Sttempted the genuine
or idealistic Utopia, after the example of Plato, Sir Thomas
More, and William Morris; an@, by the ingenious idea of
introducing not a solitary visitor frorh the prgsent, but a
whole party of visitors (including some entertaining and
not-at-all-disguised portrdits of various living personages),
has provided a good storyeto vivify his reflectéons.

However, since Mr. Wells is giving us not only a story, but
his idea of what a properly-used human faculty’might make of
humanity in the space of a hundred generations, his romance
has become a fit subject for biological dissection in these pages.

He pictures a world where, in the first place, the 3dvance
of physico-fhemical science and its applicatiop, to which -
we are already accustomed, has attained a far higher pitch
of perfection. Further, machinery has become so self-
regulating that i does not make man captive, as Samuel
Butlere prophesied, buteis a real servant. Also, instead of
machinery and mechanismo.occupying' the foremost place
in the life of the majority of men, as Bergson lamehts that
they are tending to do to-day, they have agparently been
rendered rot only more efficient, but more self-regulating,
aadoare as subservient to the will of the®commuynity as is a
motor-car, which never geto out df order, to its owner.

In the second, place, life ‘hag Been subjecttd to a similar
control. THhis is a process which‘the.lﬁologist sees so obviously
on its way that it should excite no.srgrpg'se. As our knowledge

L]

%1 A review of Men like Gods, by H. G. Wells. (J.ondon, New
York, Tofonto, and, Melbourne: Cassell & Co. Ltd., 1923.)
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of genetics increases, our application of jt must outstnp thepast
achievements of empirical breedmg as much as the application
of scientific knowledge of principle in chemistry, say, or elec-
tricity, has outstripped the achievements of empiricism in those
fields. Mr. Wells’s wonderful flowers and trees are almost there
already: we wil? not worry about them. Evefi his domestic-
minded leopards andetigers, more  kittenish and mild * even
than Mr. Belloc’s, should not be lightly dismissed after recent
experiments o the inheritance of tameness and wildnessin rats.

Meanwhile, Mr. Wells also imagines a purging of the
organic world. The triumphs of parasitology and the rise
of ecology have set him thinking; and he believes that,
given real knowledge of the life-histories and inter-relations
of organisms, man could%uccessfully proceed to wholesale
elimination of a multitude. of noxious bacteria, parasitic
worms, insects, and cagnivores. Here agam we have no right
to quarrel. Mr. Wells does not need to be reminded of the
thistle in California or the rabbits in, Australia: his Utopians
proceed with gxemplary precautigns, All this is but an
extension of what has already been begun.

In the third péace, however, human as well as non-human
life has been subjected to this control; and this in two
ways. First, by an extension of the methods previously
used. The accidents and circumstances of life have been
altered—%there has been a further control gf external
machinery. ‘This h8s been, of course, chiefly in the fields
of social and pohtxcal institutions. ¢A great part of such
change is only mtelhglble as a corollary of thg other supposed
changes But we may here direct attention to one idea which
is imagined as at the moot of mugh of it—the idea tha® man
is mastemin his own house of’ Earth, as opp0sed 'to the idea ®
which, with few exceptiens, has until now dominated his
history—the idea that he is the slave, sport, or servant of
an arbitrary persongl Power or Powers. * o hd

Finally, w® cOme to the, most radical and inevitably $he
most provocatiye of our a.uthor.s 1mag1mngs——that which
concerns not the alterajion sof things ine relation to a *
constant human nature, but the alteration of that human
nature itself. Here M». Weﬂs is extremely interesting. He
reduces the gdle of eugenics to a minimum, exalts that of*
education, or if you efer it, envxronmex)t to a mhximum.
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Eugenic change has keen restricted to breeding out’® (Mr.

Wells does not initiate us mto methods) ertain temperamental
qualities—habitual gloomirless, petty.inefficiency, excess of
that * sacrificial pity® Mr. Wells dislikes so much, and so forth.

The rest has been accomplished by proper educatian, and,
above all, by € “ change of heart * as regardsthe essential aims
of life. Mr. Wells sums this up in a phrase (in which one recog-
nises his devotion to the late headmaster of OQundle) as the sub-
stitution of the ideal of creative service for that pf competition.

The realisation of this ideal is made possible in the first
instance by a proper application of psychology to early
life, so that painful repression and stupid suppression shall
not occur, and men and women grow up unridden by hags
of sex or fear, and yet without séparation of any important
fragment of their mental organigm from the rest. Education
sensu restricto then‘steps in, and enlarges the capacities of
the unhampered growing mind, while the sfbstitution of
a form of telepathy for speech reduces the time and energy
needed for communicatign. Meanwhile, a, rational birth-
control provides a world not overcrowded and overstrained.

By these means, Mr. Wells imagines, ® race has been
produced of great beauty and physical strength, great
intellectual and artistic capacities, interested primarily
in two things—the understanding of Nature for its own
sake, and jts control for the sake of humanity. B9 control
Mr. Wells means not only utilitarian confrol, b%it that which,
as in a garden, is to ¢lease and dehght and that hlghest
contro! of all, agtistic and scientific creation.

The Utopians, owmg to their upbringing and social
envirdnment, come to thigk and acteso that they need no
central government no law-courts, no police, no contracts.
In this Mr. Wells is only telling us what we all knew alaeady,
that in most men it seems theoretically possible to produce

‘chandt of keatt’—i.e. substitute Rew _dominant ideas
‘?oro old—and that if this is eﬁ;ected restrictfe measures
gradually become unnecess?ary He is careful not to make his
Utopia top idesl. It is as ideal coypared with this world as
would be Olympus: but as httle-perfect as Olympus would
see to have been. The men “agd Women there are often
odiscontented and restless; criticism is abundant, Mr. Wells
knows that 1ntell§§:tual and aasthetlc Schievement open the



* BIOLOGY IN UTQPIA R 67

door to the highest known happipess of the present;
he still sees that furktion for them in Utopia.

Let ps go back and try to s¢e how much of Mr. Wells’s
speculations fall within the bounds of possibility. All
Utopias must suffer from lack of familiar associations, for
it is by familiareassociations, especially with things of yogth
and childhood, thaf emotional appeal is made and real
assent gained. Thus, whatever st.ores of loved rthemories
a Utopian may have, whatever driving force he may draw
from the sight of familiar places and objects, we can only

. see his emotional,life from outside, as an Englishman on

his first visit to the United States notices the differences
from England ratheg than the resemblances. But if we
remember that Utopiansy or Americans, must have each
their private growth of life, and that this must be in many
ways like ours, we get ove? the first stile. '

We have glready dealt with Mr. Wells’s applied physics
and chemistry and his applied biology of lower organisms.
That in a sense is commonplace~commonplace made
surprising; nofe the less, it is go8d to have it so well done,
to have people geminded that the rate of this sort of change
not only need not slow down, but can continue, and continue
to be accelerated, for a very long time. What of his applied
biology of man? Minor criticisms are easy to make. The
Utopiane, for example, go either almost naked, or else clothed
in garb of she indeterminate simplicity that s®ems to be
fashionable in all Utopias. Mr. Wellg is perhaps so revolted
by the dullness of md®dern male attire, that hg under-estimates
the amount by which dress enlarges the human horizon,
giving us a hupdred ¢xtra varia&ion? of personality, mising
to an infinitude of permutatibns the possibilities realised ine

_the courtship-decorationg of lower animals.

WHh the rediscovery of Mendel’s laws and their recent
working out, we are introduced to the theqgetical ®ossibility
of an analysis of tRe hereditary constitution similar to_the.
chemist’s analysis of a c'qmpou_!ld; and so, presumably,
in the long ruf to its contrpl. There areggreat technmical
difficulties in higher or'ganis‘lns, and applicatioh to man
presents yet further difﬁcglﬁes. Still, the fact remains that
the theoretical possibility exists for us to-day, and did*nof

exist twenty-five years ago. .

e
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We mustQurther recall the lessons of evolutionary biology.
These teach us that, However ignorant e may be regarding
the details of the process, kHfe is essentially plastic and has
in the past been moulded into an extraordinary variety of
forms. Further, that the attributes of living things have almost
al been developed in relation to the environgnent—evén their
mental attributes. There is a causal relation between the
absence of X-rays in the normal envirofment and the absence
in organisms of sense-drgans capable of detecting X-rays,
between the habits of lions and their fierceness$, of doves and
their timidity. There is, thirdly, no reason whatever to suppose
that the mind of man represents the hfghest development
possible to mind, any more than thgre was to suppose it
of the mind of monkeys when they were the highest organisms.
We must squarely recognise that, in spite of proverbs to the
contrary, it is probable that © human nature’ could be
considerably changed and improved.* °

Next, we have the recent rise of psychology. Much
nonsense doubtless masduerades under the name of psycho-
analysis or ‘modern’ paychology. None the less, as so
shrewd a critic as the late W, H. Rivers at Qnce saw, and as
has been put to such practical uses in therapeutic treatment,
there is not only something in it, but a great deal. Repression,
suppression, sublimation, and the rest are realities; and
we are finding out how our minds do work, ougly not to
work, and might be made to work. It is clgar that the average
mind is as distorted and stunted as a much-belpw-average
body; and that, by just so much as @ great mind is more
different from &n average one than great from average
bodily capacity, by so«nuch would proper training be more

«efficient with minds than ev&n with bodies. Here the extrava-
gances of some eugenists find their corrective; Mr. Wells’s im-
agination is pursuing to its logical end the line taken b such
authorities as Mr. Carr-Saunders in his Population Problem.

o Again, Mr. ngls, being a major proplfet, percpives without
difflculty that the substitusion of some new dominant idea

« for the current ideas of Corqmércialism, Nationalism, and
Sectarianism (better not beg tie c;xﬁstion by saying Industry,
Patriotism, and Religion) is the,mos{, needed change of all.

Here, again, he is in reality onl@*adopting the method of
Lyell and Darwin-—uniformitarianismg—and seking the key

] o ©°
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.
of the future, as of tl-‘e past, in the present. There is to-day -
a slowly growing minority of peopfe who not only profoundly
disbelieve in the current conceptions and valuations of the
world and human life, but also, however gropingly, are trying
to put scientifically-grounded ideas in their pjace.

Belief is the pardnt of action; and so long as the majority 8f
men refuse to believe thmt they need not remain the slave of the
transcendental, whether in the shape of an imaginary, Being of
the Absolute, og of Transcendental Morality, they cannot reap
the fruits of reason. If the minority became the majority, society
and all its institutioms and codes would be radically altered.

Take but one example, and a current one—birth-control.
When Mr. Wells’s Fatfher .‘4merton finds that it is the basis
of Utopian civilisation he exclaims in horror: ° Refusing
to create souls ! The wickedmess of it! Oh, my God!’

We are reminded of that passage i Tristram Shandy
{ch. 21) wher® satire is poured on the preoccupation of
the Roman Church with a similar transcendental (and
wholly meaningless) problem—to yit, when could a child,
as having an immortal soul to be saved, be first baptised ?
Some of the sugBested expedients for saving embryos from

‘perdition prompted Sterne to inquire why all this pother

could not be got over once and for all by the plan of baptising
all the  homunculi’ (moderniter spermatozoa) at once, slap-
dash—wHlch could be done, Mr. Shandy apprehends, “ par le
moyen d’une.pe.tite canulle, and ‘sans faire aucun tort au pére.

. ° . B .

This is the great enemy of true progress—this belief
that things have been already settled for us, and the son-
sequent result of considering proposals not Qn thgir merits,
but in reference to a system of principles which is for the
most gart a survival frofn primitive civilisations.

Mr. Wells ma% often be disagreed with in detaﬂ: he is
at least right in Rjis premises. ‘e

A perusal O his novel inwonjuggtion with a commentaty.
would be useful.. Men like Gods,*taken en sandviche with,
say, Punnett’s Mendelisme Trdtter’s Instincts® of the Herd,
Thouless’ Psychology of Refigion, Carr-Saunders’ Population
Problem, Whetham on Eugenics, and a good compendigm
of recent psyochology, would be a very wholesome gmploy- .
ment of the scientific imaginagop ’

L3 .



THE CONTROL OF THE LIFE-CYCLE

o g control of the cycle of life in organisnfs is a problem of

e mogt intricate nature, which touches not only upon the
fundamentals of biology, but upon very many questions of
the intensest concern to the human race. If is not in our
power to give a connected account of the control of growth,,
for we do not yet know enough to be able to give any such.
account. All that can be done is to present some of the isolated
views which we have been able to obtain, through the loop-
holes made by scientific progressS on to these hidden places
of Nature, and to show what hopes this knowledge raises,
but also what great need remains for organised and sustained
research. °

The concept of the life-cycle in higher animals involves
at least six important }?iological processeg. There is the
origin of the individual’s first rudiments; then growth or
increase in mass; then differentiation or ¢ncrease in com-
plexity; then the maintenance of a state of balance, the
condition of maturity; then senility; and, lastly, death.

The individual creature, among every group of the higher
animals, sjarts an independent life at fertilisation® which is
simply the fusion of two cells detacfed ffom particular
tissues of two other animals, male gpd femald. It begins.
life, not, as was supposed some century-and-a-half ago,
as an immensely-reduced replica of its adult state, but as a
gerrf, the fertilised ovumg which bears nos resemblance to
the adult, 4nd s incomparably simpler in structure.eDevelop-
ment consists partly in an increase of size, but every more
essentially in an increase of complexity. o

At thg outses, the human individugl consists only of a
sigiple unit of living subgtance,. or cell, a tin§ round mass

. of protoplasm containing a nucleus and some yolk-grains,

and meaguring, in the humgn bsing, but {z of an inch
in diameter. o
YWhen we set about making a, fflachine, we draw out a

o plan, then construct the parts separately, and finally fit

them tJgether. -Q'le living machine ®hich we call the body,
- - . . o .
70



THE CONTROL OF THE I..,IFE-CYCLE. 71

however, is built in quite a different vay; for ® constructs
its own plan as it gees along.

For instance, the first step in»human development is the
division of the germ into a great number of cells. In the
next stage these cells become arranged in three layers, an
outer, an inner,eand a middle. This is the sough grouggd-
plan, and is common,to all animals above the level of jelly-
fish, sponges, and sea-anemones. The next step fofward is
the formation from these layers of a®much more detailed and
definite grounli-plan; the systems of organs are laid down.

These systems then each elaborate their own plan, the
different parts of each system becoming visible; and finally
these parts, or organs, become transformed, by the differentia-
tion of their unit-cells, fram mere blocks of tissue situated
in their proper places in the plan, into actual working
mechanisms which from no% on play each their particular
role in the upkeep and working of the*animal as a whole.

To take but one example, the whole of the brain, spinal
cord, and nerves constitute a single drgan-system. In the very
early embryo it’ consists simply of a hollow tube, running
along the back,slightly swollen in the head, and without
traces of nerve-fibres or nerve-cells. Later, the brain and its
parts appear in plan, and the walls of the tube become
enormously thickened, both in the brain, and in the rest of
the tubeg which we can now call the spinal cord. Finally,
the nerves gmow owt from the brain and spinaP cord, and
enter into communication with every part of the body, forming
a go-between systenf, allowing impréssions. from the outer
world to be met by appropriate motions; and meanwhile
the cells constitpting the cord an,fl brain became themselves
totally transformed, producmg "a number of# branching
and interlacing twigs by, means of which communication
withi® the nervgus system is made possible, and so, finally,
association of ideas, memory, and reason. [}

The differentiatioh of the separate celf§ in the tisspese
occurs in every organ, in &very #ssue. In early stages the
various cells afe“all much alikg; in later staggs each is char-
acteristic. In the embryd all tells are roughly spherical or
cubical, without noticeable s¢ructure. In the adult, however,
we have the branched nerve-cell, the long, striated, contraltilce
or muscle-_celf, the glamd-cell elaborating ciemical Products,

' .
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the bone-cRll Wthh lays down layers of hard substanoe
* round itself, the red bloodscells—mere dliscs to carry oxygen
~and many other distinct and differentiated types.

By this time the baby will be ready to be born. Durlng
the whole of its ante-natal period, we thus see that there
hgs not only deen an enormous increase in bulk, but also
an increase in visible complexity, both in the origin of a
great mfany different parts arranged according to a definite
plan, and also in the Yorm and arrangement of the cells
which make up these parts. In other words,%here has been
an increase in organisation ; and this i increase in organisation
we call differentiation.

Once arrived at this dlfferentxateg state, the new-born
baby has a long period of growsh still before it, but with
very little further differentiation. It is important to notice
that the power of growth is profressively lost. If we measure
growth not by total bulk, but by the percgntage of the .
previous total added in a given time, we see that the growth
of a child shows a continlious falling off. Minot has estimated
that under two per cent. 6f the potentiality of growth resident
in the human ovum is still present at birth if anything, his
estimate seems to be above the mark.

At length, however, he or she reaches full size, and then
follows the period when neither growth nor differentiation
is occurring, the adult period, or period of matugity. This
lasts a nufnber of years—many more,oindeed, than those
needed to attain full sxze—-—but finally (if the man has not
died from disease or %ccident) there follows the period of
old age, accom'pamed by loss of weight, loss of activity,
loss of faculties, and this downward path at fhe last leads in-

« evitably toddeath—to naturl, as opposed to acc1den£a1 death.

In man and all the higher animals we have this cycle of
existence, always proceeding in the samg way; growth
intertwined with dJifferentiation at first, then growth with

olittle or no differentiation, then matulitys a atable period
without either growth oredlﬂ‘ereﬁtlatlon and finally senility
+ Jleading on to_death.

We kefow that different tniplls have different values

for these various periods. A.rat, for instarce, completes
o the®whole cycle in two and a hglf to three years, a mouse
in about two, a common white butterfly in a Year, a parrot

[ ] . o6
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in a hundred years. Even in a single species, sech as man,
there are considerakle variations in®the rate of growth,
amount of growth, and lengthe of life; but each animal
has limits set to this variation. We are given no.clue by
ordinary experience as to whether this type of life-cycle
is fixed and unplterable for all living things, or whether
there is any prospect of our being able to alter it, either ?)y
changing the rate or the length of growth, or extending the
span of life. ’

To these questions there are two ways of getting an answer :
first, by observation—by comparison of the life-cycles of
all available forms® of life; and, secondly, by experiment—
by trying directly whether the life-cycle can be altered
‘according to plan.’ *

Three introductory examples will, T hope, make those who
are not familiar with compa#rative biology realise that many
of the so-called ‘cémmon-sense’ views generally held
about growth and age are simply held because they embody
- familiar facts, and are just as false*as other ideas once held
to be equally dictated by ‘ commom-sense,” such as the geo-
centric universe or the flat earth.

The first concerns death. Weismann, the great German
zoologist, towards the end of last century enunciated his
doctrine of the Immortality of the Protozoa. This, for all
its theojogical flavour, in reality embodies a simple and
verifiable fagt. The Protozoa are animals whose body
consists byt of a single cell, not of thousands or millions,
like those of highereanimals; they fire thus all small, and
some approach the original types of animal fife. Paramecium
is one which is often used for expariment, because of its
comparatively rarge si%e (it is ju§t visible tosthe paked €ye),e
its abun8ance, and the ease with which it can be cultivated
in infusions of hay. It isan elongated creature, covered with
movable bristl€s by which it swims, agd providgd with a
mouth and gullat tiough which it engulfs s bacterial food,

In the course of a few Bours, & will grow to its full $ize.
A constriction then appears and’deepens across its centre, o
some of the internal orgm.ls divide, a new Mouttsis formed
in one half, and in an, houg or so separation of the halves
takes place, and two pamdtnecia are swimming about wherg,
but one was*before. Jhis is clearly a form of repreduction;

e . . -
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and it is &y such reproduction that almost all protozoa
multiply. ¢, e

It is obvious that nothing has beenlost in the process;
there is no corpse, no new-born infant—the one old iftdividual
has simply become two new individuals.

°There is ewdence that this process cag be repedted in-
definitely. If so, it is further obvious that natural death
has noe chance to step in—meaning by natural death a
death resulting from ayeing, from inner causes, not mere
accidental death through causes external ¢o the animal.
In ourselves, and all higher creatures, the growth of the
body eventually must bring death; in tife protozoa it never
need. That is one of the penalties we have paid for our
complexity. o °

We see also that in paramecium there is very little
differentiation. In an hour or $o, the dividing cell produces
the parts needed; But there is never 4 time when we can say
that paramecium is undifferentiated, in a condition like our
own earliest stages. ¢

The next example still further upsets our ideas of differentia-
tion; for it shows that differentiation need not always

. . . Q

proceed in the same direction, but that animals may some-
times live backwards, if I may use the phrase, as well as
forward. It is the example of the sea-squirt Clavellina
(p. 100), which can in unfavourable surroundjngs de-
differentiate, or revert to an embryonic, stategand blossom
out once more when times are more propitioug again. In
the fewest possible wbrds, differentiation need not always
go in one direcflon only; it may be reversible.

Our third anti-common-sense example is one with which

o all are pegfectly acquaintbd: I meln the’ life-cycle of a
butterfly—from an egg to a caterpillar, from a Caterpillar
to a chrysalis, and from a chrysalis to the winged, perfect
insect. That trangformation has been mZde the subject
<of many sermoi® on the topic of the Kfe to came; but its
redl application is rathes to this present life on earth.
Familiar as is this metafnorplosis, most*are aware only
of its external %aspects; but ® is fhe inner happenings that
are really the more remarkable, 'Wi,thin the chrysalis shell,
otheeactive organs of the caterpillle break down into a mere
pulpy mass, good only as a source ¢f nutrimént, no longer
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capable of living or working for themselvesT The only,
living portions left %re small scattered blocks of cells, the
so-callad imaginal discs, which *have remained rudimentary
and functionless throughout the caterpillar stage. These
now apsorb food from the broken-down mass of caterpillar-
tissue, and everttually grow into the organs Sf the butterdly. o

This shows us thatewithin a sifigle cycle of life, differentia-
tion may take place in two entjpely different directions.
The same original egg turns first into the worm-like, leaf-
eating, feeding-machine which we call a caterpillar, and later
into a beautifule winged creature, honey-eating, active,
concerned chiefly with reproduction. But the one form cannot
turn directly into the other. The old must be broken down,
and the new built from tfle foundations up.

What is true of bodily differentiation here is true of mentat
differentiation in ourselves. It often happens that a man’s
mind ‘is differentiated very highly in one direction early in
life, and that at a later period the sagne man will have acquired
a quite different type of mind; but in the intervening period
there will, almost without excepﬁon, have been a difficult
time of transitien, in which the old system was being broken
down, the new built up. But that is a digression.

Let us hope that by now, the reader’s general ideas on
growth, differentiation, and death will have been thoroughly
upset. ¥ so, we can proceed to discuss the contrl of growth
more systenfaticalfy.

In a sithiple but cLassical experiment of Hertwig’s, a batch
of frog’s eggs was divided into four postions: One was
kept at 11.5° C,, one at 15°, one at 20°, and the fourth at
24° C. After ¢hree days, the figst had not completed their
primarve ground-plan, and Wwere still simﬁle shheres; the
last were tadpoles ready to hatch; and the other two were
intermediate. dt is obvious that higher temperature goes
hand in hand witly quicker developmefit.e ¢

That is ® practical, tangible fact. But it raises at onee &
philosophical problem of she mdst searching kind. It raises
the problem, which in gnother form has been propounded *
by Professor Bergson, of she relation of time to true being.

What is the true age qf‘these four batches of embgyos?
They have all been alive the same length of days, hours?
and minutes. But ea¢h has %cgomplisher different portion _

L] [ 2
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Jof its essent?al cycle of being, each has penetrated a different
distance along the road which leads t8 old age and death.
Judged by outer standards, they are of the same age ;e judged
by standards relative only to themselves, they are all of
different ages. This, you will see, is the same distinction on
tho physiologial plane that Bergson has found it necessary
to carry,out on the psychdlogical plans.

To point the moral, we will take a further example, and
this time one involving the end of life instead of the beginning.

As is well known, many insects live but a short time, some
of them only a few weeks, or even a fesv days. Now this
span of life, too, is a function, in the mathematical sense, of
temperature. At a high temperaturesit is shortened, at a
low temperature lengthened. For® instance, Professor Loeb
has investigated the duration Qf life of the little fruit-fly,
Drosophila by name. At 30° C. thelength of life, from hatching
to dying, was 21 day$; at 20° C. it was 54 days,and at 10° C.
177 days, or nearly six months. Thus the processes which
lead up to and involve death are accelerated by heat. What
is more, they are accelerated in a regular manner, and in
essentially the same way and degree as ere all ordinary
chemical reactions. The rate of most chemical reactions
is roughly doubled or trebled for each increase of 10° C.
-within the range of temperature within which life is possible;
and so are che processes of life. °

The fly lives more intensely at the Migher %emperature;
but it draws proportiogately nearer to i‘;s death—% situation
not unlike that in Balzac’s Peau de Chagrin.

Once more the question is raised whether age should be
reckched from the outsidg or from .the inside. We shall
*have to rethrn fo that question later, and, I hope,esettle it.
Here we must go back to the moresspecific point, the %ction
of different temperatures. °

This exfraordisary diversity in rate of growth or rate of
Qgeing with different temperaturg, which Wwe fnd in frog
or fly, and indeed in all gxe lower animals, does not exist
for man gr mammal or birdy WRy not? For the reason
that, as regards temperature, weeand these other creatures
are gelf-regulating. We are whateig popularly ‘called warm-
%looded; which really means not warm-blapded at all,
but cons‘lant-temr\irature-blc:ogied. Warm-blooded animals

L ] L]
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have contrived an internal temperature envimnment for
themselves which ise within very wide limits, independent
of the temperature-changes taking place in the world outside.
Indeed,"the development of such self-regulating mechanisms,
some regulating temperature, some the chemical composition
of the®blood, sope operating psychologicallys has been ope
of the great achievements of evolution, and the relative
independence accruin} to their possessors is one of the hall-
marks of a higher type. 4

It is thus obvious that we shall not be able to alter the
rate of growth in man by altering the temperature, for the
simple reason thal we cannot alter the temperature.

Such failures pursue us throughout our investigation;
again and again we fihd that in some lower animal growth
or length of life can be controlled, only to discover, when
we seek to apply our knowledge to man, that there stands
in the way either his Very complexity omthe exquisiteness of
his self-adjusfing machinery, which resists in a most remark-
able way every effort made to tamptr with it.

In the higher animals, the regulation of growth is largely
carried out by the organs known as the ductless glands,
of which the best known are the thyroid and adrenals. The
origin of our knowledge of the normal, as so often, came
from a study of the abnormal; and it was through an in-
vestigatipn of the diseased state known as cretinism that we
gained the first inkling of the functions of the thyroid.

Cretins gre stunted in a particular way both in body and
mind. Their condition was found t& be associated with a
diseased and insufficient thyroid gland. Flnally, treatment
with preparations of thyroid was tried, and in most gases
led to the transformation tos a'healthy nogmalfindividual.,

Many ‘f the processes of life in cretins appear to be slowed
dowm This is seen, too, 1o the disease known as myxcedema,
where the thyr'oid becomes diseased dyring magurity. In
patients suffering fPom this, the skin befomes thick and,
whitish, the features heavy, and, enost marked sympton? of
all, the mind gtows distres'singly' slow. Here again simple
restoration of the propeT.thy%oid balance tsually leads to
recovered health, o o

Acromegaly is anothe? curious disease. In sufferers,
from this, tlere is a @rogressive increase in the ony and



78 o ESSAYS IN POPULAR SCIENCE °

fleshy strucCures of fglce and extremities, patients havmg
*to discard their old gloves and shoew and take to larger
and larger sizes. Worst ofeall, the features get heavy and
coarse, and the most attractive men and women are trans-
formed into hateful caricatures of their original selves
Aytopsies show that this disease is associated with a diseased
and overgrown condition of the pituitary body, another
ductless °gland attached to the base of the brain. The very
tall men, the giants of fatrs and circuses, in whom the whole
body shoots up abnormally in height, seem t& be produced
by a similar state of the pltmtary, but qperating earlier in
life, while the bones are still growing.

By these observations it became clgar that both thyroid
and pituitary were in some way connected with growth.
Experiment has extended our knowledge. Young dogs
from which some of the pituitdty has been removed grow
extremely slowly, beeome excessively fat, and ig many ways
remain in an infantile stage.

Professor Arthur Keith has recently made the interesting
suggestion that the diffeRnces in racial type, as seen for
instance between the white, the yellow, and ghe black races,
are due to alterations in the balance of the various glands -
of internal secretion. By this means, too, he seeks to explain
the occasional appearance in white races of individuals of
a Mongolian cast of face where no admixture of Mgngolian
blood can %have occurred. °

We shall return shortly to the question of the.glands of

internal secretion. Now let us for a fRw moments invade
another field, the field of diets and food substances and
their effect on growth.s .
« As most}people know By mnow, the estabhshed classi-
fications of foodstuffs is into protgins, carbohydrates fats,
and mineral salts. The carbohydrates 1nch&de the sfigars
and starckes; they gesemble the fats and oils in being built
up out of the thrée elements, carbon, hy&rogen, eénd oxygen,
but®differ from them in tine prgbortxons of these various
elements. The I%rotems on the other hand, dontain nitrogen
in additiof to the other elerhenis®named.

As a rough analogy the human bdy may be compared
to tie engine of a motor-car. I¥°derives its energy from
the combustion o%‘uel, and it utilisesothat enefgy by being

. e 0
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This side®of the matter does not concern us so much.
What is of interest is the fact that it takes some time for
the polished rice diet to pr@duce the symptoms of disease.
In other words, a balance is gradually upset.

It is the effect of vitamins on growth that is espgcially
interesting to Bis here. Our knowledge ofethis chapter of
biology we owe largely to Sir Gowland Hopkins, of Cam-
bridge. He discovered th@t if a diet was made up of protein,
carbohydrate, fat, and salts, all chemlcally pure, young
animals—rats in this case—would not grow on it, although
it contained ample substance both for eneggy and for repair.
They not only would not grow, but soon lost weight, and
died within a week or so. The addision of an apparently
negligible quantity of milk, howe%er—a mere two or three
cubic centimetres a day—restorgd the animals to health at
once.

The substance lacKing in the or1gma1 diet wasmwhat is now
generally called fat-soluRle vitamin A.

Through the vitamins we are introduced to a new class of
food-factors—substances V?zhlch, though absolutely necessary
for growth, for health, and for continued life itself, need yet
be present only in infinitesimal quantities to produce their
effects. That this discovery has not been without far-reaching
and important results is shown by the fact that not only
beri-beri, bv%t also other widespread diseases, like scurvy, have
been shown to be caused by an analogows defidency of diet
and to be therefore preventible. .

Meanwhile, other workers, notably Gsborne and Mendel
in America, had been investigating the properties of single
pure brotei substance$, asgested by feedingerats and mice,
both growigg ahd mature, with them as the sole, protein
constituents of an otherwise adequate and ample diet. The
proteins are themselves very complex substgnces, and are
built up ofit of a gumber of less complex .umts, each contain-
thg .mtrogen, hydrogen, carbon apd oxygen; anfl known as
amino-acids. Some proteths ara deficient in some amino-
acids, othgrs ineothers. Somey of tbem are correspondmgly
able to support life for an indefinite time, others are not.

Vanous most suggestive factsy ha've emerged from the
mvestlgatlon To start with, it has been shown that some
proteins, such as iem from maxze, Wil not by themselves
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constructed in a special way. To keep the engine working,
you must not onls® supply fuel, but also repair the parts
as they wear out. So, too, in the body. The carbohydrates
and fats are for the most part utilised simply as energy-
fuel, while repair of the tissues, which are constantly in
need of a smal amount of remewal, is provided for bycthe
proteins. While the @animal is growing, conditions gre some-
what different, for not only must,the old living machinery
be repaired, but new molecules continually be laid down.
Up till a very few years ago, the matter had not progressed
much beyond sueh very general notions. Now, however,
we are beginning to know that that was far from all. To
start with, all proteins are by no means equally good for
maintenance (as simple rébair is usually called) or for growth.
Further, a wholly new clags of food-factors has been dis-
covered, without which growth and life i‘tse]f cannot continue.
These are the so-called vitamins.

It is as well to recall at the outset that nobody yet knows
what a vitamin is chemically.? éNe know, however, what
they do, and where they occur; and that is already a great
deal. As usuad, the matter has been approached by two
convergent roads. In the first place, certain diseases were
found, in the slow course of years, to be associated with
deficiencies in diet. The best known of these is beri-beri,
which was traced to its source through the obgervation of
a Dutch do8tor in®Java. This was the chain of evidence:—
(1) Beri-btri was cgmmon in the asylum under his charge.
(2) The fowls in the asylum yard were fed on the patients’
leavings. (3) These same fowls developed a disease very
like beri-beri. «(4) The patientsy dief consisted pery fargely
of polished rice. * - ‘V *

It _was eventually shown quite clearly that rice from
which the husk and the germ had been removed by milling
and polishing wag deficient in a sotheshing Which was
christened Vitarﬁin, and that a long-continued diet of guck
rice led to thg development of beri-beri. Supplying the
vitamin again, in any fprm,sleads in a wondesfully short
space of time to recovery

1 Since the above was'wri&én, rapid progress has been made i
this respect, and we may soon hope to be able to state this biologica
problem too in terms &f blo-cl‘l’er.;ustry. ﬂ
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support life at all. Many others, such as edesti® from hemp,
seed, though capate of maintaining a growing animal ir’
health for a very considerable® portion of its life, are yet
somehow in-the long run inadequate. A long period of health
and growth is followed suddenly by a sharp loss of weight
and prematuresdecay, which can be arrested at oncegby
placing the animal on,a normal diet containing several proteins
but otherwise leads inevitably to death. To this “upsetting
of the balance we shall return.

Then we Have the startling fact that certain substances
will suffice to kegp a grown animal in health, but will not
permit of growth in a young animal. Gliadin, a protein
derived from wheat Kernels, of which it forms about 40 per
cent. of the protein coment, is such a substance. Grown
rats or mice fed with this not only continue active and Healthy,
but are capable of regrodut?tion. Normal young rats may be
born on thig diet, and will grow actively as long as they are
being suckled by the mother. But jf, after weaning, they are
. continued on the same diet, growth ceases at once. Regarded
as a chemical factory—as every® organism can, under one
aspect, be rightly regarded—the adult rat is obviously working
in a different way from the young. The young animal can-
not manufacture from substance which is missing from the
make-up of gliadin. But once this substance has been manu-
factured in sufficient quantities, and growth is over, there
has somehow beeA introduced into the organisth a new bit
of chemioal machinery, which is cagable of so transforming
the gliadin as to make the missing subst.ance not only in
amounts adequate to keep the tissues in repair, but to nourish
a litter of growing yqung, both before and after, birthe That
the chegnical processes goirfg On in a growing animal are
different from those in the same animal when growth is over,
is cfarly a fagt on which there hinge immense possibilities.

This property of gliadin has been-u&lised % produce
another al rématkable Jesult, If a half-grown animal ®
fed with gliadin as its sole proteif), it will be able to maifitain
its weight, but not to add to,it; it lives, by} does not grow.
If, however, other prote‘ms are added to the didt, it will at
once begin to grow agaiy,«and that even if the limit of the
normal growth-period *has been overpast. One rat was
started on this late geowth after 277 da? of gliadin feeding
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and 314 dafs of life, gnd finally reached normal size; and

*this in spite of the fact that growth in ¢ats is normally over

at 180 days or thereabouts. *What is more, the animals kept
on gliadin look as old as their size, not as old as their age
in days, and are indistinguishable by inspection from,young.
nogmal animal$ of the same weight. Obwiously, we next
want to know whether, when the growgh of such an animal
is finished, its period of maturity will be as long as that of
normal ammals orifits extra period of youth must be deducted
from its old age. This, however, has not yet béen determined
one way or the other for gliadin-fed animals. From experi-
ments, later to be mentioned, on lower animals, we know
that there is at least no theoretical reason against its maturity
lasting the normal period—in othér words, against its usual
span of life having been actually lengthened by the amount
of time during which growth was stopped. But whether this
be so or not, furthet experiment alone can decide.

Such a prolongation qf life would constitute a very real
positive achievement. Otherwise, these experiments, while
giving us a clear insight ifito the conditions of growth, may
all be called negative in outcome. Addition of more vitamins,
of more growth-promoting proteins beyond the limit neces-
sary for normal growth, does not result in an increase of
growth. We can upset the self-regulating machinery in one
direction, but not in the other. .

Now let Bis turn to some other experfments® which have
achieved positive resulfs, although this time their effect is
more on differentjation than on growth. %Every one is famitiar
with the development of the frog—how the eggs are trans-
formed into,embryos within thelr jelly-pnembranes, how these
hatch into %zlidpbles which ‘are* to all intents and purposes
fishes, breathing by gills and swimaning with their tail-fins,
how these grow, how from their sides there gprout oul the
rudiments®of limpss and how finally aosudden change, an
6)v1d1an metamorphosis, overtakeg the orgamsnf’ the body-
shape and the colour alter? the tail shrivels and is absorbed

¢ into the body, thg gills dlsappear' and the 1ntestme, remodelling

its lengthy®coils into a simple lomp, becomes adapted to a
flesh instead of to a vegetable diet, o

o D&elopment in tadpoles is a var1able quarntity. Food,
temperfitfre, hght,\and many other fa®tors somewhat affect

- ° oo
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the rate of growth and the time of metamorptbsw Wlthm
the last ten years, hgwever, one factor has been found which®
is powerful and specific in its action; that is the amount of
thyroid substance present in the animal. If tadpoles are fed
on ox or sheep-thyroid—and that is an experiment any one
can tfy for thergselves if they go to the butcker and get

to cut away the thyroid from either side of the wind-pipe
just below the laryhx—they will begin to metarhorphose
within a week or ten days, whatever their age. Even if no
leg-rudimentseare present at the start, they will appear; and
the other changes follow in due course.

If the animal i% too small, it will attempt the transfor-
mation but fail. There is a limit of size below which meta-
morphosis may be beéun, but can only lead to death. How-
ever, the limit is so low that by means of thyroid, young
frogs can be produced no 1#rger than flies, and not a quarter
of the bulk of those Yhat change at the normal time.

More than this; the converse experiment has been tried,
and has succeeded. Allen, in Amerita, succeeded in removing
the thyroids from young tadpole® of about a quarter of an
inch in length-—no mean operation! Such animals, unless
they are fed with thyroid, will never metamorphose at all,
never even form legs, but continue to grow and grow into
giant tadpoles double and treble the size of any found in
nature: and some of these have finally been found to become
almost sexuglly mgture.

Now there exists in Mexico and the Southem United
States a remarkableecreature known®as the Axolot! (which,
by the way, is Mexican for * play-in-the—w'ater It may be
added that the Mexlcans eat them im quantities, stewed or
fried, with plenty of cdyenne pepper) This cneatt;:e looks likes
an aqua'uc salamander, and lives in lakes and pools, where
it breathes by gills. It closely resembles the enlarged tadpole
of a newt, which differs from that of a frqg in earlygpossessing
legs. Another aninfal of about the same sf%e is known from
the same regions, the Amblystorma. This lives on land, ind
is definitely a Jarge salame’mder, alr-breathmg and finless.

In the middle of last &ntuby it was discovered®that these
two apparently very distingt animals were really one and
the same, and that an axfblystoma always started life®as ze
little axolotl; undergging metamorphosis_later. Im certain
L)
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districts‘: howyever, the change never came, and the axolotls
simply continued to gidw and finally tQ become capable of
reproduction in their tadpolg state.

Now by means of a thyroid diet, any axolotl, no ‘matter
how large or how mature, can be turned into an amblystoma--
a transformatign involving not only the disappearalfce of
¢ilR and tail-fin, and the growth of lungs, but also an extra
growth of limbs, a change of colour, 4nd extensive altera-
tions in the skull and skeieton. On the tableland of Mexico,
the amblystoma is never found, although the axolotl swarms
in the lakes. Thus thyroid given to one of these axolotls
turns it into a form which it has lost for Thousands or tens
of thousands of years.
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F1G. 5.5-Diagram to illustgate the probable relationship of thyroid
and ?issuescin amphibian me@amorphosis T4, Pz, T¢, probable
* relative groyth &f thyroid in Frog tadpole, Axolotl, andProteus
respectively. A, B, and C, the threshold values (probably
dependent on rate of metabolism), at which the tissues®will
respond o thyroid hormone. T, the maximut concentration
of thyroid _tolerased, is still below the tissugs® threshold of
© sepsitivity in Necturus. .

. But the last link in the thain *remains. TFhere are three
or four otirer spcies of animals, syRh as Proteus, the blind
*Olm”’ of Carniola, and Necturps, which closely resemble
the axolotl and spend a piscine®existence in ponds and
streams, hait are not known in a land-fagm at all. * Apparently
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they have found aquatic existence tg pay bet®r. In them
the thyroid seems t® be so reduced that they can normally”
never petamorphose. In otherspon the contrary, the thyroid
is well formed, but the tissues have lost their capacity to
respond to its secretion by metamorphosxs (Fig. 5.)

These resultseare interesting enough in themselves, put
the question remaing as to how the thyroid accomphshes
what it does. On this point, no certainty has been ‘reached.
One view may be indicated becalise of its bearing upon
other questiofls. Briefly, it is this. In a developing frog
the processes of growth first build up a system which we
call the tadpole. Development continues, and leads, partly
to the growth of this taglpole-system, but partly to the building
up of a new system, the r@diments of the frog. These consist
chiefly of the beginnings of lungs and limbs; but many
- changes in the skeletqn, tob, are initiated Wthh only have
meaning whgn looked on as forerunnefs of the adult state.

After a time, then, we have two systems of organs competing
with each other within the single organism-—the formed
tadpole-system, and the forming®frog-system. The action
of the thyroid s, on this view, to stimulate the young,
growing frog-tissues more than the older, differentiated
tadpole-tissues, or, even more probably, to over-stimulate
the tadpole-tissues ‘and so give the frog-tissues more of a
chance. When the thyroid has produced enough of its
secretion, o® wher® enough is introduced in tfle diet, -the
growth ofs the frog-system is so mypch accelerated that it
beats the tadpole-sy8tem in the competitiop for food. The
tadpole-tissues are in these conditions unable to maintain
themselves, they break down, and bécome utilisgd as Tood-
stuff by the remainder of thé orgamsm .y,

The underlying processes of life have often and justly
been®compared, to an eddying stream; and this comparison
will help us to v1suahse such a process. ,The sttucture of
the organishh c#n be reprgsented by the bed of the stregm ?
its vital processes by the,flowiflg water. Alter one, and
you alter the Other. Imagmf a stream ﬂq;vmg round an
S- shaped bend, and in the second curve sw1rlmg under the
bank in a broad eddye Iﬂ a little channel is dug across SO
as to short-circuit the Second bend of the S, water wilP
flow along thlS, and l&ss will be left for the eddy Anything
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which enlai@es the channel will increase the flow along it,
*and as this increases, the eddy will lose ¢ts original character,
and finally the whole of tMe second bend will dry aip and
cease to be. If the eddy in the bend represent the life
animating the tadpole-system, the stream along the new
, cw that of the growing tissues of the adulty then if we have
a workman with a spade coming and enlarging the new
channel he will represent the thyroid. That such struggling
systems are not mere Lonvenient lmagmatxons chosén to
suit the case is shown by numerous examples, two of which
may be cited.

Clavellina, the sea-squirt which we have already mentioned,
belongs to a group of animals whigh, though degenerate
in that they live a sedentary life, %re yet of a high order of
complexity, and, as a matter of fact, are degenerate off-
shoots of the ancestral vertebrate stqek. Another of these,
called Perophora, grows in a very plant-like evay, sending
out hollow shoots, full of circulating blood, from which at
intervals new buds arise, so that a colony of individuals is
produced with a commof blood-system.

By snipping this shoot, or stolon, at two places, we isolate
a system consisting of a single individual and a piece of
stolon. In the laboratory it is impossible to provide the
creature with the minute floating food which it finds in
the sea. In.spite of this, such systems, if kept in pure water,
live under observation for a long tim®. If %the water is
constantly renewed, the individual continues healthy, and
of the same size 3 but the stolon progress'ively shrinks, because
its tissues are being used up to provide nourishment for the
moré highly-organised® indi¥idual, which in these conditions
*is the domginart partner. *

If, on the other hand, the systam is placed in extr mely
dilute solutions of various poisons, we can ashieve a curious
result. APa certajn<oncentration, of cougse, the whole system

ojs killed. At a lesser concentrgtion, botl! individual and
stolon are badly affected? but e still greater dilution can

* be found jn which the more }ughl -orgamsed and therefore
more sensitive individual is cons1derab1y affected, the simple
stolon scarcely at all. In thisscgsecthe individual shrinks,
oit 103es its typical shape and becomes an irregular sphere,
its organfs collapsg and become simplffied, as if it were about

L ]
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to de-differentiate ; but after a time the separategeells actually
migrate out of the tigsues into the blood-stream (as if a house
were to unbuild itself by the bricks flying out of the walls !),
and finally nothing of it is left. The stolon, meanwhile, not
only keeps healthy, but may actually continue to grow at
the efpense of gll the food-material thus previded. In fact,

the boot is now on the other leg—the dominance is reversed. -

The system thus cOnsists very clearly of two lesset systems
in competition with one another.¢ When both are healthy,
the most actite and highly-organised wins; but this is more
sensitive to unfavourable conditions, and, once affected, is
unable to keep up the struggle, and is actually sucked out of
existence by the other.. The same sort of thing may be read-
ily demonstrated with common hydroid polyps like Obelia.

Growth and the reverse of growth, seen in the sudden
disappearance of .whole s%stems of organs, may thus in
certain caseg depend ‘on the upsetting of a balance between
contending parts of an organism.

To complete our survey, we might take one further example
from a very different field—thae of the mind. It is well
known to thosg who have studied nerve-disease that one
set of symptoms that occurs regularly irf a certain proportion
of patients suffering from shell-shock and neurasthenia can
be classified as mental regression—in other words, a going
backwards to an earlier stage of mental life. Grown men
behave likeeboys of five, lisp, forget their adalt life, talk
as if the gnemories of .that early time alone were active in
them, play childish games, become dépendent on their nurses.
In fact, they bécome, as nearly as their grown body permits,
what they were (or what they yemember to have been) at
some fag-past age. When this cdhdition is careﬁﬁly analysed,
it is found that it, too, ig the result of a competifion between
two &ystems of mind—the adult system and that of earlier
times, when life was remembered as bappier. e

In timesVof sevefe strain, to keep the #dult system going
involves a constant faciflg andeovercoming of unpledbant
fact. Under these conditions ifs delicate adjustments are
upset; the nervous enerty (tb use a loose But Weful term)
will no longer flow $0 readily through its channels. But
nervous energy is contihbially welling up as a prodect of
the activitiesof life; amd so, being refused J’ts proper channel,
[ Y . ° u -
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it runs into ghat which it finds most open to it. In some,
this second channel is an imaginary wprld; in others it is
the channel that leads to despondency and suicide; in still
others it is, as we have seen, the simple revivifying®of the
old and less complex systems of childhood.

e*seem tocdhave wandered far afield; apd yet thi idea

" of lesser systems in competition within a greater is one of

extreme *importance for our problem.’

Before concluding, I would like to bring up one further
topic, because it so well illustrates not only the suggestive-
ness of our knowledge, but also reveals how great are the
uncharted tracts of our ignorance.

The topic I refer to is that of cancer; cancer, which kills
one woman out of every nine, one man out of every thirteen;
to whose perennial ravages those of the greatest wars are
nothing. Of the ultimate caus® of cancer we know next
to nothing. It is prebable that there fire many such causes.
Sometimes it appears to be due to local irritatio?:, sometimes
to a poison, sometimes,” again, to some ultra-microscopic
germ.! But the end-result is always the same: some of the
cells of the body become, through this or that agency,
emancipated from the controlling bond Which regulates
the growth and harmony of the parts in the whole, and the
emancipated tissue embarks upon a career of unlimited,
unregulated growth and reproduction. .

Let us fo? a moment revert to the question gf growth in
man or the higher animals. It should be emphgsised once
more how the power ol growth inherert in the germ, at first
enormous, decreases continuously as development proceeds.

This may be illustsated, by a very sime]e calculation.
<The weight of she human %erm or oVum is about Sths of
a milligram® The weight of a new-born baby is frofn 3 to 4
kilograms. Thus in the nine ante-natal months the ovum
increases &s weight,5 or 6 million times. 18 the remaining
d 8 or 20 years of°active growth, howevef, the child increases
its tveight only 15 to 20 dimes. °

In correlation with this, we find that the power of budding
and regen®rating lost parts, sb ofién seen among the lower

1 This sentence was written in 1931, The recent discoveries of
<Gye, Rous, Fibiger and others seem to show that the cause of
cancer is9n a comRinanon of the three eauses I have mentioned.

- . o ‘0 ®
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ammals, is present in the young stag es of the h1gher. types,
but not in the full-gpwn individyals. "If one chooses to takes
a planarian flatworm and simpjy cut it into bits, most of
them will grow new heads and tails and become flatworms
agam perfectly healthy though small. This is not possible
in a newt, althopgh even here amputated legs are produced
afresh. In a lizard a new tail can still be grown, but fot
limbs, while in a bifd or 2 mammal no large part can be
regenerated ; a limited regeneration €till takes place, however,
to the extent of healing-over cut surfaces.

But if, even in these higher types, we go back to the early
stages of developfent, we find a much higher power of
regeneration (and regeneratlon is of course bound up with
the power of- growth) Alfrog cannot replace an amputated
limb: a tadpole can and does so with ease. Even in mammals
this power is retained. Some ten years back, the zoological
world was startled by the discovery of a Texan naturalist
that the cothmon armadillo of the southern United States
reproduces partly by budding. Four young are always
produced in a brood, and these allarise from a single original
germ, which buds out the four rudiments of the future
young armadillos after reaching the three-layered stage. In
man himself there is no reasonable doubt that what we
call identical twins—twins so nearly alike that confusion
is possible between them—arise in a similar way by some
form of budgding fsom a single ovum, and that this common
origin is the cause of their extraordinary resemblance.

But the reason thmt the tissues of*the adult do not grow
is not that they have .lost all power of gfowth. When the
muscle of an ac.lult newt is injuregd, the injury can .be repaired.
In ordeg to accomplih this,.the muscle-cells near the point
of injury lose their charactenstlc striated strueture, which

eenalfles them to contract, and become de-differentiated. In
this condition ﬂ'xey multiply, and when egough yougg muscle-
tissue has ®eens pr8duced, the new cells differentiate againg
and assume the striated égiult swcucture. It would seeth as
if the power &f reproduction dnd the power of working
efficiently cannot exist t8gethtr in such a cSmplieated tissue
as muscle. An analogy will illustrate this. We have seen
that an axolotl can be 'u’ansformed into its adult state by
means of thyroid. Now, lf thyroid be ;wen tosa female
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during the ggg-laying period, the egg-laying stops within a
=day or two, and the 'transformation Regins. To carry on

both egg-production .and getamorphosis together is too -
. . -

great a task for the organism.

Something roughly parallel to this occurs in cancer.
Each «kind of gancer is produced from ong particulat type
of%issue. .In every cancer, the special structure characterising
the celle of the normal tissue has ben partially lost, and
with it the power of working in the normal way; but mean-
while a power of growth over and above any possessed by
the normal tissue has been gained, and in general, the greater
the difference of the cell from the norfhal in appearance
and working, the greater is the excess power of growth and
the more malignant the cancer. o ° o

In very malignant growths, as in some spontaneous cancers
of the mouse, the cancer maw continue growing, like a
parasite, at the expense of the anima? that is both its host
and its parent, and finally suck it dry, as tfe stolon of

Perophora was sucked dry by the healthy individual. In

the oompeti}ion with the dody, the tumour tissues, simply
because they are growing, and so working faster, get first
call on the available food. Some tumours fake their origin

from fatty tissues; these may continue to grow and to be

full of fat after every fat-globule, every particle of reserve
food-supply, has disappeared from the tissues of the rest
of the animal. The tumour may be well ngyrished; the
rest of the animal literally starving. .

But sometimes the tables can be tumned. Miss Slye has
shown. that if tutnours are transplanted into female mice,
and the affairs of these mice so regulated that they are
almost confinuqusly pregna#nt (as caft be dbne by taking
the new-bom young away from the mother), the drain of
the embryos is so great that the” tumour cannot obtain
enough. fopd to grow, and only becomes d&ngérous when
¢he mice are pas? ‘bearing. e .,

Nothing could better illustrate that balanced competition
"between parts which we have alreddy discusset in connection
with metamorpfosis. It is imbortamt to note that in such
a system the balance is capable,of bging tilteq either way.

ormally, the cancer 'wins; but iPwe knew how, ‘we could
so damage the car&cer'that the body would win] and would

- - @ :

2



THE CONTROL OF THE LIFE-CYCLB 91

absorb the growth. This is what Shappens t successful
cases of radium tftatment. Occasionally, a tumour will
disappear spontaneously; in suth cases, too, the cancer has
perhaps been damaged in some way; but it may be that the
cancer has not been damaged at all, but that the bogdy has
been stimulated®, for a raising of the level of the body-tissees’ = °
activities would alter the balance in exactly the same way,

so far as result is concerned, as Vyould a depression of the
activities of the cancer.

Once more the bodily fact has a mental counterpart.
Obsessions, comelexes, and fixed ideas, whatever their
origin, are always parts of the mental structure which have
emancipated themselves from the proper harmony of the
mind, and established themselves as dominant. They draw
into themselves an unduegportion of the nervous energy,
and starve the othew parts of the mi’nd, finally causing a
complete umset of the mental organisation and total inability
to carry on its normal work. e

Harmony of the parts in suborgination to the needs of the
whole is one of the conditions of existence for higher types of
life. ‘Cancerou® growths and mental obsessions show what
terrible results can follow when a part becomes insubordinate.

Enough will have been said to prove that we are Beginning,
however tentatively and incompletely, to gain an insight into
the machinery on which the control of the life-cycle depends.
Physics and'chemigtry, working with their simpler compounds
and fewet concepty, are ahead ofe biofogy in tracing the
operation of general laws in the phenomena with which they
deal, and have forestalled the students of life in the con-
struction of aecosmology. This cosmology. of theirs passes,
for want of others, as the doctrine of all scienge and as the
only doctrine of science. As a matter of fact, the fullness
of time is &t land in which a new and more wide.-embracing
cosmology, can angl must be enunciatéd.d The reason wh
this wider, more biologisal vieW of the world has naé yet
been promuigated is biolbgy’s own complexity. There are .
three lines of attack o biological problemss. There is first
the investigation of striftures, compounds, ‘and processes,
which, though physilosahémical in essence, do not,occur

! A notabde beginnigg has been made with this by Professo'r
Whitehead in his recent book, .gciencf and the Modern World.
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Jn inorganfé nature-éstructures like the chromosomes,
compounds like the proteins, processés like the immunity
reactions. Then there is the investigation of these and
simpler phenomena of life in the light of the principles of
pure physics and chemistry. And finally there is the investiga-

, tiam of phenonfena which are not available for study in pure
physics and chemistry, nor even by the methods of those
sciences—the phenomena of mind. Only when we are able
to frame a cosmology which shall recognise and synthesise
these three sets of phenomena, only then shall we begin to
have any adequate philosophy of nature. We shall then
discover that all our present definitions of matter are incom-
plete, and that the ‘ world-stuff’ is i® reality endowed, not
only with the properties of what we call matter to-day, but
also with those of mind.

That is a philosophical digression: but it is germane to
the subject, for only as knowledge progresses towards the
time when such a generalisation shall be possible of acceptance
by science, only so will any full measure of control be
attained over the life-cycle of man, in whose workings are
involved and intertwined not only physical and chemical
mechanisms, of however great complexity, but mental and
spiritual mechanisms as well.

The greutest event of the nineteenth century was the
revolution gaused by man’s sudden stric‘l’e to mastery over
inorganic nature. The twentieth will see ahother such
revolution, caused by, another step forward it mastery,
but this time mastery over organic nature. The revolution
is even likely to be greater than its predecessor; for the
stuff that will be controlledgs the basis of our thoughts and
tmotions apd Very existence. * .

Are we prepared for such a change? Can we truthfully
say that we have used well the power put mtosour hands
by the difcoverieg of last century ? Or that wepare in the
Yeasy likely to use well any further power such as imagination
sees maturing in the womb of discovery to-day ? Have our

* statesmen gnd political thinkegs evgr reflected on the lesson
to be learnt from the past evolutién of life? The future of
mankind.depends on two very diffgrént things—the quality
of the individuals that go to make up society, and the way
in which %ociety itzelf is orgar.liged—itg laws, its constitution,

. °
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its hablts and customs, its rehglon its e‘iucatlon, s orgamsed
tradition. Improvemgnt in either is valueless in the long -
run unless accompanied by impgovement in the other. But
the evolution of the organisation of human society is in its
infancy. If we were to draw a parallel between primitive
types Of society, and some primitive mammnal such-as_a
duck-billed platypus, .and to compare the course which we
hope socicty will in time accomplish with what has %ctually
been accomplished in the past in the progress of the mam-
malian type frém a creature resembling a platypus to man,
with what creature should we have to compare the existing
state of, human cSmmunities? 1 venture to say that we
should be flattering ourselves if we were to fix upon the dog.
We do not yet co- operate enough for that; our societies
fa,__,fm:_shm;t of any_such efficiency.

But what is it which has®been the determining factor in
the upward progress S8f mammals? Tke answer of evolu-
tionary history is unequivocal. It has been the increase of
brain and the concomitant increaSe of mind. . Let it be
remembered that i saying this wesd6 not commit ourselves
to the view that progress has been determined solely or even
mainly by increase of that part of the mind which we call
intellect. An equally important factor has been the increase
in harmony, in co-ordination between the parts and between
the actions of the organism which, too, is dependent on the
elaboration of the séructure of the brain. The faciors which,
after once g certain modicum of physical cemplex1ty has been
reached, make for sarvival and for progress in every type
of life below the level of men, are knowledge, adaptability
and internal hagmony There is ,no reason to syppose. that
these same factors ar® not epetative in tke developrnent
of the hliman species. .

Until we dev1se a type of society whose traditions and
institutions %t 12ast make it possible for,reason ta take the
lead in its c8uncils, 8nd one which does no? waste the major o
portion of its energy and resourccs in external and intethal
warfare—until that time we must remember that it is only o
we ourselves who are resp(‘}gs1bh: if the gifts of po;vex’bestowed
on us by the dabours ¢f the inquiring intellect are wasted,
misapplied, or even turnéd against the very foundatioss of o
society itself.”



°
THE MEANING OF DEATH

Tuar friend of all of us, the Man in the Street,® would,

©  were he forced to reflect on such a subject as this, probably
say that death was the term of evefy individual life—that
each individuality possgssed a body which grew up, aged,
and finally died—and that this dying was a mecessary conse-
quence of the processes of living. This is the simple and
obvious aspect of death which present§ itself to pne who
knows only man and those animals with whom he comes
into close relation—the beasts of the field, the birds of the
air, and some few of the creeping things upon the
earth. °

But now that our knowledge of *the simpler organisms,
less specialised, less stereotyped in their divisfon of labour,
has become fairly extersive, it may be worth while to ask
if the biologist’s idea of death remains the same as that
anthropomorphic one of the average man; and the writing
of these lines is good evidence that it does not.

First, however, we must try to analyse further the
phenomenon of death as it is seen in man. When John
Brown’s name appears in the Deaths column of The Times,
what has «eally died—what has been dost tg our world ?
Two things, 1 think we may say: first, the actugl substance
of his body, the prot&plasm itself and all that 1t has given
rise to—bone, Bristle, hair, and the other dead things that
form part, of our living selves—these, though their con-

« Stituent atoms persist, yet éisappear #s such, being gradually
converted by the action of oxygen, water, and bacteria into
very simple chemical compounds, or even elementsi and
secondly, his indiyiduality, meaning by tht flot only his

o character and pe?sonality, but everything by reafon of which
he®Vas a man and an individua! man—John Brown, to be

. easily distinguished from 21l othér men. For this, the Greek
word Morphg thas been proposede-originally, it is true, for
some special cases in single-celled gpimals, bpt there is no
oTeasen why such a convenient t&m should not be retained
to denate that OForm by which agy organtsm is to be
© . 94
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distinguished—the form no less of its miind and of#ts function-
ings than of its bodw.

In regard to the substance of ’the higher organisms there
is, in a sense, a constant death going on throughout life, *
and that in two ways. First, there is the throwing off of
whole units—cells or organs—to be replace® later by ngw
ones of the same kindg and secondly, the continual {reaking
down of the living molecules into simple waste products,
which are rejected from the body. To call this latter
phenomenon death, however, 'is rather a stretching of the
term, for all life thgt we know is as it were but the succession
of drops poised for a moment at the summit of the fountain-
jet, each one rising only to fall. The living protoplasm is
continuously building itseff up out of simpler compounds,
and the energy for this it can only procure by as continuously
breaking itself down. Thls kind of death is part of life.
As to the cagting off of replaceable unifs, this is deatn, but
complete death only for the units themselves—a very partial
death for the organism as a whole, which is something
more than the sum of all its par's. To make this partial
death ‘clearer, lat us consider what happens in the case
of a tree. Trees are in reality nothing but colonies composed
of large numbers of individuals—the shoots—each of these
shoots corresponding as regards its grade of individuality
with one of the higher animals. In the tree, however all
these are un#ed by’ a common support, the trunk, which,
formed from the tree’s living substagce, 1s yet not merely
a possession of all the%eparate shoots, but a gart of the higher
individuality exhibited by the colony as a whole—its individu-
ality as a tree. JFor I fhink thateno 8ne will deny that the
true morphé of the tree residés in the tree a8 a whole and *
not in its individual members. Now in a tree we get death
of a farge progortion of these members (the flowers, for
example, each of which is only a modified shoot) e®ery year,
and yet obviously no real death of the tree itself.

So too we must think of.ourseres and the other higher
animals as being also colo.mes Jbut colonies of a loger order
—colonies of cell-individimlis, while a tree is*a colony of
shoot-individuals, and eacly ©of these in itself a colony of
cell—md1v1dual§ The only real difference, apart from this ®
one of grade, is that iff the a‘mmals predommance of the

[
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morphé of°the wholdis a good deal more pronounced than
in the plants; also (and the two poin®s are doubtless corre-
lated) the number of différent kinds of shoots in a tree is

" very much less than the number of different kinds of cells

°

in ap animal. By looking at the matter thus we shall have
no difficulty iff realising how the complete death, for instance,
of the cells of the skin, continuously being cast off, or of
the buck’s antlers, shed once a year, is such a very partial
and insignificant sort of 8eath to the whole organism, although
extremely real to the units themselves. Indeed, in such a
case as that of the lizard, which, by a especial mechanism,
breaks off its tail, to leave it wriggling in the assailant’s
grasp, while it escapes itself, the death of the part means
life for the whole— He who tfrows his tail away, Shall
grow another one next day.” As a matter of fact, when the
lost parts can be Eeplaced by the whole, they are usually
sacrificed to it, and their death is thus beneficial or even
necessary to its life. When they cannot be replaced, their
loss is, of course, injurious to the whole, but by no means
equivalent to its death. A man who has lost his sight, both
arms, some teeth, and a leg or so, is notedead, though his
life is not so full or so complete as that of other men.

After thus disposing of this partial and beneficial death,
let us come back to John Brown, and ask the question,
has all of him died? First, has all his substance died ?
The answer will not be necessarily yes. For 9f he bas had
a child, it means that.one of the cells 9f his body, becoming
detached and aniting with a complementary female cell,
has given rise to the whole of that child. From this it follows
that these® special ref)roductive cells can escape the death
of the sub§tan8e, for one of them, by continued growth and
division into two, has built up the body of his son, and,
included in this body, new reproductive ecells for future
generatid’ns. TRus there is a sometljing whijch connects
geperation with generatioxg by actual continuity of substance,
and this something is usyally known by Weismann’s name
of the Ggrm-pdasm. This is gotentjally immortal. The parts,
on the otherr hand, which are, in®our experience, necessarily
morgal in each generation fortethe® body or’Soma.

John’y individuality, however, has been completely lost
to the world—i® altogoether. gead; fhe sole surviving parts

. ©
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of him are germ-cells, and they bea% no impfess of his
morphé. They have fhe power (in this and in most cases,
only after fertilisation, or unioh with another germ-cell
of opposite sex) of producing or growing up into a new
individwal with a new morphé, but by the t1me they, are
ready to do this they have gone through a prdcess (technig-
ally known as reductiom) which makes it certain that whatever
individuality, patent or latent, we may ascribe to them, is
different from that of the body in which they are contained.
The relation between soma, germ-plasm, and morphé is
this: the germ-plasm is a continuous chain, each cell of
which is produced directly from a pre-existing cell. From
this chain a new soma is formed at intervals, but in the
normal course of events its cells all die without descendants.
The morphé can only find fpll expression in the developed
soma, and though it is+dn a sense present if but potentially,
in the fertilised egg-cell from which this sprang, yet reduction
and fertilisation have shuffled and recombined the cards so
that even this potential individuality is not the same as
that of the parent. Or, to put it %n another way, in each
generation the germ-plasm splits off from its immortal self
a mortal part—the individual’s body. From the point of
view of the species the soma is but a soon-worn-out casket
for keeping safe the germ-plasm’s undecaying pearls—save
that here the pearls make the caskets.

That is as®far as we will take John Brown: perhaps I
may recapitulate wl}at we have discovered about him.
First, that he has been dying all his life, bug that this death
is a death only of some of his component parts, and is
often beneficialeto him as a whqle; secondly, that in What
we call hés death there are redlly two deaths Woven together ®
—deggh of substance and«death of individuality; and thirdly,
that all thessulstance contained in him has not died, but
that we myst dlstu;gulsh in him a mortgl, som%tic part,
which alone bears the stamp of a morphé, and an immaggal, ®
germinal part, nqt in itself dlf‘ferenhated but able to produce
from itself new individuglities, .

John Brown has kept (% rather long, but at last we can
turn to the reSt of the ®agigatl kingdom, and see if perhaps
the two deaths bound up together in man may not l.ae found ®
separate elsewhere. Can therd lze persistenee of the morphé

D . . . * *
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if the subltance die¢? In another world, perhaps, but not
in this. Here we only find individuility as a function (in
the mathematical sense) df a certain complexity of physical
substance, as, to take a familiar if incomplete example, we
only get liquid water when the temperature rises above a
«<sgrtain poinf in the scale. We cannot think of a morphé
existing without substance, for, by adefinition, it is simply
that which informs a mass of substance and differentiates
it from other masses®of similar substancg. But we can
think of substance without a morphé, and in point of fact
the morphé may pass out of a mass of substance—may die—
and be replaced by a new one in the selfsame mass.

Of this it will be worth while to, give an example : Clavellina
is the mame given to a particular genus of Ascidians—
creatures which are an offshgot of the Vertebrate stock.
They thus stand high in the animal scale, and though degen-
<erate morphologically, are yet much specialised in certain
directions. .

In order to make comprehensible what follows, it will
be as well to give a sfort sketch of the structure of the
animal. It is a sedentary marine creature, of beautiful
translucency, which may reach a height of nearly two inches.
In its upper part or thorax is a complex breathing and food-
catching apparatus; this consists of a large sac, the walls
of which gre perforated by a number og” little slits, the gills,
arranged in rows. Water is drawn into this Sac through a
wide orifice that’ cam, be closed at vgll, and after passing
through the gill-slits comes into another sac from which a
second and similar orifice leads to the exterior. These two
orifices art called the Eiph(tns. Numerous small blood-vessels

' run round and about the gills, and as the water passes
through the slits, its dissolved eoxygen is breathed jup by
the blood. At the same time the whole apparatus acts as
a strainél, so that®any small particles of t:ood ¢n the water
argskept back, and accumulate.at the bottom of the sac.
Here they pass into the cﬁgestiw, apparatug, which, together
with the hears and reprodugtive grgans, occupies the basal
part or abddmen of the animal. “The minute nerve-ganglion
lies jn the thorax (Fig. 6). ‘o, ° ¢

* Now jf small individuals of this species be.put in a little
dish, and the waver nog chap@;d, aftér some days they begin
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to look poorly—probably as the resufit of star¢ation and
-auto-intoxication comwined. They-shut themselves off from
the outside world by closing their siphons, and begin to
shrink. At first this shrinkage is the only noticeable change
—the oggans get denser and less transparent, and all cavities
in the body decrease in volume. After a tim® however, g
second process comesy into play—a retrogressive dgvelop-
ment, involution instead of evolution,—in which all the
complicated organs retrace their stePs, so to speak, getting
simpler and simpler, until an absolutely embryonic condition
is reached. Into thegletails of this interesting process I cannot
now go: suffice it to say that eventually all that remains to
be seen is a small opaguie white ball, in which all signs of
activity have ccased, even the heart’s action at last stopping
—its diameter five or six times less than the length of the
" original Clavellina. Exgernalfy it is quite, internally almost,
undifferentiatgd, and bears not the rethotest resemblance
to an Ascidian at all. And yet it is not dead—only asleep;
it seems that harmful influences can be better withstood when
the animal consists merely of a stmple shell containing a
layer of blood-carpuscles as packing round a central bag,
than when it possesses the complicated build I have described
above. For if now put into clean water it will gradually
expand, become less opaque, grow in complexity, and finally
attain once more to the state of a fully formed and healthy
Clavellina. But it®is impossible to consider the newly
regeneratedemorphé as identical with, that which informed
the same substance before. In the first place, the new creature
is smaller than the original; this, if course, is in itself not
very important,eand is, largely t@ be txplained by the *fact
that the animal has had to feedd upon itself t& supply energy *
for the complicated procasses which it has performed. But
then, in the, segond place, the proportion of the different
divisions ofgthe body to each other hassbgen altefed; and
thirdly, the number of rows of gill-slits and the numbegof ®
gill-slits in each Jow is different. ®Thus the ‘morphé, which
disappeared as such when the animal returged to an un-
differentiated state, has fet come back againe, it is gone,
it is dead, and a new'rrp;phé has arisen in the identical
mass of protgplasm. The animal has no longer the Same ®
individuality as at the® beginging of the sxperimeht.
* ° °
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. A very gimilar prdcess often occurs in the single-celled
Protozoa: when exposed.to unfavourable conditions the
animal shrinks slightly, loses all its typical shape and organs,
and becomes a mere ball of protoplasm, at the same time
surro.unding itself with a resistant wall, thus becoming what
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FiG. 6.—De-dffferentiation in
Clavellina.

iagrarh of the stricturg of a
* normal individual; (2) the same
individuaP in the de-differen-
tiated state. From this state it
may recover and once more
attain to full §urfctional com-

° ggxity.

is called a cyst. If its
surgoundings grow more
congenial, it will hatch
out of this, develop the
morphé typical of the
speciey and go on with
life in the usual way. In
many cases, we know that
all the most characteristic
organs of the body—the
mipute but often compli-
cated oars and paddles,
traps and mills—are cast
off before encystment, so
that here too the morphé
has not merely been’ latent
in the undifferentiated
cyst, but has died, and a
new one has been born
to take its place.

In these two cases, what
really happens is that the
who%; of the substance
goes back to an embry-
onjc, unspecialised condi-
tion in which # can be
compared to germ-glasm.
It is as if John Brown on
his dgath-bed gvere to have
. his tissues pass into a

state of flux, ahd then ggt simpler and simpler, until you
would haye tossay, This is np logger a man, but merely a
mass of maif's protoplasm; and s if finally this mass were
to rg-differentiate up again—irte Jéhn Browh, junior, with
®an indivjduality as obviously new as if he hag arisen in the
usual way, from &ne un:liﬁer.erﬁtiated ll instead of many.
L]
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This discussion leads us on to the d&estion whither déath
is a necessary consequence of lit;e? For if we could take
a Clavelina, and after making 1t go through the process
1 have described, let it grow to its original size, and then
begin #gain da capo, there seems no reason, (thoughe the
experiment has 1ot been tried) why the same substan®
should not go on fof ever producing new individualities
out of itself. In parenthesis it may,be said that cases like
this of Clavellina show that Weismann’s doctrine of rigidly
separate soma and germ-plasm cannot be upheld in all its
strictness. The septration is usual, but not necessary.

The important new fact which we learn from the behaviour
of Clavellina is really tRisy that the cells which have been
specialised to perform all the diverse functions of its body
can revert to a primitive, engbryonic state, capable of new
growth and new spechlisation, often jn new directions.
That is to sag, their having been employed in some definite -
capacity by the soma has not impaired their other capacities—
or, in other words, active and spegjalised function does not
of necessity lead to the death of the functioning substance.

Here perhaps & the place to consider Weismann’s well-
known view of the immortality of the unicellular orgapisms.
These, of course, multiply typically by dividing into two,
each half often resembling its parent in every respect save
that of size. Probally in all cases, in many certainly, death
of the old morphé and birth of two new,ones is involved
in this. As‘a very good example we tay take a form such
as Euplotes (a hypotrichous infusorian) in which the organs
are highly differentiated, and the procgss thereforg easiar to
follow. In this rhicroscopic crgature there are,various hooks
and hairs®and bristles grouped over the body in, a definite
arrangéement. On morphdlogical grounds they are all con-
sidered to~b¢ mddifications of cilia, the little motileghairs by
means of which,many protozoa swim. When a Euplotes
divides, a constriction appears gound its ;middle, wi¥ch
deepens and deepens until ®it at *length cuts the body in
two. Meanwhile, all thegold *organs are re%.tgsoﬂ)ed into
the body, and {n a corngs o ¢ach of the daughter-individuals
appears a little patch of motie cilia, corresponding in number,
but not at alb in shapg or pogition, to the variouse bristles
and hooks in the adult aninc:‘ll. As, the ﬁroce§s goes on,

[ . *
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these gradally enlaloge, get stiff, and differentiate into their
definitive forms, meanwHile arrangiffg themselves over the
body in such a way that® each daughter finally becomes a
Euplotes of the normal type. Here it is evident that the
pargnt’s rnorphé is dead and gone, and that two mew ones
kave been born in the two offspring—we tan see it happen.

This birth and death of individualittes Weismann of course
admits; what he m51sts on is the absence of what we are
accustomed to look on' as true or total deaLh—death of the
substance. As he tersely puts it, there is no corpse. Now
in one large group of the Protozoa—the Infusoria—after a
long period of reproduction by this simple splitting, there
occurs a sexual process betwegnetwo individuals, called
conjugation. Moreover, the nucleus (that part of the celt
which seems to be in chief ¢pmmand) is in the infusoria
differentiated into ltwo parts—a large macronucleus, which
regulates the general vegetative life of the cel, and a small
micronucleus, which usually remains quite passive. These
may be considered as gomatic and germinal respectively,
for at the time of conjugation the macronucleus breaks up
and degenerates, while the micronucleus,®after engaging in
an interchange of substance—a primitive sexual act—with
the micronucleus of the other conjugating infusorian, divides
into two halves, one of which enlarges to form the macro-
nucleus of the next cycle of ordinary division, the other
remaining as the immortal germ-plasm of the race. It was
urged by Weismannés opponents that in the® process of
conjugation Death did step in, claiming the substance of
the , macronucleus for himself. Upon which Weismann
retorted that they might &f they liked say*this was a form
of death, Qut that there was nothmg you could cal? a corpse,
and so it was but a partial death, comparable onlyeto the
partial %eath of higher animals when the§ tlwaw off and
replace an antler 8r a layer of skin. Howeverf in this case
I ¢hink the opponents gge in the right, as we may see if
we keep two points in .mind®-the one Weismann’s own
idea of the distinction between gpma and germ-plasm, the
other the fadt that in any cell w may compare the nucleus
, to e designer and builder, ‘the fest of the protoplasm,
° or cytoplasm, as it is called, Go the bncks the raw material
with which he Puilds H bothVare equally necessary for the
L4 .
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completed edifice, but the nucleus 1'; the actige creative
component. . . °

On a previous page we compaged the soma of man to a
casket for the safe-keeping of the germ-plasm; let us change
the metaphor, and extend it to cover the whole animal
kingdom, by saying that Soma is the active partmer and Qerm-
plasm the sleeping partner in the firm of Life. The active
partner does all the work, but has to share the profits with
his colleague. To make the paralleb exact, we must simply
suppose that Soma usually gets worn out with his hard work,
and that then Germ-plasm can keep the firm going by
producing (out of himself) a new active partner, relapsing
then once more into hig sleep. If we take this comparison
to guide us, we shall see that in the Infusoria it is the macro-
nucleus who is the active partner in the firm; he it is who
works on the raw material ®f the cytoplasm to keep the
everyday life of the animal agoing. Asethe whole creature
is but a sing‘le cell, its cytoplasm must always persist to
form a protective case for the nuclei within. But at conjuga-
tion, though this survives, yet all she directive force of the
soma and the whole somatic life perishes in the old macro-
nucleus, to be re-created in a new one that the micronucleus
is to make. Thus in the decay of a many-celied animal’s
body and the casting out of a single-celled infusorian’s
macronucleus we see the same essential fact—the death of
the directive ortiod of the soma. It is only a®difference
of degree that in the one case the mortal is much larger
than the immortal, and has been playing the part of protector,
of sheltering home to it, while in the other that which
survives inclosey that which dies, and is larger sand thore’
conspicuqus than it. I both, avhit survives is the minimum
which can perpetuate thg race. *

Am®ng the Protozoa, this somatic death is seen most
clearly’in e [n?usoria, but all other members of #he group
probably show it in®some form or anothef. Bacteria, it is ®
quite possible, go through yio sueh process¢ in those that
do not form spdbres we should fhen have g real absence
of death. However, theiff,smdll size has so far Precluded
much investigation on ethe point, and they cannot yet be
taken as proof on one sid¢ 3r the other. Thus the uniceRular o
organisms (l¢hving thes doubt'"ul Bacteria out of Account)

L ]
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do not in gheir normyal processes lend much colour to the
* view that death is but gn accident, and all protoplasm,
however functioning, potgntially immortal.

On the other hand, recent workers have experfmentally
shown that Infusoria may be bred through a very large
nuner of generations indeed without .conjugatio'n (and
tRerefore without death). This they have done by feeding
them Jn a different diet day by day, Sr, when they appeared
poorly (often a preliminary to conjugation), by providing
various chemical or physical stimuli, adding beef-tea to
their water, for instance, or taking them on a railway journey
to give them a good shaking-up.

These experiments (discontinuedoonly after hundreds of
generations, when it seemed clgar they might be made to
g0 on for ever) seem to show that functioning protoplasm
is not in itself mortal, but tha#t the cause of death is to be
found among the external conditiords; for by altering these
death may be put off, it would seem, indefifitely. In this
particular case, it appears that the long-continued action of
one set of conditions may so to speak push the protoplasm,
always in one direction, until at last its eq%u']ibrium is upset,
and death sets in unless the little-modified germ-plasm,
which has not had to contend with the outside world, is
woken from its sleep to readjust the balance.

There are other instances, both among animals and plants,
which corffirm us in this view. To take theeanimals first,
we find that in many species of ascidians related to Claveliina,
there is, in addition®to ordinary serual reproduction, an
asexual reprodliction by budding. In some cases the buds
arise directly from actively functioning parts of the oganism;
the cells at ome point lost tkeir spécialisea character, take
on the general appearance that we associate with émbryonic
tissue, and then, growing and multiplying rapidly, give rise
to the rediment of the new individual. It & n&Jet known
o if this budding ®brocess can be repeat&d indefibitely by the

safe mass of.substances—usuglly the stock dies down in

the bad season of the ytar—but from what we do know
it seems® at, feast probable *that8in favourable conditions

it could go on without fixed term., .

o This case is like that of Clav@l¥ina, except that here only

a part of the tigsues actuall)g workiag in the *service of the

[ ]
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body passes back into an embryonic §tate and gegenerates
an active whole. ngere are other examples 1n anirhals, e
but all exhibit the same features : although actively functioning
substanc® may continue producing new individuals, yet it
always goes back first to an undifferentiated state, the old
morphé dies, and yvith it often a large part of the,0ld subseance
as well. o

When we come to plants, our case is clearer. First we
have the records of trees of vast agg and size, whose death
seems only to dave been due to accident; that is to say,
to something in the external world and not in the tree itself,
and something whfch could be avoided. Such a one was
the huge Dragon-tree of the Canary Islands; discovered in
the fifteenth century, it #upressed the Spanish explorers
with its enormous bulk, and even then had a great hollow
_in its trunk, eaten out by wénds and waters. Blown down
at last by a tempest in 1868, its age must have been several
thousand yeals—several thousand years, be it remembered,
of continuous growth. Then there was an enormous Baobab
at Cape de Verde, whose age a Franch naturalist calculated
from the number. of annual rings of wood to be over five
thousand years. Ages which must be measured thus, in
thousands of years, are attained fairly frequently by certain
other kinds of trees, such as the Cedar and the Sequoia
gigantea or Big Tree of California. Now if we consider the
conditions togwhich» a tree like this is subjected, we shall
wonder more and more at its reaching such an age in a state
of nature. Prolongededrought may cripple it, lightning may
split it, swarms of caterpillars devour its lelves, hordes of
beetles ruin the young shoots, fyngi «<orrupt its, barke A
single hole in this prdtective.sh#ath will lef in corroding
air and rhin to eat out great hollows in the living wood
bencath. Then comes a great storm—the tree could have
weathere b&ore, but now the weakened trugk gives
way—and all is ever b °

One injury inflicted leavey the #ree weakey and so nMre
liable to others, *and makes it pdssible for influences that
would have been harmlegg before to act infu;iously. The
wind that blew the treg down would have been powerless
if it had not been for the *hollow trunk; this could mever
have been eafen out bat for ‘he hole in jhe barky which
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again was 0only theré' because of the attacks of parasites.
« Of this a curious but apposite instagce may be given. In
the Forest of Compiégne,there is now a rifle-range down
one of the great rides; it is almost exclusively near the butts
of this range that the trees are infested with Longicorn
beetks; and she cause of this is—bad ma;ksmanshif) ! The
tfees here have been pierced with bullets, and their wounds
have ih the first place lowered their general vitality, so
attracting the female Longicorns who always prefer to lay
their eggs on weakly trees, and secondly previded an actual
passage making it easier for the larvae to reach their chosen
home just below the bark. These larvae %re very destructive,
so that the bullet-wounds not only weaken the tree directly,
but betray it into the hands of rew and otherwise powerless
enemies. It is a geometrical, not an arithmetical progression
of disasters. But the disasters afe usually few and far between.
Great droughts, om tempests, or flidods do not come every
day; and it is these great exceptions that do %he tree more
harm than all the times between. The tree with but a few
short centuries of life wvill have to weather only one or
two; but in five thousand years there is Lime and to spare
for every sort and kind of thing to happen. And so, owing
to the rarity of disasters and cumulative effect of injuries,
the long-lived tree is, ceteris paribus, less favourably con-
ditioned than the short-lived. To be Irish, the longer it
lives, the Sooner it ought to die. 0 °

Thus it is nothing inherent in the tree itself, that causes
its death, merely tHe long-continued shocks and buffets
of the world, *preventable things, one and all; by which
I nrean that if one ceuld ghelter the tree from storms, keep
off its active anemies, and® provide it with 2 reasonable and
constant supply of food, water, and air, we must suppose
that it would go on living for ever. °

This is very clegrly brought out where ﬁxan@ actually
° s}t%gped in. It Will perhaps come as 9 shkock to hear that

tifere is only one partisular double cherry in the world;

but that is ino a certain ‘and a quite real sense the truth.

The dotble, cherry has no* orglns for reproducing itself

by seed—they have all been, conyerted into petals; and
o it depends entirely on grafting°fbr its continued existence.

Here we have proof positivesthat doath in a Houble cherry-
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tree is due merely to the accumula}ed effects®of haemful,
influences acting on the parts which have been long exposed
to them; for if we take a youlg shoot from an old tree
and graft it on to a suitable stock, it will grow rapidly and
form a new tree in itself. -

Still better are*those cases where the plant'is propagamd
by cuttings, for here we have not got to call in an individual
of another species to act as a stock for the graft. Many
cultivated planfs are grown exclusively in this way. A very
good instance is the Italian Poplar; this is a variety of
the Black Poplar, differing from it chiefly in its pyramidal
shape, caused by the branches growing upwards instead
of outwards. It is now-fc‘und all through Central Europe,
having been much planted along roadsides. The curious
fact about it is that only maje trees are known. It can thus
of course never be grown from seed, and is as a matter of
fact propagased entirely by cuttings. Here again we see that
at the death of the tree, the young twigs only die because
the older parts are worn out bY.their long struggle with
adverse forces and can no longer support the younger. If
the young shoot8 are cut off and put in the ground, they
will continue to live and grow, with no loss of their morphé,
and the process may be repeated, so far as we know,
indefinitely.

Take yet a third, case, where man has not {p interfere
at all with the tree itself, but merely takes care of it and
keeps it safe from g¢nemies, The famous Banyan-tree of
India sends down vertical shoots from its éranches which
take root when they strike the ground, so that a cojony
" of Banyans is formed, each one ¢hnnected with every other.
In the Calcutta Botanical Gérdens is one &f which great”
care fas been taken: tht young hanging roots are each
ensheat j0 @ bamboo tube till they are safely fixed in
the ground, find all gpats and cattle are képteaway. A growth
unparalleled before has been the rgsult: the tree now cosgrs ¢
more than two agres of groufid, and shows no'sign of flagging
in its formation of new trgnks.. This is an exeellen} instance
of what may be done by artificially repressing®the harmful
influences that’ would Be (a6 ‘work in a state of naturg.

Having thus persuadeg oursleives that a single indiyiduality ®
can in some cases go on livilg indczﬁnitel&, two pertinent
[ ]
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<questions abise and démand an answer. First, if functioning
protoplasm is not necesshrily subjec? to death, why did
death appear? And by death I do not of course mean
accidental death, whether by enemies, parasites, or the
violegce of inorganic nature; but natural death, best seen
imman and Bis domestic animals, which? although much
better protected from foes and hasmful influences than
wild creatures, yet always visibly grow old at last, lose their
faculties one by one, ahd pass away by a Jdeath which is
a mere failure to live. And our second question is, granted
that death must come, will it be possibd, in ourselves for
instance, to postpone his coming—for a short space—for
a long space—or even for ever ? ét will help us in answering
the first question if we make a ¢omparison of the average
length of life in various animgls of the same group. We

~ shall find that though in a rough way long life is associated
with large size, yet there are very many excep&ons; to take
but one, the parrot lives from fifty to a hundred years, while
the far larger ostrich never exceeds fifty, and rarely reaches
forty. With what then ddes length of life stand in relation,
and how is it regulated ? We begin to see?light if we brmg
in another fact—namely, that the numbers of any species
remain on the whole very constant, though the number
of eggs or young is always much larger than that of their
parents. [hus out of all the children oof every pair, only
two can on the ayerage survive to maturity, of the numbers
of the species would net remain constapt. Even to rear these
two is a struggle, and the most direct means to this end—
the perpetuation of th,g race—(as opposed to those attributes
which help the individual$ within the raceeto survive) are,
[ ) . 1 oqe .
first, large, number of offspring, to utilise every possible
chance; then, quick growth and ea?ly maturity, which gneans
that generation more rapidly succeeds gen%::'mn; and
thlrdly, ong lifey %hich makes it possible, forone pair to
haez many broods. The product of number of broods into
number of offspring at eagh brodd into quigkness of growth,
divided by tlR mortality of the,offspring, is a constant.
These three factors, like any othér attributes of the animal,
can be altered by means of ratwal selection. The details
® will vary in every case; no length of life, snow increase
of progeny, wilP be moost suliable to work with. In birds,

* -
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for instance, long life has in general l;:en favouged: a large
brood would be harmsful, as the -weight of the eggs within ®
the mother’s body would be sos great as to render quick
flight impossible.

As was pointed out for the giant trees, the ill effects of
external nature have a cumulative action as #fime goeS op;
and so for a species jnormally to have a long life, means
that it must be guarded effectively against this accumulation
of evil influences. This could be atcomplished by natural
selection favouling those individuals with the most stable
constitutions and the best protections against external foes;
but the difficulty of prolonging life for a year would become
greater with every year @dded, in much the same way that
the horse-power of a fast8iner must be disproportionately
increased to add a single knot to her speed. Thus it is that
no known animal reckons %s life in thousands of years,
and but fewgin hundreds. From the pdint of view of the
species it is less simple to go on living (I speak teleologically,
but my words can all be translated in terms of natural
selection) than to abandon the ofd battered body, whose
repairs® cost so guch time and trouble, and grow a new
one from the germ-plasm.

So this increasing difficulty of repairing any damage to
the body gives us a reason for the origin of death: natural
selection could no doubt prolong the span of life, but after
a certain time it cdhes cheaper and easier to rély upon a
new-life for, perpetuating the species. ,Thss the old life, no
longer nicely adjusted by selection, is at thg mercy of any
harmful influences, and in a state of nature soon succumbs.

This leads nagurally, to our so.cond question, for sdrely
we may spppose that if death’can be postponed by natural »
selection, it can be also,.by artificial selection.® The case
of th®Rggvan-fee shows what a very limited amount of
care will sOjnetimes do. But in ourselves, the pfoblem is
more difficult, for Jur senescence seems at first sight Que ¢
much more to internal tham extethal causes®

Metschnikoff devoted much time to the attegapt to analyse  °
these causes. One thing &t least he has made pr'obable—
namely, that matural deat'h,is very rare in organisms; but
that when it does occur in man it is .in truth natural, in e
the sense that it is as dé8ired ajd almost as @ainless 4s sleep.

M [ J
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He holds omt the hoge that by healthy living we mlght
Confer upon the majority of men a happy old age and a
natural dying. On the other hand, his speculations,on the
role of intestinal putrefaction in inciting the white blood-
corpuscles to attack the brain cells in old age haye not
stqpd “the test®of time very well. .

Later workers have been more succegsful. Steinach, Sand,
and Voronoﬁ' have accomplished much towards achieving
a successful practice of rejuvenation, by methods concerning
the ductless glands. These wear out in old age, like the
rest of the tissues. If they could be causeg to become active
again, the tissues would again be tuned up to their proper
pitch. Practice is based upon the vigw that stimulation of -
one ductless gland will react bfneficially upon the rest.
Since the hormone-producing part of the testis is the most
accessible, this has generally b&en made the starting-point.
By ligaturing the dfict of the testis, Steinach gvas able to
rejuvenate ageing rats. By repeating the process first on
one testis, then on the other, and finally grafting in testis
from a young animal, he Was able to effect rejuvenatlon three
successive times in one beast.

Voronoff has worked mainly on human beings, with a
special technique of grafting. His case-books make interesting
reading, One is scientifically impressed, if not morally
edified, by the record of one patient who, after successful
rejuvenatiofl, began leading a very gay fife. T® his friends’
remonstrances he® repjied, ¢ What matter? I gan always
go to Voronoﬁ',again.’ And go he dili, when the collapse
came; and again had his clock of life successfully set back.

There are, however; some facts whjich mgke it clear that
*rejuvenation cannot be repeated ad libitum., Egch time
Steinach’s fhrice-rejuvenated rat fell into senility, it did so
quicker than the time before. Some tissugs I hBse of
the nervéus systgmeprobably age 1rrever51bly, af/d are given

®but,a temporary fillip by the fresh hormdhnes.

e know, t80, that tfe conmective tissue of a chicken
cultxvated outgide the body can go on mbltiplying at the
same rate years after it would hllve died had it been left
to form part of a fowl; so thaf ¢ there is something in the

© organism which limits the length of hfe, but is absent from

some at least ofits componCnt par
* ©
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In conclusion, it should be reco]!ected thaw longewity 1s
clearly in part inhertable. In lower animals we can demon-
strate that there exist MendeMan factors which alter the
average duration of life; and there is no doubt that this
holds, good also for man. By eugenic measures we could
unquestionably ¢aise the average span of hfiman lii’e gyen
without further progress in hygiene,

In this essay we have touched on many speculatlons
One thing emerges as certain: that®if, as we may confidently
predict, the Present trend of affairs continues, more and
more men_will ajtain an advanced age, whether naturally
or by rejuvenation; the death-rate of infants and young
peopie will continue te fall; the birth-rate will continue to
fall also; and as a resull we shall in a few decades have
a population®in which the relative numbers of young and
old people will be quige different from the present. By that
time perhaps we shall not be quite so®casual about human
biology as we are to-day, and will not permit any one,
even persons diseased or in receipt of relief from the com-
munity, to have as many childref! as they choose, or allow
all arfd sundryeto be rejuvenated, any more than to-day
we permit persons to drive where they like in the roadway,
or to go about while capable of spreading infection. But
that is to stray from death to life, and from pure to applied
biology.
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‘ELIXIR VITAE’
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E@vir.Vitae. .*. . The medizval alchemiste concocted their
potable.gold with a strange mixture ©f magic and science
and sought to manufacture the liquid whose draught should
stave off death. The ¢ho of their efforts still sounded;
elixir, that Arabian word, still lingered on, but only in the
hyperboles of the minor poet or the puffer of patent medi-
cines. Now, however, in the twentieth century, we are
presented with it, fully accredited, from that unexceptionably
businesslike spot, Chicago. 0

It has been found possible to Frolong the life of an animal
for many times its usual span; and indeed there is no reason
to doubt that this Prolongation could be made indefinite,
and that the same individual could be made to continue
so long as life was possible upon this earth.

Elixir vitae. . . . Is%hen the alchemists’ dream come
true? Hardly in full, one is compelled ¢o admit:" for it
is so far only applicable to a particular branch of that some-
what lowly group of the animal kingdom known as the
Platyhelminthes or flat-worms. None the less, the experiment
is a notablg feat on the part of its authgpr, Professor Child,
of the University of Chicago, for it and kindr&d work have
gone far to clarify ounideas on the progcess of ageing, which
clarification, ase the most impatient would-be Methuselah
would admit, is best begun on simple forms of life.

It has been known' for Some time that these flat-worms
*—creeping fresh-water animals of half an inch oz an inch
in length—possessed the remarkable power of living on
themselves when starved. We ourselves chaklcf-_fbe same
power, vut in aovéry limited degree; after a fdw weeks at

° theomost, we exhaust our reserves and we succumb. But
the flat-worm &an cut its coat according t9 its cloth. Like
a man wlo, after a reverse of fortupe, sells half his possession
and continue® life on a more mod&st scale, the starved worm
contjpually decreases in size, dtethe®same tinle utilising the

° materjal, which it abstracts from ity own livjng tissues as
food for the dfminished whble. I§eath only comes with

L]
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months of starvation, and not until ale creaturg has rgached
an almost microscopic size, less than that whicg it possessetl
when jt hatched from its egg.s

This is remarkable enough; but perhaps more so is the
fact that as it grows smaller, the adult shape and proportions
give place to those characteristic of young worm¢. This
had been investigatgd some twenty years ago by another
Chicago man, Professor Lillie. Child took up the' problem
and showed that in physiology and behaviour too the worms
made small By starvation resembled normal young ones.
From this it was,natural to conclude that starvation made
the creatures young again in the full sense of the word.
Accordingly a family @f worms was
divided into two lots: ohe lot was
well supplied with food, the other
alternately starved and fe® and so
kept withig definite limits of size. *

The experiment was continued for

a time that permitted the first lot

to pass through nineteen generati®ns

—a time which in human terms

would take us back into the Middle :
Ages, a century or two before 8
Christopher Columbus and his I Mz
voyage. During the whole of this

period the vorm¢ of the other lot F‘ﬁ,a“zn_gs"g}};‘}‘; ast?ﬁlﬁ"
remained ,within the same narrow, gtown Planarianworm,
limits of size, and® what is more, and(2)thesameanimal
showed no signs of senmescence, aitér prolonged fasting.
They had been,kept within the same Kmits of age for nteteen
generatjons of time. And # any one were willing to talke
the trouble, there is no, doubt whatever that they could be
0 qQr fjnety generations or nine thousand.

So was achieveg the experimental «proof thae, although
age in ourselve$ and other animals is a matter of fact bourd
up with the passage of time, yet tms is secomdary, not inherent
in the nature’of things. To grow old rgeans, to change
internally in a partlcul!r way, not to haveelivéd so many
months or years; it i¢ Life; and not Time, that brmgs Age.



BIRTH °CONTROL .

THE Battersea and Stepney local Health Authorities have
recgntl?/ applie® to the Ministry of Health fer permission to
give infQrmation and practical adviceeabout birth control.
The Ministry has replied that if they do so, their grants will
be discontinued. Much the same thing has happened in
North Kensington. The first decisions were’ taken before
the advent of the present Government t9 power, but the
same policy still appears to remain in force.?

This is in democratic England in, A.D. 1924, not under
a theocracy enforcing its own cafons of morality, nor yet
a military autocracy determmed at all cost® on cannon-
fodder.

1 wonder very mucB what are the grounds for this attitude.
There exist, so far as I am aware, two kinds of argument
agamst birth control. The first is the nationalists’, who see
in birth control something® which will gradually dry up the
sources of population and leave the country behind in the
race with more procreative nations. The second is that of
the Church—officially so of the Roman Catholic Church,
unofficially (though some change is of recent years apparent)
that of the bulk of the ministers of other Churches. It is

“the mortl argument: remove the check® provRled by the
thought of *conseduenges’ in the shape of another mouth
to feed, and the population will plunge® into sexual excess.
The strict Catholic goes further, and says that it is un-
justifidble human interferenge with the number of souls
divinely ordained to be brought into the world: hut with
that type of argument a secular civilisation need hardly
feel itself called upon to contend. o

There afe natugally a number of vagatlons pon each
8f these themes, but the themes remain the same. The
one concerns itself with pgpulatfon——the physical results;
= the other wnth énorality—the spmt’ual results.

Let us look for a moment at sqme®of the fa'cts A walk
found Cambrldge Circus or Leicester Square Qr one of a
1 This was written®while the Labour Government was in power.
° 1]
114 . 0
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hundred other city streets will conv&xcc any gpe whe will
keep his eyes open ghat the Ministry’s refusal is not part
of a coherent policy. If it is really undesirable to spread the
knowledge and practice of birth control, why not (it would
be qujte simple) forbid the sale of contraceptives and con-
traceptive literagure, instead of allowing them to®flaunt
themselves in the presgnt mean and dirty way ? The Minist?y’s
action simply makes it more difficult for the poor, the timid,
and the modest to practise birth centrol, while the rich and
less squeamisi? do so already.

But there is a.further and more serious aspect of the
situation. One of the most salient facts about recent
population statistics ig the rapid drop in the birth-rate
w1th1n the last century. Chis has been very marked in the

‘upper classes,” especially in families of professional men
and intellectuals, less so @mong skilled, much less among
unskilled lgbourers, feast so in the slums. This has un-
doubtedly been brought about chiefly by the practice of
contraception. Its result, although certainly not so serious
as writers like Dean Inge and Psofessor MacBride seem to
think it, is none ghe less certainly dysgenic: the better elements
in the population are, on the whole, multiplying less rapidly
than the less desirable.

These two facts alone seem to me to knock the bottom
wholly and completely out of the population argument.
Birth contrel is feing practised, and it is bethg practisede
more by the classes carrying better heredltary factors than
by the less favoure® sections of the populatlon The present
situation is wholly bad. It can be remedicd in two ways—
by a total sq,ppresswn of contract:ptlon, or. throukh its
equal pactice by all Classes. s THe former is utterly 1mpract1e-
able. Remains the secqnd, and the Ministry *of Health is

doir&.i,;\b;:t Jo prevent that.
But the)e is still another point. Within wid® limits, a

decreased birtherat® is largely compensatecf for by a decrease®

death-rate. Further, whea chﬂdren comeslike rabblts‘ not

merely is infartile mortality hlgh but theig is not enough

money for adequate fo8d or clothes, not emough time for

care—and the quahty‘suﬂ‘pps Quantity of population versus

quality of 1nd1v1duals——who would hesitate ? . * ®
. . [ )
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A page from the bool@ of one of the voluntary birth control
cHinics, to which, mostly with doubts and §imidity, mostly, too,
with the approval of their hushands, working women come:

‘Mrs. A., aged 44; 12 children born; 5 miscarriages, brought
on dehberately

Mrs. B., aged 88; 12 children born; 1 miscamiage; now preg—
nan agam

11;/Irs Cs aged 31; 7 children born—1 d&d; continuous back-
ache

Mrs. X., aged 23; 5 childten—3 dead.

The weekly wages earned by the husbands of these women

are between £1, 10s. and £2, 10s. 6d.’ o

It is here that we are brought up against the moral argument.
Shocked hands are raised, and (e ‘lower classes’ are
told that if they could only exercise more JSelf-restraint
they would not only lay up righfeousness unto themselves,
but also be spared these inconvenient eonsequences. When,
however, the argument is examined, it is seen to Be no argu-
ment at all, but partly a confusion of thought, partly a
conclusion from a false premise.

It is a confusion of thought because self-restraint would
still be a virtue—nay, more of a virtue—F birth control
were habitual; and it is, by many of its upholders at least,
based on the premise that sexual pleasure is in itself in some
way wrong and degrading unless associated with the deliberate

Durpose of grocreation.

This is a difficult subject to discuss, but it 1s the tacit
assumptions held By so many people on this very point
which stand in the way of advance. °Profane love’ is in
no way wrong nor degraded in itself; but, just because
it is so deeply rooted in us, samtlmate, and so bverwhelmmg,
there is still a tiboo upon it. ‘All the important aetivities
of life have had their taboos at one tfime or another, ang)sex
is the last of the great taboos. ° r}

How bhorrified wa§ Blake at this attiudg. e shrinks
in nzaomprehensmn and dashke from those who make a
practice .

<f calling that a hatcful ing
On swhich the soul unfold her wing.”

o Ther® are, of course, those who tell us that we should
eat only tb live and not enjoy our dod. But’the sooner

. ° . . e
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this attitude to any of the natural activiti® of mlan is
recognised as a mental disease the better,

If the Church as a whole opboses birth control, she will
be making another of those mistakes which seem inevitable
to rdligious organisations, and are repeajed witle great
regularity as ocCasion offers—it will be opposing an ins®ru-
ment of possible profress on the ground that it is fmmoral.
Almost every great extension of mman’s thought has been
opposed as a. Promethean presumption. We have not to
go back to Galileo or Giordano Bruno. There are those
living who remember the obloguy heaped on the Darwinians,
and we have only to cross the Atlantic to see that spirit
in action in the person 8™yIr. Bryan and the Fundamentalists.

With purely material inventions the opposition has not
been so frequent, but whensit comes to biological inventions
—inventions which #ffect us personglly and emotionally,
as organisMis—we find, as Mr. Haldane has pointed out in
his amusing and stimulating little book Daedalus, that matters
are very different. The inventiqn of alcohol has brotight
the fanaticism of prohibition; vaccination has its con-
scientious objeltors, and out of bacteriology has grown
anti-vivisection. When the use of chloroform was introduced,
there were religious moralists who disapproved of its employ-
ment in childbirth, as circumventing the Divine Curse on
women ! TRere are even in the United States marty denominaegs~
tional colleges where the professors may not smoke. And
now we hdve birth eontrol-—one of tit very few big biological
inventions yet made.

If people and Churches woyld anly remember tmt the
gifts of nature®and tle works of man are quly good or bad
as we rhake good use or bad use of them! .

Lgkily, however, if we are to judge by the recent ¢ Copec’
discﬁs&dﬁ tHere are now signs of a rgally sciensific temper
being displayed oft such questions by a®considerable body
of Churchmen. .

A rational birth control would right the balance which «
the differential birth-rae is" upsetting; it wvotilld give a
chance of 3 reasonaple existence to millions of women,
whose lives are now mati® a burden to them by a suctessiog
of confinements break#ng in on an unending round Jf domestic

overwork; it would improve the physique of the children
[ . *
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and dive thédn a better chance in life; and it would slow
down the rate of our multiplication so that we might hope
that our schemes for social improvement would bégm to
catch up with the problems with which population mcrease
is always presegting us.

KNieanwhile the Ministry of Health makes the worst of a
bad business by an aggravating and® futile ruling. And
this a Labour Governmgnt !*

1 Note (1926). No change yet observed with the Conservative

Government! °



« THOMAS HENRW HUXLEY AND
RELIGION !
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*So far as the laws of conduct are determine® by the 'intqlect,,
1 apprehend that they %:elong to science, and to that part of science
which is called morality. But the engagement of the aftections in
favour of that particular kind of conduct which we call good,
seems to me to be something quite beybnd mere science. And I can-
pot but think Yhat it, together with the awe and reverence which
have no kinship with base fear, but arise whenever one tries to pierce
below the surface d¥ things, whether they be material or spiritual,
constitutes all that has any unchangeable reality in religion.’

And again: -~

<1 have never had the least sympathy with the a priori reasons
against orthodoxy, and I Mave by nature and disposition the
greatest possible antip#thy to all the athgistic and infidel school.’

I wonder how many, if they were asked to guess the author
of the paragraphs I have just quoted, would think of Huxley
—Huxley the rationalist, the egnostic, the destroyer of
orthedoxy’s pegce and quiet, the bogey-man of thousands
of mid-Victorian homes. Yet it was he who wrote those
words; and wrote these, too, in 1870, apropos of the new
School Boards:

¢ I have always been strongly in favour of secular education,
in the sens® of edfication without theology; but  must conf
I have been no less seriously perplexed to ksow by what practical
measures the religiqus feeling, which®is the essential basis of
conduct, was to be kept up, in the present wtterly chaotic state
of opinion on these matters, without the use of the Bible, . . .
By the study of what other boek cotild childrem be s& much
humanised and made tb feel that dach figure inJthat vast historiaal
process®n fills, like themselves, but a momentary space in the
integval between. two ctetnities, and earns the blessings or the

cu‘rls £ all ’time according to its effort to do gogd and hate
evil . . W : -

» [ ]
The truth is, of course, that Huxley was essentially and
deeply religioys; but that this really dbvious fact was _

1 Written on the occasign ofethe centenary Gf.Huxley’s birth.
2As the Rt, Hon. J. M. Robertson informs me, Huxley some-
what modified this view in lafer years. See J. A. Picton, The Bible
in School, London 1901, p. 12; and Edward Clodd’s, volume ofl
Huxley, pp. 34-37. ’
119, = .
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completely masked foxg the average man of his day by his
ons]aughts oh what that average man 1mag1ned an integral
part of his religion, but Huxley regard®d as a dead-weight,
an obstruction to any true’religion. i

The fact that we to-day. can wonder at the popular
estimatton of Huxley is a measure of the extraordinary
cha?lge which has come over the whole of this field of thought
since his time—a change to which he contributed as much as
or more than any other single individual.

When Huxley was a young man, adherence &0 the Church
of England was still a condition of entering College at
Oxford and Cambridge. Religion in Englanfl meant Anglican-
ism or else Protestant Nonconformity, and Rome was still
to the bulk of the population quite gfinply the Scarlet Woman.
When he was at the height of his activity, betwgeen 1860 and
1890, conditions had somewhat changed; but none the less
the Established Church was in an entrehched and dominating
position which we can hardly picture to-day, fhe popular
knowledge of other religions was negligible, the science of
comparative religion had searcely been heard of, and religion
was in general still identified with a somewhat theologically-
inclined Protestant Christianity. Any attack on any doctrine
of that particular brand of religion was regarded as tanta-
mount to irreligion.

Upon this scene, enter Huxley. He was by temperament

=== Puritan. Ke believed passionately not osly in the advance-
ment of knowledge, but also in an absolute Truth and an
absolute Goodness, in®hard work and rigid mbrality, in
beauty of charater and of art. The difficulties which he
faced ®and oyercame aé the, beginning of his career, both
with regard to his scientifi® pesition nd to his marriage,
steeled and 4ixed that temperamenf. When he had made
such sacrifices in order to be able to pursue t truth, the) dis-
covery that most pepple refused to accept °jt g!’eﬁ)%vhen
Qhrust under their Soses, only sharpened this pursuit and his
zeal®in truth’s eervice. Iis catholic taste, his immense
> voracity of reggding, and his wide circle of friends and
*acquaintan®es prevented him From®ever becoming narrow-
minded through over-specialisation. His professipnal acquain-
sance With the value of true sciehfific method in arriving,
even if sloWly, at permanent results, mdde him c6ntemptuous

[}
¢ hd . a
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of those who swallowed conclusions !m insufficient evxdenoe
and led him to adopt the position for which fe coindd the
title of agnosticism. For mstance he writes:

.o

‘ The philosopher founded in naturalism . . . is compelled
to demand that rational ground for belief w1thout,wh1cl£, to the
man of science, assent is merely an immoral pretence.’

Our other chief chracter is a bomb—the Origin of Species,
dropped on to the nineteenth- -century stage with so much
deliberation by that great and quiet man (who had so nearly
taken orders in his youth), Charles Darwin,

We all know sthe result—the bad blood, the ignorant
invective, the invective of those who were not ignorant
and ought to have kifn betier, the outcry that religion
was in dangeg: and the further result that Huxley felt impelled
{o enter the fight and to atgack all that was untenable in the
orthodox religious views of the timeg, particularly on the
theological%ide. It was thus an accident that he was so much
of an iconoclast, so much of a devil or bogey to the orthodox.
His Romanes Lecture and mang of his essays and letters
testify to what constructive force he could have exerted in
religious thought if circumstances had been different—a
constructive force which would assuredly not have been less
than that which he revealed in pure science or in education.

I propose here to give a brief account of Huxley’s attitude
to religion, Jllustrated so far as possible by quotations fronggees
his writings; and then to try to estimatg what he would be
doing or Saying on the subject if Re had lived to-day. I
know too well how difficult the latter task *will be, and how
inevitably personal ideas and prejudjces will mtrude e IONE
the less, I do fot think it ap unprofitable Qccupatlon .

In the first place, then, Huxley’s destructive contribution
to g%cious evolution ‘was important. By concentrating
his at kepcﬂx dogma and the belief in verbal igispiration,
which he stigmatised as Bibliolatry, he Belped very materially,
in freeing the vital core of religion from sucl superstructeres,
and in showing how unessential to true religion is most
theology. For instance,ewhen he, under th% guise of *the
Agnostic,” was attackgd by Dr. Wace and told that

¢ it is, and ought to be, an unpleasant thing for a man {o haves

to say plainly that he ®®es not believe in Jesus Christ.”



122 . ESSAYS [N POPULAR SCIENCE o
he retorted tz)y saying &xat the ¢ ought to be’ implied
o

‘A proposition of the most *profoundly Bnmoral character’;

) 0 .
and continues:

‘T vesily beliege that the great good which has been effected
in the world by Christianity has been largely® counteracted by
the pestilent doctrine on which all the Ghurches have insisted,
that honest disbelief in their more or less astonishing creeds is a
moral offence, indeed a sin of the deepest dye.

This point I need not labour: I would only remind my
readers how necessary it was for him, in hie day, to labour it.
He was one of the first to perceive the enormous value
of a science of comparative religis?—a two-edged engine,
both destructive weapon and constructive jool. In his
well-known essay, The Evolution.of Theology : An Anthropo-
logical Study, he drawg a detailed paralkel between the religion
of the early Hebrews and that of the Friendly $slanders as
narrated by Mariner—one of the earliest attempts to do what
Sir James Frazer later so thoroughly accomplished. In his
opening paragraph he gives us the followinog passage:,

* With theology as a code of dogmas which are to be believed
or at any rate repeated, under penalty of present or future punish-
ment, or as a storehouse of anaesthetics for those who find the
pains of life too hard to bear, I have nothing to do; and, so far
as it may be ‘possible, 1 shall avoid the expregsion of any opinion

"3 to the objective truth or falsehood of the systems 8f theological
speculation of whick I may find occasion to speak. From my
present point of view, thBology is regardedsas a natutal product
of the operationseof the human mind, under the conditions of
its existence, just as any other branch of science, or the arts of
architécture or music or'painging, are sugh product.’

L]

S‘ﬁbstitue, in the last sentence, ‘religion’ for *tHeology,’
and you obtain as clear a statemenit as you could want of
the standpoint of the modern naturalistt Jvé&stigator
&Hf human biology® What is more, Huxl&y was in this essay
of set purpose copfining himself to theology, and undoubtedly
would have approved of the application of the sentence to
religion asea wRole. . e

We then come to Huxley’s positiog with regard to what

any spersons (mistakenly, I verfitre to assert) believe to
‘g‘e the central prgblem of religion, it necessary keystone—

-}
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that of belief in a God. Here the ground had hardly begn
sufficiently cleared for him to $ee as we can see to-day, so
that his views are of a somewMlat negative character. None
the less, he has left us some pregnant sayings. Still tinged
with *the spirit of the age from which he was strjving to
liberate himself*and his contemporaries is, for instance,ethis
passage, implying as®t does that God must be a supernatural
person, in some relation like that of proprietorship to the
Universe, a problem not to be *approached by scientific
methods (and therefore, for Huxley, one on which to be
agnostic) : .

< Of all the senseless babble I have ever had occasion to read,
the demonstrations of tf®e philosophers who undertake to tell
us all about the nature of God would be the worst, if they were
not surpassed by the still gr%ter absurdities of those who try to
prove that there is no God.

Later, in Mis essay on the School Bsards, he wrote, with
somewhat similar background :

‘I do not express any opinion as®o whether theology is a true
sciencg. . . . BE it is at any rate conceivable that the nature
of the Deity and is relations to the Universe, and more especially
to mankind, are capable of being ascertained, either inductively
or deductively, or by both processes. And if they have been ascer-
tained, then a body of science has been formed which is very
properly called theology.

L ] L 3
* Further, %here can be po doubt that affection for the Beinr

thus defined and described by theological scieffce would be properly
termed religion; but & would not be the whole of religion. The
affection for the ecthical ideal defined by mdral science would
claim equal, if not superior, rights. Fog suppose theologyeestab-
lished the existence of an evil deffy—and some th®ologies, even
Christiagg ones, have come very*near this—is the®religious affectioh
to be transferred from the gthical ideal to the omnipetent demon ?
I trogg not. Better a thousand times that the human race should
perish ttndep hi® thunderboits than that it should say, “ Evil, be
thon my G od.”.’ ° * .

®
However, in the other essay from whiclh I have already

quoted, the Evolution of Theology, he closes Qn a much more «

modern-sounding note:e  * .

‘I suppose that, so 1dhg gsethe human mind exists, it will not
escape its deep-seated instinct to personify its intellectpil con-e
ceptions. . .%. It may®be that the majority of maflkind may
find the practice of morality made easigr by theological symbols.
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And wunless these are converted from symbols into idols, I do not
ste that science has anything te say to the gractice, except to give
an occasional warning of its dangers. But when such symbols are
dealt with as real existences, 1 think the highest duty Which is
laid upon men of science is to show that these dogmatic idols have
no greater value than the fabrication of men’s hands, the stocks
andothe'stones, which they have replaced.’ .

Finally, let me quote one more pafsage which indicates
very clearly the direction which his agnosticism was pursuing :

“If the diseases of society consist in the weakhess of its faith
in the existence of the God of the theologians, in a future state,
and in uncaused volitions, the indication, as®the doctors say, is
to suppress Theology and Philosophy, whose bickerings about
things of which they know nothing h een the prime cause and
continual sustenance of that evil scepticism which is the Nemesis
of meddling with the unknowable.” (Science and Morals, 1886.) ,

[+]

To put it baldly,_ he was forced by the intransigent
attitude of Victorian orthodoxy first of all to titnk of God
in orthodox terms—cruder terms, in all probability, than
he would have arrived at jf he had been free to excogitate
the problem for himself, In quiet and on its merits ;, and,
secondly, to adopt an agnosticism.which ®as not passive,
no merely fainéant intellectual gesture, but implied the
positive immorality of attempts to draw conclusions from
premises which could not be known—the immorality,

- __gxerefore, of basing a religion on the attsibutes,of the type

~7of God with which his opponents, or certainly the majority
of them, confronted hém. How he woyld have *reacted to
the problem toeday, with the more conciliatory attitude
of thg Church, with the new discipline of Comparative
Religion at His elbow, and with the growth of the positivistic
Or naturalistic attitude towards the idea of God, is*another
question. ¢

Meanwhile, we must close with the positive }ide‘spf the
Gaccount. Huxley had his beliefs, like every man who has
hadeto find his feet after dgubt, perplexity and hard fortune.
What were they, and to what extent were they religious in
the full sepse 6 the term? As I pave already said, Truth
and Morality®were his sheet-anchogs. Althqugh he was
intenssly susceptible to beauty, béth of nature and of every
Yorm of ast, he never seems to have uaderstoodethe need felt
by some artists for the erection of aesthetic truth or reality

L] *
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into the central and dominating principle of life. He oeuld
feel strongly enougheabout beauty to write:

‘ Physfcal science may and pro!)ably will, some day, enable
our posterity to set forth the exact physical concomitant and con-
dition ©f the strange rapture of beauty. But if ever that day
arrives, the raptuse will remain, just as it is ndw, outside gnd
beyond the physical wogld; and, even in the mental worlg, some-
thing superadded to mere sensation.’

But I am unable to recall any pass®ge in his writings where
he even mentions the problem of whether for the creative
artist the right and wrong of aesthetics are above the right
and wrong of morality; and I am tolerably certain that,
if he had, he would hava.igdignantly repudiated the doctrine
without troubling to discuss it.

eAgain, althdugh he was perfectly aware of the emotional
quality of religion as oppose& to the rational (or the practical)
quality of mwrality, and frequently disfinguishes the two as
< affection” and * science’ respectively, there is no evidence
that he was willing to attach any special value to what we
are now accustomed to call * relifious experience,” even in
its highest and most mystical flights—or at least any value
in any way comparable to those which he attached to the
intellectual virtues of truth and the practical® virtues of
morality.

Here, again, it {5 possible that he would have to-day
adopted a d¥ferent position. For one thing, his opponents
were putting all their apples into the Opposite basket—
of theology and formal faith; for anotker, Darwinism
had not worked itself out to its logical conclusions in
philosophy. Heshad not yet beéh confronted with Wiltiam
James® pragmatic truth, nor® Bergson’s keeh attack upon
intelleg:xial process as iteelf a product of the évolutionary
mill, .tharefgre itself not merely limited but quglitatively.
different from other, possible kinds of ®nogledge; nor had
biologically-minded anthropologigfs and philosophers fglly
and with proper background stressed the®survival value,
in man’s evolutionary hi§tory, of the altruistic tgndencies,
nor attempted to trace in detail the evolutio®® of morality.

I think it wbuld not ‘be wtfair to say that he occasignally
made abstracfions of tguth and of morality, that, 4in other *
words, he tended to deify them—‘altho gh he certainly
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at other timss subjected these gods to the most searching
analysis. For instance, he tould write¢

¢ All truth, in the long run, & only common sense clarifitd’;
»
or agam .

‘Gn whxchever way we look at the matter, morahty is based on
feeling, n®bt on reason; . . . goodness is kind of beauty. The
moral law, like the laws of physncal nature, rests in the long run
upon nstinctive intuitions, ¢nd is neither more nor less * innate*”
and ** necessary ” than they are. Some people *cannot by any
means be got to understand the first book of Euclid; but the
truths of mathematics are. no less necessary find bmdmg on the
great mass of mankind.’

Yet at the close of his life, #i that famous Romanes
Lecture, ¢ Evolution and Ethics,” which contained his greatest
single contribution to moral and‘rehglous thought, he nailed
his colours to the mast. He started “trom the problem of
evil, and, naturally, dealt with it sub specie evolutionis :

¢ After the manner of successful persons, civilised man would
gladly kick down the ladder¢by which he has climbed. He would
be only too pleased to see *“the ape and tiggr die.” But they
decline to suit his convenience; and the unwelCome intrusion of
these boon companions of his hot youth into the ranged existence
of civil life adds pains and griefs, innumerable and immeasurably
great, to those which the cosmic process necessarily brings on the
mere animal

\?)r again, w1th regard to various past phllosophxes and

poems, he says: N o .

* The consciencé of man revolted against the moral indifference
of nature, apd the miGrocogmic atom should have found the
illimitable macrogosm guilty. 8ut few, oreione, ventured to record
that verdict.” .

He then proceeds to dismiss the theodicies  Which 212 the
necessaryeresult of .assuming a beneficent® divine power
oimmanent in the world and conceived as dfrecting its evolution
- —tfeodicies which he finds best epitomised in Pope’s lines:

o Allenature is but ajt, unknown to thee;
Alh chance, direction whith we cannot see;
All discord, harmony.not wnderstood;
. All partial evil, univer§al® good;
e And g §>1tc of prlde, in errigg reason ’s spite
One tfuth is clear whatever is is right.
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And this conclusion, from its inception with €ome of thg
Stoics to its Pangossic latter end in certain modern
evolutienists, he dismisses as fjtting for

‘an inscription in letters of mud over the style of Epicurus.’

From this he goes on to discuss in good earfiest the Beaung
of evolutionary biolggy upon the problem: .

¢ The propounders of what are called the * ethics of evolution,”
when the ** evolution of ethics ” would usually better express the
object of their $peculations, adduce a number of new facts and
arguments in favour of the origin of the moral sentiments, in the
same way as other ®atural phenomena,.by a process of evolution.
I have little doubt, for my own part, that they are on the right
track ; but as the nnmora' ntiments have no less been evolved,
there is, so far, as much datural sanction for the one as the
ogher.’ .

And finally he comes rpundf} out with his great exhortation:
‘ Let us umderstand, once for all, that the gthical progress of

soczety depends, not on 1m1tatmg the cosmxc process, still less in
running away from if, but in combatmg it.”

Herg is indeed a confessmn of faith. Of faith in the
absolute value Pesident -in man’s intellectual and moral
quests and powers; of faith in the significance of human
life, and in particular of its ethical aspect; of faith in a
great deal more than his opponents had been willing to
credit him with. And yet to some it seemed as CODfessiOT e
of the insufficiency of those ideas and gethods to which
he had mowt conspicyously pinned hie earlier faith, to which
he had devoted most~of the energy of his prime.

I think that in fact there dogs in,this fine essay reside
a certain unresblved eontradiction; “and T Lshall try later,
to showehow, perhaps, he might have resolvegl that con-
tradiggion if he were livihg to-day. For the present, I will
content mysetIf ®ith pointing out that h.lS attitudewas con-
ditioned in part by ¢he fact that the evoluﬁonary battle was o
still raging, and that men had nat yet bad time to sec ¢the
problem in clearest perspective, nor to work out many of its .
corollaries and implicatigns; *and, secondly"that he was
confronted at every turg by theorles principles, and practices
which, though to-day half- brgotten or completely moulder- ,
ing, were them alive enaugh. There was thg doctrine of per-
fectibility and of inevitable progress, which Herl.)ert Spencer
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Jhadmoptimigtically carried on. There was the ferocious
individualism of the laisse-faire scho®l, which (even more
successfully, though no 1gss vigorously, than other and
mutvally exclusive principles) was attempting to justify
itself Ry pointipg its finger to Mr. Darwin and ‘ naturered in
tooth and claw.” There was the sincere®but aggravating
school of ‘ reconcilers * like Henry Dréimmond, who wanted
to have things both ways at once. And there was Orthodoxy
still reclining on her *pillow of soporific, theology and
advocating ideas and practices which Huxley thought both
false and childish. °

But I am running beyond my limits; and must pass to
a brief summing-up of my greg=dfather’s position as it
appears (with whatever inevitable imperfegtion) to one
of a later generation who can pnly judge of him from the
printed page. . .

He fought the joint battle of evolution and freedom of
thought to such effect that Darwin, before his death, saw
his firebrand theories age into respectability, and achieve
not merely toleration but honour and praise; and that
England is to-day the country of greatest libe?ty of specﬁlation.
of least acrimony between science and religion. Unorthodoxy
is no longer a stigma. We are not so much troubled by
politico-religious problems as France or Italy, nor disgraced

~~——<4by the half-baked Fundamentalism of the Unjted States.

©

The time had gome when the religious spirit had to find
new forms; to do that the old formgs, or mueh of them,
had to be pulked down; and Huxley found himself cast,
by the lot of circumgtance, for the part of puller-down in
(chief. So thoroughly, andl yet with éuch lack of vandalism
or of any destructiveness for its own sake, did he de his part,
that we are already beginning upoh constructive wor{llc{gor the
new builging which will inevitably rise upon the site ofthe old.

If it had not beeR for the violent tempgr of some of the
lezders of the .Church inethe ’sixties, the constructive work
might have begun yet earlier. But the Church chose as
its attitude th€ obstinacy of Wilbegforce with his ill-mannered
taunts, rathef than the tolerance and broadminded searching
for truth, new and old, of Kifdgsky. *

Huxley, the chief spokesman of scignce, wasdiot intolerant :
he was essentially a reggious-minded man. He was on terms _

L ] » . e
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of intellectual and personal intimacy with many of.the
leaders of liberal religious thought both within and withouf
the Chyrches.

It is of real interest to ask OL‘rselves how he would have
resporded if the spirit of Kingsley and Jowett had prevailed
over that of Wilserforce and Wace. I believe that agr€emgnt
would have been possible on many matters, and that a state
of friendly neutrality, as at present, instead of active hostility,
sould have obtained between Religion and Science. But could
‘here possibly have been full alliance? Could there have
>een agreement gpon the central issue of present-day
‘heology—the problem of God? When all is said and done,
‘hat was, and still is, thegreal issue. On that issue I do not
hink that Huxley or any one else of his day could have pro-
1eunced. Nefther the data nor the requisite background
were in existence. Agposticlsm on the one side, and either
Authoritarianism or the appeal to Unanalysed religious
:xperience on the other—those seem to me to have been the
o>nly refuges possible to the parties, even if they had wished
10t to embark on open warfare. ®

Me#nwhile, history ran another course. Looking back
on that course, let us rejoice for the sake of the progress of
humanity that Huxley was there, ready to undertake his
task of beneficent destruction; and let us, in justice to him,
realise that his was po partial spirit, but one to whom religion,
ike all othe? high human activities, was of vital*concern.

An intergsting problem that poses jiself in this centenary
rear of Huxley’s bifth is this—what would be his attitude to
‘he religious life of our time if he were in his prime to-day ?

First we must remjnd ourselves df the chamges Which
Jave come over the scene bdtween then and® now—changes
n prgfessing Christianitysitself; changes both in*the popular
and 1m theespgcialist knowledge of the diverse forms of
eligions, with a gonsequent change=in, orient2tion and
attitude to the Problem; the changes consequent upon the ®
iise of psychology to an autonomous and intportant scieﬁcc;
a change in the relative importance ascribed to creed and
worship, theological d8gma and religious eXperience;
changes seen‘in the sfread *of evolutionary outlook, in the
pushing of the evolutignary idea to its logical col.lclﬁsions,t
and in the emergence of a fuller body of evolftionary principle.

[
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Lo takethis last point first, we must remember that in
*Huxley’s day the doctrine of inevitable progress was still
seriously maintained by men of reputation and importance
like Spencer. This was,{/properly enough, repugnant to
Huxley’s sturdier common sense. He countered «t, not
by urging a fhodified or limited doctrines of progress, but
by emphasising the undeniable fact ¢hat vice equally with
“virtue, degeneration equally with advance, ruthless selfishness
zqually with altruism, tvere all products of evolution, and
that stationary persistence of type was to be found as well
as constant change. °

To-day I do not think even the most ardently orthogenetic
biologist would dream of advogating inevitable progress.
It, like other dreams of the eighteenth-century’s humanism,
has crumbled when confronted with fact by figorous crities,

. O

most notable among whom in recent years has been Dean
Inge. With the dechy of this aprioristic and e¢proselytising
belief, however, the field lay open for.those, more patient,
who, instead of asserting what ought to happen, set out to
discover what had actuflly 'happened. Their analysis has
made it abundantly plain that if ,organic dife is coridered
as a whole there is found, in spite of degeneration and
stagnancy, of cruelty and stupidity, an observable direction
in its evolution. This direction can be recognised as tending
towards the raising of the upper level of q,chiever‘pent attained

===y life in respect of certain qualities, such as power, efficiency,

harmony of parts; and, improvement of mental life. Further,
since these qualjties are on the whole q‘ilalities which to man
appear good, it is perfectly legitimate to drop the non-
committal ferm evoluffonary directionsand te use in its place
that of biologidal progress. ° o
That beinlg so, the antagonism between the cosmic process
and human aims is seen to be not nearly so radieal as4iuxley
endeavouted to préve it in his Romanes Lecture. The
° dirgction in which both age tending is the same, or at least
similar: it is th® methods gnd the pace which are so different.
The methods cof prehuman .evolgtion are chiefly (though
not wholfy) those of struggle and elimination, of blind and
fortuijous variation sifted by %eruthless natlral selection.
° Those of human evolution come to ke more agd more those
of intelligent g\Yidancg_ and control, the substitution of
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* /“conscious purpose for unconscious and randorg variafipn,
of prevention before ghe event for elimination after, of co-*
operation for the struggle of € ch against all. There is,
‘too a commg into being of valudg which previously had not

existed,

By these means the evolutionary process %s accel®rated,
and raised in large part on to a new plane. It is onr duty
to keep it on this plane so far as possible, and this we can
only do by employing methods very different from those
employed by é&volving life in previous epochs. But the
whole process is g continuous one, and there is no need
for any radically Manichean attitude towards non-human
‘ Nature.

This leads to another :%rollary of the evolutlonary idea
which had no? been properly appreciated in Huxley’s time.
In any movement or proceSs of change, the rate must be
considered gs well as the direction. A® general who wishes
to move an army rapidly across country might be forced to
abandon certain types of heavy transport because they
hindered his mobility: they Woul go in the direction he
wante®, but they would pot go fast enough. As a matter
of everyday observation, one has only to reflect upon the
moral and political likes and dislikes of mankind to perceive
that a large proportion of the things which men call bad are
so stigmatised because they are moving either faster or slower
than men lf%e, and not because they oﬁ‘end fpainst anye
absolute capon of goodness.

If one’s thought Ras the evolutlonary b;lckground one
must postulate an optimum rate as well as an optxmum
direction of evojutionary progress: afd if this be admitted,
then evep things or processes* which are moving in the right
direction may be evil if, they are moving too *slowly and
so refarding, the process as a whole. In fine, the ideas of
evolution have made it possible, and-md;ed neclssary, 10
transfer the simpfe concepts of relatlve motion from mechamcs !
to morality. .

In this way what is good, in one epoch ‘may become
bharmful in another: and‘thls, too, we must déscount unless
we are to over«emphasist thg antinomy between the micrgcosm
and the macrocosm, between the ideals of man and the slow-

grinding prodesses of the rest of the univefe.
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Ejnally, ghe analysis of thinkers like Bergson and Lloyd
*Morgan has reminded us.that to trace back a thing or a

process to simpler origins, does not explain it or sxmphfy
its essence. The mental {processes of an adult Tan are
partly conditioned by those of his childish years, put are
i, thémselvesPof quite different nature. o

Owing to the rise of psychology amd of the comparative
study of religion, the general attitude of the religious man
is far less rigid to-day than fifty years ago. Very few educated
people would now maintain that their oWn religion was
wholly and exclusively true’ and allb others completely
‘ false.” Religion itself is seen as evolving, and as adapting
itself, albeit incompletely, to t{}g changing conditions of
civilisation.

The psychological studies of men like Shand®and M’ Dougall
have made it possible for us®to agsert that the religious
‘ sentiment * (in thesstrict psychological sense) 4s one which
normally, though by no means necessarily, becomes organised
in human minds developing in any usual human environment.
In the normal adolescetit dnd adult, it is there, waiting
an outlet for its expression. °

Furthermore, the recent developments of psychology
following on the work of W. James and of Freud have
shown that a great many phenomena of the religious life
which were supposed to require dlrecg divine intervention

~3can be readily accounted for on simpler °hypotheses—
phenomena sucll as, conversion, sense of gface, visions
and inspiratiop, mystical experience® and sense of com-
mur.lion with God, etc. As indicated above, this does not
necessarilys take awdy frem _their ;ntrmsu: value: but it
*makes our attitude towards sthem other than that of our
forbears. *®

Finally we come to what I see as the cruy of the pfoblem.
I can se® Huxley responding to the mgreased emphasis laid

° by the Churches upon. the intrinsic vilue of rehglous
experience. He would say that religious experience is a
natural phenomenon like gny other, an outcome of the
psychic Structure of man, and tifat, if it is thought of in a
sensible way, it is to be encouga,géd in so far as beautiful

¢ and sat;sfymg in itself, and in so faf as conducxve to a richer

and better life. G can see him admitting the prdctical necessity
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of certain forms of religious symbolism, once the Churches
admitted that they were symbolic. I can see him re_101c1ng
in the victory of truth and compnon sense involved in the
gradual abandonment of the belff in the miraculous as a
necessaty element in religion. I can see him welcommg the
view of the more* advanced among the leadefs of reﬁglous
thought that religion i8 no supernatural gift (or inflistion !),
but a natural phenomenon—one of the highest of natural
phenomena, but not supernatural. *But I cannot see him
coming to terms over the idea of a God who is either personal
or superpersonal. e

As I pointed out in a previous paragraph, the idea of a
personal God, in a positign towards the world essentially
like that of an absolute ruler to his nation and country,
with the added property of creator, permeated the orthodoxy
with which Huxley found himself confronted. This idea
carried witheit such corollaries as the ‘ready possibility of
miracle, the validity of purely petitionary prayer, or the
idea of propitiatory sacrifice.,

This concept as well as the Absollite of the metaphysicians,
Huxley® countered with Agnosticism. ‘ There may be such
a Being,” he would in effect say,  but none of the evidence
presented satisfies me in the least that there actually is.
That being so, it is not merely a waste of time for me to
discuss the mattcr.untll more evidence is adduced, but
definitely wrong to base any conclusxons, theoretical or*™**
practical, upon the assumption of His exiStence.’

But to-day the liberal wing of religious #hought rejects
all naive creationism; rejects mlracles sees in praygr a
special form of mediation, of vame for the spm‘tual results
which it engenders in the praying mind; sfes sacrifice as®
discipyne for the self, net as propitiation of dn external
power. And ¢hesrelation of God to the universe is in general
conceived either jasestill personal, b®™ mere rcm'ote or,
more panthelstlcally, as immangnt and thcrefore Igss o
personal.

I feel fairly confident tl;at Huxley would have gontinued
the ¢ anthropologlcal hne of attack so bril#antly begun
in his Evolution of Theology', for which the work of, men
like Frazer would havg provided him with mexhaustxble ¢
material. I can see him arguing along fome such lines
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asghese: ‘gThe idea of God or Gods is one which is found

*in the religious beliefs of-the majoridy of men. It is thus
a natural phenomenon, tobe investigated by sciencg equally
with the colour of men’s{skins or their power to perform
mathematical calculations? I will therefore try to investigate
ity frdm as Wispassionate and externalised a standpoint
as posgible, on the evidence which the anthropologists and
psychologists have so painstakingly amassed.’

If he had done so, ke could not very well have escaped
certain conclusions. In the first place, there has been a
notable progressive evolution of the ideg of God in man’s
mind. We have only to remind ourselves of the tendency
from polytheism to monotheism, and of monotheism to
become less and less anthropomorphic. In the second
place, it is obvious that the relations (as envlsaged by men)
of Divinity to the phenomena® uniyerse have become pro-
gressively less immediate. Primitive man may suppose a
God to inhere in the humblest objects; the idea that striking
or unusual natural occurrences, such as thunder, earthquake
or pestilence, are the dfrect’ result of a Divine operation,
is widespread up to a late stage jin religious develépment;
so, too, is a belief in the local preferences of particular
divinities. Furthermore, the Divinity in the course of time
comes to have progressively less to do with the operation of
nature. Whereas to primitive man the causation of the

>eimplest pflenomena is sought in the capricious and free-will
activities of spiritual, beings, this conception Jjs gradually
replaced by thag of natural law. With®Galileo and Newton,
natural law was seen to extend to all mechanical phenomena,
and’ the physical anll ch$mical woplds were not long in
*following suit® With Darwid and with nineteenth-century
physiology?® the same was achieved for the organic world;
and twentieth-century psychology is extendjng the achieve-
ment to the worlg ofemind. The stars in gheir courses demand
° a God to uphold them neither more nor‘less than does a
faﬁing raindrop to direct its course; the different types
of animals require a Creatof no otherwise than a lump of
clay or a’drop of water; nor doe$ the sense of ecstasy or of
inspiration demand community ,wWith or direction by a
° Divine person any more than dq, common, sensation or

the simplest opétations of arithmetic.

©
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In other words, God or Gods are first conceived of as
the active agents in natural phenomena; later, &5 direcffhg .
or guiding them; unfil finally with the extension of the
discovery of natural law by scicgce, the place of possible
relation between God and phcgomena becomes (unless
we revelt to pantheism) more and more remotg, until §nally
the remoteness tefids to become immeasurable. b

There are two ways. of 1nterpretmg these facts. bne is
to say that the idea of God is an idea framed by man to
account, on Some unitary basis, for all the varied mani-
festations with which he is confronted in nature and in
his own mind and %is relations with other men. Since he
himself is a spiritual and personal being, he has almost
_invariably ascribed spirit eand personality to the entity
which he postylates as causing or directing phenomena.
Tht idea of God is therefoge a convenient symbolism for
grasping under a single® head the multifarious activities of
the universe fh their relation to man.

The other possible interpretation is to grant the symbolism,
to grant also its frequent imporfeqion but to say that it
is not qply symbohsm but in some degree a representation
of a reahty, but a’reality foo large and too complex for us
to grasp entire.

As between these two views, I do not think Huxley would
have hesitated. He would have accepted the first. The latter
he would notshave fejected, but would have confronted it o =
with his agnosticism, and by so doing have,sterilised it and
enfeebled its practicalevalue. For, be !t observed, the con-
ception underlying it is essentially that of the satic orthodoxy
of Huxley’s day, only with numerpus comphcatans added.
The Absolute GJd exis®s in sqme*way behind phenomena, .
and the actual God or Gods worshipped by men gre incom-
plete amd symbolic representations of the Absolute God.
But no methdd B suggested, save that of miraculous inter-
vention, by which anat’s beliefs as to the nattire of his actual e

¢ anthropological * Gods can be breught into,relation with,
and made real representations of,*the postulated Absolute
God beyond. . . .

Furthermore,, the obsegved facts can be exp]amed without
any such assumption; and*Fuxley was not one to disregard o
the principle of the ecofbmy of hypothesis.s *
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But even after ado%ting the first alternative he might have
.takon up oxe of two attitudes towards it. On the one hand,

he could have continued "the intranstgent attitude of com-
batant nineteenth-centuryp science. ‘ Your idea of God,’
he might say, ‘is a SYl%L)OI, a personification of natural
forceg, Such a method of thinking is an infantile on®, to be
abandoned as soon as scientific investigation provides.
an accbunt in accurate terms of the fhtellect. Besides, your
formulation is not only inadequate; it is dangerous. You
first personify the powets of the universe; you then assume
that your symbol is reality; you then apply deductive reason-
ing to this assumed reality and regulatesyour life according
to the conclusions logically drawn from those premises.
Not only this, but since there exists no verificatory check
on your speculations, you personify in your, God not only
the facts of external nature Ryt your own desires. Y&ur
own desires are unfortunately not #lways good, and so we
have the genesis of jealous Gods, revengeful Gods, proud
and ultra-patriotic Gods, not to mention the foibles of the
polytheistic pantheon.” , _

On the other hand, he might equally well argue thus:
‘Granted that a personified Ged is a®symbol, yet our
anthropological study has shown that it has always repre-
sented, with greater or lesser faithfulness, certain definite
realities of nature. If therefore I reject what seems to me

« the false symbolism of divine personality, a pegfectly definite
residuum of megning still attaches to the term God—as
definite a meaning as that in the terms ‘; beauty,or * modern
European civilisation.” It is a term for the powers operating
in nature anluding in nature, of course, oneself and other
Jmen) in so fag as they en¢er jnto relation with human life,
intellectual, emotional, or moral. Tt is not true t8 say that
we want no such term once the®methods of sciencg have
provided, us with a scientific analysis of*pken®mena. Such

o an analysis is alwz?;r—-s' discursive, ande always incomplete.
We want a ugitary termy because it is important to bring
ourselves as units into some sort of relation with the universe
as a unitpand®because the existencg of proper terms facilitates
thought and fetion. 1 therefore.retaig the term.God to denote
o this very important concept, bue deliberately reject the idea
of personality i God. The purging of the cencept of God
o

o
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of any inherent notion of personality is. to me a further step
in the evolution of the idea of God, comparable, fér instase, ,
to the step from polytBeism to monotheism.’

Whiche of these views he wouldghave adopted it is hard to
say. But he would have certainly %used to accept a personal
God. Fle would have denied our &bility to exjract a gnow-
ledge of the persoftality of the Absolute; but would have besn
convinced that the pérsonality of the actually~worshipped
or anthropological Gods had been entirely supplied by
human agency. , ¢

But, finally, we can readily see him pushing forward
his Anthropologica® Study and making a profound survey
of religion as a natural phenomenon—a real Natural History
or Biology of Religion. Suah a task he could have brilliantly
accomplished. Starting from the known inherited mental
m&ke-up of man and the fag that men live inside a certain
range of environment #nd tradition, hg would have traced
the necessary®emergence of religion and its gradual evolution.
How richly could he have castigated the folly and the
emotional and moral bias of early religions, and with what
ruthle.s; skill exposed how from false assumptions sprang
false conclusions,®and how failure to use the critical powers
of the intellect led in the long run too often to cruelty, strife,
intolerance and hostility to new truth.

But how vividly at the close could he have pointed out
for us the directionein which religion is-evolvingsand must
evolve, and the conditions which it must, obey if it is to
play its par? in a hagmonious civilisation. He would have
made clear to us how in any developed religion the emotional,
the intellectual, and the practica]. aspgcts are all necessary
and interdependént. Morality, that is solely Rrac'tical is not_
religious, *nor even if it be intellectually illumined too. He
knew evell enough that riligion is in the first instance an
emotional redcti®n. But he knew equally that this epotional
reaction could be, i itself and in its results, either good or
bad; and that it could not be whally or maigly good unless
it permeated and was permeated by all other parts of our
life, including our intelleggual and our pract¥al gctivities.
To be religioug in any satisfygng way we must,®among other
things, love truth for its*oWwn sake—mnot for its pragmatic
value; and we must d& good because we glesire the good,

-
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not merely because we find it pays to respect the views and
scofivention? of society.

He might well, under the influence®of recent psychology,
have come to realise more fJilly the value of ritual as a®directly-
felt expression of religioz}s sentiment; and of the more

myst;cal types of religious experience as possessing intrinsic
vaiue in the same way as does aesthetic experlence or the
-experience of love. And as a naturalist he would have
been the first to admit _that different individuals would be
.expected to excel in and to lay emphasis on different aspects
-of the religious life.

He himself, in any age or circumstnces, would have
emphasised the moral and intellectual sides. In a letter
of 1892 he writes to Romanes: ©

‘I have a great respect for the Nazarenism of 3esus»—very little
for later * Christianity.”” But thébonly religion that appeals to
me is prophetic Judajsm. Add to it somethmg om the best
*Stoics, and something from Spmoza and something from Goethe,
.and there is a religion for men.’

In any epoch he would hfve been a most valuable con-
tributor to religious thought, in that he would in &ny cir-
-cumstances have helped in clarifying the natural vagueness
of the average man’s beliefs, and have aided in opposing
‘the normal tendency of strongly-felt religious emotion to
«claim too much in the spheres of intellect and practice and
&0 set itsélf up as an absolute standard untempered by
‘tolerance or by tife self-criticism of reason. R

I do not think that he would have found his views com-
‘patible with any form of Christianity as held to-day. Although
he wWould have welcomed che changg in outlook which has
taken place inethe liberal wmg of the Church, heewould, I
.am convinged, have seen in it a change which was running
paratlel with what he conceived to be the right Jine, but not
-on the right ling itself. Between thosg two parallel lines

o.a gulf still opens. It is far narrower than if'was; but still as
rarSfound, and still unbrxd’.ged
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HisTory is a mirfor in which we may see ourselves, and mot
only our exteriors, as In a common glass, but, if we choose,
our more real selves, stripped of trappings and set on an
enduring stage., What we thought "novel in our own time
is seen as old; although each problem is ever peculiar and
demands its individual solution, humanity has long been
familiar with it under other disguises; our distresses that we
SO magniﬁed dwindle when we see the ages’ inheritance
of pain; our yery errors appear as the necessary tentatives
ot'truth and no longer hagg so heavy on our necks; new
modes of living are re%ealed to our ipexperience; and in
passionless #hd understanding contemplatlon of the world’s
unrolling we may attain to one of the privileges of the Gods.

That is why history, the leass va[uable of disciplines when

. unintglljgently studied, comes to hold premier place when
the fullness of th® mind is playing upon it. Such different
meen as Croce, to whom the matural sciences raok low and
art is high, and Wells, who exalts science, and to whom much
of art is a closed book, find in history the highest .exercise
of man, and can do*so because they both have agtive mmds
whose every faculty, intellectual and intujfional alike, they
are content Yo employ upon its problems.

The history of science is as valuable as constitutional
history or the history of politics or the hlstory Of religion,
The great body 8f ascemtained fac’o which emst§ in‘the records
of naturdl science is of no more value in itself than are
machimes in themselves of works of art in themselves. There
are needed e with knowledge to work the machines,
men to whose spirit¢he works of art?n.ay sveak. The works
of man only live in so far as maa vivifies them; and this
corpus of fact that to some people constitutes the reality of
natural science is only a vgst stamp-collection,®no more than
a lumber roon, unless each generatlon in its thrn will make

A review of Studies in @e sttory and Method of Scienge, Vol.ij. »
Edited by Dr. *C. Singer, Oxford, 1921. U
139 ¢
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Lt Bve. It ¢ives most strongly (so is the human mind con-
structed) by being woven' into the general background of
some general philosophy pf things. The history of science
shows us how a body of f£t’ comparatively inert and lifeless
while held in one framework of opinion, may be selzed by
amother more vigorous movement of th® mind and used
asa Ii'»’mg battering-ram to beat operfthe doors of progress.
This happened, for mstance when the facts of comparative
anatomy and embryology were snatched frqm the hands of
the ‘ nature philosophy > school and of the teleologists, and
used by the evolutionists to effect a great liberation of the
human spirit. Paley and Owen were using the same sort of
facts as Darwin and Hooker; inghe hands of one set of men
they evaporated, while the others condensgd them to an
intenser reality.

The history of sc1ence shou.% help us too to dlscount
the fads and fashions of the moment (for it Must be con-
fessed that there are fashions scientific as well as sartorial !);
it will help us in judging qf the practical utility of the methods
used by different ages and by different nations; it w1ll help
to remind us of the incredible censervat®m of the human
mind in presence of new facts, and of that curious psycho-
logical trait whereby, as it has been said, an opinion is held
with a violence inversely proportional to the amount of

Qevidenoe which can be adduced in its support. It will comfort
us by showing the greatest men making egregious mistakes,
and falling into the very errors against,which we pompously
warn our elementary students. In fine, it will give us a per-
specéive not only of the growth of scientific knowledge and
theory, but] equally 1mportant of the humah mind’s relation
‘to sc1ent1ﬁc problems. At present the teaching of science
is for the most part a teaching of fatt and of practical mgthod.
There age signs, however that the old hem&nism of the
Universities mayﬁbe tevived in a new way,, by making every
subject complete in itselfp to be dealt with, not only as fact
and method, but also as hlstory and as phllosophy If this
happy day afrives, courses+in the history of science will
be as integrfl a part of sc1ent1ﬁc trammg as laboratory
instruction. o

One of the pgjints stressed by Drd Smger in, his treatment
ofGreek blology and ifg relatlon to the rise of modern biology
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is the wholly different attitude of the Greek mind to science,
a difference crystalhs;d in the dlﬁ'erence in tfle metlfads-
of scientific record, and dependent in large part upon a
difference in origin.

Modgrn science is based upol} a vast, an almost over-
whelming bulk of published recor¥ls, the majerity of swhich
deal with observationg of fact or with experiments und®r-
taken in the attempt to verify a hypothesis. The impetus
for her advance is derived from the efforts of a large mass
of workers, often groping blindly round the roots of their
own little problems; direction is given to this struggling
mass by the few ouﬂstanding men of genius and force; finally,
the compelling power of the whole arises from the constant
and strict verification of *hypothesis, and its as constant
agplication to practice. Through this power, science gradually
comes to impose her syStem'of thought upon other systems.
During the Jast three-quarters of a cantury she has over-
thrown traditional theology and stamped her evolutionary
concept into the very heart of religious thought ; at the present
moment, the theory of Einsteth amd the verificatory experi-
ments epringing from that theory are bringing science into
a conflict with traditional philosophy. In passing, one
might say that the conflict of Galileo’s theories and experi-
ments with the traditional philosophy of his time affords an
excellent historical parallel with the present situation. The
real conflict there, g‘le conflict that mattered in the history
of thought, was not with the Church over the motion of
the earth, but with the Aristotelians oVer the speed of falling
bodies, with the philosophers over the refative values of
authonty, speculation, and experimens. *

The phllosophy of 2 science Eomes into bemg with the
advance of science, and,overbears traditional phllosophy
A co&espon.dm relatlon is seen between the two in the
origins of the modern period of scigage. Dr Singer points
out that the rise®of modern science was, t3 a degree greater o
than is usually supposed, indepenflent of the renaissance® of
classical studies. The active exXtension of knowledge by
direct observation . . . Began centuries befo;e ti%e learned
Greek revivaly and recexved «dts great impetus long after it.
Thus modern science arose largely independent bdth of o
philosophy afd of scholarship.’ .
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\%ith the Greeks, however, science always stood in a
«ireCt relation with philosophy, and a relation which was
in most ways a dependent one. And this was because, as
Dr. Singer elsewhere pointflout, * it was the world in’ relation
to himself and not as a mey2 objective complex of phegomena
that imterested and appeased to the Greek,

Knowledge was equally treasured by ancient and modern.
But the ancients had not yet discovered that to preserve
the treasure from gemergtion to generation, and to make it
available for mankind at large, verification and record
were essential—tedious, but essential.? To the Greek, the
intellectual satisfaction of a well-roufided and personal
system of thought was the attraction, That is still an attraction
for the great man of science to-dhy; but he knows that the
system of relations between phenomena which we ¢gll
science is something different SSom, and greater than any
systems which men ean for the present hope tg grasp, and
that its growth will in time radically alter any system which
they at present hold; and so he is content to labour toward
a goal which he cannot percélve.

. Comte, in his rough-and-ready classification, irdicated
that the Greek method was the more primitive; and history
is showing that the later method is the more successful.

Other aspects of the same general principle appear in
other articles of the book. Mr. Marvin lays stress on the

<ssentially®social nature of science; and in so doing dots
the i’s and crosses the t’s of the very reada.ble chapters
by Mr. Hopsto.ck on Leonardo da Virci’s anatomical work,
and by Mr. Fahie on Galileo. Why was it—it is the first
queftion we ask—that Leonardo, in spite, of consummate
«4echnical skill, ¢he inventiofl ofnew methods, the equnciation
of new principles and theories, had so little influence upon
science, while Galileo had so much? To which the Srswer
is that Galileo wag alweays publishing and éiiscussing his results,
while Leonardo locked his up in his nofebooks. To this
reSult, doubtlees, the different spirit of the two centuries

1 The same Js true of hisfory. Greek history of the classical
period is% chgonicle of contempora®y events. The Greeks had
no system of permanent record, such 2s the Egyptians and still

o moredhe Chinese possessed, and tiRit historical perspective must
have beeq very shaky for all events mege than a ggneration or so

awgy from the present,
°
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contributed much, stimulating the one man to unfpld hi
sealing up the mind af the other-in loneliness; but the fact®
remains, Leonardo’s own saying,

o Wisdom is the daughter & Experience,
Truth is only the daughte} of Time,’ o .
[ ]

is apposite to the issae. '

But if science must plod the path of verification, she
runs the danger of not using her simigination, not seeing
further than thé tip of her own nose. This danger is em-
phasised by Dr, Ngwell Arber in his chapter on the  History
of Paleobotany.” He speaks of ‘the constant error of all
the older workers, not one of whom appears ever to have
dreamed of how remote the Carboniferous flora is from the
Buitish flora of%o-day. . . . This mistaken outlook, curiously
enough, lingers most, pe#fistently even among modern
workers.” Ingother words, our author maintains that, through
lack of imagination, the average modern paleobotanist is
but a step removed from the diluvial theory which he so
laughs at; and, in referring éverything to the present for
compu¥son, has searcely agvanced beyond anthropocentrism.

Imagination is needed in science as much as in any other
mental activity. But it must not take charge of the scientific
mind. If it do, disaster may follow. Witness the paper
of the great zoologigt, Kolliker, quoted by Dr. Smger upon
the Hectocotylus of the Argonaut. It had been kflown since®
1828 that cyrious structures covered gvith®suckers were to
be found inside the fhantle-cavity of the fegnale argonaut.
At first it was supposed that these were parasites, belonging
to the group of dremajode flatwgrms.® In the °fifties it was
definitely shown that these struttures constitutetl an apparatus®
for fertilisation, being in «eality specially modified arms of
the male, whichghe can fill with spermatozoa and detach at
will. But meanwhilg Kolliker, havime got, so neat to the
truth as to recognise the close gimilarity of the- suckers
and skin of the supposed parasite to those of its host’
not only proposed the hypothesis ‘that the hecgocotylus was
a dwarf male similar to® those already foumd in wheel-
animalcules arfd barnadles, Jut went so far as to degcribe
and figure a cc;mplete sep of (wholly non-existent !) q;gestlve,
respiratory, circulatory, and reprod}lctwe' organs in tge
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defached gym. And yet we scoff at the monkish author who
* affirms that he saw goose-barnacles growing upon trees and
hatching out into geese ! .

The history of science }is a comforting study, because it
makes clear to us that /fhe acquisition of new knowledge
apd the sysmatisation’of old in the modern world are
quite Mifferent from what they were én any previous epoch.
Those gloomy spirits who are always prophesying the
downfall of our ciVilisation because other civilisations in
the past have collapsed, apparently forget this. Their
prophecies may be right, but their prgmises certainly are
wrong. Humanity is, biologically speaking, very young.
No one expects a2 boy to tacklg the problems of life: and
humanity has but just passed out of its boyhood.

L J



BIRDS AND THE TEXJTORIAL SYSTEM!

MRr. Howarnps deserves our titude, for® he ha¢ brgught
into the limelight e new factor in the life of Wirds. His
conception of * territory * and the part it plays in the avian
life-cycle was already outlined inshi¢ remarkable monograph
on the British Warblers. That, however, was costly and not
readily accessiblg; and we are glad that he has-devoted a
separate work to a consideration of the idea and of its general
bearings. .

It is refreshing to find field-work leading to conclusions

eof such wille application. The average ornithologist had
begun to think that thef® was nothing new to be learned
from Brisish ornithology at least—#othing but an amplifi-
cation of our old knowledge. In reality, the most valuable
results lie waiting for those who have the interest and the
patience. I remember myseﬁ' with what surprise I discovered
timt®*the courtship habjts of such a common species as the
redshank were scarcely known, and the wonderful pleasure
that it was to dig up new facts and new general ideas from
the nuptial activities of the crested grebe.

The man whq, is content to make records or to collect
skins and eggs will, unless he spend years of his life im a
systematig analysis of his own agd others’ facts, not get
anything from h& labours—save the yery real pleasure
of making the observations. But he who takes the trouble
to think outenew groblems and ntw lines of attack upon
the old will have the sarhe pleasure, antl in addition sthe
joy. of intellectual disgovery. It is the man who is willing
to build an qpservation post in a rookery, to make a detailed
psychological stydy of any comason Rird, to ®observe the
whole sexual tycle of a species—always with some generfl
idea to guide him—who is Iike!y to achieve results.

As the field studies of Bages introduced gi1s to a new idea
—of Mimicry in buttdflies—so do these of Howard to a
new idea—f Territdry, J+do not wish to imply that no one

* Territory in Bird Igfe. By HLE' =~ 7ot C
21s.)

. 145
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had realised Qr described the existence of territory in birds
before®Howard; but he is the first who has taken the trouble
to work the subject out and to show us its extent and its
general significance in relatfon to other aspects of ‘avian
biology. As a result of seaghpns of patient watching amiong .
English fields artd woods, has arrived at ghe conclusion
that ?)racﬁcal]y all our birds, when the mgating season comes
round, stake out a territory for themselves, and that this
territory is in most instances the pivot on which their sexual
life turns. Usually it is the male who annexes the territory,
spending all or most of his time in a' given, Iigﬁted area which
he defends from other males; and this annexation occurs
long before he appears to manifest any interest whatever
in the females. We find that this® occupation of territory
takes place in essentially the same way in mfgratory ande
non-migratory forms, and in forks bglonging to the most
‘widely different groups. In the warblers, the males come
over from their winter-quarters a week or more before
the females. They then occupy a definite area, fighting
if need be, for its possessién, £nad spend almost the whole
of their time in singing—and the song is usually mere
brilliant before than after the arrival of the females ! Song
is thus primarily an advertisement, only secondarily a mode
-of courtship. When the females arrive, there is no courtship
in the ordinary sense; on the contrary, the males seem to
beealmost oblivious of their future mates, and any fighting
there may be is betteen females, for the possession of the
occupied territory,! Only after the terrifory is thus staked
out, and occupied by a pair of birds, do the activities begin
‘which are usually summed up as ‘courtship’—a yery poor term
in this case ; the male assuming the most extravagant atfitudes
and performing actions obviously directed at the female.
In non-migratory passerine birds like the, figches fnd
buntings, the samg sorts of procedure {§ gone through.
Yellow-hammers, for instance, during the Winter collect
in flodks on the stubbles. A% spring begins, male birds will
detach themselves from the ﬂbclg for a short period each day,
and repair %o ag particular stretch ®f hedgerow, in which
they will spend most of their tige, dh a particular tree,
smging. 'A§ the season advances, they will spend less and
less time with the®flock, smore and more in the territory,
Q
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in ever greater activity of singing—until at length the flock
has disappeared, smce the females finally leafe it to®, and
search for a mate afld a home, as in the warblers.

Eveh in quite a different order of birds the behaviour
is sigilar. Peewits have theirg territories round the nest,
staked out in _]ust the same way Py the males in early spring,
some time before apy sexual activity proper is insevidtnce
at all.

In fact, Mr. Howard claims that 4erritory in some form
or other plays a part in the life of all birds, and substantiates
his claim for the most %nlikely forms—promiscuously-
mating species %ke the cuckoo, gregarious cliff-dwellers
like the guillemot, and even (though here, it must be con-
fessed, with considerable® limitations) polygamists like the
blackcock o» ruff. Not only does he make this claim, but
1 think it must be alloweyhat he substantiates it.

Terrltory is most“important of 3ll in forms, like the
warblers, where the young are hatched naked, and cannot
be left long uncovered without risk of dangerous chilling.
Here the size of the territow isgregulated according to the
fogdwupply and the ability of the parents to find it, and the
pair spend the whole of the breeding-season within its confines.
A similar state of affairs holds for kingfishers, which divide
up their rivers into sections. The crested grebes, on the
other hand, make the open water a common fishing-ground,
and only delimit ferritories round their nests ire the fringjpg
beds of reeds. Finally, in such birds asethe guillemots and
other cliff-dwellers whose nestind space is exceedingly
limited, but whose feeding-ground is the uhibounded sea, the
territory is restricted to a few square feet upon aJedge df rock.
It is none the fess redl for that,*and the same instincts are dis-
played fo stake out claims, the same fights occur fpr possession.

H)wever, it is clear that the nesting-territory of birds
like the gull&mot is of a differgnt order of émportarice
from the nestin®-plus-feeding territory (which we may
call feeding territory for short)®of birds like the warblers.

During the breeding-season,” the whole instinctive life
of the bird is conditioned by the territory ﬁr3t arrd foremost,
and only in lesser degree by the presence of its actual or
potential mate. Of thid curious fact, which holds mos§
rigorously in the common monogamous ®irds, M. Ho.ward

y )
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gives a number of instances. For example, he observed
hew ¢he  mdle lapwings which had detached themselves
temporarily from the flock, and were °occupying territory,
were quarrelsome and impatient of intruders, whethet male
or female, while the same birds during a part of thg day
when they had eeturned to&t’he flock were as good-natured
as tfle rest. But if the flock happened go be frightened up
into the region of the territories, their occupiers would be
just as jealous of the presgnce of the flock as of single birds.
Further, in this stage of the yearly cycle the males took no
particular interest in the femalds.

It is impossible to go into more detail fiere. The theory
of Mr. Howard in most general terms may be stated as follows.
Territory in some form or other i® of prime biological im-
portance in the life of birds (and probably of other groups,
as well). The first sign of sexuel activity—the first effect,
presumably, of the vgrnal change in® the sexuaIL organs-—
is in most species seen in the instinct of the males, not, as
has usually been assumed to seek out the females, but to
find, occupy, and defend a terrifory. So far as there is choice
of mates in monogamous species, it is by the femalesy who
seek out the males; but they only ¢ompete for those males
who are in possession of territory. Even when the pair is
established in the area, the occasions when the female is the
primary object of the male’s actions is only during
thg so-called courtship, whose function & to stimulate the
female psychically end bring her to the condition in which
pairing may be accomplished; but both male ahd female,
singly and as a pair, still react to the fact of territory, and
are alRvays active in its defence. Mr. How.ard quotes an
illaminating observation: hé saw a w&asel passing through
the territory ,of a pair of reed-buntings, who were p‘ursuing
it in rage. Another male of the same species of %ird
approached. But instead of welcoming it as afaid in driving
off the intruder, th® male whose nest was %ctually in danger,
sevefal times left $he pursuif of the weasel to attack the other
reed-bunting ! .

It is clegr tfat such a concept ¢is of great importance,
both as something new in itself, and @s exerting a marked
influenc® upon our theories of sexifal aelection. The primary
sexugl instinct ofoinsectjvorous birds becomes®the instinct

: Q
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to occupy territory; the primary function ef theiry song
is to advertise the pessession of*territory.

One, general point which Howard hardly mentions is
this—that birds with feeding-territories are the first organisms
to practise a regulation of nukbers. Bird.s which cannot
secure a territomy cannot breed. Yhey appear often to cgllect
into flocks and watder about, frequently at the northern
limit of their range. Carr-Saunders. has shown us that a
regulation of population is practiséd by all primitive peoples.
This, of course, adjusts population to available food supply,
and ensures mqderate numbers with good development
instead of great numbers with stunted development, Birds,
though unconsciously, agcomplish the same resuit.

Here and there Mr. Howard has perhaps generalised
 little too far. The mental life of birds is more varied than
most people think, and t#€ir life-histories show most remark-
able divergencies. Mr. Howard has fof the most part confined
himself to the song-birds and the waders. In other groups,
things sometimes are a little, different. For instance, in the
crested grebe, hostility between'pairs does not seem to be
mahifested onW within the boundaries of the territory
of one of the pairs, but anywhere. This would mean that
the mate plays a more important part in conditioning the
mental reactions than in warblers or buntings. Again, in
herons and egretse(at least in the two American, species with
whose habits I am familiar), it is not the male who se&ks
out the territory long before paising-up, but pairing-up
occurs on the communal feeding-grounds, and the couple
then, deserting the flock, fogether choose and ocaupy a
-nesting-site (ofteh abandoning ¢$ne or two sites before finally
satisfying themselves). Mr. Howard al§o believes that
onggbird of a pair which is in possession of “territory will
never desert ¥s mate in favour of another bird,, However,
the female of a pair of black swhns which recently camg
under observation not only desgrted its mate for an glder
bird, but now takes an active part in drivihg off her former
husband, whenever he gppears upon the scame. o

These, however, are gninor points. Themainthesis stands, and
will remain of prime impostance for our understanding of the
life of birds, The gerral biologist no lesgthan the naturalist
and the lover of birds should read %nd ponder. this bocte.
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Mswp you gooand hear Janet; and tell te all about it
when you get back.” I was going up ® London, and that
was my message from,a psychological colleague. Professor
Janet was lecturing at tHe Royal Society of Medicine. I
went, I heard, and was conquered. The lecture was a work
of art and stuffed as full of meat as an egg. I made notes
at the time for my friend. Now, in an interval of leisure, I
glance at them, and decide that itewould be worth while to
put them into shape. .

After a lightning sketch of bryte minds—starting as pur®
mechanical reflexes, lea.lding up through perceptive processes
to those in which all facuities collaborate to execiite a single
action—we came to the gulf between brute and man. Professor
Janet does not think that gglf s@ broad as it is often painted.
He bridged it with one span—of language. ° L’hodngne,
Cest I'animal bavard. Il bavarde avec les afitres; et quand
il se trouve seul, il bavarde avec lui-méme. La pensée,
C’est un éternel bavardage intérieur.’

But what is language? Language is a mode of action.
It is in its g@rigin (here was a new windéw on to things!)
a Tombination of gn action of the mouth with (let us say)
an action of the legs, as when an anirgal utters* a definite
sound whenever # starts to walk. All action is by language
made cdouble3 executed similtaneously by the tongue and by
limbs or jaws or body. ‘Ye mot ‘smarcter,” c’est une
maniére de marcher.” (How much happiness is thrown away
by men who have not learned that®to say ‘I love yow’ is
a mode of Joving ! To love alone is not enough? one must
Say so, too !) ° - °

Byt what next? Movements of the tongue are much
more economical than those of the rest of the body; so
comes the tendeéncy to liberaterlangyage from its association
with action—th® genesis of free ideas. oI his is the pre-logical
°stage ofemind, the stage in which mo3tsavages live. Gradually,
much of languagegbecomes so far divBreed from reality that
it be2omes meaningless. o Si on répéte, marchons, marchons,

v ‘150 .
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et on ne marche pas, comme 3 I’opéra, alors le mot ““ marcher”
cesse d'étre une mapiére de marcher.” The word mfst be
connected up again with the realism of action; and so, at
certain® levels of man’s genesis, we find promises, pledges,
honoyr, playing an apparently gxaggerated role in his life.
* Ce sont, en effgt, des liaisons erje des motwet des actions.’
From this stage spgngs another, in which belief sbecdtnes
the dominant factor of the mind and action. Belief is a
promise ‘of action. ‘I believe that «the weather will stay
fine *—* ¢a veut dire, je promets de ne pas porter un parapluie
quand je sors *—and this, though on a grander scale, applies
to moral .and relifious beliefs as well. From beliefs springs
the notion of beings, of Existence as the be-all and end-all
of thought. *

Is this theeend? No: Innumerable defects remain. We
are prone to ghink, or g#least to say, that our will, our
beliefs, arg generally based on reason. °Hélas’ (there
was a world in that Hélas !) . . . ¢ Cest trop amusant de
faire des promesses, de croire: et alors . ’

We have not yet gained refiéctian; and so are at the mercy
of thesmomentayy importance of a word, an idea, an impulse.
We commit violences, only to be sorry for them, because
they have been the product solely of a part of us. Reflection
is the beginning of the logical life. By it all the faculties
are summoned to a parliament before the man acts. And
pecause each has *had its chance of being he#rd, so naw
action pledges them all as a vote pledge® an assembly, and
only now is reached a truly persana7 stage of being. With
this comes the substitution of Reality for Existence as our
fundamental ngtion; and thers areemany meatal peftients
who losg the sense of ‘reality without losing ¢hat of being. «

But even so our mgn is far from perfected. He has
pers@nality; but he is a great egoist. ‘ Ne le blimez pas:
Clest déja trés®beau d’8tre égoiste.e Ily a_des imbéciles qui
ne peuvent pas e égoistes.” Passionate for what he likes,®
he will try to avoid doing anythihg which ke does not fike:
and so, to avoid it, he becomgs a liar. * Perg’onnel, égoiste,
passionné, paresseux, menteur—enfin, c’esj uff caractére
comme un awtre . . ®’ o

What are the final stgges ? Morality is the next. M. Janete
shrugging hi$ shoulders, excused himself®for being sQgun-

i .
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inspiring: °La morale, c’est faire les choses ennuyeuses.’
But Kow is this possible ? It becomes possible by means of
a new psychological mechanism; by a” mental police force.
If a Martian were to visit London, he would readilysunder-
stand the functions of thgse who were making bread, or
boots, er even dooks. Butfwhat, he would say, is the use of
all Yhese men standing about in blue and *doing nothing ?
The answer is that, in the long run, they are there to see that
the laws are obeyed, and that the Boot-makers and bread-
makers continue to make boots and bread even if they do
not want to. The moral stage of mind is characterised by
policeman-tendencies, or, if you prefer, &gatic tendencies.
Imposed in the first instance from above, by owners of slave
labour, they have been made perSonal and in some degree
voluntary by the intermediation of the grgat religions,
which have harnessed man’s lazigess to his, secret fire fot
doing good, and to what Mr. Trotter &alls the herd-instinct ;
so it comes about that ‘ morale et travail, c’et la méme
chose’; and °travail et corvée, c’est la méme chose.” One
step further is to insert ragionel consent to morality and to
work, in place of irrational consent or mere compulgion—
Life begins to be reasoned. . °

Life begins to be reasoned . . . what a gulf between this
and the old conception of reason as the basic property
of humanity ! Expansion on this level leads to what? To
systems of thought; to the Philosopher® That is its great
default; for the systems are always too small for reality,
and the Philosopher, fcting Procrustes, cramps®life. * Les
philosophes sont bien des étres supérieurs aux animaux
et auPsauvages, mais eafin, §J y a mieux.” Two lessons remain
te be learned. One is Scieflce—-in other wdrds, the power
of profiting py experience. ‘ One of.‘ the most mark&d char-
acteristics of savage races is their impermeability to experi-
ence’; amd this, too, characterises many nfenfhl diseases.
o Philosophers often confuse memory®with habit. But
habft involves agction; m€mory may be a neutral thing,
dissociated from any action. The scientific habit of mind,
¢ ’est I'habsitude d’obéir aux idées eans force psychologique
immeédiate.’ e are all experimentalists in ,our degree;
dut only by this habit of mind & we become preponder-
atingly so; only By this do we discover Truth.e
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*There are those to whom Truth is the final Goddess
Their morality is engaged in the service ofe Truth, But
there can be a bondege to trutH, and until we are free there
is no perfection. The escape of thought from the imper-
fections of the actual into a thought-organised ideal is Art;
its «pflojection, dragging present§action w1th. it into,a more
perfect future,*is true Religio®. Professor Jane; prgfers
to sum up these fina modes of mental action, this last lesson
of developing mind, as the artistic tendencies. It is they that
issue in freedom and in beauty.® Only when we combine
our search for verifiable truth with these utmost aspirations
do we become pagfect men. That is why the ¢ mere ’ scientist
is not great; that is why art or literature without the passion
for truth is trivial and enpty. The true man would be he
who was alyays combmmg, in every activity, this whole
tierarchy of mutually reigforcing modes of mind.

To compress his matt®r within the hour, Professor Janet
adopted the linear outline I have ’sketched. That must,
and no doubt will, be modified; for the series is, of course,
not so rigid. None the less,yit i§ probably the usual series.
If we look back upon our own mental evolution, or reflect
up8n®the probable evolation of the species, we perceive it.
As more novel, but equally valid evidence, we find that
patients suffering from various mental complaints reverse
their line of progress and descend by these steps to lower
and lower stagess

Zoologists are always telling us that. the whole of the
human race constl.tutes a single species. That is true if
we allow infertility on crossing to be a test for separateness
of species. But whén we come to diversity of racial con-
stitution of mind, and st111 mere to diversity *of 1nd1v1dua1
mental structure, we find that the variety of shapes assumed
by gind in the humat species—mental orgahisms if you

will—is as® mmiltifarious as the variety of physical shapes
assumed by lpwer forms of 1if®. Pregress, dxvergence.
spemahsatxon adaptation, degengration, play the samegpart
as in physical evolution.

The practical bearings of nthis are twofodd. JLhe first is
that, since the mind {§ the dominanj organ ef man, different
classes of soc1ety ande different individuals thhm these
classes will, inevitabl® belong to. menfal species’ whict

L
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will not only be at different evolutionary levels, but may
he algng divergent evolutionary lines. To this has come the
equahty of mankind ! : °

Secondly, such an outlook necessitates its own philosophy
of life. Professor Janet was categorical in his stressing of the
idea that all these diﬁ'erelzlt tendencies and modes &f-life
werg nes:essary to a true ‘and full existence—indeed, to a
truly healthy existence-—but that they mfist stand in a definite
relation to one anothgr, the higher being founded on the
lower, - the lower definitély subordinate to the higher. If
we think thus, we cannot be ascetics or puritans; we cannot
be mystics or pure idealists; we cannot be sémple materialists,
or pure philosophers, or only men of the world or aesthetes.
To be any of these is to divorce ons mode of mind from the
rest. We should never be content until we haye all modes
at our command, and all in harmony. . . . °

But six o'clock struck; and out of the immense world
projected by thought We stepped into Wimpole Sreet.
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TeE argument from design ad a curious historys It
was Paley who started Darwin on his intellectual career,
as the great evolutionist himself tells us. Later, the identical
facts which had served the theologian were made to serve
the biologist—only the conclusions were differently drawn.
Under the rubrioeof adaptation, all the phenomena which
so much impressed Paley and the Bridgwater school appeared
as the raw material of biobogical orthodoxy in the text-books
of evolution.,, Meanwhile, however, the physiologists had
Been going a step further in their positivistic materialisnl;
to them, any idea of purpose was stil] tarred with the theo-
logical or &t least the metaphysical brush, and they confined
themselves for the most part to what events have shown fo
be a narrow and partial view-peint, It is only in the last twenty
years .that, as for example the classic work of Sir Charles
Shetrington shols, they have come ungrudgingly into the
evolutionary fold and dealt without qualms in adaptatiopal
ideas. With this, the transformation of the original conception
was, it would seem, complete. The old, full-blooded teleology
of Paley—this ‘ catpenter theology,” as its oppenents nick-
named it—postulating an anthropomosphic artificer for
every ‘evidence of, design’ and eich single adaptation,
has given place in the realm of science to the modern idea
of pseudo-teleology, “in which ‘ evidence of dgsign’ ®turns
out to be in rlality evidenge of natural seglection,” and we
no longtr speak of the purpose, but of the fungtion, of any
adapgation or mechanisin useful to its possessor.
Meanwhite, ¢he theological doctrine of teleology, though
put out of court®entirely in its Crude form in the post-e
Darwinian struggles, has also besn modifyigg itself, keeping
“itself alive in the flux of existenee by continual adaptation.
I have been reading gy panfphlet by Canofl Sworr? which
prompts thesg reflections. It shows, in the flrst place, what
enormous change has Be®n wrought in orthodox thoughte
* The Argument from Design. Rev. V. F. Btorr, M.A. (Long-
mans, Green, 1920.)
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Ry the oncethated and reviled doctrines of evolution. As
our author perhaps somewhat mildly $uts it, ¢ theologians

. . were at first inclined to oppose evolutionary seience.’
When we remember the charges of atheism, immo_rality,
intellectpal peryersity, and] general wickedness which Were
hurted at Darwin and his followers, this might be regarded
as an understatement. However that may be, the advantages
finally reaped by thealogy from the intellectual labours of
biology are very great. She is no longer confined in a
strait-waistcoat of static dogma, but is learning to
conform her thought to reality, and not tother own wishes or
imaginations.

The Canon starts from the proviso that Paley’s position
‘ has unquestionably been shattered by evolutiqnary science.’
The new teleology which he sees %rising on the ruins of th®
old draws its inspiratign from the ide4 of evolution. It may
be briefly summarised thus. Inthe first place, we mist envisage
the whole evolutionary process; there has been progress
in the rise of organisms, gulndnating in man with his con-
scious personality; and this progress is toobe explaigeqd by
the idea of purpose behind it. Then, we must never forget
that * the end explains the beginning, and not the beginning
the end ’; man’s personality, therefore, has more explanatory
value than any other biological fact. Thirdly, man * naturally
apd inevitably tends to read the world ofitside him in terms
of himself.” And finally, the teleologist’s ¢ main contention
is that the adjustments®and adaptationseof the ndtural order
must be referred®back to an intelligence.’

The outcqme of the whqle train of thought is a rather
Wellsian conception of Gad, jn sorhe wa¥y immanent in
the evolving world—and yet transcgndent.

It is all very suggestive, very interesting, often very Qlose
to truth, and yet it will not hold water as a c®mblete whole.

o When we examiné it closely, we find tha? the reason for its
failore, as for the failure 8f so many attempts to reconcile
natural science and revealed religion, is that it is trying to
piece together two modes of thought which cannot be recon-
ciled. In the sclentific habit of thought we build upon ascer-
tainable fact, whether in physics? 65 in biology, or, as in
James® Varieties cof Reljgious Experience, in religion. But
the Dther, the dogmati%habit of thought, makes assertions
. . .
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which go beyond verification—and then procegds to draw
consequences from them. . ¢

The best example of this in Canon Storr’s pamphlet is
his tredtment of biological progress. What are the facts ?
Brieflw, they are that in size, in power, in complexity, in
independence of ¢he environment\in capacity®for knoWledge,
and in intensity of f&eling—in all these and in other- ways
there has been a progressive increase in the capacities of
living organisms during our planet’s hiftory. It has happened
not only along one, but along many evolutionary lines.
Furthermore, judged by our own standards of value, the
later stages are higher than the earlier. The teleologist then
goes on to assert that this progress is a proof of purpose on
the whole scheme, while © ffom the point of view of mechanism
o- - the whol® is simply an unending process of re-distribution
of material particles.” ,Onwthe contrary, he is wrong in both
assertions. ¢ When we men act so that a desirable result is
produced, it is usually the outcome of a mental process
which we call purposive activity. But to argue that all
processes which are similar in fesu# must therefore be accom-
panéed by purpqseful activity is really so puerile a piece of
logic that one can only be amazed that the contention is
still so widely made. As a matter of fact, it was precisely
this: which Darwin once and for all disproved.

But to assert tbat to mechanism the process must be
meaningless is equally unjustifiable. We cannbt say that
© it is purposeful until we are privileged {o kifow what processes

occur in the thought of God; but we can and must on the
evidence say that it has direction. On the average, the pper
level of biologigal attainment has betn continwously raised.
Not only this, but our own standards, moral, acsthetic, artd
intellectual alike, have peen produced by the sprocess and
tend® to coptixgue the direction of evolution in the future
along the line it fgllowed in the past—tqwards ‘tore life.’
That being so, %e must say that {hose actions which tend to*
help the advance of the upper level of living matter—to-day
represented by man—along a.co'ntinuation 'oﬂ the line it has
followed in the past, are good ; while thosg which tend to
hinder it areshad. THYopgh evolution, moral values become
entwined with verifiabje facts outside the sphere of human®
life. Not me¥ely does mechanism ne’t see eYolution as agnere
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sequence of; non-significant events, but the latest triumph
of nfechanistic thought—the Darwinign theory of evolution
—has at last given man that assurance for which through
all his recorded days he has been searching. It has given
him the assurance that ;Qtel:re exists outsxde of himsglf a

“powet that makes for r/ghteousness®; that he is striving
in the ame direction as the blind evohmonary forces which
were moulding his planet zons before his appearance;
that his task is not to dprose, but to crown the natural order;
to transform it to a better, not by taking a new direction,
- but by accelerating and intensifying the old. All our evidence
points to the fact of conscious purpose having arisen during
the course of evolution, as a better implement for more
rapid progress in the ascent.

A somewhat similar confusion exists betwRen two idegs
of God. There is the idea of Gddws gn absolute conception ;
and there is the idea» of God to be derived from reasoning
on the facts of nature and the facts of religious experience.
The first is alien to the scientific habit of thought; we are
asked to build up God frém 8ur notions of what God ought
to be—and then proceed to deduce conseguences fromo this
unverifiable idea. If thereis a God He must be all-powerful ;
if He is all-powerful, He could have prevented the war .
and so on to an infinity of useless speculation. The other—
but that would need a chapter. The gregt theologian of the
future will®be he who, boldly asserting that we can never
know the nature 6f Gqgd as absolute, will put on g firm logical
and pragmatic ,basis that highest synfhetic concept of the
human mind for which alone the word God should be reserved.
That concept must bt self.-consisteng throgghout; it must
take into account the facts ®f nature—cosmological and
evolutionamy; it must reckon with the desires and hopes,
the struggles and weaknesses of the humanommd and with
its capaclty for gysticad experience; itgmust never for one
instant go beyond fact, byt it must deal with the highest type
of Tnental experfence equa]ﬁy with the familiar and the physical.
Such a concept, such a God, will sustam the civilisations of
the futurs, o

But even the most advanced of 3ha 8rthodox Waver between
the two concepts. In Canon Sterr’s case, for instance,
the, influence of°the f&st concept appears in ‘passages such

1
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as this—‘ unless my ideals of Beauty and Geodnesy are,
mere day-dreams, I ntust postuldte a true ground for them
in ultirpate reality *—instead of being content with the
proximate but no less real reality of his own and other people’s
expesichces and ideals of Beauty and Goodness. Byt else-
where the other ®oncept plays its part. ¢ A God whq dwaslls
in calm and splendid®solation is not 2 God who can meet
the urgent needs of a struggling humanjty *—and so presum-
ably cannot exist. *

Theology is in a period of transition. It knows the reality
and value of religious experience, but still approaches the
task of interpretation from the old, unjustifiable standpoint
of revelation, of dogma, ©f unverified speculation. Signs
are not wantiqg that it is learning to use the humbler but
more lasting method of usipg fact as the touchstone. But
the two methods cannot B¢ combined. It must reform its
currency. $amuel Butler gave the State of Erewhon two
currencies: there was the ordinary one used for buying and
selling goods; and there was jhe Musical Bank money, of
use only in the places of worship. “When religion shall agree
with the rest of theébintellectual world upon a common currency
of thought, and refrain from issuing Musical Bank paper in
such large quantities, then, and only then, shall we be able
to dream of a religion of civilisation, a religion that makes
for unity instead of eiscord, for progress instead gf standin%
still.



THE FROG AND BIOLOGY LI

THE fibg is a too often d?esplsed animgal,

* Whom phere are few to pralse,
And very few to love.’

It is small, defenceless, clammy, and rather ludicrous.
But it is an organism, and one belonging to the same group
of animals as man: it has, for the biologist, the merit of
being abundant and easily proctred, and that not only as
adult but in all stages of its life-history. Sodt comes about
that we know more about the frqg, or rather about a number
of processes in its life, than about the corresponcgng processes
in any other single organism. ‘Know me, know my frog’
—that is, I think, a legitimate adaptation of the old proverb
for the biologist. e ©

Do not imagine that I can even tou%h upon qmegtenth
of the biological problems packed into this little body.
1 only hope to show a few of the ways in which Frog may
be profitably employed as text for biological sermons.

You remember Herrick’s lines on a é)raying child:
[ ]
° ‘ Here a little child I stand,
eavigg up my either hand
« Cold as paddocks though they be,
* Here I lift them, Lord, to thee.

A paddock or puddock i&a frog, as I expect you all know;

*and frogs aré certainly cold." Many people Tump together
the coldnédss of snakes and lizards with that of frog§; but
in reality the two are quite different. The sngke has a smooth
dry skin; the frog a cPammy wet one. oThis clamminess has
agmeaning. The frog preathes in part through its skin,
while snakes, ffke dogs and men, do not. For such cutaneous
respiratign the skin must be kept moist, for gases will not
pass throughea dry membrane, but the oxygen must actually
enten into solution before it ¢amebe passed into the blood,
and carbon dloglde stay in solutiof® until it is in contact with
the air if it is to be eifelled from the body.

¢ * 160 .
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It might be supposed that it was a convenienge to su p]e-
ment one’s lungs wih one’s skin as a breathing organ?
and so po doubt in some ways it is—but on one condition.
That condition is that the animal live in moist surroundings,
for gtlterwise its skin, which must be wet and thin to excrmse
its respiratory function, would dgy up.

Our frog, that is €0 say, is a land animal, if you tke;
but an animal of moist land only. It is a compromise between
the aquatic and the terrestrial, emandcipated only in part
from the watery home of its ancestors.

The more we sfudy the frog the more examples of such
compromise do we find, notably in its skeleton, the
architecture of its skull,, the structure -of its heart, and
its hfe-hlstory, in hfe-mstory perhaps most strikingly of
adl.

When I was a small bey, we used often to go and stay
in the couatry with an aunt. Sunk 4n one corner of the
garden was a large tank, perhaps six or eight feet deep,
with vertical walls of cement, and more or less full of rain-
water and duckweed. In the sprin®, this used to be occupied
by gqu#ntities of #rogs ang toads. These set up a fine chorus
of croaking (though why the soft pretty cooing of the toad
should be called a croak I do not know), and we often came
down to look at them as they lay suspended in the water,
eyes and nose just ¢merging, forelegs spread, and body and
hind-legs trailing diagonally down.

Somehow, or other we discovered the fict that they hked
to scramble on to afly floating pxece of woed in the water;
and we used to spend hours giving the frogs a rideg We
took a straight dog frqm the wqdd-pile, and, quite illegally,
hurled itein the water. The fffogs (I can see tilem now) swarly
from gll sides and climbed out upon it. Then with long hazel -
sticks we prepglled the log from one end of the tank to the
other. It would raate a little, and spill éhe less *skilful of
its passengers ; and it was our amgisement to see them try to *
mount again in mid-course. Sorpe of thenf, however, were
very expert, and would stick om for long Jjourgeys,

I do not know why th& pleased us so mush, but it did ;
and it remains as one of éhe vivid memories of the, place
However, to dlSCUSS titat would take us Jnto the blology
of other organisms than frogs! ° -

F '] . .
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The frogs game to the tank in the spring to breed. But (
what ¥e boys did not think of was the fact that although they
could easily enough get in, they could not get out: and that
therefore none of their offspring would ever be able to come
out on land, but would perish with their parents in the
water af the baSe of thosegnscaleable wallg

y did the frogs come to breed dn the tank ? They
.came because it was the nearest piece of water, and because
frogs must breed in whtes. Their eggs are fertilised outside

FI1G. '8.——Development of the Frog. o -

1, 2. Eggs. 3. Uphatched embryo. 4-5. fust hatched tadpoles. !
6. External gills still prominent. 7-8. Gills grown over by gill- |
cover. 9. Bgginning ofuhind-Jeg development. 10, 11, 12. Meta-
morphosis. . . .

[ ]
the body, and will dry up if not in water; and they deyelop
into tadpoles, which can only breathe and fegd and move in
water. N8t merely this, dut in many essgntials of structure
°the tadpole is a fish—in thg arrangement of"its gills and the
blood-vessels th&t supply them, in its heart, the fin along
its tail, and the special sense-organs for perceiving low-
©, . . . . .

frequency vibrations in water whih, like a herring or any
other fish, it carries on a * latera]oline' ’ along 1ts flank.

° There can be no doubt whateverdfrom all the different
linessof evidence whic}\vve have at command that frogs are
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actually descended from fish, even if from none of the
common types of fish with which we are familifir; and that
is to say that they ofice spent the whole of their life in the
water. * Now the difficulties attendant upon emancipation
from yater into air press much harder upon the early than
upch the late stages of development. The acp of fertjlisation
itself must be actomplished in a uid medium. The.deligate
tissues of the egg and embryo must be bathed in fluid. Life
in a fluid with weight supported by displacement is far
simpler for the early stages of the %nimal when the skeleton
has not yet been formed. :

These difficulti®s can be and have been surmounted by
all the highest land vertebrates. Fertilisation becomes
internal instead of extern®. The great biological invention,
tye amnion, came into existence—an overarching membrane
grown by the embryo fo.r dts own protection, enclosing it
in a resistapt water-cdshion, or, as one writer picturesquely
puts it, enabling the embryo to live and develop within its
own private pond. The private pond in its turn is protected
in a hard shell, tight packedewitf weeks’ or even months’
supplygof provisigns; or else is still more efficiently sheltered
and victualled within the body of the mother. Only so do
vertebrates become truly terrestrial, for only so do they
become independent of water at all stages of their life-
history. .

This emancipati8n from the water was one &f the few
large steps in the progress of vertebrates fropm some primiti\7e
lamprey-like form, ¢First the early®acquisition of limbs,
jaws, teeth, and bone; then this conquedt of the land:
then the stabilising of the animal’s teqperature ; and fanally
the development of mind tq it® highest pitgh. In a sensg,
the tranlition to terrestrial existence was the most abrupt
of aM, save the transition from irrational to reasoned life:
so it is natural #hat the adjustment should need time, and that
many makeshifts stould come into being®

When the biologist shows his®pupils thgt the frontad or
the parasphenoid bones of the «frog’s skull can be easily
detached from the underlyjng pirts, he is really®emsonstrating
that the frog.has reashed a compromise befween the early
bony fish, with their br'u% skull quite isolated inside the
heavy armous of bone in their scaly skin, amd the beautifully

[ J
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unified organ exemplified in the skull of a bird  or
jmamymal. ° ’

The frog’s heart is a tissue of corfipromises between an
organ designed to supply the fish’s gills and one fullyadapted
to breathing by lungs. The three pairs of arterial arches;
the ungdivided yentricle with its mixture of arterial and vénous
bleod ; ¢he partial separatfon effected by the valves—all these
are marks of a transition. The relatively large amount of
cartilage retained in the frog’s skeleton again was destined
in higher forms to be $wept away in favour of the more
terrestrially efficient bone. The soft and moist skin is a
compromise: for ¢ nothing like leather ’eeventually became
the motto of terrestrial life. The whole-hearted game of
young frogs to play at being fiches is given up in favour
of the shadowy and, one might almost say, merely symbolic
reminiscences run through by, the embryos of true lafld
forms within the egg or womb.®

Very well, you may say: but if evolution flas brought
the frog-type into being, why did it not bring it to a still
higher level of existence? If progressive change is one of
the laws of evolution, wﬁy is it that there are spegjes, and
groups which do not progress, but stand still, resting on
their evolutionary laurels? The question is a fundamental
one, and one which has exercised many minds. But the
answer, I believe, is not so difficult as at first sight appears.

The organic world develops in a céhstant condition of
what we may symbolise as pressure—the pressure of the
inorganic environment, the pressure ofyenemies?® of ‘competi-
tion for food 4nd space and mates.

AQ)ything which will giye an orgafism an advantage in
the struggle against environment or enemids or competitors
of its own blood will reduce this biological press@re. This
is especial]Sz true where a real progressive variation i3 con-
cerned, where some character is develope® which enables
a species to invade Ritherto untrodd®ne fields—in other
werds to invadg a low-pfessure area; or when the pressure
is reduced through the development of some improvement
of generad &rganisation—a *procgdure comparable to the
reorganisatior® of a business from within.

Leteus now take a concrete case® *Why, when the amphibian
typg gave rise te the reptilian, did not all amphibia become

Q
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transformed, or why did those which failed to do so not be-
come extinct under the stress of the new competi¢ion frogn the
improved type? THh® answer i§ that the great advantage
gainedeby the reptiles lay in the opening,up of a whole
new area to vertebrate colonisation. In the old area already
colgnised, their advantage, if any, would ngt be sQ great;
and in parts of*it (for instance &he swampier reglpns).the
old type filled the Bill so perfectly that the advantage lay
on their side. Precisely the same considerations hold good
for the inventions of man. The wifeeled horse-drawn vehicle
ousted the riding and pack animal as the chief means of
transport, 10 beeousted in its turn by the mechanically-
propelled vehicle. But there are still particular places, and
particular kinds of transport, in which the horse-drawn
vehicle still Qas advantages over the motor, and still other
fegions in which any wheeled vehicle is at a disadvantage.

As a result the oldetyfes do survive, though restricted,

alongside the new. So the largest and the most progressive
tynes of amphibia perished in competition with the reptiles;
but there is a niche well fiilgd by the amphibian type, and
comp tition is not enough to oust the inconspicuous and
specialised forn® that remain in it.

The distribution of frogs over the earth’s surface illuminates
what we have been saying. Why is it that frogs and toads
are much more abundant, espccially in number of species,
why do they grows to larger size, towards the gquator than
towards the poles?

Pole-tvands, they, actually die owut before reachmg the
Arctic zones, For this there is a physical reason, in their
cold-bloodedness an8l théir restrictiop to fresh water.e They
would be frozén solid in the winter; even in ‘the summer,
if they survived the freezing, they would be 50 slowly-workmg
thatetheir growth would be prolonged over an’uneconomic
number of®semsons. But the further we advange towards
the tropics, the Jess disadvantageofls will #heir cold-blooded-o
ness be compared with the comstant high temperatuse of *
birds and mammals, and the mose will the difference between .
the rates of living of the. different groups term t@ disappear.
In the tropigs, therefore, it will be more difficult to oust
the cold-blooded animglefrom his niche, and as & matter

of fact we d¢ find a general zonal arrangament in the distri-
- L 2
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bution of the land vertebrates, the amphibia and reptiles
Deing relati®ely important in the warm zones, the mammals
the most important in the "temperate Yegions, and the birds
(with their power of flight from winter cold) in the Arctic.
Even the fact that the northern and central United States
possesges many more and some much larger frogs and foads
than northern and cenfral Europe °pre§umably depends.
upon these same facts, for the mean summer temperature
is considerably higher in the United States than with us.
But we are falling int® the vaguenesses of generalisation.
Let us return to the particular. The frog compromises
with its aquatic past by existing in the éorm of a tadpole
through the early part of its life. To extricate itself from
this compromise, it requires a rogular volte-face; and this
volte-face is the brusque transformation of, tadpole into
froglet which we call metamosphosis. (Fig. 8, 10-12.)°
In this apparently, simple ph€notnenon whci’ch occurs,
unregarded, uncounted millions of times before our eyes
each summer, we have in reality a most complex and
delicately-adjusted set of jprogesses. Think for a moment
of all that it involves. The limbless tadpole musf grow
limbs, but at the same time must rid itSelf of tail. The
machinery for water-breathing must be discarded, and
replaced by one for air-breathing. The skin must be altered
to fit it for land life: inter alia, means must be provided to
keep it meist against the danger of 8esiccation. In the
water, its weight was negligible: in air, that will no longer
be so. Mr. Wells and®other scientific rgmancers ha¥e made
great play witR the difference in weight which would
be efiperienged on the mgon by an ‘inhabitant of earth:
byt the extent gf the change of, weightt und&rgone by every
tadpole which successfully turns into a frog is everf greater.
Then the digestive system must be remodelled to suit a
flesh diet instead of one predominantly veget2bl@: the horny
ojaws thrown off, ffue teeth grown, the iftestine’s long coils
shoetened, the [jver and 9ancreas altered.
All these and other changes must all conspire to take

effect at thks Same time. °
Till well into®the present century, the how of all this was

Still obscure. Uhlenhuth had shov?n’éhat when organs which
showed charactezistic ghar_es at metamomphosis were
©

CoN ..
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grafted from one tadpole to another of differeqt age, they
underwent transformgtion at the same time as their hosts
not at the time at which they would have changed in their
original’ owner. Some general influence must then be per-
meatjng the whole body at the time of transformation,
synchronising thg changes in the several organs. ¢

A little later, Gudagnatsch discovered what this influefice
actually was. He had been much impressed by the then
recent discoveries concerning the ,poWwers of the ductless
glands in adult life, and felt that they must assuredly have
equally striking powers over the course of development.
The first animals®with which he experimented were fish
larvae. Regiments of these were taken and fed on prepara-
tions of all the different Quctless glands and other orgams.
The work went on for a whole season—and was entirely
negative so far as any, vigite effect upon rate or mode of
developmeng. Gudernatsch was discauraged. But instead
of relinquishing the attempt, as many men would have
done, he persevered. This time he used tadpoles; and this
time he achieved success. L

Ine ome of thegdozen or so of differently-dieted cultures
which he had started, hé noticed after a few days all the
signs of impending metamorphosis, and, after a few days
more, a metamorphosis precocious but complete. I once
had the good fortlme of a talk with him, and he told me
how he hardly liked to believe what he saw, afd how he
repeated, thg experiment time and tjme %gain until there
was no room for deubt. . ’

The culture in which .precocious metamorphosis took
place was the cyjture f.ed on a preparation of thyroid gfand.
In that gxperiment Gudernatsch not only snade probable
what has since been abupdantly confirmed, that the thyroid
is thé®chief ggent in the transformation of tadpole to frog,
but laid the foundatjons of a whole gew branch of khowledge
—the accurate study of the effects of the ductless glands ®
upon the processes of growth and developsent. hd

The way in which the thyyoid regulates the tadpole’s
development is as follows: In the new-hgicH®d tadpole
the thyroid is*not yet Actjyg; and it does not become active
for a few weeks. Once#it has started, however, it dppears o
to grow rathtr faster than the rest of tfe body, so Jhat
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its relative bulk and the concentration of its secretion within
the Body will be gradually .increasfng,.since it is continually
discharging its secretion into the blood. At first, most of
the tissues appear to be insensitive to the secretibn: but
there is one which responds immediately, and thateis the
tissue of the Hmb-buds. If tadpoles are operated up3n at
an®early stage and their thrmds remaved‘ their limbs will
grow, it is true, but exceedingly slowly. The presence of
the normal thyroid withip the body will cause them to grow
at a moderate rate, while the addition of an excess of thyroid
from outside will make them grow abnormally fast.

It seems probable that here the thyrdld does one thing
and one only—it regulates the rate at which the undiffer-
entiated tissue of the limb-buds%hall grow. On the other
hand, the differentiation of the limbs, the appearance gf
ﬁngers and toes upon them, the,genesxs of their skeleton,
skin, and muscles, all this seems to *be determjned mainly
by the amount of growth which they have undergone, so
that the thyroid in this case would only bring about
differentiation indirectly,eby®causing more rapid growth.
If so, the thyroid would only be acting in ghe way comgnon
to most controlling factors in the @nimal organism ; it would
be altering the rate or extent of some independent process.
For instance, the ventricle of the frog’s heart has its own
independent rate of beat when isolated, But in the intact
anima} this independent rate is all the time being speeded
up by the f‘aster-beatmg sinus venosus; and this 111 its turn
can have its rategither Slowed down or aece!erated by different
parts of the nervous system, through the vagus and the
symﬁathetnc. respectively. o
- However, there do exist® precesses’ whxch will not occur
at all unless some regulatmg substapce is present in ‘a certain
concentration, and in the tadpole’s metamQrphosS the
destruction of the tail and gills are such 9 processes. For
“them to begin. it is needful not merely° tBat some thyroid
sec®etion should be circlllating in the body, but that it
should reach a certain Jefinite concentration, a certain
‘threshold:’vﬁue So it comes about that the destruction
of the tail and gills does not-start® immediately that the
o thyroid becomes active (which woold of course be highly
incqpvenient), bfit is %:t off for several montths after this
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évent. So too it comes about that tadpoles with thyroids
removed will never metamorphose at all, but Will comtinue
to grow in tadpole form to sizes unheard-of m normal
batrachian annals.

Bub it is not only thyroid substance which will accelerate -
mefamorphosxs Iodine will do so as wellp whether given
as food or sxmpfy m.solutlon in fhe water. The acctlerfion
thus produced, however, is not nearly so great or so explosive
as that which can be brought aboyt by thyroid. The reason
for this is that iodine, in the normal circumstances of tadpole
existence, seems to be a limiting factor for the development
of the thyroid affl the manufacture of its secretion (which,
as is well known, is largely composed of iodine, an element
which elsewhere in the ®body is very sparingly present),
Normally, that is to say, the infinitesimal amounts of iodine
which exist in water angd ein plants are only sufficient to
allow the ;adpole to build up its thyroid at a certain stow
rate of speed: give it more iodine, up even to the point
at which the iodine becomes harmful, and the rate at which
active thyroid secretion is fermgd becomes accelerated.

That is an opject-lesson in limiting values, and in the
extreme importance which may be "assigned in the animal
economy to substances existing in but the barest traces in
nature.

This same substance, iodine, has the same limiting value
in regard to the human thyroid. In the so-called goiyye
belt of the United States it has been §hown that the enlarge-
ment of the thyroi®, which is charactenstxc of the disease,
is due to a futile aftempt of the gland to compensate by
over-productloq for the absenge of iodine in the ‘food
and therefore in the %land secfetion. We are reminded of
the Irishwoman who sqld apples: she sold eagh pound at
a lo®, but managed, she said, to make a living by selling
SO many. Ymow what her evemual fate must kave been;
and 5o too cherical bankruptcy is the fite of the deludede
thyroids that work so hard to intrease its éurnover but®has
no profit (in hard cash—otherwise iodine) to show for it.
Todine, administered rgulaﬂy, even if m"ﬂhat seems
infinitesimal ¢races, will Lqure the condition“altogether.

Thus the amount oféiodine in the water and the"rate ofe
growth of te thyroid relative tosthe bddy determing the

. . l . .
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time in the frog’s life history at which the transformation

from Water to land shall take place.

Jhe specific reaction

between thyroid secretion and tadpole tissues determines

its precise moment.
. -]

the transformation itself; the quantitative relations detérmine

.
©

© -
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©

Fi16. 9.—Diagram of effect of relative rate

of thyro.id-growth upon

time of metamorphosis in tadpoles. The ypper curve represents
general growth; the lower curves representethyroid-growth on a
acale such that metamorphosis will occur when they intersect the

upper curve. b :
A. Late metamorphdsis: e.g. Bull-froge
B. Early metdmorphosis: e.g. Common Frog.

Bs Precocious metamorphosis tue *to administration of

iodine. (Dotttd ling curve.)
» BT. Effect ofethyroid administration;

thyroid substance is at once

necessary for metamorphosfs.

L J
the concentration of the
raised above the value
o

These dactless glands, gvith their intern°a1 s%cf.etions, have
»°been fourid responsible for many vital prccesses which in

past® years puzzlsd physiofogists.

]

If the tadpole’s metamorphosis has afforded an excellent

example o

e.ir effect upon long-continued processes of

development, the colour-change %f.tme adult frog gives us
aan instafice of their importance for quick-acting but transitory

physjplogical actins. o
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'Frogs may be found of very various shades of colour,
from a blotched yellow, through green and bfown, almogt
to black; but it is n8t every one who is aware that all this
range is Wl[HlH the capacity of a single individual. Put one
frog ip the dark with plenty of water, and another on a
whi®e background in the light in drier syrroundings: at
the end of a feW hgurs the one®will be nearly blackethe
other light greenish-yellow.

Not for years merely, but for degades, the explanation
of this trivial fact eluded science.’ The tale is not without
interest for the history of science, for it illustrates how the
discovery of a new principle, albeit often of extreme sim-
plicity, will at once bring order into confusion. Until com-
paratively recent times, te only agency known capable of
bringing about rapid and transitory changes in animals was
the nervous system, One «after another, biologists attack
the problem of amphibianl colour-change with the conviction
that' they would find a nervous mechanism behind it. What
is more, most of them succeeded in demonstrating such a
mechanism; but unfortunately thgir results were in mutual
conjragliction !

The idea that%he blood might be the vehicle of another
controlling meghanism, in the form of chemicdl substances
circulating along its vessels, does not, you must confess,
present any great difficulties to the imagination. Yet since
Claude Bernard irfroduced physiclogy to the general ldf‘-a
of internal secretion, the whole field layepractically fallow
until BaYliss and Starling, with the eXperiments on secretin,
the hormone which  makes the pancreas Secrete, gave to
the term internal secfetion a moye precise conngtation® and
started a new Branch® of bxology

Thus %rmed with a new principle, the most 1mportant
new ool which she could possess, biology found the frog’s
colour-changes®susceptible of a sxmple explanatign. They
depended on the &cretion of the ‘pituitaly gland. This is e
a small gland at the base of the Brain, part}y formed inethe
embryo from an ingrowth from the roof of the mouth,
partly from an outpushing from’the brain itself.%se ingrowth
from the moyth divides into several parts? one of these,
called the intermediate 3% from its position in theshuman ,

gland, pourseinto the blood a segretionswhich has .been
[

. 1 [}
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experimentally shown to cause frogs to become darker.
Whes injeceed into a frog, it is absorbed into the blood,
circulates throughout the system, afld when it comes to
the skin, acts upon the special pigment-cells which are there
to be found. These cells consist of a central body with much-
branched armg, together with a certain quantity of ®dark
pigment. When there is f0 pituitary soecrefion in the blood,
as, for example, when the gland has been cut out of a frog, -
all the pigment is clumped in the central body: but when
much pituitary secretio is present, the pigment is caused
to stream out into the branches, thus covering a much
greater visible area and giving the animal its dark colour.

Further, the pituitary gland itself is under nervous control.
When, for instance, the animal¢is on a light background,
the stimuli to the eyes are relayed as impulses tp the pituitary,
forcing it to shut down produgtion; this of course has tfe
result of making the. animal ligﬁ’tex‘ and lighter in colour
as the available supplies of the secretion in the blood are
used up.

Here, as you see, negyous system and ductless glands
co-operate, with nervous system in ultimate contrgl. The
brain is here like the manager’s office in Some big usiness
concern. It gives its orders to the pituitary, which we may
symbolise as a private printing works and clerical staff,
and this subordinate branch of the,business floods the
%ustomersv—the body and its cells—wWith circulars. The
circulars travel igto every street, are dropped in at every
door; but, as in real®life, only a fraction of the fecipients
take any actiod as a result.

The relation between the thyroid’s action on metamor-
ghosis and the, nervous system, is muth mdre obscure. One
very curidus fact we know: that tadpoles can be Rept eight
or ten days under narcosis, immoVable, with all the digher
centres Qut of action, by means of anaeSthdtics such- as

o urethane; and y8t that®if they are prefiously treated with

thyroid, such apaesthetis®d animals will undergo precocious

metamorphosis just as rapidly as normal ones, waking up

from their=sRep to find thetselvgs transmogrified, with no

familiar tail, But two pairs of brand-new and upfamiliar legs !
Wealso know that the thyroRi'és capable of great com-

pensatory adjustment {o changes In the outer world. As
4 Q

. A\ .
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the simplest instance of this, there is the fact that if very
young tadpoles, in which the thyroid is jus® forming, are
given extraneous thyroid substance, their own gland remains
very much *underdeveloped; in other words, the stimulus
of haying to provide the amount of secretion that is normally *
defhanded by the body is one of the condigions fog the full
development of thg normal gl®nd. Even in the olscure
life of organs within the body, work is one of the conditions
for 'the attainment of full potentiality.

This compensation also operat8s with regard to tempera-
ture. Tadpoles brought up at unusually low temperatures
show unusually arge thyroids, and vice versd. In a cold-
blooded animal, of course, activity in general is greater
with increase of temperfture. The thyroid is, inter alia, a
.regulator ok the general chemical activity. Inject a man,
a dog, or a tadpole with. adittle thyroid, and his metabolism,
as measun;ed by the #mount of oxygen consumed and carbon
dioxide given off, will rise considerably. It thus appears
that when temperature raises the general activity of the
tadpole’s body, less call is enade upon the thyroid, and so
it jtegds to shut down, and to grow less rapidly than it
would normalfy do. ‘Thus this power of compensatory -
activity possgssed by the gland would have as effect that
the activities of tadpoles are not raised as much by heat
as they would be if the thyroid had no compensatory power,
nor so much defressed by cold. In other werds, changes
in the outer world are damped down, &0 to speak, before
they alfe® the’ acsivities of the bddy as a whole, and we
get a first approxir_natiqn to that internaf regulation of the
body, that high degree of ingdependence of outer ehange,
which has become *complgte %in regard tg temperaturg in
the ‘Warm-blooded’ mammals and birds. But to what
degree all this power of regulation of the thyroid is in its
turn regufat® by the nervous system, of that we are as
yet almost whofly ignorant. * o

However, both of our enflocrine egamples illustrate
another interesting fact of genmeral application. [ have so
far only mentioned that nietamorphosis @ be brought
about by thyroid, eolour-darkening by fituitary, without
specifying anything g Yo what kind of thyroid®or what
kind of pimuitary. o 4 .
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The fact is remarkable. Any kind of thyroid will bring
apout the tRipole’s metamorphosis, even thyroid from an
animal never becomes terrestrial like % fish, or one which
has put all trace of metamorphosis behind it Ylike @ sheep
or a dog. And similarly any kind of pituitary will,cause
frogs to,grow ¢ark in colour, whether it comes. from a %ird
or mammmal which canno®change its gwn *colour, or from
a chameleon in which colour-change does exist, but is not
under pituitary contrel.

In other words, the substances produced by the thyroid
and the pituitary are chemically identical or at least essentially
similar throughout the vertebrate series,ewhile the effects
they produce may vary enormously from one type to another.

A good example of this variati8n lies ready to our hand
in the metamorphosis of different kinds ofe amphibians.
The more primitive tailed amphibians like newt and sala®
mander exhibit a mugh less violent® transformation than
the tadpole. Their limbs have been well formed almost
throughout their aquatic life, their tail is not got rid of when
they leave the water for lagd. dhis is due to the fact, easily
demonstrated by experiment, that in them neither,lipb-
tissue nor tail-tissue is in the least respor.isive to thyroid
secretion; during the evolution of frogs and toads from
their tailed forbears, one of the chief changes that has
come about has been the alteration of these tissues so that
thg one responds by growth, the other By degeneration, to
the presence of thyroid substance in the blood.

Precisely how this h%s been achievegd we do *nof know.,
But it is a good Sbject-lesson of a very §imple but important
fact—he facj that if it takgs two to make a quarrel, so it
takes two to mgke an endocting effect? namély, the internal
secretion ahg the tissue sensitised to it. This should warn
us against that seductive type of speculation which would
have us fiad a single ducgless gland exerting Qhe’ same kind
, eof effect throughodt the entire series of véttebrated animals,

and evishing, for jpstance, t® ascribe to the over-productivity

of the same gland such a phenomenon as bull-dogging of
the jaw whe=Ver it occurs, bg it ia salmon, goldfish, pug,
bull-dog, pekinée, abnormal calves, er human beings. It
gnay be 80: but it is just as likely hd to be so. Why, even
in thg course of @ singlg life-time a structure may come

* L[]
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under the control of two different ductless ‘glands. The
back fin of the new} is present in the newt tadpole® amd
also in the adult durings its watery sojourn in the breeding
season’ In the first period, thyroid injection causes its
absgrption, in the second it does not.

But the ductlyss glands have still other ¢essons®of very
general application % teach us. ®Their origin, both id® the
individual and in the race, is often strange and interesting
in the extreme. .

For one thing, it is often double. We have already seen
this for the pituitary—half from brain, half from roof of
mouth. It is tru® also for the adrenal, that little yellowish
gland we carry close to our kidney, whose central core is
made of cells which hav® migrated out of the spinal cord,
§s outer layé@rs of cells from a ridge which seems to be a
continuation of the samg e¢mbryonic rudiment which gives
rise to the reproductive organs. What is more, these two
parts are originally quite distinct: in fish there are
two wholly separate sets of organs corresponding to
the two parts of the mamm3liam gland.

Bhee same is grue of the mammalian thyroid apparatus.
The parathyroids are small glands whose very name shows
their close prokimity to the thyroid—in the mammal. Indeed
in many mammals the parathyroids may be entirely embedded
in the thyroid. Infower vertebrates, however, the two are
quite separate. The parathyroid has quite differéht functians
from thg thyroid, one of them being to rtgulate the calcium
supply within the ®ody. .

1t is assuredly no accident that this unification of originally
separate rudimgnts or organs has taken place so often in
the systgm of the duclless glend$; but of theweasgns therefor
we are almost wholly ip the dark: I can only give you the
fact®for what they are worth—another challenge to human
curiosity and'intglligence. . . . )

If, however, Wwe understand 1i}tle of the meaning of the®q
end-result, we can sometimes discover muchethat is signiffcant
about the origin of these orgars.

The thyroid arises in¢he embryo frog as, Nown-growth
from the floor of the hiqcler part of the mouth. The original
connecting stalk disapﬁears, and the deeper part becomes
transformed*into glandular tissues ;Fhat “does not segm to

* L]
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help us much. But there is one animal now in existence
whosé€ development supplies the missigg clue. That animal
is the lamprey. .
> The lamprey is one of those living fossils so phecious
- to the zoologist. It is built on a plan which undoubtedly
was tha#t of tiR ancestors of all higher vprtebrates——tsully
a vélttebrate, but not yet ?ruly a fish. For instance, it still
lacks limbs, it still lacks jaws, it still lacks teeth. Its skuli
is not yet a true skull, bpt a mere platform on which the
brain rests, and its backbone is only a series of small struts
not yet united together.

It, however, possesses a thyroid gland like all other verte-
brated animals; but this thyroid arises in a remarkable
way.

The lamprey starts independent life as a Mrva, the sog
called ammocoete or lampern,” whigh, instead of being
carnivorous, lives in she mud of rivers and estracts the
microscopic particles of organic debris therefrom. Part of
its apparatus for so doing is the endostyle, a pocket in the
floor of the mouth which @as&s out a sticky mucus it has
secreted, in which the food particles in the water rcay be
entangled. This method of feeding and the whole apparatus
for its execution is found in the same form in the primitive
animal known as the amphioxus or lancelet, and in the
whole degenerate group of tunicates. Irfghem it is retained
theoughout dife; but in the ammocoete at the moment of
metamorphosis the endpstyle degenerates together with the
rest of the mud-feeding apparatus,—save that a small part
of it gs retained, and differentiates into the thyroid gland
of the adult«amprey. ® . . .

This ecopomical process, whereby an organ whjch has
lost its original use through the animal’s change of life,
becomes converted into another organ with v%ho.\ly diff8rent
function, Ras beer, repeated again and again in the course

o °f evolution, but nowherg more prominesitly than in the
ductfess glands. e For instance, the pineal gland (though
doubtless never the seat of thg soul, as Descartes asserted!)
was once oti¢ of a pair of upwaydly-directed eyes. The
parathyr'.oids are budded off from ghe gilt-slits = little before
t¢hese degenerate in the embryo (or¥in tadpoles, at meta-
morpgosis), prengratoxar *to land life. The thymus, too,
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that gland in the neck, one of whose functions has just been
discovered to be the.cor'xtgol of ,the egg-envelopes, arles in
connection with the gill-slits; and. seems to have been built
out ofethe femains of the nephridia or primitive kidneys
of amphioxus.

SBmetimes a purely temporary functioneis undertaken
by an organ which myst degenerat®during individual*devéop-
ment. At the tadpole’s metamorphosis, the fore-limbs,
which have previously been concealed under the gill-cover,
burst through. It was first of afl thought that the mere
pressure of the growing limb caused the perforation. But
it was found tha? the perforation appeared just as well if
the limb-bud had been removed in earlier stages! Quite
recently it has been dis®overed that the perforation was
lzrought about by the tadpole’s gills when they had reached
a certain stage in their dggeneration: graft a piece of meta-
morphosing gill under’ the skin of the, back, and perforation
will occur above the graft. In this case, only local action
occurs, and the * organ of internal secretion’ derived from
the gill is of briefest duration mstegd of persisting throughout
life, Ijeverthelegs, the example serves well to illustrate an
early stage in the genesis of a true ductless gland by the
utilisation of $y-products of development.

I have wanderedefar afield from the frogs of my boyish
memories, trapped by their own instincts in ®he sunkgn
tank; but I am pow going to return tosthem for a fresh
start. I ) : .

What first attractegd our attention to them was the noise
they made, a chorus of croaking, harsh and raucous®*rom
the frogs, soft and musical.froln the toadse That, as yeu
know, is all spring mugic; but it is music which is found
in aMnost gvery species of frog or toad in existence. In
our northern dim%te, this frog-mugic is a_quiet listle affair;
but in more southern countries it grovides one of the memor- @
able sounds of nature. In France they &ave five or®six
species of batrachians against oir three; and in the spring
in marshy parts of the gountry they sifig tg?&ch purpose
that under the ancien ¥égime one of the tasks imposed upon
the peasants was to beit the waters of the ponds &t night e
so that the frogs would hush and -1e3 the *hobility slurpber.
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In the Southern States of America there are grass-frogs,
and leopard-frogs, and bull-frogs, .ar’)d t.oads, and tree-toads;
and the voices of some of them are far more powerful than
ours. In the spring a few wet days will fill the ﬁrairie pools,
and the pools will fill with toads and frogs, and then the
evenings and nights will be full of sound—a continfous
soufd, rising and falling liRe the sound of tfle sea. For three
vears I lived in Texas, and when I left, I think that manifesta-
tion of Nature whiche] most missed was the sound of the
frogs in spring. Others Yoo who have lived in the south
have told me that they felt the same.
What is this sound and its meaning ? Ifis produced with
the aid of large resonators, in the shape of distensible pockets
©. of skin under the
throat or on eithe
side of the neck.
*This is ingthe males
only, for the females
do not croak. A
small male tree-frog
croaking, wity gex-
panded pouches
Fic. 10.—Male tree-frog croaking with DIZEeTethan his own
distended * resonator.’ . head, is a never-to-be-
fergotten spectacle.
And theepurpose and function of the croaking? The
function seems to be .simply that of recggnition obetween
the sexes, the fgmales being guided toe their mhtes by the
sound. ‘The frog he would a-yvooipg go—'* Heigho!”
said Anthony Rowley’—and * croak, croak’ says the frog
himself. | * .t .

In this respect too the frog is in a_sense at an intermediate
level of animal evolution. The lowest multicellylar arfmals
shed their gameteg or regroductive cells t;ree‘]mo the water,

, © leaving chance to do the reost; at most, a certain synchronisa-
tior? of the shedding on the part of a large number of indi-
viduals is achieved in some tages, probably by some chemical
stimulus of<GRe individual on the gest, in others apparently
altogether und€r the regulation oof owter influences such as

othe seaSons or the tides. Before R evolution of complex
sensgrorgans and® stillomore of brains behind' those sense-
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organs, anything more elaborate would have been useless
.and impossible. : . * ¢ .

At the other extrele we have creatures like birds with
perfectad eyed and ears and brains so elaborate as to permit
of a cpmplex emotional life. Reproduction' has become so
muc¢h more complex that fertilisation muet be mternal,
‘and an act of phirigg is therefof®’essential. Furthernfre,
no longer is the liberation of the gametes a mere reflex
action, nor yet a simple instinct, but & under the control of
the highest centres, and demand? the proper adjustment
of the emotional system before it can be carried out. One of
the main functiofs of the strange and beautiful dances
and displays which are to be seen in birds at courting:time
is undoubtedly to tune tH® emotions of the two birds of a
p.air, male and female, to the same key simultaneously and
so facilitate mating. Eveg among birds, however, evolution
has here a;nd there gdne on to a higher stage. In grebes
and herons and other birds in which the sexes are alike and
both indulge in elaborate display, the display often seems
to be performed for its own sake, gvithout special stimulative
fungtiqq. The o‘nly function it can then be supposed to
keep is that of linking ‘the pair together throughout the
breeding seasog by emotional bonds; this may well have
its biological ‘value, since-in all such species, both sexes
help in incubation and in attending to the young, and any-
thing which binds *the pair more closely togetfer for the
good of the family is a racial blessing. This emancipation
of cou1’t§1i;f and 'display from a mere1y stimulative function
has of course in man reaghed up higher on to new levels,
and out wider so as to commingle with other parts of the
emotional life;ﬁigher'and wider® than in anyeotheJ creature.

But of all this in the frog there is no trace. « The actual
mati is still a merely or essentially physiological process,
nota psycho’o@ca] one. However, the sexeg must be brought
together with aseliltle waste as possible; brain and sense-
organs have been developed to a comparasvely high pfich
to subserve the general funcfidns of catching prey and
escaping from enemies—&hey can be brought Mder call to
supply this new demahd. LA .

In part, the male frogﬁ_.croaking is like the male Spider’s
dancing or still better the male ﬁc%dler-c?rab’s statuegque
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poses ‘with enormous claw uplifted—it is an adveruseme'nt‘
~eof His malhess. But in part it i$ an advertisemerit of the’
breedmg grounds, a boosting' of chloice real estate; and
in this frogs foreshadow song-birds, whose ong is a sky-
sign read by other birds accordlng to their sex—t other
males,*a warméng to trespassers, to the females, an advértise-
" m&nt &f home and hus®and. .
In any event, the amphibian’s croakmg is mterestmg _
. from yet another bivlogical -aspect. - It was the first vocal
music’ that life brought to birth, No doubt insects had -
been deliberately producing; their chirpings, trillings, -and
hummings before fish ever left the water; but they are
instrumentalists all, makmg z1thers of thelr legs or fiddles
of their wings. .
* The land vertebrates offered life two new possibilities
of sound production—the - pipe ¢ w1th reed, in the sha}nc
of the windpipe and vocal chords ‘and, in the mouth, a
‘cavity communicating with the pipe and alterable in shape.
The first gave the possibility of varying pitch, the second
of altering the type andsforen of the sounds: and so it is
- sober truth to say that only through some, humble. bggl;mmg
_such as ‘that which the croaking frog glves us in spring,
could bird song and human song and spgech have come
into existence. . ’
Again, the frog’s croak is a rermnder of the strange
- @art whith sex -has played in the’ history - of life—a -
part which to 'the gye of detachment sometunes seems
" fantastic. R .
Let us follow the steps of thig histpry, and see how each -
has led om inevitably bus unexpectedly to new; The first
“step of gll was the. establishment &f sex " itself, the union
of two separate cells into one. QOf the origin and cause of
this primal process we are almost’ wholly ignoralR. We
merely Xnow tl;at it 1s probably not a né&essary function
of life, since it has so far not been foumd at all, in spite
‘of determined eearch, in the whole great group of bacteria.
Once ‘it was established, ,however, it came immediately to
have a n€% blologlcal s1gmﬁcar6ce It made possible the
‘recombination in one stfain ot; ne® favourable mutations
that ‘Rad originated in- separate &rams, and so facilitated
evqlutionary cﬂangea {Very possibly the absence of this
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help to variation is compensated for in the bacteria by their
prodigious rate of multiplication.) . . .
~ Fusion is first befweer like cells, or cells so like that
they age indstinguishable by the eye. And so we have the
paradpx that sex, in its origins, does not imply what we
are®accustomed to think of as its essential, namely, two
different sexes. ’But.the unescaptble law of economy ssees
to it that the economical principle of the division of labour
shall have full play in sex as in other departments of life.
And so the active mobile male &ell is differentiated from -
the passive female cell with its reserve stores of material,
This primary difference gradually is thrown back on to
more and more of the rest of the organism. First the repro-
ductive organs alone are®sexed: then their ducts; then the
instincts of ¢nale and female; then come the secondary
fexual characters serving the functions of display and court-
ship; and_those serting the nourishment and protection
of the next generation. With the development of long-
continued care of the young, the réles of the two parents
may again diverge; and fram this the divergence spreads
un;il sexual difference may arise in respect of all the every-
day businesses ®of feeding and of escape from enemies.
Finally, in mgn, where the barriers between the different
compartments of the mental organism have been more
broken down than,in other creatures, any emotion is able
to play its part th colouring any experience,sand so Sex
spreads through the whole mind, and i& one of the great
pillars dn *which its higher life is %built.

So the race of 'frog§ contijpues, fixed it would®seem
irrevocably in *an evolutiogary half-way hgQuse, a peculiar
and splcialised manifestation of life, risen far, above life’s
prineitive estate. and eXhibiting many adumbrations of her
higher achfevements. Each year they mate, and generate
new frog-lives, aifd die. Their whole exfstence is delicatelys
regulated by the never-ending®pressure 4of circumstence,
to the world around, and attimed to what appears to be
its only end—its own dequate performancme :

Its only egd, but net ts only function: f& each organism
performs many functé in respect of other ofganismse
whether as food for this one, or.ilz keeping this other up
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to full pitch by constant pursuit. And here to-day the ffog
has even beé¥n performing a function in the sphere of the
intellect, in providing a text for Ty Biological sermon !

What we know of modern physics assure§ us d¢hat to
separate any particle of matter from the rest of the ugiverse
can be enly eitber an intellectual trick or a practical appfoxi-
mafion.* Matter is in the ultimate analysts nothing but a
vast number of centres of activity. The activity diminishes
as we pass away from the centre, like the wave from g
stone’s splash; it increales as we pass toward the centre
until finally the forces at work are enormous, the remaining
core becomes what we call impenetrablejsand we speak of
it as a material unit. But in reality the influences of the
activities of all the units interpetfetrate in the one cosmos,

So it is in the mental kingdom. It is impossible to pose
a question without a reverberation which raises up furth&y
questions, one after the other, till, if*we are willing in the
pursuit, we find we have started a stir in the whole organism
of knowledge.

Let my brief and incomplete words to-day at least serve
as a reminder of this fact, and as an appeal to teachgrs Jot
to allow themselves. or their pupilstto becotne so smothered
with facts and details and the requirementg of examining
boards that they lose sight of this reality, and with it the

light of intellectual day. .

P °



THE TADPOLE
A STUDY, IN DEVELOPMENTAL PHYSIOfOGY *

L ]

EVERYONE knows the look of frog spawn. The sticky, tough
coverings of jelly bind the eggs into. a eoherent mass. They
serve not only as protective and distasteful covering, but
also as condenser of the sun’s' heat upon the living specks
of black which thdy contain. It is these which are the real
eggs. When first laid, they are about three millimetres in
diameter, black above and whitish below. Microscopic
examination, even by the most elaborate technique, reveals
comparatively little withinghtm. There is a so-called nucleus
—a special gvesicle with a definite membrane of its own—
lying in the axis, nearer to the black pole. The rest is occupied
by the living cell-protoplasm or cytoplasm, and its non-
living contents—yolk, fat, an® an#mal starch or glycogen—
whigh are to servg for the nourishment of the embryo before
it can shift for itself. The fat is uniformly distributed; the
yolk (by far the most abundant of the three) becomes more
concentrated towards the white or ° vegetative’ pole, the
glycogen more concegetrated towards the black or ‘animal’ pole.

At the moment of their extrusion, the eggs h2d sperma-
tozoa shgd over them by the male, ang thee sperms effected
the eggs’ fortilisatiors, Each egg was penetgated by one of
the millions of tiny Jashing living organisms (once pene-
tration had stargd, \a.change ogcurred in the egg’s surface
preventinjg the entry of anye further male calls), the cont-
pressed sperm-‘ head’ swelled up till it became a nucleus
like tRat of the egg, and the two, becoming apposed, united
into one. This‘unLon of nuclei frqm fathgr and fother is
essential act of fertilisation. The nygleus contains the chromo-
somes, which in their turn carry the factors or genes deler-
mining inheritance. Thus fegtifisation brings about the
combination of one matgrnal and one patergarset or pack
of chromosomes and % rgfore of hereditary constitutions,

The second, but in a Sense subsidiary fun.ction of fertilisa-
. tion is to set development going; thg egg, which if left to

183, .
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itself would have died without further change, a few hours
aftere fertilifation divides into t‘v,vb, :.md upon this follow
all the other changes of development in seguence. This
function I call a subsidiary one, not because itis less
important, but because it can be imitated by othersmeans
The unfertilised frog's egg, for instance, can be causéd to
de®lop’ if it is pricked ®ith a fine glass heedle previously

4 .

F1G. 11.—Rarly Segmentation of the Frog’s Egg.

(1) Fertilised egg; (2) 2-%ll stage; (3) 4-cell stage; (4y 8—g§eﬂ stage;
(5) 8 to 16-cell stage; (6) early blastula.

dipped in rog’s bldod, and from this act of artificial
[y L ]
parthenoggnesie can arise adult frogs, healthy although
fatherless. o o
But normally it is a fertilised egg which is.the stfrt of
the new *individyal. Thke problem of glevelopment is to
>© understand how it is pogsible that this simple motionless
sph¥re can withia a few days give rise to a tadpole, a creature
capable of swimming, secing, hearing, smelling, feeling,
feeding, gr&’vigg, and the rest, gpd, for all its littleness
and insignificance, possessing angq{ganisatiorf of no mean
° complexity, with heart, muscles, brairi, sense-organs, stomach,
digegtive glands, fddnegs,‘ ductless secretions, protective skin,

[ - .
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and skeleton. Not only that, but we have to find out how
this tadpole comes to leqve the water at the right %imes
and at the same moment become transformed into a frog
by undergoing just those changes which fit it for terrestrial life,

Thesaverage man takes it for granted that the frog’s egg
shalf grow up Just as it does, in apparently imevitable right-
ness of developmeng, into the full-grown animaf. Why
should one trouble one’s head with such everyday problems
as the genesis of pollywogs? But it*is just the everyday
problems which are so important, * because they have such
universality of application. And if we could understand,
even in broad lifes, how a frog grows from its egg, we
should possess the key to a new domain of nature.

First, however, we mus? know what we have to explain;
descrlptxon before ana]y51s And although any text-book
of embryology will give Jis* all the description we want, 1
may be pagdoned if 1 run qmckly through the essentlals. :

The first phase of development is known as segmentation,
because the single-celled egg segments into a large number—
perhaps a couple of thousand—of small cells. At the same
timg 3 cavnty—;he segmentatlon cavity—appears in the
mass of cells, or blastula as it is now called. No growth
takes place; and the only differentiation. consists in the
fact that the cells towarde the white yolky pole are larger
as well as more yglk-laden. It is generally concluded that
the main function of segmentation is simply t¢ divide wwp
the unwieldy egg-cell into living brigks of convenient size
for the Tutdre building. (Fig. 11.) .

Next come what are technically known as gastrulatxon
and germ-layer formatlon, which we may characterife as
the laymg-down of %the fisst {and roughast 1;nagmable)
ground-plan of the futuge animal. At one pointy just below
the ®uator,of the egg, at the junction of dark and light
cells, a little cfack appears. This gnarks the middle of the
future back of the tadpole. The gells just above this crack
must be in active growth, for they push downwards & a
double fold over the white cgll, which at the same time
can, by appropriate methods, be seen to st.rea?n slowly in
towards and under th& ‘igck. Meanwhile the crack spreads
round to the sides, wherever it becomes visible the
. same process of overgrowth of yogc beins; it becgmes

* N
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crescentic, llorseshoe-shaped, and finally closes to a circle:
the 8rcle decreases in size and st Igngth closes to a tiny
aperture. The effect is to cover the large whijte cells by a
double fold of the small black cells, and to tuck mdbre and
more of the yolk away into the interior. The circle enclosed
by the®crack 8 called the blastopore; and the first pa?'t to
apfear is consequently itf dorsa! lip, followed by the lateral
lips, and then the ventral lip.

The space between the double fold and the yolk is the rudi-
ment of the future digestive tube—the first organ to be formed
in ali higher animals. This dilates at its interior end and
eventually sqeezes the segmentation cavity’out of existence.

~The outer layer of the double fold is the outer germ-
layer or ectoderm, from which will arise epidermis, sense
organs, and nervous system: the inner layer®and the yolk
mass together constitute the ehdpderm, destined to form
lungs, digestive tube with its glands, and one 0§ two other
organs: and meanwhile between the two a third layer is
split off as the mesoderm, from which will develop all the
other systems of the body—8keleton, muscles, blood and
blood-vessels, kidneys, and reproc.iuctive grgans. The dwo
splits become continued round the whole embryo, so that
it is entirely divided into the three germ-layers.

The next phase can best be characterised as that of primary
differentiation, or, if you will, of the fgrmation of organ-
systems, ©

Externally it is*begyn by the elongation of the embryo;
at the same timg along the back there®appears a thickened
plateb of tissue, the medullary plage, fgom which the future
nervous system is to*be formed. The sides of this plate
gtow up 3s medullary folds, the cenire sinks in, ghe folds
meet, the epidermis grows over them, and the plate is thus
converted into a hollow tube—the neural tube,

The front regiop of this tube is enlargeg, dhd will become
»© the brain. It is divided jinto definite patts. First of all

for8 mid, and hind brain are marked off. Then from the
fore-brain a swelling arises, the optic vesicle, main rudiment
of the futiTe Lye. Meanwhile the future ‘nose’ comes
into being as a shallow olfactory pjty &nd the ear as a hollow
© auditory sac derived from the epidermis. Below the nervous
systgn arises the ﬁrstoembryonic skeleton, an unsegmented

A



. THE TADPOLE o 187

rod called the notochord, and on either side of this the
mesoderm becomes arranged into a series of®little ®locks
called somites, the fAture® trunk-muscles. In the mesoderm
round ghe ghit a split has occurred, which enlarges later to
form ghe main body-cavity or coelom. From this cavity
at A5 front end grow out a series of hollowefunnels, rather
iike miniature tbbagco-pipes. Wath their outer ends €the
pipe-stems) these form a tube, which grows back and comes
to open into the hindmost part of thedntestine. The funnels
will constitute the kidney of the tadpole, the tube the kidney
duct or ureter. In the mass of yolk cells in the floor of the
gut a hollow is emcavated—the rudiment of the liver. And
from the pharynx or region just behind the mouth, pockets
grow out towards the sid® of the head, finally fusing with
little ingrowtgs from the skin and so putting pharynx in
& mmunication with the exterior: these are the gill-slits,
which are grcsent at gome stage of the life-history in every
vertebrate trom lowest fish to hlghest mammal.

A collection of mesoderm cells below the pharynx unites
and organises itself into a {be, the tube bends into an
S-shape, divides itself into four sections, and begins to beat:
it iS the heart. Similar scattered mesoderm cells in other
parts have alsg organised themselves into tubes, and these
eventually join up with each other and with the heart to
form the blood- vessels Any celis contained within these
tubes develop into®blood-cells. o

Meanwhile externally the blastopore e after temporary
closure, Ras reopeneg into the hind ehd of the gut, to form
the anus; and above l.t the, tail starts to grow out. A depres-
sion becomes v1sxble on the lowgr susface of the head®and
breaks through Into the pharymx as the mopth; on either
side of 1t arise the rudiments of the two suckers by which
the mew-hatched tadpofe will attach itself, And on the
ridges betweenethe gill-slits appear, little outgrowshs which
will later brancheahd grow to form the gills.

But at the start these organs afe only lajl down as ! a
plan—their positions are marked out, their material is
delimited, but they do not work. For thxs the individual
cells of which shey are c‘ctposed must becomé differentiated.
At the start, the cells o the different tissues of tfe body
are still extremely similar, still in. vx‘hat %e may call the

] [
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embryonic condition. They are rounded, or more or less
.cubigal, or®polyhedral, acpording to their mode of aggre-
gation; but show no special &istinfuishing structure. It
is only after the laying down of the nervofs sysjem and
the blocking out of its chief parts that its compongnt cells
send qut fibrgs and become in any real sense nerveéwells;
omdy after the separation of the futur® muscle-segments
that their cells elongate and develop contractile fibrils; and
so forth. .

Thus for each organ a*period of rough form-differentiation
is followed by a tissue-differentiation, involving detailed
cell-form and proper function; and atthough, when the
whole body is considered, the two processes overlap very
considerably, yet there is a stage @here only form-differentia-
tion is proceeding, and this is followed by ong where tissue-
differentiation is preponderatiggly at work. °

The close of this latter phas€ brings the embryo to a
condition in which if can shift for itself. It halches out as
the larva we call a tadpole, and new processes begin.

In one respect, we may say that growth is the chief
characteristic of this new phase; for the animal, which
hitherto has been living on its self-contaified reserves, Soon
hegins to take up foreign matter and build it into its own
ussues; and, although quite capnsiderable c‘hanges of form
and function do take place during the larval period, yet
piey do not produce any change so striRing as the hundred-
old multiplicatien of the animal’s bulk which is brough
about by growth. ¢ ' . e« © :

The main morphological changes externally visible in
lar®al life are the owergrowth of the ‘gills by the gill-cover,
and the development of the |imbs. *After®a small increase
of size Was taken place, a flap of skin grows Hack from
the side of the head to enclose the outside of the gill-slit

" region is a gill-chamber. Water taken in a9 tRe mouth and
forced out throfigh thé gill-slits now Passes into this gill-
clmmber, and jthence t& the exterior by a little aperture
which remains on the left side.

At a rather later stage, the rudiments of the hind limbs
are to be seeh as two buds of uydifferentiated tissue close
to the® anus. These gradually fdw and differentiate until
the.y are quite® respgct,able miniatures of the adult legs.

» .
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Mearwhile the fore-limbs also have begun to form, but
they are concealed beneath® the gill-cover. * .

Another interesting® poiflt is correlated with the relatlve
importance JF growth. In the previous stages, change had
been papid and kaleidoscopic: each phase no sooner arose
thauf’lrta melted into the next, like a dissolvigg view, Now
the same generat fogn (especiallw once the gill-cover has
appeared) continues with slight modifications over consider-
able periods of time.

Of the organs which were dlﬂ‘erentxated in the final
embryonic phases, the blood-system was one: and the
blood-system is of paramount importance for our present
purpose, because, once formed, its contained blood bathes
every tissue of the body?® and so constitutes a common
¢ .internal envisonment ’ for the whole organism. The nervous
system is of importance. for the same general reason—
because the nerves whith pass out fro;n and into the central
nervous organs come to connect every part of the body
with a common exchange and so again provide not only
a structural basis for indivigualify, but a mechanism for
congtagt co- ordlgauon and regulation. Neither of these
conditions was realised in‘the embryo. Accordingly the parts
of the organisrp in the embryo can and must be more isolated
from each other, both chemically and physically, must be
less co-ordinated, than the parts of the larva or the adult.

Into the blood-s¥stem are poured the most various sub-
stances from different tissues of the bodye For our present
purpose *th® mdst important are the so-called *internal
secretions.” These are the produce of the ductless glands—
secreting organs, like the tﬁyrmd Qr pituitary, whlch discRarge
their secretions entiredy into, the blood. By ;neans of thege
special $ubstances, new poss1b111txes of chemica] *regulation
are mowdec.i we shall see in the sequel to what use they
are turned. ®

Finally, whenethe tadpole has’reachdd a certam size, o
profound form-changes once md¥e set in,y The fore-lisabs
burst through the gill-cover. The body-shape changes, the
eyes protrude, the blackish skinl becomes lighter and blotchy,
and the tail begins te mk In the space® of a few days
the tail has disappear ™ the other changes have*run to ,
their limit, and the tadpole (though :wt without much. loss

. 'S -
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of welght and a considerably helghtened mortality- nsk) is
Jbecame a Riny frog.

Internally the changes have Ben 8s profound. The gills
have shrunk to nothing, the gill-slits closed®up, §he long
spiral gut of the mainly herbivorous tadpole has shortened
to a fractiongof its original length in preparation the
exslusively .carnivorous e¢habits of thg fivg. The skeleton
of the tadpole is mainly cartijaginous: during metamorphosis,
bone-formation is rapid, thus not only preparing the animal’s
framework for the greter strain it will have to contend
with on the land, but also bringing about remarkable changes
in form, especially in the skull. The braip also is profoundly
modified, and there are important changes in liver and
pancreas. The lungs become thé main organ of respiration,
and the character of the skin becomes adapted to terrestrxal
instead of aquatic existence. o

Such a radical change in for® #®ecompanying a radical
change in mode of life is called a metamorphosis ; and with
very few exceptions all amphlbla metamorphose from an
aquatic to a terrestrial existegce. There are, however, many
interesting differences of 3} tail. As regards time, for glstance
the bull-frog lives two years as a*tadpold, the leopard-frog
a full year, the ordinary English frog threeto five months,
some toads only six to eight weeks.

We shall often have occasion to supp],ement the knowledge
we can derive from the frog with that®from other species,
particularly frome the tailed amphibia—newts, salamanders,
and the'like—\;vhich %re technically kgown as*Ufodeles.

On many grounds, these ammals must be held to be
less®specialised, less.modjfied during evolutlon from. the
ancestral fom;x of amphitiang, thart the *tailless Anura—
the frogs® gnd toads. In accordance with this, th®ir larval
form is much less unlike the adult,*and their metamox@homs
less violent and abrupt, For instance, theotall is not lost
when they pass°from water to land, Bt only the broad
fine which bordgrs it; ard instead of the limbs appearing
late in tadpole life, they are present from the first. Another
primitive feature is that they have no gill-cover, the red
feathery gills $tanding out unpre eeted on gither side of
the ne®k. We may say that just®® a frog is on the whole
more specialise® for g land existence than is a newt, so is

. o .
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a frog tadpole more specialised for larval growth in water

“than a newt tadpole, the appearange of its aguatic®lly-usaless

legs being delayed till the last possible moment.

Once the land has been safely escaladed, further develop-
ment i %ymamly an affair of simple growth. Finally, after
anoth®r two or three vears, the sexual orgaws ripes, the
animal becomes nfaturg, and can reproduce its kind: e

Thus the rate of change during development on the whole
becomes slower and slower as time goes on. The bewildering |
complication of processes by whidh the single fertilised
egg-cell generates the rudiments of all the future organs
of the body is an %ffair of days. In a week the embryo
becomes enough of a self-sufficing organism to hatch as .
a larva. In a month it has®become a full-blown tadpole—
in ghree or foum metamorphosis is accomplished—and from
then on till the close of lifesthere is very little change of
functlon, ang scarcely &ny change of form. :

"Thus far observation, whose main contribution is to
provide the facts to be exp]amed These facts can perhaps best
be summed up in one phrase—éhatgqdevelopment is what we
call gn gpigenetic grocess——in other words that real increase
of complexity, real differentiation, occur during its course.

But kow is differentiation brought into being? That is
one of the great problems of biology. Development is to
the individual What sevolution is to the race. Both are
processes in the course of which something appears to bg
created oyt of nothing, or at least out of a €omething much
less com&ex *and claborate. The psal'mst summed it up
in a sentence when he wrotg,  In thy book all my members
were written, which in continuance were fashioped, when
as yet there was none 8f them.’ *That is it—they are being
fashioned; and yet they are not in existence. Greation 1s
here Made vjsible.

+“In thy bool® all my members ,are wrjtten.” #We can
subscribe to that*to-day as who];—healtecﬁy as could its
writer over two thousand years ago. We age sure, thanks

“to the patient labour of sciencg, that all is written in the

that we men, ifewe take%ighe and pains enough? can decipher
it. The book is no longer to us the private and glarded
secret of a divine Personage, but its .pageg are outspr.ead,

book of Nature, and, w; is more, that it is written so
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in the emstmg world, and are guarded only by the passwe
secret of the language in .whlch,theg are written, And so |
we have hope that even this process, which has seemed to
many thinkers the most mysterious and unintelligible in
the whole realm of reality, may yet be unravelled int\c.)rder
and imelligibke sequence.-

Pluch progress has bBen made m.the last few decades

“towards a preliminary analysis of development. It is not

much more than a handred years ago that development was
first shown to be truly ‘epigenetic, and no mere unfolding:
of a performed miniature. It was Wolff, Goethe, Pander,
von Baer who thus really. founded the fnodern science of

" -descriptive embryology, between -the years 1780 and 1820.

e processes for an understanding

This science developed rapidly;*and by a natural change

. became convertéd into comparative embryolegy as a res%lt

‘of the impetus given to all forms pf comparatlve blology
Darwin.

But, although many theones as to the methods of develop-
ment were advanced, very little progress ‘was made in
experimental analysis untl the last decade of the nineteenth
century. At this time zoologists, tired of- tl;eoretlcal polgnics -
concerning the methods of evohition, and of unverifiable
family trees whose shade proved unfavouwrable for more
profitable crops, were turning te. experimental work of all
sorts and descriptions. In the field of.embryology, Roux
eresch Morgan, Wilson, and- a host of others were the -
pioneers. The ﬂood.\of enthusiasm continued .unabated
for some fifteen,or twenty years, but was then lar'gely diverted
mto other channels, such as genefics, although fine workers

. like®Herbst, Spemann, Boweri, Conklm, I-lamson, Brachet,

and Jenk;nson continued Yo give tHe maJor part, of their

" attention to it.

The subject is now entermg on a new phase. F& one
thing, the work,, particylarly of American Biologists, upon
the role of the ductless glands in the develdpmert of tadpoles
is %inking up dlassical physiology with the physiology. of
development. It has alsd, ,as has the splendid work of

efative rate of chemical
f developmental order.
Theg Spemann, gomgofram trxumph to tnumph of techmque

' Goldschmidt on sex, emphas1sedf,§e importance of bringing

in tlme;r of th?nkmg in terms -0
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has begun to lay clear to. us the secret of the stgrt of differ-
entiation, while Harrigon & doirg the same for later sPages®
Child, with his axial gradients, has at least given an intelligible
commoh basis to a whole mass of scattered facts in the
fiel f regeneration, polarity, growth, embryology, and
physiology : and last but by no meaps least, Bateson, Correns,
Baur, Morgan, and the host of Other workers in gen&xcs
have shown us the basis from Wthh development must
take its origin.

The individual frog begms its ex1stence as a fertilised
egg. In this form jt differs in the most profound ways from
its adult self. It is small or even minute: it consists of but
one cell instead of thousapds, millions, or billions; instead
of organs and co-operating parts of the greatest diversity
amd complexifyy it is a mere spherical mass of substance in
which the only differentietidn visible is a gradation of the
materials of which it is composed, a stratification from one
pole towards the other, and, further, a distinction between
general protoplasm and nucleus.

But in spite of its lack of visiblesdifferentiation, we believe
witle g®od reasom that it possesses a hidden complexity.
The great majority at least of its hereditary factors or genes
are lodged in tl% nucleus ; and we have every cause to believe
that what Morgan and his®pupils have proved for the little
fly Drosophila holdg®ood in essentials for other orgamsms——
to wit, that these factors exist not only in constdnt relatiee
quantity,e byt in. a fixed position wjth feference to each
other. The genes, of Which there are at leastseveral hundred
and probably some ¢housands in the fly, are disposgg in
order along thes bodigs we knpw a§ chromosomes, and,
since thg chromosomes ar® self-reproducing, sheir suth
really represents one vast chemical unit, whose® parts—the
separate genesg-occupy a constant position in the whole,
just as do the atorgs of a simple molecules Somefimes one
of these units cha'nges, owing to causes we do not yet under-
stand; and the effect of this may be made®visible as what
we call a mutation, which is inherited because the altered
gene now reproduces i.tiiin its new form, gnd is inherited
in Mendelian Yashion. example one gene in Drgsophila
when altered produces a dilution of the rgd colour of the
eye. A number of alterations in tlisgone gene are knawn

G . \ .
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their effects_grading from red through pink to white, each
¢ bre@ding true ’ because self-reprq;lucigg. And this particular
gene has been tracked down to a particular posjtion near one
end of the first or sex-determining chromosome. Another gene
in the same chromosome affects chiefly the colours of thtwhody ;
anothet the shape of the wings, others the General viability.
We thus know a good deal about ¢he number, arrange-
ment, and hereditary transmission of genes; and a good
deal about the visibte differences in the adult with which
gene-alterations are correlated. But we know nothing or
next to nothing of all the intermediate steps—the method
by which the genes come to influence tBe characters: and
it is largely this with which developmental physiology will
in the long run be concerned. Meanwhile it must be confessed
that we are far removed from success in thfs task, and jn
most cases must be content with g very preliminary analysis.
With these proleggmena we may' now progeed to our
main task. First, then, the stage of segmentation. Oscar-
Hertwig long ago, in 1897, following Balfour, enunciated
the rule that the nuclearespirdle, at cell-division, elongated
in the direction of least resistance, and that this resistance
was partly determined by the mere size of the different
dimensions of a cell, partly by the qualityeof its contents,
yolk offering more resistance tBan living protoplasm: and
further that yolk slowed down the rage of division. This
sarves to explain the observed sequence of divisions in the
frog—two meridibnal followed by a latitudinal ang so forth,
and also the fact that the cells towards the animal pole are
smaller, cell-size gradually increasing {owards the yolk-pole.
is ‘was later verffied experimentally. Jn the first place,
when eggg were made to segment under pressure, the furrows
continued ¢o run meridionally unti] after the fourth division,
since the pressure had reduced the distance,from @nimal
to vegetative sidg, Secomdly, the deductign & to the influence
of yolk received a still gnore striking cohfirmation. When
fr&gs’ eggs are wiolently centrifuged, the heavy yolk is driven
outwards. If the force appligd is only moderate, the furrows
still cut right°through the egg, though the vegetative cells
are lar‘ger than normal. But if/)he® centrifisging is strong,
the concentration of dead yolk is so great at the one end
that, the life-pro°cesse§ Itading to cleavage cannot penetrate

L é »
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through it, and as a result only the animal part segments,
forming 2 cap of cells resting on undivided yelk. TRis is,
of particular interest,®sin® this partial or as it is called
meroblagtic @®leavage is characteristic of many animals,
such fish, reptiles, and birds. Experiment thus makes
it efident that the character of partial clegvage ig these
forms is not the result pf any specialevolutionary adaptatigns,
but a direct and necessary consequence of the accumulation
of a great store of yolk within the ggg-cell.

A still further deduction of the $ame kind can be made.
In birds and sharks, a number of nuclei of the border-line
cells migrate oute into the yolk, and there take on a
characteristic appearance.

In the artificially meroMlastic frog’s egg, nuclei of this
same type apgear in the undivided portion—again making
it® probable that the peculiar appearance of these yolk-
nuclel, and indeed their thigration itself, are the inevitable
results of this particular distribution® of materials.

As a result of the operations of Balfour’s and Hertwig’s
rules, not only* are the vege;ativ.e cells larger than their
animal brothers, but they have divided less frequently.
It is probable tha® all thesprocesses of life are slowed down
by the yolk, sq that it is reasonable to conclude that the
vegetative cells are less agvanced than the animal cells,
in that they have noy travelled so far along the path leading
to differentiation. Tflere would thus by the close ofsegmenta-
tion be an animal-vegetative or axial gradient, not only th
cell-size ahd yolk-tonient, but also in d&gree of differentiation.

Another series of experiments has been devoted to the
problem of discoverifig w'nether.the symmetry of theeegg
and its segmentfition *had gny erclation to thé symmetry
of the lafer embryo. It was taken for grantea to Start with
that the animal pole gave rise to the back of the tadpole,
but later obSereation made it clear that this was not so.
The egg is free to adlust its position within tife jelly membrane
owing to the presence of a layef of ﬁuid.which appears
there immediately upon fertilisation, and, to cut:a long story
short, it was eventually showrd that towards the close of
gastrulation the egg titsfround as a result of internal re-
arrangement of the hea%y yolk, just as an icebemg rolls
over in the sea when it grows top-hgavy. As a result of this

[ ] [ ]
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the blastopore comes to lie on the equator at the hind énd,

JWwith, the osiginal animal pole pomnting slightly downwards,
a little below the future front &nd 6f the head. Thus the
position of what we may call the *virtual ebryo,” in the
egg is such that the animal pole is roughly in the gosition
of the, future,mouth, the vegetative pole in the positfon of
thg fut-ure taxl 0 .

But what about the first furrow of segmentation ? It
would seem most natural to suppose that this divided the
material for the future qight and left halves of the embryo,
and this assumption was very generally made. However,
it was eventually proved that, although this relation did quite
often hold, yet it was very far from being & necessary one,
and that indeed the first furrew might make any angle
whatever with the future median plane. This holds not only
for the frog, but for the newt, but in both animals, in the
great majority of cases, it runs s® as either to divide future
right and left halves® or to separate dorsal from ventral.

In the frog, however, the fertilised egg shows a character
not present before fertilisatign—the so-called grey crescent,
a patch on one side where some of the black plgment has
been drawn into the interior; and this is%ound to ?:ommde,
in the great majority of cases, with the‘futuore plane of sym-
metry. The grey crescent forms an hour or two after fertilisa-
tion, and we now know it to be causgd by the sperm. It is
formed en the diametrically opposite ®meridian to that on
@hich the sperm has entered. Thus one of the most funda-
mental atmbutes of*the future frogeis hot pre&etermmed
in the egg at all, but is fixed by the accident of the sperm’s
poim of entry. Perhaps it would be Tairer to say that what
Js predetermmed in the egg is the possiBility of becoming
bilateralfy, symmetrlcal about an infinity of axes® and that
the sperm entry-point chooses which one of these caxes it
shall be, In one of the sea-weeds, Lund has recestly shown that
the future axis nay be determined by Samething even more
estraneous, nagnely the Qirection of a weak electric current
passed thrgugh the water in which the fertilised ova are lying.

The experiment already‘mentioned, of compressing the
segmenting ezg between glass f\lates, servgs yet another
purpoge. By this means the ordéVof the cleavages is altered,
and so nuclei dlictrihnted tn calle and resions of the hadv

©
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other than those to which they would normally be assigned:

and yet, if the egg be released at the close of eegmentation,

a normal embryo re8ults® The ‘only conclusion to be drawn

from this is®that the nuclei are all equivalent as regards their

eﬂ"‘yon differentiation. No division of the original single ®

mwfeus of the egg into qualitatively unlike nyglei, as §upposed
by Roux, can occur,

Another experlment that helped to demonstrate the
physiological
equivalence of
the nuclei was
the separatign
of the two first
blastomeres,
which resuligd in

%he production
of twin larvae,
normal th every
detail of form.

This was demon- sf
Strated for the FiG. &—YWII] half-sized newt Cmbryo,
wtﬁ:ig 12). Pr- .produced by separating the first two

. o * cells by constriction with a fine hair (sf).
tial constriction

produces partial doubligg of *Siamese twins’® (Fig. 13).
The separation is very difficult to effect in the frog, owing to
the consistency of®he materials of the egg; but i one blasto-
mere is killed with a hot needle and thgn carefully clefhed
away, fn epproxigation is obtame& to the clean-cut rcsult
in the newt.

This introduces u8 to & new propegty of the hvmg material
of the egg, whilh wemay cgll that of regu]atlon The portjon
of substance which in its normal posmon would have
developed into a half, Bas the power, if isolated, of regulating
itself and its mternal structure so as to give rise {p a whole.
This regulation %5, in the newt, apparnt from the first.g
The isolated blastomeres round Bﬁ’ and form almost nerma] .
spherical blastulae and gastrulae. In some other animals,
a curious and interesting *difference is apparent. The
‘ 3-blastomege * (as an h olated one of the first 2 blastomeres
is styled for brevity’s sdR¥) segments as a half, almest exactly
as if it were still in contact with,its mate, but on reaching
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the close of segmentation it rounds up into a normal-shaped
though of cdurse miniature blastuld. This is so in the sea-
urchin. Thus in these cases what’we dnay call the pattern
of segmentation has no influence upon the futute coyrse of
© differentiation—a conclusion also forced upon us &%the
results qf the pgessure-experiments in which irregular pltes
of cells are produced, and ¢et can and dp gi%e rise to normal
animals, .
When we find that the segmenting egg may thus be divided
into two and yet each half form a whole, we are tempted

. .

FiG. 13.—(A) A newt gastrula partially constricted by meanoof a
hair. Noje the two parts of the blastopore on eithér side of the
hair. (B) Later stage. Two sets of neural folds are developing,

© separate in front{]. Med angl r. Med), united behind (at X). (C)
TH® final result-ca monster with two anterior ends.

to say that not only are the nuclei all equivalent but also
that the first fufrow may divide tw} cYtoplasrme in any way
ewithout ffecting the result—in other words, that the future
symmetry of the 8mhrva de nat influenced hv anything that
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one could call a determiner’ in the cytoplasm.! Again,
however, first impressiohs would not be right. Altgough
in newts separation of theYirst two blastomeres may produce
two eqyivaleft and similar twins, in a large percentage nothing
of thefort occurs, but only one of the two isolated blastomeres
givés a normal embryo, while the other, althoggh it sggments
normally and prdduges germ-layem, never proceedse beyond
this stage of differentiation, but dies without showing a trace
of nervous system, notochord, or muscle-segments. The
clue to this fact was given by anotRer experiment. Spemann
had previously found that twin larvae might not only be
produced from the first two blastomeres, but also when the
division was made during segmentation, or at its close,
or after gastrulation had ju&t begun. No visible grey crescent
appears in the newt’s egg, so that until the blastopore arises
it is not possible to tell the selation of the first furrow to the
symmetry Qf the embrfo. But if the hair with which the germ
is later to be cut in two is tied along the first furrow so as to
produce a slight constriction, and the egg then allowed to
proceed to gasfrulation, then.imrpediately the first portion,
or gorgal lip, of the blastopore appears we know how our
constriction is related to' the future embryo.

By using thjs method, Spemann found that when the
first furrow was median,e and consequently passed right
through the dorsal lip, then division produced two equivalent
larvae: but when it was frontal, separating future dorsal
and ventral halves, then the dorsal lip of éhe blastopore fiy
entirely ! 6ne of the two portions: *this portion produced
a normal embryo, the other only gave rise to an un-
differentiated sphere. . * .

By cutting the late®blastyja ér early gastrula in varioys
directiodls, Spemann was then able to show thaj*the some-
thing®which .made this dffference between success and failure
in developmen®was a quite small piece of the germ sitnated
near the equatorsSn one side of the egg %fter fertilisation.
Just below this region the dorsal lip’forms duging gastrulatien,

1 The first furrow always runs from animal to vegetative pole:
thus both of the first two blastoreres always contain the whole
gamut of strata;—the whale gxial gradient. If it wese to run parallel
to the equator and separat®®he less and more yolky halvgs of the
egg, such qualitative division would certainl§ be followed by ®
qualitative differences in the resultingsembryos. R
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and in front of the dorsal lip, and only there, does the first
differentiatidh of tissues take place.

We shall see later that Spema‘r’m Himself has been able
to establish in the most brilliant way the dired® conpection
between dorsal lip and differentiation—what we mly call
the organisingecapacity of this region. Meanwhile he %ad
already sdemonstrated, by the fact thgt tBe percentage of
1-blastomeres which failed to develop was the same as that
of the half-gastrulae +which lacked part of the dorsal lip
and were also unable to 8evelop, not only that the presence
of a dorsal lip region was necessary for further development,
but also that this determiner of development could be traced
right back to the fertilised egg before segmentation had begun,
and that the visible appearance of fhe dorsal lip was only one
in a chain of processes which had been set agoing long before.

Quite recently, Mangold hase performed some beautifill
and ingenious experirrlents which™ béar out thig view. It
had been known for some time that not only was it possible
to produce twins by separating the first two blastomeres of
an egg, but that the conygrsepresult was al8o possible—of
uniting two separate eggs to give a single over-sizedol va.
This had only been performed on inverta)rates, and was
regarded as another proof of the equivalence of the cytoplasm
round the axis of the egg. .

With the newt’s egg, Spemann had found how to remove
it from ite protecting membrane—a necessary preliminary
to many delicate pieces of research. When thus freed, however,
it is no longer groperfy supported, ang flattens®olft into a
cake-like form: and when it ‘divides fgr the first time, the
two $-blastgmeres pul a gpod way apart during division,
sos that a dumR-bell shape & pyoducell. AS division comes
to an end, They pull together again. Mangold took advantage
of this temporary dumb-bell phase: and, by 9atching up
one dividing egg in a dogb]e ‘ belt* made ofQwo hair-loops
fastened on to a fine glass tube, was able %o lift it and place
it cfossways ovep another egg in the same stage.

As the first division came to an end, the four blastomeres
were pulled together and came into contact, and from then
till the close of Segmentation no dig}rmce could be detected
ebetween the behaviour of this curiously compounded double

monsfer and a ndtmal See. Still more remarkable, Mangold

. {d -
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was able in this way to join eggs of different species of newts
—the light-coloured eges’ gf one,species with tHt darkeones
of another. None the less, the blastomeres of the two animal
kinds jgined &ip with each other just as readily as those of the
same Mind, and the blastula was a chimaera or mosaic of
two%rganisms, in which the contributions of the two gartners
could be immediltely, distinguished, although the two kinds
of cells fitted together as snugly as could be wished. Now the
first furrow might have divided either of the two eggs in
either of the two ways, along the fliture plane of symmetry,
or else to separate dorsal from ventral, It will be clear that
various possibilities could thus be realised. If the division
and subsequent rearrangement happened to be in one way,
the two should grow to a 8ingle embryo; another way, and
a double or #reble monster should be the result. All the

ifferent possible combingtiens to be deduced theoretically
were actualy realised.® .

Another variation of the same experiment is to separate
the first two blastomeres of a single egg and then, when
each of them asSumes the dump-bgJl form during its division,
to plagg them agross each other so that the blastomeres
that should have neighboured each other now come altern-
ately. Again there are various theoretical possibilities of
development into a doublesor a single creature: and again
Mangold found all.the possibilities realised.

It appears then quite definite that immediately aft.er
fertilisation an area is to be found in the eg@which determines
the whofe futuré symmetry of the rfesulting animal. Not
only this, but, as we shall gee later, this same area also deter-
mines the actual, differentiation ¢f organs, so ag to defrve

the title of ‘organise?’ which Spemann begtows upon if..

Spemahn and his pupils have also in the last few years
trace® back another determining factor to the very earliest
stages—the facfor .which determings the asymmetsy of the
future animal. As is well knowp, verteDrates in general
are asymmetrical, the heart being a little (o the left side,
the stomach and liver correspopdingly bent. It is also welk
_known that in a small percentage of cases, among men as
well as other -organisrhs,&he normal positioft is reversed—

a condition technically known as situs inversus vifcerum; e

such individuals are like mirror-reﬂegtiong of the noyma

. '\ L
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type. What is less generally known, however, is that in man
3 large propdrtion of individuals with this reversed symmetry
are members of pairs of identical tWins®-i.e. organisms which
-have been derived from half only of the mafrial €erived
from a fertilised egg.

Whep twinning is incomplete, double monsters are®the
reselt, which may be of adl grades, frog the almost-freedom
of the famous Siamese twins down to a condition when only
the heads or part of the heads are double. When such double
monsters are examined, 1t is found not only that they too
yield a high proportion of symmetry-reversals, but that
the reversed organism or part-organism isealmost invariably
the right-hand member of the pair.

So much for observation: now9or experiment. Spemann,
some years back, had been able to demonstrate that a lighter
degree of constriction than thas ngeded to divide the newt
germ into two separate parts would? if it were along the
future median plane, produce double monsters. The duplicity
of these was at the anterior end, and by varying the strength
of constriction, all grades,of ét could be prfoduced at will,
from a third eye between duplicated fore-brams dgwn, to
creatures double for half their length. This” partial doubling,
like complete separation, could be producegd at any stage
from the first cleavage to the onset of gastrulation.

When the doubling extends as far as thg heart and stomach,
it is found that here too, when invers€ situs occurs, it is
almost exclusively in the right partial twin: and the same
is true of the right-hald member of pais of seffardte twins.

Two further facts are of interest in this connection. In
the first pla;:e the inaer side, even of completely separate
newt twms is frgquently and tndged usubilly 1e3s well developed
than the Syter, the gills and limbg bemg smaller ®or even
wanting, and the body more or less bent in. In the sccond
place, it #vas found that.xf a small pomoncof the embryo
o just after gastrulgtlon were cut out, in Sthe region a little

in front of the Hlastopore, and on the left side, then the

resulting larvae were indifferent as to their symmetry, right-
and left-handedness occurring in roughly equal proportions.

This indicates that, in the late em}fyy®@ at least, a particular
o small arta is concerned with securing the normal dominance

of legt-handed sfmmeérx, its removal leaving the result a
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prey to chance: while, on the other hand, the fact that right-
handed symmetry develops in an abnormally large perceptage,
of larvae from right-hand® blastomeres after separation at
the first clea®age, indicates that some determiner is already
presentleven then. Spemann s inclined to think that the
answer to the riddle must be sought in the ummate mglecular
structure of the egg, Jmany compaeunds, as is well «knogvn,
being capable of ex1stmg in two forms which differ only in
the right- or left-handed symmetry «Of their component
molecules.

In this connection it is of mterest to remember that the
pattern of segmengation in many eggs is asymmetrical, and
that in the snails and their allies the type of segmentation,
whether right- or left-handed, determines the future asym-
metry of the qwhole body, the rare individuals with left-
wound shells being derived,from left-handedly segmenting
eggs. And k.leredltary studies seem to indicate that the cause
of this asymmetry is to be sought in’ the processes leading
to the formation of the egg in the parent’s ovary.

Spemann is inclined to thipk that the left-hand side is
in some way normally ‘ stronger * than the right, and that
this®determines tBe normal ascendancy of left-handedness:
this view is sypported by the experiments of Warynski
and Fol, who, Ey slightly damaging the left side of an early
chick embryo by heat, were able to induce a reversal of sym-
metry in the whole® Finally, it is interesting to netice that
when the asymmetry is exaggerated in any respect, it mﬁy
in some s&nse pervade.the body and indfice secondary changes.
For instance, in female birds the right ovary disappears
durmg embryomc grdwth? the l.eft side must therefor® be
more ‘ dominant® thare usual; and it is found when investj-
gating th® inheritance of the extra toe found in sohe breeds
that i occurs more ofteh and better developed ‘on the left
than on the Fighet foot.

Finally, it remain8 to mention one or two 8ther expenments
bearing upon these early stages. e know. that there io a
stratification of yolk and another of glycogen within the
unfertilised egg, and, of courfe, within the germ at the
close of segmegitation. sDg these substances have a formative
effect upon future development? and if so, is thi$ effect .
specific, or of a more general naturg? .

.
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The answer to these questions is largely given by exp'eri-
Jengs of Jenkinson, who .analysed the effects produced by
centrifuging frogs’ eggs at differefit spreeds, after fertilisation
but before segmentation. The immediate effe® of the treat-
ment was of course a more or less complete separhtion of
the different gpnstituents of the egg according to the spacific
grgvity. The heavy yolls was concentrated more than ever
at one pole, the fat at the opposite pole. The living cytoplasm
constituted an interrgediate layer, which we may reasonably
suppose to have been itself in some degree stratified, and a
good deal of the heavy pigment on the animal hemisphere
was driven down on to the surface of andseven into the mass
of yolk. If the centrifuging was light, development was
normal, save for the fact that the organs in the head region
contained an abnormal quantity of fat, oftep in numerous
and quite large globules. If it was heavy, development ceas@d
at or before gastrulation. WitQ intermediate treatment,
various degrees of %bnormality resulted. The essential
points about all such cases except the most severe was that
the head region was degengerate while the trunk region
was more or less norm3l, and that the yolk-mass in the
intestine was often solid and undivided, § conditich which
itself was further often the cause of incomplete closure of
the blastopore. These two facts,are to be readily accounted
for. The undivided and inert condition of the yolk s due
to the sgparation of a layer of yolk afthe centrifugal pole
ffom which pragtically all cytoplasm has been forced out;
and the degeneration ®f the head-region,is due toth® presence
in the animal pole, near which the head arises, of fat in such
great proportion as, to prevent *devélopment—an artificial
fatty degerferation.. * . . .

But it 4s of much interest to find that yolk ard fat are
pot organ-forming substances in the strict sense—a &efinite
amount ,of each is by no means necessary or” the develop-
ment of any sp&ial ordan; on the confrary, differentiation
appears to pursue its cofirse; independent within very wide
limits of the niaterials in which it occurs, provided solely
that a certain minimum pefcentage of living protoplasm is
present. The pormal form of the pyrte of the byain are almost
perfectdy preserved even thougl the percentage of fat is
multiplied perhaps tenfold within its cells; and the same is

° °
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‘true for the differentiation of the front of the trunk even
though the major portlon of its yolk has beet forceg down
towards the future®hind-limb region.

The yol% certainly and obviously exerts a differentiating
effed in that its stratification determines a gradient in ccll®
sie and cell-activity at the close of segmentation, and this
in its turn detemﬂngs that the smaller cells shall give epigermis
and nervous system, the larger celils shall turn into a particular
part of the gut. But this is a roundabout way, and a very
different thing from asserting that yolk or even heavy yolk-
content is a specific pre-requisite for gut-differentiation.
As a matter of éact it is clearly not, since a great deal of the
gut is produced from cells folded in at the lip of the blastopore,
and containing relatively little yolk. So in building a house
we might pgt more bricks into-the top storey, more concrete
into the basement. But these are still raw materials, and we
could * differentiates a®basement out of’brick just as well:
the specibicity of basement as againkt attics depends on other
and subtler causes.

In the fro, then, and ip other amphibia, the processes
gf d{erentiation simply utilise the available raw materials,
8t whose natfre they -are relatively independent. But just
as it would pe impossible for human builders to add the top
storey to a house if thgy had exbhausted all but a minute
stock of bricks gpd iron, and were left with nothing but
glass, so there ar® limits to the type and propgstions of the
materials which the self-building orgapism can utilis® for
its owh constfuctipn. .

In this respect, however, the frog’s m'ethod, although it
is probably typical, is Certainly not, the only ome. Animals
do exist in Which® during segmentation certain materials
prefofmed in the unfertilised egg are dist;ibq&d to special
resions of the embryo, where they are mecessary as con-
stituents Of epecial organs. This is the case iny Dentalium,
the tusk-shells #nd in several Other ifivertebrates. If wg
continued our building simile, *we migh‘ compare such an
animal to a house of which a.conservatory was an integral
part, and say that the major part of the available glass was
transported to itsesitg before building began. But these
similes from human alfairs are rarely complete.» We mugt
not forget that the developing al}irzlal net only utilises such

L]
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. special materials, but generates them during the progress'
of developmerst from the raw stuffs of its food or the reserves
accumulated within it. It appears hfghly probable that cases
such as that of Dentalium really mean not only® that there
%s a precocious segregation of material, but a prec&cious
Sformation, of spgcial material from raw material, followed
by ity segregation into the proper aregs. <Such materials
as are present in the frog’s egg are much more probably
in the nature of raw material only, the special materials not
being produced till the staxt of primary differentiation, i.e.
during late gastrulation, It is interesting to note, as Wilson,
Boveri, and others have pointed out, that there exists every
gradation from eggs in which there is precocious formation
and distribution of specific organforming substances, and
those more primitive types in which only raw materials are
present, and the only arrangemegt is a simple and graded °
stratification. ° . o
The close of gastrulatidn is the beginning of a new epoch—
an epoch of rapid and widespread differentiation of visible
structure.. Recent work hag shgd a new light upon many
of the processes involved, so that it will be better to E,hrow
the historical method by the board and e the néw 1o
illuminate the old. °
Earlier experiments had shown that the something which
determined the formation of a dorsal lip yas also connected
in some waswith subsequent differentiatiorf, since if the germ
was QUivided so as §o confine the dorsal lip region, or its
precursor, to one balf, tife other half neveg préceeded Surther
than the formation of germ-layers. It then became an obvious
task tcediscever more pregisely where this structure-determiner
was, situated a'nd.how it acteds This wag eventually achieved
by the beauttiful method of embryonic grafting elabforated
by Spemann. A tiny portion of one’embryo is suckedoup’
into a micrgpipette and its connections then severed by means
of an exceedingly fine glads filament. A §imilar operation
® is perdormed on ar?ther emBryo, and the two pieces can then
be interchanged. II light pressure is applied for a short time,
the wounds heal perfectly. It Was first found that different
eggs of one and ¢he same species o?newt might, differ con-
giderably i colour; accordingly grafts from a light to a dark
egg, or vice versd,*could for a long time be distinguished.
[ [+]
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Becoming more ambitious, Spemann then tried graftmg
pieces from the egg of opc species on to anotfer, and again
got perfect healing. ®This enabled him to trace the fate of
the i planfed bits for a much longer period, since the hxs-
tologfcal characters of the tissues differ from one speaes
to®the other. .

The ectodern? of ghe region békween the dorsal ‘11p ® final
position and the animal pole will normally give rise to the
medullary plate, which in its turneis the pre-determined
precursor of the whole nervous %ystem: we may call this
ectoderm the virtual medullary plate. Almost all the
remainder of the® ectoderm will give rise to simple epidermis.
By interchanging bits of the actual or the virtual medullary
plate at different times with epidermis from different places,
a number o interesting points were established.

If the mterchange is rgade at the beginning of gastrulation,
then it ig without &ffect on the future course of events:
the piece that ought to have made a part of the brain or spinal

cord settles down to the more humdrum task of making part
of the outer Iayer of the skin, and vice versd.

Thjs was so eyen when the piece came from another species.
lﬂﬁ‘erenuauon knows "no specific boundaries, it appears,
and the enggafted piece is modelled to form whatever is
expected of it in its stasion in life—be it skin, inner ear,
a portion of bram. or what not.

But if it is made at the close of gastrulatios, this i
longer possible. The virtual epidermiss although stil not
v1s1bly°d1fferent1atod as such, yet hds suffered some invisible
differentiation, for it ngw refuses to form medullary plate
tissue when grg.fted into medullary plate region.®

The  same is true &f the uevelse operation, whxch however,
is in some ways even Jnore mterestmg When, at this later
sta®e, v1rtpa1 medullary plate is grafted into the epidermis
of flank or tlly, it shows that it,too hag received the secret
impulse, Its cells become elongated the plece sinks downs
and at the same time its edges roll inwardg in much the?same
way as the untouched normal medullary plate is sunk below
the surface and rolled in to form the ner ve-tube; the trans-
planted fragment tRusgdoes its best to a&hleve xts normal
development. .

We may justly say. that by this .time %he destinieg of all
' - N -
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the various regions of the germ are now predetermined,
thouglf not visibly differentiated. ¢ -

Thus between these two moments—separated,in time by

oonly a few hours—something has happened which has
started the various regions irreversibly on their ptoper
paths of* develdpment. But the mechanism of it all still
remathed’ obscure. Finall§, however, sperﬁann discovered
that if a quite small piece of the region just above the dorsal
lip were grafted into “the virtual epidermis of the future
flank of another embryo, then a meduliary plate would be
formed in this reglon——as well, of course, as the normal
medullary plate formed in connection w1tl? the host’s own
dorsal lip. The prettiest demonstgat:on came when, after
grafting the dorsal lip region of one species into the darker
flank tissues of another, he saw the dark host issues differ-,
entiating into medullary plate *raund the lighter graft:
differentiation is thus inguced in the régions nearcthe graft,
not brought about by increase of the engrafted tissue. The
dorsal lip region therefore is not a region predetermined to
form medullary plate, bub prodetermined to make other
regions form medullary plate. Spemana calls & apu..
¢ organisator’: organising centre or differentiator will
perhaps serve our purpose in English—something from which
there spreads an influence, hitierto unanalysed, maybe
physical or maybe chemical, which calls outlatent possibilities
in qgther tisStes. It is like Mother Carey in Kingsley’s Water
Babies, who ‘ made®things make themselves.’

The one solid fact that we know abou® this reglon is that
it is %t th1s time the reg10n of magst agtive growth in the
organism. = e .

'Fhls, howevery is a very real start ; *for at one syeep it
gives us solid ground to go on in the. marsh of speculation.
Differentiation here (and we shall see that the differenti8tor
has not on!¥ been rgsponsifle for the appeargnc@ of medullary

o °Dlate but of the first of a gvhole series of feactions, which
inevifably follow conce the train is fired, and lead to the
differentiation of the whole ogganism)—differentiation here
is not due to the qualitative distribution of nuclear factors:
not 51mply to tfe distribution of &ffefent * organ-forming
Substances ’to dlﬁ”e.rent regions of the germ : but to an impetus
given py one region to pther regions.

. r .
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‘An interesting parallel to this behaviour was found by
Child some time aga m thg regeneration of planfrian worms.
These little flat leaf-1ik® creatures possess a head with primitive
brain, goucl-organs and eye-spots, while their mouth is in
the cerftre of the under side, on the end of a muscular pharynx
whith can be protruded like a proboscis or teunk.

As is well kno%n, ghese animalsehave an almost inlinsited
power of regeneration. It is a simple affair to them to grow
a new head or tail if they are cut in two, since they may be
even chopped into a score of fragdments, and any of these
may reorganise itself into a whole, so that it is easy enough
to make two plafarians grow where one grew before. But
even $o, proper regeneration does not always occur. When
conditions are not altogether favourable, a new head will

ot form onethe posterior piece after the animal has been
cut across. If the cut j§ made just behind the pharynx.
Child waseable to eftablish as an absolute rule that the
regeneratlon of a new pharynx was dependent upon the
previous regeneration of a new head. a head appears,
a pharynx appéars; but if n@ hgad, then no pharynx. On
Jdbg other hand, pieces from in front of the pharynx might
sometimes grow a new bharynx even in the absence of a
head. In otheg words, the presence of some region which is
normally in front of the pharynx is necessary for the formation
of a pharynx. The..regenerated pharynx is in any case not
formed out of the bud of new tissue at the anterior sut surface.
It is laid down among the old tissues, reorganised from Sut
of them. Other organs behave in tlfe samg way: but the
pharynx is visible to casual inspection, and is therefore best
taken as an exgmple The hegd thus exerts gn®inflfence
upon the differentiation of othe® rest of the .body which s
very similar to that exgrted by the newt’s prigary differ-
entia®r; in both cases one region initiates differentiation
in other regiofs.  There is a diffgrence:  for while in the
worm it is an already dlﬂ'erentlgted region which acts as
organising centre, in the newt the centre pqgsesses no visible
differentiation whatever. .

There is, however, a further and equally fundamental
resemblance. oIt is in®th& possession of a sy8tem of physio-
logical gradients in worms and eggs alike.

The subject is so important that a.brlef‘ digression upon

\
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it may be pardoned.
oWhen small pieces of a
plarfarian regenerate, they
exhibit whal we may
call polarity; for® (with
a few special exceptibns)
the mew® head is formed
fiom that region of the

bR
Jzt s

A

"EQ@'-‘_-*‘”? e

piece which was nearest
to the old head, the new
2 tail from that region
which ewas nearest to

the old tail.
This polarity, so called
by analogy with the
olarity of a magnet, was
or*long mystigrious. At
last, however, we are in

a fair way to understand
its naturé, It has been
found Q)ossible (gnd (t)his
hgain we owe to Chil

to substjtute a new
polarity for the old.
o Any one who has
‘ﬁ::en through a
course in_ biology
o will retnefhber the
hydroid polyps —
pr.imitive but
beautiful creatures
with a mnlouth in
the mjidst ©f a
ircRet of tentacles,

.
FiG. 14.—Regeferation In Planaria, 24d a ‘ body® con-

» © () Qutline of adult, indicathg at ¢ and b
the regions cut @ut; (2) Complete regen-
eration of (a) or (b) wher’ new head is
formed; (3) Rudimentary head formed
in adverse conditions: pharynx prodgced
both i (@) and (b); (4) HeadleSs (a)
-piece; a pharygx is formed; (5) Head-
lesg, (b)-picce; no phagynx formed.

4

sisting of a two-
layered tube
surrounding a space
which combines the
functions of diges-
tion and circulation.
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If }‘a portion of this body-region is ‘cut “out, it will
regenerate, and the new mouth and tentacles &ﬂl beepro-
duced at the end neafest the old mouth, In one hydroid,
known as CBrymorpha, if such a piece of stem be placed
in watdr to which weak poisons or narcotics are added,
it wil undergo the same sort of changes that we saww take
place in Clavellifa ig similar circumstances—it will beceme
simpler, lose its differentiation, and finally be converted into
a sausage-shaped semi-opaque mass of tissue, adhering to
the bottom of the vessel, If clean %ea-water is now substi-
tuted for the narcotic solution, regeneration will take place
in a few days, andea complete polyp be formed; the mouth,
however, appears not at one end of the piece, but at the top,
where the tissues are fartfest removed from the glass, and
most exposede to oxygen. (Fig. 15).

®From this and a number «of other experiments on many
animal formg, Child has'framed a wide-reaching generalisation
styled by him the theory of axial gradiénts, or perhaps better,
physiological gradients.

The establishthent of somegsorf of main gradient from
apex to_base in tpe undifferentiated egg or bud is the first
essentlar step in the process. Many eggs, for instance,
are so attachedgin the parent’s ovary that one side is fixed,
the other free and exposeds directly to the nutritive fluids.
Thus one pole is supplied with more oxygen than the other,
and so a gradient in degree of activity will be esﬂlbhshql
the processes of life working more qu1ck1yo at one end than
at the otfler® The esact nature of the ©activity * in which
one end of the gradlent dlﬂ'ers from the other is still in doubt
Expenments by Lund ‘indicate tha.t under one aspect at 18ast
it is probably electrical. o .

Furthefmore, it is found that the structures and organs
whicheexist at the more active end of the gradient are
relatively mcfep.ndent and in some degrge dominate the
rest.

In the planarlan worm, for example if regeneratlon tales
place at all at an anterior cut serface, a head is formed.
The head, the most active region, is that which is independ-
ently or first generated‘by‘the plastic tissues d¥ the creature.
Once it has arisen, however it takes command, and rémodels
the structure of the piece from whlch. it hs originateg so

)
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that eventually a perfect whole is produced from what at
«one etime Consists. of a head stuck disproportionately on
to a random segment of the body° “THE same is true for many
other animals; and we are thus justified in s8ying that the
head or apical region is not only itself relatively mde&endent
but daminates in some as yet unexplained way the rema¢nder
of éhe body. °

From studies on low animals and ear]y stages, then, we
come away with warious fundamental ideas. We have
first the general idea of* gradients, and then the conception

-
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FiG. 15.—FEstablishment of new polarity in Cogymorpha. (1) A
piece of stem; normally this shguld produce a polyp towards
the right (the original polyp end). (2) The piece ofr stem de-
differentiated in alcohol. (3), (4) Regenctation with new polarity

eon repfacement in sea-water.

L]

that an organism can be thought of as a’systdm®in which,
as gn society, one part is domigant over the rest. Let us
now junipto the higher forms, and see whether these ideas
help us. s ®

The higher animals, such as bxrds or mammdils, differ
from those we have been conmdenng in two chief ways.
They pessess ap enorrpously better-devekfped brain; and
they are much more Wdependent of°their environment,
mtich more self-regulating. To deal only with the second
point, they have_the power of regulating the temperature
of the body, come cold, come heat, within a fraction of a
degree. The ®chemical constitutpn®of the «blood is kept
constant with an almost alarming accuracy; for instance an
incggase of oné partoof the acidity-producing hydrogen ion

’
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%n one hundred million parts of blood will cause an increase
in the rate of breathiig which, by washing®carbogic agid
out through the lurts, ‘Wlll restore the normal acigdity. Not
feast, the fates of growth and of differentiation, the rate of
worldng of the whole machine, the quality of much of the
peychic side of life, are determined by the gecretigns of the
ductless glands sqch as the thyroid or pituitacy, gvhich
amounts are again most carefu]ly regulated
Meanwhile, with the rise of mind in evolution, changes
have taken place in the natureeof dominance. The brain
is in contact with all other parts of the body by meang of
nerves; it becames more and more complex; it receives
more news of the outer world through improved sense-
organs, and can deal Better with that information as it
develops mgchanisms for memory or reason. It becomes
® the dominant part of the @rganism. In man, that part of the
brain associated with *ind is dominant over the rest; so
that if we like we may say, tout cdurt, that mind dominates
the human organism.
It has beerrsaid before— Ideas rule the world * is an old
proverb—but lt iS none thc .less important to have it
* @ mllated in % more-general way. A healthy body is so
much machigery: what use shall be made of it depends on
the mind which dominates its working. To what extent
this dominance mgy run is seen in everyday life in those who
have some fixed Belief or overruling passion. e

The miser’s thoughts and actions gre devoted t& the
amassthg*and "hoggding of wealth, %he loyér’s to the object
of his love; those of the neurasthemc who persnsts in believing
that he is mcapabfe of any achleve.ment arc paralys®td and
brought to nothing. *But eyen within the m:gd itself. the same
relatin of dommance and subordination ts a‘t‘work, only
hem matters are mort complex, owing to the plasticity of
mind, and te the fact that in psycho-neural grocesses of
this kind the pefmanent and thestructufal are subordinateq
to the functional and temporars’ .

It is impossible here to go imto any deta:l of psychology;
but one may perhaps be pefmltted to indicate one or two
lines along which tke aoncept is of value. oln the first place,
dominance without somethmg to dominate ts useless
Under certain circumstances, one .can g cut a ﬂa‘t worm

.
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that nothing but a head shall result from the piece; sucé
stguctuges ar@ biological superfluities, doomed to speedy
death. Now recent work on psychdfogd has shown that by
a process of repression the higher centres of ®he human
mind are capable of pushing anything unpleasant dut of
connectign with, themselves, into a sort of mental limbo.
Usually #t is the thoughts connected with ewhole instincts,
such as the sexual instinct or the instinct of fear, which
are thus repressed. Hepwever, though repressed, they have
their revenge; they contimually attempt to reach the surface
of ,consciousness again, and so ensues a conflict between
two parts of the mind, a conflict which leads eventually to
neurasthenia, depression, breakdown, or hysteria. In other
men—perhaps the majority—con$plete repression is not
attempted, conflict never arises, and the twq tendencies,
that of the simple instinct and that of the higher rational®
centres, exist side by side. Finally, ﬁowever, thereare those
rare spirits to whom cohflict comes but is an opportunity
for a new conciliation. They face the instinct which seems
to threaten the higher things gf the mind, #nd put it in
subordination to them. They do not repress, but the fact
that their higher centres are domtinant o?ﬂy allows tfie
subordinate system to develop to a certain dggree and in
a certain way. Finally, by the fagt of association between
different parts of the mind, it is possiple for the higher
centres toeoreceive strength from their gubordinates, and
the Power instincts to be what psychologists call sublimated,
and so their driying f8rce turned intoenew and Worthier
channels. Pure repression aims at produging a ruler without
a kin8dome The properly s.ublima%ed mind alone has the
trug organic unigy. L s °

But we mpst recall our straying footsteps from human
mind to amphibian gastrulation. For our present purpose
the especially impoortant p(zints are these. Firsy in the frog’s
ccgg at the onset of gastrulatign there exist tWa main gradients
—the apico-basal from animal to vegetative pole, manifested
most clearly in the proportien of yolk in the cells, and the
dorso-ventral, from dorsal lip to future ventral surface,
manifested in the rapidity of cell-diviston in the region of
éhe equatbr. From other forms we know that, in general,
the most active regfon is (t)hg dominant one; and, in particular,

(4

L L]

-]



. 'THE TADPOLE s 215 .

a‘certain level of activity must be reached in regenerating
tissue at an anterior cuf"surface if a head is t® arxse.ther;
Now the dorsal lip feg}on of the amphibian blastopore is
also the md%t active region of the germ. Its cells are multi-
plying'more rapidly than any others, as is revealed in the much
greter activity of growth in this region. o

Although the wdetgiled mechanism at present eseape; us,
we are, I think, Justlﬁed in concluding that in both these
cases, and probably in. ‘many others,othe impulse to differ-
entiation comes from a region &f high activity and acts
upon regions of lower intensity. We come back, that js,
to the notion ofea gradient. "This is of some importancc,
for it sérves to make less puzzling a fact which 1 must confess
has often perplexed me, athough from the absence of refer-
ence to the problem-in the literature of the subject, it does
%ot seem to have perplexed others. It is this: if, as scems
clear, Chi]d’s theory of physwlogwal gradients contains
a seed of essential truth, if, that is,”the rate of activity has
an influence upon differentiation, how comes it that the.
absolute rate Of activity can, be altered within wide limits,
.as‘ by (‘iﬂ“erent temperatures, and yet development be identical
or almost so at every level? The answer, it seems, is that the
start of differgntiation is, within wide limits, not concerned
with absolute values of actjvity, but with the relarion between
the different activitigs of two regions—in other words, with
what we may fairl}’ call a difference in potential o§ some sort
or other. And such a conclusion is clca.*ly of consider®ble
* theoreti®al *importagce.

This period, - once, mltlated by the act1v1ty of the differ-
entiator, which- we may *call the pesiod of prjmary differ-
_entiation, has Some *very mterestmg charactenstlcs It. is
extremely rapid as well as multlfanous in refults: it is
apparently a complex Of irreversible processes which, once
initiated, run en inevitably to their appointed ead even if
the regions in which they oceur are 'separate‘d from each other.
From all appearances, it looks as if a whple series of well-
marked chemical reactions had been set going, most of which
are quite independent of the rést. The organism at the close
" of this stage {s predominantly what with just®&e may be called
a chemical mosaic. This mosaic differentiation can be showne
in a number of ways. If, for insta,pc‘e, th® front end .of the
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early medullary plate be cut’ out and grafted back again in
reversed oriéntation, it wil| differentiate into’ precisely the’
same ‘parts as’it would have if it had Heen left in place, with
the result of course that they are now 1n reverseﬁ order with

., refefence, to the rest of the organism.’ A small piece of the

edges of'the medullary plate near the front end will proceed
to gwve-rise to an eye below the epidegmis®just as it would
have in situ. -Spemann haseven been able to show conclusively
that the three visiblye different ~port10ns of the embryonic:

.eye—-the ‘optic stalk, the 'prgment or tapetal layer, and ‘the

retina, are all predetermmed in the medul]ary plate before

" it has begun to sink in to form a_ tube, and long before the

§

first rudrment of ‘the fufure eye is visible as such.

‘Nasal organ, audrtory organ, heart, limbs, gills—all these -
have also been shown to be predetermined some time before
they show any visible drﬂ'erentraﬁor.a and it is at least pro?
bable that all the other ‘separate. organs of the, body are

-differentiated in the same way.

It seems inevitable . to suppose that these qualrtatrve
differences- between. organg arg due to quahtatrve chemical -
differences; and I therefore. propose--the term chemo- -

. differentiation for this phase of development. It is mterestrng

to netice that while- the quahty\and type of thg organ is thus.
chemically determined, its precrse form often appears due
to physical .causes. For 1nstance when g piece of medullary

’ plate is rewersed, it may happen that the cut has divided the

LI

eye-regron into twe.. Owing to the way, the substances. for.

‘the~ retma] and :apetaf layers he in the plate, suth a cut

will leave the front half of the eye wrth too little, the back
half 'wrth‘ tgo much- - tapefal substance—a ‘disproportion
whose'eﬁ'ects aye visible fot _a,considerable time. But. as
regards fory, there is no such se&regatron ~Each® of  the .
two portions, ‘provided. it has some of ;both the two ®orts |
of materral will f.orm an, optic. cup- in the regular way, or
wrth a good approach to, the regular way it will never -

- form a half-cup olhis would be accounted for if ‘the form-

"“generating processes at work were ‘due ‘to some mechamcal

‘or physical” property of “the eye-rudrment of the pature

perhaps of surfe- tensron or growsh- difference between the -

otwo components, and- not to’ chemical differences. -

Thig machme-ﬁke sep,'u'ate dlﬁ'erentratron of parts 1s
l < B
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ago seen if the late gastrula or the neurula is bisected as
a whole: each part, although it rounds itself ®ff owjng tp
physical causes, prodtic&’just those organs which it would
have produ®d as part of the whole, and no more—an inde- '
pendence in striking contrast to the regulation previou§1y
displayed by the earlier stages. If the front half of ong species
be grafted on te the back half eof another species, oth
continue to v

differentiate, and g
a chimaera or
mosaic organism
is produced.e
Harrison suc-
ceeded in rearing
such compound
fadpoles right Fig. 16a~Anterior half of Rana sylvatica
through gneta- grafled on to posterjor half of .R. palustris.
morphosis! This (Re-drawn after Harrison)

passage from a regulating to a non-regulating condition takes
place during gadtrulation, befqre the first structural differentia-
tion, ig the shape of the medullary plate, is visible at all.

Fi1G. {6b.—The same, latet stage. The lateral line of R. sylvatica
(pigmented) # growing on to the tissues.of R. palustris (unpig-
enged). (Re-drawn gfter Hegrison) *

Spemann found that, when the top.half of thg gastrula wagcut
off as soon as the dorsal lip had appeared, regulation still
occurred in it, and the medulfary plate and all other sub-
sequent orgaps were df Balf-size, proportiontite to the half-
sized embryonic fragment. But if the constriction wa$ delayed «
until the blastopore had become,cgrculaf, no regujation
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was possible, the medullary plate was of full size, and there-
fore g0 much out of proportion \ggh the half-fragment that
it was unable to close to a tube. = °
What is in some ways more curious still is The fact that
this period of non-regulation not only succeeds one regulatory
phase, but preeedes another. Once the tissues of the orgaflism
havo become differentiated and it iscapible of function,
extraordinary powers of regeneration and regulation are
developed. If the whole of the limb-bud region is excised
at or just before its first &ppearance, no limb is ever formed:
but even in an adult newt the whole hind-limb and pelvic
girdle can be excised and complete regeneration will yet
occur. A section of spinal cord in the limb region can even
be cut out without interfering wth the result, provided the
sympathetic nerve-chain is not damaged. Inethe chemical
mosaic stage, on the other hand, gomplete limb-failure can
be produced by c,utting.out a little blotk of mesoglerm in the
future limb-area. Limb-failure can be produced even when
a limb-girdle is subsequently differentiated. In the same way,
the tail of any amphibign tadpole will regenerate if cut
across: but cutting off the tip of the tail-byd in early staﬁ) ]
will, as Schaxel found, produce a‘permanently short-taile
organism. P
These are facts of great importance for their bearing on
theoretical biology. Driesch and the nsg-vitalists, Haldane
and the organicists, both lay stress on the capacity for regula-
tioR as a specific pessession of life, and as its most distinctive
character. For,Halddne, regulation places ofgaflisms in
a different category from any non-liying gystems: for Driesch,
it defnands the intervention of vitalistic * forces * such as his
hypothetical engelechy. But%s 3 mattér of fact we now find
that certaifily in amphibia, with every degree of probability
in all other vertebrates, and very likely in many oj all in®erte-
brates toe, that what is by far the most iMportant single
o phase in development—thg laying down of the distinctive
arckitecture of thg body and the complete basis of its future
function—is a process in which regulation is reduced to a
minimum and, as regards quafitative chemical differentiation,
is conspicuously absent. In ¢cotfer wosds, chemo-
o differentihtion, while it may and indeed certainly does
invol\ée bfochemilal Progesses of extraordinary complexity,
[
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is, so far as we have any means of judging at present, a
subject for the biochemig} and pot a problem®sui gewmeriss

It remains for us to‘as& if there is any clue to the course
of events whife this primary differentiation is being determined.
Here again a number of important points have been elicited.
Spemann found that if moderate median eonstriation is
applied to the eg®, then various imtermediate steps towerds
twinning result, the embryo being partially double (see
Fig. 13). The doubling always involves the anterior end,
and usually the anterior end only; *and the degree to which
doubling runs down the body depends upon the tightness
of the constrictiom. This is really another proof that the
differentiator acts upon neutral tissue, not predetermined
in any fixed way, and thal the chemo-differentiation of an
organ, such as for instance the eye, is determined by its
relation to some path alox.xg avhich the impulse to differentia-
tion is sprgading. If this is so, and. the constriction splits
the path of differentiation and diverts it to either side, then
the observed results will follow.

But there are® certain others facfs which at first sight are
w hyd to recgncile with the ideas I have been putting
orward. As a result of various causes, but usually of some
unfavourable gondition of chemical environment, embryos
are produced with cyclopian defect—in other words, with
but one eye, and that median, like the mythical cyclops
(Fig. 17). When this is the case, the median eyeegenergly
shows traces of being derived from two radiments, and the
parts which®normally lie between the’two eyes are missing,
as if a wedge had beep simply dug out of the front end ot; the
embryo after differentiation had gtarted. The ogigin of this
condition has been inv8stigated With special care by Stockard
in fish. *By placing the fertilised eggs during segmentation
in wek solytions of various poisons and narcotics, he was
able to induce ®he, defect. The reqult only followed if the
time of treatment included quitegearly stages of develop-
ment, well before the onset of chemo-diffgrentiation. Phe
natural supposition would be that there was a region pre-
determined to give rise to the structures at the extreme
front end of she head, atd that this region®was egpecially
sensitive, so as to be completely put out of action by narcotic
drugs. But this would conflict withy all the’ facts previgusly

[ ]
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discovered as to the lack of predetermmatlon in the egg
and segmefitation stages.

Before we go on to discuss tR¢ pbsmble solution, it will
be better to look into the differentiation of on®or two other
organs which supply us with important clues.

Thefore-limbs of newts and salamanders arise as duds
immediately behind theohead region.g Various experiments
show that the potency of forming bmbs is confined to a
definite area of the flank. It is most intense near the centre
(as a matter of fact, a® one would expect on the gradient
(-

eye

0 ©°  pmy

FiG. 17. —Q'cloplc frog tadpole, produced by tPeatment ofthe €2
gastrula with lithium chloride. There is only a single medxau
eye, which is beneath the surface and is hereeseén through the
body wall. (From Child, after Bellamy.)

theory, eomewhat anterior and a little >%orsal to the centre)
afld diminishes §rom this spot outwards, until, beyond a
certain limit, if cease altogether. Thg sathe ie trde for the
differentiation of the eye-lens in the toad Bombinator. In
thi$ animaj, a normal lens arise$ from the epidermis only
if the optlc cyp comes int® coptact with if, and at the place
of contad, Grafting experiments show that. neither is the
potency of forming lens confined*to just that one gpot of
epldermas with which the optic cup will epnfe in contact,
nor is it spread ?hroughout the whole epfldermis of the body.
Oa the contrary, it is locafised within a small area of epidermis
on the side of the head, and is most intense in the centre,
which is situated opposit€ the outgrowing eye-rudiment.
When epidernsis from the trunk iseplaeed over the eye-region,
no len$ is formed; when a piece of head-skin is reversed
S0 tgmt a someWhat g,n;erior region of epidermis is brought

[

R
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into contact with the eye, a lens is generated, but it is smaller
than usual. The prettiest demaonstration is prévided by an
experiment of the sarfle §§rt, in which, however, care is taken
to leave a®mall part of the eye-rudiment (primary optic
vesicle) attached to the reversed bit of epidermis. When ®
hesling has taken place, we then have a smggl piece, of optic
cup in contact with, the centre of the lens-forming aga, a
large piece in contact with part of its periphery. Lenses arg
accordingly formed in both situatians; but the potency
of lens-production being different tn the different regions, an
almost normal-sized lens is generated by the small fragmept,
whereas the large piece of optic cup can only elicit a much
undersized organ.

I have used the word $otency as a useful non-committal
term; but i will have been obvious that the facts could
%est be explained on the assumption that some special
chemical gubstance was®produced within the area, and that
its concentration diminished from tHe centre to the periphery.
This, further, is just how we should expect that chemo-
differentiation® should opergte—that conditions should be
favou&able for the production.ot. one substance in one area,

other in anot'her, and that the concentration of the sub-
stance would, decrease as one passes out in all directions
from the central focus where conditions are most favourable
to its production. o

Next time any of my readers see a Gloucestes Spot pig,
let them observe that its spots appear &0 be formed®n a
similar®way, by the spreading of Pigment outwards from
centres of pigment-grodgction. The conditions for pigment-
production seem to be more favousable in the skin® than
in the hairs, with the conseqfience that the spots consist
of- twd concentric parts, an inner area in whigh both hair
and® skin are black, surrounded by a lighter ring in which
dark skin shimmers through whit.e hair. .

This is not on!y' the simplest hypothesis on which to account
for the facts, it is up to the present the oply one whiclke will
do so: and we will accordingly edopt it as a working theory.

On this basis, let us now try to see whether we can better
picture to .ourselvéds the processes occuering during the
primary differentiation of the future nervous s¥stem and
associated parts by the diﬁ"eren,gia.tor. *The diﬁ‘ere.ntiator

]
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is a single agent, which we must provisionally suppose to
act upon th@ neighbouring tissues by virtue of the stimulus
due to its greater activity. Facts i stfpport of this view are
by no means lacking. Child found that anything ®hich tended
® to raise the level of activity in the anterior cut surface of a
piece of,planaréan increased the frequency of head-produceion
fromg this surface, and viez versd. Lung was able to reverse
»the normal polarity, as regards head-formation, of a piece
of stem of the polyp Obelia by electrical stimulation. Child
caused a piece of stem ©f another hydroid (Corvmorpha)
tg de-differentiate and lose its inherent polarity by means
of treatment with weak alcohol (see Fig. 18); when replaced
in sea-water, it regenerated a polyp; but instead of the polyp
being at the end of the piece wRich was near the original .
polyp end, as it would have if it had been allowed to regenerate
without de-differentiation, it aroge from the top—the regiofi
best supplied with oxygen since it la fasthest from the bottom
of the vessel. In the &mphibian egg, it appears that the
stimulus of the sperm’s entry sucks away pigment and water
from the opposite side, and that this is the mormal cause of
an increased activity whiclt'in its turn determines the %osition
of the future differentiator. . e o

The differentiator’s effect thus must remgin the same
throughout primary differentiatign, or at most there can
only be quantitative differences in the gffects it exerts upon
different parts, due either to change of it§ activity with time,
or Yo diminution ¢f its effect through distance.

The substratym up8n which it acts however, @lthough
its future fate is in a sense quite undetermined, does possess
som® organisation—in the shape®of fs gradient. And it
is, perfectly'rea.tsonable to "suppose that the differentiator
calls out dffferent effects in different regions of the substrate
because the differences in activity %hich characterise shese
various regions provide different conditions ag Which it may

o Work. In that c8se a glafted piece tak@m from elsewhere
before gastrulation and pu? into the path of the differentiator
would have to take on its right relations with the rest of the
gradient—a supposition easy®to make if the piece is small
and therefore exposed to large remodelling influences, and

o One which we have seen tallies with the facts.

In :my case, that th% g'radient must have an effect in deter-
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mining the course of differentiation is shown by still another
experiment of Spemann"b that of cutting emiftyos ig half
in a median plane aftér gastrulation had started,” but before
differentiation had been determined. When this was done,
in each half the whole of the cut surfaces came in contact,
so that the top of the animal hemisphereewas tguching
the opposite part®f ghe gastrula, mamely, the bottom of the
vegetative hemisphere. Imagine an indiarubber ball bisected,
" and the cut edges sticking together, as ndeed they sometimes
actually do, and you have the pifture. A slight rounding
off of the two sharp projections at either end occurs, byt
otherwise the gesm keeps its abnormal relation of parts.
This being so, it remains to ask how the differentiator will
act. If it acts merely by ®rdinary diffusion, the medullary
late should ebe straight. But if the gradient between the
ip of the blastopore and animal pole has anything to say
to the resyt, then, a¢ this is now bent sharply round, the
medullary plate and nerve-tube should also be bent. This
is what actually happens, the medullary plate occupying
almost exactly the part of thg embryo which it would have
e ig normal (circumstances, only deviating very slightly
away from the cut edge.* ’

We are ‘thys justified in concluding that, in primary
differentiation, the differengiator acts upcn an already graded
series of materials,q However, it is also pretty clear that
it is the relation of the different parts of this gradient to each
other which also has a say in the resuls. Presumably®he
differenf® silbstancese produced in the first gtage of chemo-
differentiation grade.into. each other, and the limits of the
future organs are, determined by ﬂ.leir threshold copoentraﬁons.

Let us now returd to the &yclopia expgriments. Child
hag shdwn for a Iarge.assortment of very varidus animals
at ®ry vagious stages of development, that the anterior
end is espec'mlly. susceptible to. toxic agents, sespecially
to narcotics and to specific inhipbitors of oxidation. What
Stockard presumably did, therefore, was gto interfere evith
the anterior end of the axial gr.aelient in his fish eggs, leaving
the rest of it scarcely affected, owing to its much greater
resistance. It should®bessaid that when the &ose of narcotic
was increased beyond that needed to give cyclbpia, thee
whole development became abqozmal.' This, we, may

.
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conclude, was due to the fact that the threshold of suscepti-
bilitysfor th€ rest of the gradient was now exceeded.

After a “cyclopia dose’ the highest point of the gradient
of activity would now lie in a region a little behind the animal
pole, the animal pole region itself having had its activity
depressed below this. The conditions necessary for realRing
anteriorf structures woul@ then not exdst, %0 that, although
the structures are not pre-localised in any sharp way in the
cleavage stages, vet the effect resembles that which would
be caused by cutting out & wedge of tissue after differentiation
kas started.

To sum up, we may say that the only essential differ-
entiations present in the fertilised egg until after the stage
of gastrulation has begun, are th® localisation of the future
differentiator region, and the existence of sthe main or
apico-basal gradient. Furthermorg, that detailed chemical
differentiation ' does npt begin till *after gasgrulation—a
point in interesting accordance with the fact long known
from hybridisation experiments—that the embryos resulting
from many crosses develop quite happily up’to gastrulation,
but then show difficulties and derangemengs and ofjen d‘%:
presumably the chemical multifariousness of the hundreds
of genes has been wholly or nearly in abeyasce during the
more physically-regulated segmentation, but.now has to
emerge, and as a result the chemical irgompatibility of the
m'cgemal @nd paternal factors is revealed.

nce differentistion_has been started, it proceeds auto-
matically until the stage of function isereached The limb-
bud develops into a limb when grgfted,on to other parts of
the orgatfis;n, whether or,not it has recgived its proper
osindeed any nerve-supply; *and the hihd-kidney of the chick
will develop a normal structure when its early rudiment is
cut out and grafted on to the embryonic membrangs of anSther

egg. . ° . 0 ©
o  Before concluding this ‘gection, one or t%o special points
sho®ld be mentioged. In the first place, the future differentia-
tion of a particular region*af a particular moment may be
of two kinds. It may be entirely independent of other organs,
in which case e speak of self-ciffefentiatiom, or it may
o depend ﬁpon some other organ, when it is called dependent
differgntiation. ha sgnse, Spemann’s work has shown us

]
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that all differentiation is dependent—upon the differentiator;
but we will, for our p gent purpose, leave this primarw
dependence out of afcodnt. Apart from this, self-differ-
entiation is tBe most common, but dependent differentiation
is of great interest, since it probably represents a primitive
type? of hormone action—although, since at this early stage
of development therg exists no blood-stream, the® acsion
can only take place between organs in contact or at least
close proximity. The most clear-cut example of such depend-
ence is found in the cornea, the trinsparent layer over the
surface of the eye. This region only acquires its transparency
and other specialecharacteristics through contact with the
main eye-rudiment. If part of the eye, through some ab-
normality of development, rémains too deep below the surface,
the cornea is enly produced over the rest of the eye.

®Many parts of the skeleton appear to be dependent in a
simple mecpanical way upon the development of other
organs, The cartilaginous capsule of the ear, for instance,
fits nself to the primary ear-vesicle, however that may be
placed; and tie extirpations of jthe eye-rudiment at an
w stgge causes the orblt region of the skull to lag behind
1n growth.

But the mogt curious case of dependent differentiation
concerns the lens. Spemann showed for one species of
frog (Rana fusca) that the lens would not develop unless
the optic cup came into actual contact with the epidermis.
The result was not unnaturally accepted as of general vahcﬁty
for the vRrt&brates. But data graduafly accumulated which
made this untenable;, and, to cut a long story short, it was
eventually found that all gradathns were to be folind ffom
a condition of compléte selfydifferentiation for the lens te
one of cdmpletely dependent differentiation. What is more,
the c®pacity for self-differentiation goes hand in hand with
a greater localzauon of lens-formjng potgncies, the com-
pletely independent lenses only bgjng able to arise from a
minute area, while those which are compljetely dependént
can arise even from epidermis of the trunk, if this is grafted
over optic cup, or if optic cup is grafted beneath it. We have
already seen that in the®toad Bombinator at intermediate
condition obtains—there is,some tendency to self-differentia-
tion, which, however, in the absencg gf an ‘optic cup, gever

a .
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gives a full-sized lens. But the‘lens is not proportional to
dhe size of the optic cup fragmep xé’ in contact with it, as 1s
the case with complete depende and lens-potency, in
the stage of open medullary folds, is conﬁned within a smallish
area of the head. Both extremes of method are found within
the simgle genus Rana, Rana esculenta having a %elf-
differertiating lens ! o o °

This is a curious and, one is at first sight tempted to say,
a discouraging stateeof affairs. But, although there is this
great apparent diversity of method, it is probable or at
teast possible that it depends upon a quite small primary
alteration. It is clear that the differentiation of lateral
organs like the lens (which, too, never develop until some
time after the primary organs—neural tube, notochord,
and muscle-segments), although it may appear independent,
is really in some way dependentsupon this primary formation
of structure. Presumgbly the systeth of gradients, which
continues to exist, although possibly modified in detail,
again interacts with the differentiating stimulus spreading
sideways and downwardg fram the dorsal*mid-line. If, in
the case of the lens, this effect is exerted vgry early, dhen
have apparent self-differentiation;” but if it is delayed, the
region through which the dlﬁ'erentlatxon -producing influence
must spread is already transformed into the optic vesicle.
If these considerations are correct, then ghe difference between
fhg two @ypes of lens-formation is only a matter of time, of
early or late differentiation. The one thing which we do
learn as a newefact, and an importans one, is thft contact
is necessary for the passage of the differentiating stimulus.

very interestinge case of dependent cyﬁ”erentxatlon has
recently been discovered bS' Dyew. IT the tissue of kidney-
tubules is .grown in vitro quite al.one it produccs merely
flat sheets of undifferentiated material. If, hgwever9 con-
nective tissue bg added, the tubule tissye @ill differentiate
and actually produce tubules (Fig. 185). Cfearly the connective
tissue must exegt some needful chemical stimulus on the
epithelium.

As regards later stages of embryonic differentiation,
Harrison and¢his pupils have given s resulfs comparable
in their®importance with -those of Spemann and his school
for the start of the p%c:gess.
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Here I have only space to mention two points of especial
interest for general theory. The tadpole, like ®all aqpatic,
vertebrates, is provide® Wi a special set of sense-organs
in the shape®of the so-called lateral line. During develop-
ment, this grows out from the head, and extends along
the middle of the flank. In the course of his ggafting gxperi-
ments with frog embryps some time gefore hatching, Harrigon

co 141..
FiG. 18a.—Kidney-tubul.e tissue growp in vitro and de-djfférentia?ed.

All the cells 3re alfke and, defoid of specia] structure.
[ J

. (Re-drawn, after Drew.) ’

L ]

was #le to secure union between portions of two different
species, in oné ®asg even succeeding in raging to maturity
a frog whose anterior end belonged § one species, its posterior
end to another. When the anterior end belogpged to a darfer
species, it was easy to see how the lateral line grew down
from it along the flank of the hinder, lighter part, and
pursued its course in ‘the®correct position (Flg. 16b). -

Other experiments alsos showed that thgre is a certain
optimum position on the side of. ths.body for the grewth
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o - Joo P
Fig. 18b.—Redjfferentiation and formatign of tubules by the same

Jtissue on the introduction of connective tissue.
¢ (Re-drawn, after Drew.) J

o ooo . \
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of this organ, and the most natural supposition to make
is that the dorso-ventral gradient has one level in®hich growth
of lateral-line can bestWake place This is especially clear
S when the front end of

one embryo is grafted ®
i on tq the middle of
N . the back of+angther.
The lateral line then
« bends round when fit
reaches the appro-
priate level (Fig. 19).
That there is such
a thing as a dorso-
ventral gradient is
further made ex-
*f16. 19 —Anterior half ¢f a Rana tremely probable by
sylvatica_tadpole graft®d on to the Harrison’s experi-
back of #n R. palustris tadpole. Nete ... on grafting

the lateral line. N .
(Re-drawn, after Harrison.) limb-budsinto various
positions. His results
may be very brleﬂy summed up by saying that the
' & ®b-Bud at the time of its first appearance already carries
within itself g gradient from head to tail (presumably deter-
mined early %y the powgrful main gradient of the body),
which in its turn determines absolutely the front and back
sides of the futur® limb. When a limb-bud is ¢aken and
transplanted to the opposite side of the bpdy, with its d8rsal
side sti® kept dorsg), it therefore follows that it will develop
back to front, and point forwards instead of backwards.

But the differentlatiof in the direction frome dorstl to
ventral has not‘yet Been estabﬁshed but only occurs later,
duging®the growing out of the bud to form a Jimb. Thus,
hoveever a limb-bud i§ turned—through 90 degrees either
way or thfough 180 degrees to complete inversion—it will
always develope®ith its structurélly dor8al border on the

. actual dorsal side.

Moré recent work makes it Jprobable $hat if the future
limb area is grafted early cnough, even the head-to-tail
gradiem is npt fully detarmined in it, but arises after grafting
in reference to that of the surroundmg tissues. Thus here,
again the course of dxﬁ‘erennatlon is determined, under

N
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certain experimental conditions,* by the time-sequence of
two diﬁ”erenﬁating processes. o .

Finally, we come to the effect Of Tunction upon differ-
entiation. Roux in the ’80’s pointed out that two main
periods could be distinguished in the development of every
organ and tiue—the prefunctional or embryonic, &nd
the functional. The lattep differs fromethe® former not only
in that the tissues are capable of their definitive function,
but that this function®is necessary sometimes even for their
maintenance, always for their full degree of normal develop-
ment. As a consequence of this, if function is interfered
with or altered, abnormal developmént will be the
result.

One of the simplest and yet mst interesting cases of the
result of function is seen in connective tissae—in whicgb
the presence of fibres gives tensilg, strength. Tendons an
sinews are clearly a very specialised type of econnective
tissues, joining muscles with the bones on which they pull;
in them, the fibres are numerous and strong, and all arranged
not only parallel with each, other, but in the Uirection of the
greatest tension. o °

. s . ¥ O
When it is remembered that edch particular tendon is

arranged so that it lies in the direction of maxinrmum tension
which its muscle can exert, we feel at first blush so over-
whelmed with the appalling accuracy ofegdaptation, that we
are almosR tempted to fall back on the arguments of Paley
and” his school, ared say that such purposeful and detailed
adaptation of means to ends must isply an® ixﬁelligent
designer. Analysis and experimept, powever, have very
considerally, simplified the, problem. 1f 3 tendon of an
anmimal, such as the achilles teadon, be cut, within a few
months nommal function and near]y normal structure is
restored. Examination shows that into the space beteen
the cut ends, fillgd at thg start with clotjed9blood, debris,
e and phagocytes, there growy connective tissde cells from the

fasc?a at the sideg, and new tendon fibres from the cut ends.

At first their arrangement i8 ifregular; then a meshwork of
doubly interlacing diagonal strands; finally a simple parallel
bundle of fibre® This last stage i only attained when the

onew fibres have reached from one, cut end to the other, so
that cgntinuous pull is Bcéssible.
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If the nerve to the muscle be also cut, the muscle gradually
degenerates. However, jt, meanwhile shrinks &onsidesably,
and this also exerts a®pult on the new tissue. In this case,
although a “tendon-like structure runmning in the normal
direction is produced, its thickness is much less. ®

1? the muscle to which the tendon runs isealso rgmoved,
the differentiatior® ofgnew fibre-tissue is much delagedg the
final course of the fibres is irregular, and the amount of
new fibrous tissue is smaller, so that nothing which resembles
a tendon is formed. But if at the®same time one end of a
silk thread is left in the space between the two cut ends @f
the tendon, so thet its direction is transverse to the axis of
the tendon, and, when it is healed in, constant gentle tension
is exerted on its free end fby means of a simple mechanical
gevice'), thenea band of parallel fibres is produced—but it
runs at right angles to jhe normal direction—an artificial
and non-agaptive tertlon !

Again, Lange led a silk thread from a human muscle
to a bone, and sewed it there; after a few weeks’ function
of the muscle, Wwith consequent {gnsion on the thread and

,othg irrgeular cqunective tissue which had grown round
it, this tissue gradually fook on the structure and function
of a sinew; agd became sharply marked off from the sur-
rounding connective tissues

Of recent yearsgenumerous observers have found that
the loose type of connective tissue cells called m®enchyme,
in tissue culture develop fibrils withine themselves afbng
any linet Of tensiors; and the same'appears true for some
other kinds of cells., -,

It thus seems, clea.r that the,irregular cells ,of ordﬁlary
connective tissue become spirtdle-shaped and fibrillar «in
thee diréction of tensign if tension is applied.;' and that
this ®accounts for many of the results observed. Some-
thing else, ho%evgr, must come {nto play to account for
the reorganisatioh of one type of fipre-arrangement to another o
when the tensile forces alter. Here it is propable that Roux’s
trophic theory holds. Roux gupposed that in the case of
connective and supporting tissues in general, certain con-
ditions of temsion or’pre8sure or both were #nost favourable
for cell-growth and mulgiplication. If this were ®so, then e -
by a process of natural selection {(ﬁﬁeriﬁg only fropn the
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process described by Darwin in taking place between tissues
and eells within a single animal, oipstead of between whole
organisms in the light of day) all Sbres would be eliminated
save those which grew so as to be oriented in th&se particular
directions.-

Let dt, however, be remembered that whatever theory

be addpted, the fact remains that the dibres do become
arranged in the direction of the greatest tension, whether
this tension be normal or experimentally produced, whether
the result be useful or seless to the organism.
o Thus tendons are composed of parallel fibres, run m
the direction of greatest tension, and are o6 size proport1ona1
to the tension exerted upon them, because connective tissue
is of such a nature that the tenéion exerted by contracting
muscles will produce just exactly these changes in it. The
one fact of response to tension accgunts for all the thousan8
and one adaptations of all the particuar tendonsin different
parts of the body.

We again think of old Mother Carey, sitting idle all day,
but making things make themselves ! .

Very similar processes are at work in t@e later %evedl%-o <
ment of bone, save that here development is favoured by
pressure as well as by tension. The complgx.systems of
struts at the two ends of a long bone are beautifully adapted
to the pressures and tensions to which,ghey are exposed in
life. Ané if a broken bone is set not quite straight, these
strits will unbuitd themselves, and then become rebuilt
in the mechanically Tost advantageans way.* No other
workable explanation of this than Rouxs trophic theory
has%ever Begn advanced. The samé holds good if two bones
which should be separate ‘oecome ahkylosed or fused to
form a pefmanently ° stiff Jomt * In the connecting “mass of
bone a special architecture is developed, which, Jas hascbeen
shown by the aig of mechamcal models, caaresponds with
o an extraordinary degree og exactness to the*lines of pressure

an® tension. ,

Now this type of bone-seaﬁ"oldmg is not developed solely
in response to function, but is up to a point self-differentiating.

However, whatds given by embryowic differentigtion without
o function,’ is never adapted in detgjl to the future pulls and

thrusts, but only “the bor})aq lines of an architecture are laid
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down, to be later improved'in detail, and often to be modified
in quite important ways.. . .

For instance, the exa?nma'aon of the bones of human
feet, which® through one pathological reason or another
have never been used, reveals the interesting fact that their
ardhitecture is far more simian than that ©f the,normal
foot. Embryoni® diferentiation ehus in man prdduees a
bone-structure in the foot which is still more or less adapted
to an arboreal life: but all traces of thisare normally removed
by long years of walking. Here, then, the finer architecture

&l the human foot-bones is not given by hereditary sejf-
" differentiation, Mt this is over-ridden in each generation
by functional changes due to changed instincts. Thus here
an apparently Lamarckiafl result is shown not to be really
marckian at all,

But use and disuse have also an extraordinary effect
upon the séze and prdportions of the bones. When a puppy
has one of its fore-legs strapped up before it begins to walk,
it gets about quite comfortably on three legs. But after some
months the four'th, unused legeresgnts a very different appear-

» odlge fpm the gghers. The bones have grown considerably
in length, although not‘up to their full size: in breadth,
however, the growth has been but slight. This is of great
importance, since it is the cross-sectional area of a bone
which must be progertional to its load: thus it is clear that
the adaptive relation which we normally always fin® between
the cross- sectnor; of limb-bones and the weight to be suppolted
by them®is*not the sesult of a pre-estabhshed harmony, but
of a direct functiona} effect, pressure stimulating the growth
of bone in a plane at nght angles,to the directionof press'ure
Fuld, agam mvestlgated a p'hppy which had been boin
without fore- legs. The beast learned to progress q.ulte actively
by h8pping; but as a result of this unusual method of loco-
motion, the pfopgrtions of the sk.eleton gitered somewhat,
and altered towhrds those founq in hopping animals like
the kangaroo ! L4
The blood-vessels have long been known to respond to
changes of pressure. When, for instance, an artery is blocked,
the increaseds pressufe ift its collateral brartches eventually
brings about their enlargement to a size suﬁicxent o supply
the needs of the region. Thus here agaih the adapfation
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between supply and demand is* determined directly and
mechanically® One or two cases p'ave even been recorded
in which the dorsal aorta itself, the fhaih conduit of the body,
has been occluded, and yet the lower part of tBe body has
received a normal supply of blood—through the enlarge-
ment of, some @ormally insignificant vessel. °
Negt ohly the size and tke course of thg nwain blood-vessels,
but also the details of their branching seem to be mainly
determined by hydrodynamic causes, so that the structure
of the blood-system is in®large measure self-created, just as

tke structure and form of a river-bed is created by the rj‘ger’s
Lot o

own flow. °

There remains of course to be considered the difficult
problems of broad phylogenetic differences in the structural
plan of the blood-system between different groups of animals.
Whereas the aortic arches of losver forms are symmetrical}
a complete arch is only retained on one side in mammals and
in birds. But whereas That side is the left in mammals, in
birds it is the right. Is it possible to account for such differ-
ences on hydrodynamic grougds ? The anSwer is for the
present doubtful. No one has as yet sufficiently agal_ysed
the mechanical conditions prevailirtg in the heart of Tepfiles
and developing birds and mammals. It mightybe found that
the prime cause was some slightechange of structure in the
heart itself, sending the blood to one gjde or to the other;
if later developments in the heart accentuated this difference,
the“How might be directed overwhelmingly to left or to right.
On the other hand, the tissues of which the degBnerating
half-arch were composed might be genetically altered so as
to Be pretigiermined #o dis.appeara'mce ‘at a certain stage in
development, gs are the right pvaried bf Birds or the gills
and tail of §adpoles. This is from analogy perhaps fhe gost
probable—that the broad outlines of plan are predeterfined

_irrevocably, but jhat fur;ction develops gil ¢he” details.

I have kept till the cloge some of the most startling and
furrdamental facts of functional alteration—those concerned
with the differentiation of muscles and of #he nervous system.

In tissue culture it has been found that the cells from
which smooth emuscle will arise reserfible connective tissue
cells in that fibrils develop in the direction of any tension;
theseoﬁbres are,’how%v‘;er,.contractﬂe, and if tension arises

o
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in a sheet of such cells'iﬂ' a culture, it begins to contract
rhythmically This .in itgelf will account for® manye facts
in the arrangement Of Thuscle-fibres. However, not only
direction of" fibrils and of cells, but cell-multiplication and
extent of differentiation depend, in considerable part at
lea8t, upon tension. L .

Carey establist®d ¢his by an imgenious experiméht en a
dog. Into its bladder he fixed a metal cannula, whose end
could be connected with a vessel of fluid. By making this
connection each day for longer and longer periods, and by

’?qu the vessel at a gradually increasing height, mose

id at greater gressure was introduced into the bladder.
Now, underlying the vmdmg of the bladder is a reflex
mechanism: when a certaln degree of fluid pressure obtains
within it, and a certain consequent tension is reached in

e muscle-cells of its walls, these (unless inhibited by
voluntary effort) cont?act and expel the fluid.

Normally, of course, fluid accumulates but slowly in
the bladder, and so the pressure rises slowly to the critical
point. Here, h8wever, more &nd gnore demands were made

»olRID the muscleg, until in a few weeks the organ was called
upon, and had gained the capacity, to pass out over ten
litres in a fewghours. To do this, however, the contractions
had to become more and more rapid, until finally the bladder
became converted,qphysiologically speaking, into a heart-
like organ, contracting rhythmically more tha® once a
second when fluid was passed in underethis pressure.At
its mos? eﬁicwnt eit could pump °two hundred times a
minute !

When, after a couplc of mon;hs the dog wgs ‘sacrlﬁ'ced
it was found not onIy that the muscular walls of the bladder
hadnincFeased in thickness to five times the norma) thickness,
but Mhat the hlstologlcaT character of the cells had changed,
cross-striationsari sing in them, ang their gvhole appearance
becoming more like that of hearg-muscle. °

Here again both the degree of differgntiation and ®the
amount of cell-multiplication, depend upon the strength
of the stimulus; but the example is of particular interest,
since through artlﬁcuil tfeatment the bladde? was converted
into an organ of greater, efficiency and hlgher hiStological
grade than the normal.

e *
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Although the heart will begin to pulsate even when no
circulation & established, yet there can be little doubt that
2 great deal at least of its structur&depends upon the amount
of work which it is called upon to perform. Ifea developing
heart could be called upon to perform only the intermittent
work demandgd of a bladder, there is every reason 10 suppose
thato the thickness of its gwalls would be gwuch smaller, and
the “degree of differentiation of its celfs would remain more
primitive,

Finally, we come to the nervous system.' At its earliest
appearance, this is composed, like all other embryonic
tissues, of roughly polygonal or cubical gells, showifig<mo™
trace of differentiation. The adult nervous system, on
the other hand, comprises the most elaborate central exchange
mechanism, consisting of the cell-bodies and tjeir branching
and interlacing dendrites, toggther with the transmittirgy
¢ wires * of the nerve-fibres both wifhoyt and within the brain
and cord—outside as tRe nerves, inside as the white matter.
Not only this, but the nerve-fibres must run just to the right
organs, the connections from spinal cord te brain and vice
versd must begin and end fist at the right places, or the system
would be no system but chaos and.confusidn. Furtfmicte®*
those parts of the brain and cord which have especially heavy
function are large, those with littte function are small. A
familiar example of the former is seen in the spinal cord
of the fgpg, which presents marked enfargements opposite
theslimbs; while the latter may be illustrated by the relation
between acu1ty of snrll and size of @lfactory dobe of the
brain, most mammals having large olfactory lobes, while
in ovisual > animals ljke monkeys®*and®men its relative size
is much reduced. % ¢. °

*How ise thlS order and this® adaptanon brought oy of
the bare rudiment which is all that®is given at the clgse of
the first period of differentiation ? o ° ’

Harrison, in ®°a fundamental experifhent from which
spgang the whole sub-&ience of tissue-culture, showed
that if neuroblasf (as the nigrve-forming cells of the embryonic
nerve-tube aré styled) are grown isolated from the body in
nutrient fluid, they will yet send ows their charactensuc main
fibre oreaxon-process, and also their short branchmg con-
nectmg switcheseor dendrites at the opposite pole. In fact

O¢g *
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the morphology of their-differentiation will go on as in the
body. But, as he was dquick to point out, this ¢ells us,nothjng
as to the way they findrtheir appointed stations,
Of ret®nt years, Kappers, the Dutch neurologist, basing
his ideas on the varying relative positions of different nerve®
il groups in different animals, has enungiated g principle
with the formidale name of gneurobiotaxis.” What this
implies may be briefly stated. It implies firstly that the
direction of the primary outgrowths of axon and dendrites
are determined by the electri® currents—infinitesimal in
amount but important in results—which are to be fo.und
within the organism, Kappers was concerned mainly with
the currents produced within the nervous system itself. His
two chief conclusions #e that when a bundle of fibres is
formed within. the central nervous system, the current it
carries causes any differgntiating neuroblasts in the neigh-
bourhoog to grow i a®particular orientation—at right angles
to the bundle—with their.axon fway from, their dendrites
towards it. In the second place, if nerve-cells are repeatedly
stimulated from one diregfion, the dendrites on that side
will shorten, so that the cell-bodies move towards the source
imulus. By this means, functionally interrelated centres
within the ngrvous system will tend to become topographically
approximated. o
The theory wag but a few years old when it received
independent conflrmation from experiment. Ingyar, working
in Harrison’s laboratory, was able tp supply wha had
been Mcling in Hgrrison’s own earMer expgriments. He grew
neuroblasts in tissue-culture, some in the ordinary way,
others under the®inflfence of a gminute clecsric c®frent.
Whereas the “celMprocessgs #h the control ‘cultures grew
t & random, in the others they were all 8riented with
reMrence to the dire®ion of the current, the axon growing
down the‘falé of potential, the dendrites up it. While experi-
ment was thusethaking it extremely probﬁble that the theory
had a real basis, Child’s idea of %zial gradients was extqnding
and amplifyingeit. So far, the theory ®nly accounted for
arrangements within a nervous system which had already
begun diffgrentiatién, and had begun it ip a characteristic
and orderly way. How account for this beginnimg ? Chilg
and his school had already shown the egistence of an axial
. ‘. [
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gradient, at once morphological, physiological, and electrical,

alqng the axi® of the developing vertebrate embryo. This,
and the subsidiary gradients from BacR to belly and from
centre to sides, would suffice to set the outgrowflis of the
Sirst-differentiated neuroblasts in the brain and cord growmg
in particyjar directions.

Fingllys we cannot pasp over the imgposetant researches
of Detwiler, also carried out in Harrison’s laboratory,
on young embryos of the salamander amblystoma by trans-
planting limbs and pieces bf spinal cord.

Retwiler found that when limb-buds were transpla
backwards on the same side of the body foreone, two, three
or four body-segments (somites), that their development
during the non-functional period wathe same in all situations.
But after this, the degree of establishment of funstion grows
less and less with the distance which the limb has been
transplanted from its original positiorr. This in its turn

epends on the degree to Which nerves from the proper level
of the spinal cord enter into its supply. There is an interesting
tendency for the limb-nerveg to grow back toWards the dis-

placed grafted limb, indicating that there gnust be sonle

attraction, presumably of a chemicat nature, between them
and their proper end-organs. But this attragtion cannot
be very powerful, for if a limb is transplanted four segments
back, it is never supplied by any of its praper nerves, but by
nerves from» a more posterior level of the cord.

ThEse nerves grows into the broad limb-bud; this narrows
as it elongates; and th& nerves, which would haVeStayed

separated if they had supplied the skln and trunk-muscles, -

become conggntrated and produce a network or plexus
similar to that segn running tPa qormal"lhnb' The exnstence
of a plexus *presumably facilitates unitary nervous cbntppl
of the various muscles of the limb: *but we see, that djb
brought into existgnce as 2 mechanical bx pmduct of the
dimb’s growth.

The size of the cross—sectlon of the spinal cord in the
late normal larva is much grgater in the fore-limb region
than four segments back. It is therefore of great interest
to see whether this is determined, it whole or ,n part, by
éhe fact df a hmb being in nervqus connection with the

cord. op *

™~
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Careful measurements ‘were therefore made of different
regigns of the cord; apd it was found thaf® the result «of
‘loading’ the cord® wth a grafted limb was merely to
intrease e sensory part of the cord—the size of the sensory
roots and the number of cells (chiefly in the dorsal-root
g&nglia) connected with the sensory fibres ®unning in from
the limb. Her® again, functiom helps determiné the size
of the part by stimulating the multiplication of the celis
concerned. The rest of the cord, however, and in particular
the motor areas and motor roots, show no increase in size,

*Ning that the number of muscle-fibres to be supplied
oes not stimulte the growth of the supplying cells. This
fact, together with the absence of any function in such limbs,
led Detwiler to suppose %hat the limb-function and possibly
the degree sof neuroblast-multiplication depended on the
® fact that, in the normg] ceurse of events, stimuli concerned
in fore-ligb- moventent run up g the brain after entering
the cord and then pass down again in fibres which normally
end by making connection with the neuroblasts at the normal
limb-level. TRe stimuli pasginggto the end of these would
thls pormally ause the excess growth of the motor-cells
ol the cord at this level, '

But this gupposition could be tested by cutting out a
piece of the embryonic £ord at the future limb-level and
grafting in its place a piece from four segments further
back in another embryo, leaving. the limb-bu& in place.
The expected result followed. The narves grew oul and
made &rhection with the limb; the expected hypertrophy
of the sensory areas togk place; the stimuli from the_Limb
were transmitt.ed up to the brainvand backe 8gain: but
this time they codll reach tie motor areas supplyingethe
lil&b. *Consequently, zglthough the cord came ffom a region
wh¥®h norgnally remains small, the growth of its neurobiasts
was activated®, and it assumed the norgal proportions of
the cord at the*fore-limb level. > °

Thus it is the quantity of impulses wgich enter gréwing
nerve-cells, not «the quantity eof those which leave them,
which determine the degree of their multiplication: and
if we could, understan® what neurobiotacsic action was at
work to push the motqr fibres down from the “brain jus®
so far along the cord and no Jurther, we should have the
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relative degreg of development of the parts of the spinal
cord alkdetermined on extremely snmpl% principles. .

At the close of this necessarily compressed and, jmperfect
sketch, I would like you to look back for a moment and
consider some of the facts in their relation to general biology.
Let us first of al? take the conclusions reached in the section
on futctional differentiati®n. Althoughe RBux forty years
ago pointed out in the clearest way the effects of the * struggle
of the parts’ within tfie Qrganism, and although example
after example of alteration due to function has been investi-

gated, often with results far exceeding expectation, ¢t—~_‘

much misapprehension on the subject exists.® Morphologists
are often unwilling to believe in sugh far-reaching plasticity
of structure, their terra firma in the invading sea of physiology ;
geneticists often look only at the beginning and®end of the
chain which starts in genes and tnds in adult characters;
physiologists often think ;only of the dhalysis of <function,
not of its effects on growth and the production of form.
And this field as a whole has accordingly never received the
attention or the general surgey which it deserves.

I think that we are justified in saying to-day that a:_-x_ﬂrgs
large proportion of what we may call the general adaptations
of the body are due to the fact that during the period of
development an equilibrium is attained between those
organs which are functionally interrelateds I do not intend
to prgtest Poo much. It is obvious that numerous special
adaptations cannot omg, under this head. But the, fagt that
at first sight seem$ most overwhelmingly Hifficult to explam
as dus to natural causes, the fact thgt al} over the body, in
a thousand’and one ofgans gnd structyres,Glittle and b1g,
there exists harmeny and a mutua¢ adaptation of the various
component parts—in size, in direction, i position, in packg
in mechanical efficiency, in intensity of workingw-all these
myriad details of adaptatien do not each Jeqq.lire separate
<onsideration, each a separate genesis guxded in every
parti®ilar by the &and of natural selection, but they all
follow en hloc from a quite Yaw inherent properties of the
various kinds of cells which build Jp the body. At one
stroke a hyge an¥l useless deck-cargo is cut adrift, and the
Ship of biological theory can ride the storm of fact without
too great difficulty. op *
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We are also able to sece how a great manyefacts which
are pointed to by the gdherents of Lamarckian doctrifles a8
impossiblee@f comprehension on Darwinian principles but
as necessarily products of inherited functional adaptation,
are Jo be in reality explained. They are product.s of functional
adaptation—not, .howcvcr, inherited adaptations Hue to
ancestral function, bt acquired a¥resh in each generfion
through the everyday function of the individual. I have
no doubt that many morphological points which are regarded
by systematists as good specific or generic characters wil}

ut on analysis to be due to different function®t
’ modifications of *an essentially similar rudiment. Indeed
we have already seen thatesomething of the sort holds for
the distinction between the bony architecture of the human
and the simiaf foot. Baldwin and Lloyd Morgan have given
prominence to a simi.lamid'ea in their theory of *organic
selection.” ®In this they state thate new developments in
evolution often start as changes in behaviour and instinct.
The changed igstinct induces changed function in each
gengration: but if a mutatiorPwere to occur which modified
wetheapuganism from its start in the same direction, this would
be advantageous and would be fixed in the race by naturak
selection. However, they have not extended their view far
enough back into ontogen® to cover more than a fraction
of the facts. Perhap® the position may be best summed up
in the words of a well-known German ¢ Entwicklungsmegh-
aniker,” ghq concludes a discussion ofgthe Broblem by saying
that until many mor® positive facts are obthained as to the
so-called inheritance of agquired characters,  we pust lesk
for the creative affegty of functign upon animak%orm, not
in the hjstory of the race, bat in that of the {ndiyidual.” *

T same satisfactory parsimony of causes i$ also seen
to operate in another sphere—that in which the form-
regulating propergies of the ductless gland® are concerned.
It is clear to-day that many, probably most, of the ductless
glands secrete the same chemical substances én all vertebrafes.
The thyroid of a famprey or ef’an ox is equally effective
in inducing the metangorpiosis of a tadpole as is. the thyroid
of the tadpole itself. Adrenalin has the same®chemigal com-
position wherever it is produced—through ghe whole verte-
brate series; the posterior lobe of tiye pituitary, whether in
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sheep, fowl or herring, secretes "a_substance which can be
substituted for that produced by the same organ of the frog
and yet will cause the same specific Jarkening of the frog’s
skin; it is highly probable that the islet tissue of fie pancreas,
through its secretion insulin, exerts the same effect in all
animals in wifich it is found; and at least possible that®the
intecnafl secretions of the reproductive o?gan, the anterior
lobe of the pituitary, and the cortex of the adrenal are also
chemically constant from Jowest fish up to man.

The vertebrate qud *vertebrate thus possesses what
we may by a permissible metaphor call a constan
of chemical skeleton, just as it possesses @ constant type of \
actual skeleton. On this chemical framework variations
can be executed, just as they ate on that of cartilage or
bone. The ground-plan of the real skeletoneof the limbs
say, remains essentially the samg whether the limbs are
used for swimming, rpnning or flylng, or whether they
degenerate. So that of the® chemical skeleton remains
essentially constant, whether the thyroid, for instance,
degenerates as in Typhlognolge, whether it®remains almost
functionless as in the axolotl, whether it, exerts e
on metamorphosis as in tadpoles, or on the growth of hair
and skeleton and brain as in mammals and especially in
man. L]

In passing, it may be observed that the, chemical skeleton *
of a groflp is not confined to its internal secretions. Every
zootogist knows kow ghe arthropods are marked off by the
possession of chitin, the higher vertebrates by Bone, the
crugtacea by the presence of coppgr ingtead of iron in their
blood, afldeso on amd so forth: it is mgrely in its form-
moulding gffecés that the pértia.n constituted by the.ductless
glands seems to be pre-eminent. ]{

Sir Arthur Keith has drawn Far-reaching.conc sions
from these facts. His conclusions, if J fhay summarise
them in a way which is got quite his own, is that since in
m#hy related @rganisms each form-moulding internal
secretion seems to act on jhe same geheral parts in the
same general way, it is natural to suppose that, ceteris
paribus, jan alferation in the quintifative balance of the
various secretions will result in ag alteration in the structure
and groportions of Eb;: qrganism. He further points out
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that whenever we can tracé the effect of a hypg- or hyper-

functhmng of one af the;c glands, we find that it affectss

not a single charactdt, for yet an unconnected random
complex ol"tharacters, but a complex of characters linked
together by bemg all related to the performance of a single

fun®tion. . .

The pre-pituita®y ¢s thus related especially to Skaketal
development, excess leading, in the skull-region for instance,
particularly to overgrowth of the parts concerned with
jaw-movement. The gonads are conterned with the accessory

condary characters of the two sexes: the thyroid
ﬂ%hlbla withethe very diverse organs which change at
metamorphosis, and so on. Thus when there takes place
in evolution a change inYolving the correlated alteration
of numerous earts, and yet one inexplicable on the simple
finctional scheme outlinggl above, we can often be absolved
from the necessity ofesearching for jts origin in a number
of separate chance variation$ (whlch would make the cor-
relation between them extremely difficult to understand),
but can look ratfer to a single ltergtion in one of the ductless
JlanEs—a simplg, alteration with multiple effects.
ere can, [ think, bt little doubt that such changes,
productive of gsuch effects, can and do occur. Many of
the differences in proportion between related animals of
the same group are pgobably due to this type of evolutionary
change. Further, many characters appear to be s®condary
by-products of such changes. The antlere of deer are not
only absBlutely but eelatively larger tn large than in small
specimens of the same specxes and in large species thann
small species within the group This appareml-y depends
on two causes—first® that an.tler-growth is due to the samre
causgw’hlch are mvolvgd in general size-increase—perhaps
the u1tary-—and secondly that, like most secondary sexual
characters, the®cesponsiveness of the antlgr tissue to this
substance is grealer than that of ghe rest of the tissues, so
that their growth is disproportionate: the grgater the animal’s
absolute size the greater their r¢lative size.

Or aga'n whenever vertebrate animals have attained
a great size, ghere afped to have been twd tendencies—
one towards extra bone-ggowth in general, renderea visible
in the form of rough bony surfacgs al;d exostoses the other
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towards localised bone-growth on the head, leading to the
sproductionf horns. Nopsca has‘drawn attention to numer-
ous facts of this kind among eSinet reptiles. He fraws a
conclusion similar to Keith’s—that the excessSsize depends
upon the activity of some gland, probably the pituitary, and
that this agency’s stimulating effect upon bone-grow¢h is
reflgcted in this superflgous proliferaios.

Paleontologists will remember that so great an authority
as H. F. Osborn claims that in at least three separate branches
of the fossil ungulates known as Titanotheres, horns have
become independently developed in the same place when a
certain stage of evolution (marked chieflys by the atta
of a certain size) has been reached. This he wishes to ascribe
to an inherent, predetermined® evolutionary tendency, a
mysterious directive power for which he useg Eimer’s term ¢
orthogenesis. However, grantgfl a general initial similariRy
of organisation, the facts would & expected if dorn-growth
was an indirect effect Of size<ncrease. Under the direction
of the pituitary, the mysterious orthogenetic power would
fall to the ground; and in itg place we merely have a single
type of growth-mechanisin necessarily reacting to incréased
size in the same way in all lines. The restiting horfis-woufe=
now be expected: but this point of view will ecessitate a
thorough revision of the currgnt conceptions concerning
our ideas of homology, or the corrg?ondence of organs
in differznt animals.

But in spite ofethis measure of approval for Keith’s view,
I think that we must Doint out certaingimportant Bmitations
init. In my phrasing of his conclusions I said that quantitative
c??mges tn the ductless glands woulld, deteris paribus, produce
the required gffects. Per'ﬂaps. some «wil? remember Lord
Broughami)s famous remark on the use of that (pﬁrase.
¢ Ceteris paribus be damned !’ he ®xclaimed. Now s, as
it happens, is anoextremely good comment upen dur particular
biological problem. Thé cetera by no nftans always remain
paria. As it takes two to make a quarrel, so it takes two to
preduce this kthd of evolutionary reaction—ihe internal
secretion on the one hand, the responding tissues on the other.
In the course of this essay we have seen several instances of
how th@ response of correspondi.ng tissues or organs to the
samg chemical stimulgg may differ in closely-related animals.
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The total insensitiveness of the gills and fin of Necturus to
thyrgid secretion;. thé, different behaviour ®of thg limbs
and the tail in uro®eles and anurans, those two structures
in the firS®ase being independent of the thyroid, in the second
brought under its influence—such examples should be enough
t@® convince us of the danger of consideringeonly gne of the
two partners to she geaction. Evea Keith in his owrfexgmpies
(although once the mechanism is established, the results he
postulates will flow from it) only removes one step further
back the explanation of its origih. How is it, for instance,
that of all the bones or the regions of the body, all apparegtly
uilt in the same way of the same substance, some should
be far more sensitive than others to the pituitary secretion ?
Still more remarkable, Bow is it that the secretion of the
reproductive organ should, on the face of the male human
® being, stimulate the growsh of hair upon one special region
and not.ejsewhere, or that the secretion of the ovaries should
encourage the growth during adofescence of just the uterus
and its ducts, although they consist of the same types of
tissue—muscutar, nervous,e connective, vascular, and so
- fo*th—as many other organs which yet remain unaffected ?
I rue that in the‘latter case the growth is probably
dependent: ypon the increase of one tissue only, possibly
the muscular, the rest gmply keeping pace through that
automatic functional adaptation we have already discussed,
just as in the proauction of giants by the over-astion of the
pituitary during adolescence, it is perhaps only the ®ones
which #re*directly etimulated to gréw in length, the muscles
and other organs following in the wake of the skeletal
changes: none thé less it remains «clear tha(.2 spec‘ﬁcity
of that one partidutar tisgue ‘hust be postulated to bsing
abgut %the observed result—a specificity (if my®supposition
is c®¥rrect) gf the smooth muscle of the uterine tract to ovarian
secretion, alleother smooth muscle in the body remaining
unaffected. This gpeciﬁc differenc; in the behaviour of particu-e
lar tissues and particular regions is admigably illustrated in
the change of tadpole to frog. This specificity, it appears
quite certain, must be due to an inherited difference in the
particular tigsue, which, &t the close of embmwyonic differentia-
tion, must have attaineq a state chemically différent frome «
other similar tissues of the bogiy.. .lf thére can exigt such
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marked difference in sensitivity of one and the same organ
to onesand tRe same secretion in gnimals of the same ‘c;lass,
as is seen in the varying reactions %f @mphibian limbs and
tail to thyroid, it is clear that Keith’s principle?eeds con-
siderable restriction, especially in the indiscriminate applica-
tion of itto moPphology and anthropology by writers withéut
the learning and insight ofeits propounder. ©
It is possible that the different races of mankind differ
in their quantitative ®* endocrine make-up, and that this
difference is in its turn responsible for many of the morpho-
logical differences between them. But it is inconceiyable
that all or even a majority of these differefices can be thus \
accounted for. No doubt but that the adrenals often stand
in some causal relationship with®pigmentation; but it is
impossible to ascribe the dark colour of tropical races, as
has actually been attempted, to zbdrgnal alterations, without
supposing a concomitant alteration irf the reactéon of the
skin; and the latter is quite Gossibly the only agency at
work, Extreme examples are often the most convincing;
and T would like to ask the adhsrents of whal may be called
the purely endocrine theory of race-differengjation ho €Y e
can account for the steatopygy or dver-development of the
buttocks in Hottentot women without assumgng a special
and inherited sensitivity of this region of the body, in the
shape of a selective tendency to the aegumulation of fat?
Such specfal changes in' particular regions or tissues cannot
be due to quamitntiveo changes in hormongs. We must
appeal to genetics, and suppose that they are due to mUtations
whose primary effect is not on the.endchine system at all.
In this &egnection it is wgll to remind writers who derive
their knowledga of biology almast excluively from a study
of man.and smammals, with a few other vertebrates ‘n ({/{‘es-
cending scale, that in the great group of insecf{s not“only
is there as yet nogevidencg for the existenge 6f any growth-
o controlling internal secretipns of the vertébrate type, but
thaP in one regaggl they have been definitely shown to be
without any such hormones J refer, of c#durse, to the sex-
hormone. In insects, the reproductive organs stand in no
causal connection with the growth ol the secondary sex
e characterS. The sex characters of gach tissue are independ-
ently gletermined® by Stge balance of chromosomal genes
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or factors which the nuclei of its cells contain; thus it is
possiglg in the case of abrormal distributio® of the sey-
chronfosomes during® do:/elopment to obtain some parts
of the bodyith the male-determining, others with the female-
determining complement of chromosomes, with the result
the: a sex-mosaic or gynandromorph is the rasult. We know
further that, in everyglass of animas whose genetic behgyiour
has been investigated, changes in single genes may produce
alterations confined almost or wholly to a single organ,
as when various mutations in one®*factor in the sex-chromo-
SO of Drosophila produce various changes in eye-colqur
H]e a

aalng from nermal red to white, while another factor-
change in another chromosome alters it to purple.

We have therefore to c®nsider detailed changes in special
tissues, chagges in general fundamental processes (such
%5 intensity of oxidation), gnd changes in amount of specific
growth-cogtrolling secrétions—all naturally determined in
the long run by changes im chrothosomal factors, but all
acting in a different way during development.

There remams to be cgnsid.ered another method of
siffplification. J’rofessor D’Arcy Thompson has pointed

'ou& his interesting book Growth and Form that many
differences- bgtween related animals can be reduced very
largely to differences of, growth along the various axes
of the body. The fgrm of one species of fish may be merely
that of another distorted in a very simple way o(Fig. 20).
The skulls of three related species, agaig, may be all ®uilt
on a cl®sely similarétructural plan, But one will be elongated
and narrow, the second broad and short, the third deep and
short—each one plilled® out along a diﬂ'eren.t,-systexﬂ' of
Cartesian co-ordinates. If we cdtild imagine §ome mechanism
forgac®ntuating growth-rate in any one direcjfon without
cor®sponding increase® in the others, we should again be
supplied withean agreeable parsimony of cause accounting
for a multiplictt of effect. Sulb an explanation might ¢
also be offered for many of the"types of human buildeand
physiology, and das actually .received m¥ich support from
the work of Stockard and especially of Davenport. I may
be pardoneq for what eounds like (but perhtaps is really
not) a frivolous illustratign. It happened that sh8rtly after e |
reading Professor Thompson’s book,.I weflt round St..GiIes’
c e
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Fair at Oxford, and there in due tourse penetrated into one
of those booths lined with distortipng mirrors. To my, con-
siderable interest I found that the*mifror which_broadened
° without lengthening converted me into a passabl&™caricature
of Mr. Winston Churchill; while the next one, which
elongated withBut broadening, presented me with a startifhg
likengss to the earlier pericd of Lord Bigkefthead. I was able
to console myself for this resemblance to two statesmen
with whose policies I*almost invariably find myself in dis-
agreement, by reflecting that the construction of my skull

o

Fig. 20.—Outlines of two related species of fishdArgyropeleaes
olfersi and Sternoptyx diaphana). The one can be derived from
the other by a simple distortion; as shown in the two co-ordinate
grids. (After D%rcy Thompson.)

mus® be near the mgean, from which their two extreme types

were derived by extreme®and doubtless exaggerated spRcialisa-
tion in one direction or the other. '

is in*gpy event quite ossibl® that alterations in the
system of gradients which ‘&ist, in th®*eafly embryo may.
account fof.alterations in the degree of growth in ¥arjpus
planes, and zoologists would do well"to turn their attel.{ton
to what may well, prove a fertile field for werk.’

o Turning to a closely rélgted problem, if #s clear that the
relagive rates of growth §‘ different organs, whatever the
precise mechanisn% are capable of being enodified, and an
inconsiderable quantitative modification in this respect
may bring abowt far-reaching resufts. <Of late years Gold-

» oschmidt &pecially has stressed thig idea. To take a simple
exampje, it is clkar tgélt the time of metamorphosis in
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tadpoles is determined by’the relative growth-rates of thyroid
glang end larval body-tigsues. If the relative fate of éhyroid
grow?h is high, metathorbhosis will take place in a few weeks,
as in someAmerican toads whose breeding-places are shallow o
pools liable to dry up before the summer is out: if low, then
ntamorphosis may be delayed for as long &s twoeyears, as
with the great sbyll-frogs, whish thus get laurichad on
terrestrial life at a size putting them beyond competition
with the young froglets of other species (Fig. 9).

The dimunitive size of vestigial organs (such as the human
tail} js usually not due to degenerative processes setting
in during devaelopment, but simply to a relatively low
growth-rate, which multiglies their bulk but a few times in
comparison with the thousand- and ten-thousandfold growth
of most tisswes. Goldschmidt has pointed out an interesting

®corollary of this. The rgteof growth is up to a point directly
correlatedewith the degree of differentiation. Now in insects
at least, as Goldschmidt ¢iimself” has shown, periods of
differing chemical activity may succeed each other during
development. In moths, fog exqmple, the raw material of
th® different pigments of the wings are formed successively,
en masse, and dischargea vid the blood to all parts of the body.
They only ‘begome laid down as definitive pigment, however,
in scales which are passing through a certain stage of differ-
entiation; and as e scales in different regions of the wing
develop at different rates and times, some take up #nto them-
selves one pigment, some another, and a pattern r&ults
which B determined by the different rates of development
of different regions of t.he wing, and not by any locajjsed
differentiation of pigments themselves. -’

Now whenever dn® orgap elerts a formative effect upon
amglef, as with the optic cup and the lens, or the e yonic
test® upon the origini! neutral or double-sexed system of
sexual ducfs, ehe_stimulus to be gffectivee must usually be
exerted upon thécfependent organyvhile it is in one particular e °
phase of differentiation. Once it has got heyond this pimse,
it is no longer capable of respqnse: and in a similar way the
stimulating effect of the determining organ again is
often confingd to orfe sfge in its existences If the relative
rate of development of the two organs were” changed ® o
so that the proper phases no lgnger' overlapped, the
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differentiatiory of the dependent otgan wou.d not take place
avall. o . ° . s

That this kind of thing may attulllly happen_is pmade
probable by certain sexual abnormalities recentlff%escribed
by Crew in mammals, which receive a satisfactory explanation
if we assume tHat the formation of testis secretion is delayd
until ¢he'sensitive period feor the differentiatfon of the internal
sexual apparatus is partly or wholly past, so, that some
of their organs remain heutral instead of becoming masculine.

It will thus be seen thht in all these ways the study of
development gives us a new insight into the mo
evolutionary change. °

Only by discovering the way in which the genes exert
their effect during development can we fill the present large
gap in our knowledge; and the study of development points

out to us many of the ways in whicj we should expect them®

to act. . ° °

Finally, let us attempt to su up in the briefest possible
way something of what we have discovered about the develop-
ment of a typical vertebratg The first phase #fter fertilisation
has a very simple function—to divide thegmaterial of $he,
egg into cells of convenient size, and to establish a proper
relation betweers nucleus and cytoplasm. Its cgurse is deter-
mined chiefly by physical processgs, and can be disarranged
within wide limits without interferingog/ith the normality
of what €omes after. It appears further that some part at
leasP of gastrulatien, together with the fina] differentiation
of the three primary gérm-layers from each othet, £so falls
into, this phase, which may thus best be defined as the phase
of subdivlsign and rearrangement of material.

<The next phase is that of primar§ *or®chemical differ-
entiatton. "One particular portion of the embryo ‘agz as
an organiser or differentiator, and Brings about irrevédible
chemical changes in embryonic tissues toQ vehich it is con-
tiguous. The precise cganges appear td be determined
by @wo main cauges—the degree of distance of the organiser
on the one hand, and, on shg other, the relative position of
the tissue acted upon within a system of gradients pre-
existing in the germ and derived fron® the unfertilised egg.
The exac? point of appearance of this organiser is to be sought
in cayses outside’ the grigigal unfertilised egg, of which the

i
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point of sperm-egtrance i$ normally the most important,
It appgans that slight initialdifferences in activity thus baought
about a stimulatidh &xternal to the egg must multiply
themselvcﬁuring segmentation until the stimulated region
has reached a high level of activity relative to the rest of
the®zerm. L4 .

The result of prigary differensation is what we have
spoken of as_a chemical mosaic in which a series of separate
parts lie side by side without any possib#ity of either humoral
or nervous correlation between disfant regions; mechanical

mre, strictly local chemical action, and the system af
gradients are thes only co-ordinating mechanisms.

Once this chemo-differentiation has been initiated, how-

ever, the gradients have ite to say to it, and it runs its
course with &« fine automaticity. But the gradients still
ontinue to operate in thesundifferentiated regions of the
embryo, and later differentiations appear to start in the same
way in relation to them, aftd, once started, to run again
irreversibly to their close. Thus the gradient-effect and the
irreversible chelmo-differentiagtiony overlap in time, and
on to do sg until the close of the embryonic or non-
functional period, which®is reached with the attainment of
proper histblqgical differentiation by the tissues, so that
the organism can then beginéo work in its characteristic way.

From now on fqar new processes come into play—the
trophic influences of nerves; the circulation of® growth-
modifying interpal secretions; differentsal growth afong
different®axes; and the adaptational effect of function.
This period is therefore that of growth, and of functiogal
and of correlati\;e 3iﬂ“erentiatiop. For brevitye®sake wi
speak of it simply as’ the perjod df functional ditferent%
whicg i§ not unjust, sin.ce growth and correlatien ar only
made¥ possible by the coming into function of nerves and
blood-vessels ald feeding mechanigms. Tie attainment of
function by the ®organism as a wyhole does not of course
prevent particular organs from di?erentiatigg later, in whch
case they will neturally pasg sthrough their own non-
functional phase; so that here too there is an overlap of phases.

Distilling oyr result® ov8r again, we may sa¢ that the most
fundamental process in ontpgeny is that of chemo-differentia-
tion. It is by means of this that il fhe essential chargeters
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of the organism are laid down—-durmg the early phase
«of chemo-differentiation, those tygical of the grou ,to which
it belongs; later on, its more gpedific distinctiof &/ What
goes before is preparatory to this: what foll&g, although
of the greatest importance, is a playing of variations upon
a theme irrevocably given. The later stages of development
aregthfls in essentials regulatory, mo@ifying in various and
on the whole quantitative ways the primary and qualitatively-
differentiated basis. ¢

It is perhaps worth &hile observing that this regulatory

Sunction of higher mechanisms is seen also in the domaj
of pure physiology. Nervous impulses do got cause the Eeﬁh\

to beat, but modify the heart’s autonomous and origina)
rate of beating. The thyroid, fthough responsible for the
precisc level of basal metabolism found in aghuman being,
is only augmenting the rate of processes which occur, bfit
more slowly, without it: and so °fosth. °

The functional phast¢ makes a finished organism out of
a roughly blocked-out machine. It ensures most of the smooth
running and final co-adaptation of parts. €But the essential
and distinctive criteria of the type, the ngmes and tiR in-
dividual are given as the outconre of a series of Chemic

{

reactions which are in no way the outcome of ogganic function.

but its prerequisite.

You will perhaps have thought that, I have strayed from
my preszribed path, and that my frog has hopped too far
frétn his own dewclopment. But it was part of my ambition
to show the general 3pplication of seme of the Principles
of developmem first unravelled in the amphibians, and to
remind Yey that so common a spectaci®as a tadpole’s growth
\:w{;;/nhm itself secrets of greater ofomeft than any sought
afterxby fhe alchemist.

. g
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