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exchanged visits with the Gaekwar, and drove through the native
city to the old Palace.

But all this official programme did not satisfy has Royal
Highness. 'Intuitively he perceived that something more :thhn
official formalities was expected of him. Hindu public opinion
was all in favour of the Maharani Jumna ‘Bai previously ‘men-

tioned. Though her grievances against the Baroda Durbar were

redressed by the Government of India, yet she had received no
consolation for which the heart of a woman always craves. In
official red-tape there is not much room for sentiment, and with a
“woman g little sentiment is of more value'than all the Resolutions
of the Government put together. It was left to his Royal
Iighness o find out that the Maharani Jumna Bai wanted some-
thing more than official reparation. He at once made up his

mind to pay her a visit., This was no sooner thought of than done.

The shortness of the time required immediate action. Tts effects
were magical. All the bad blood caused by recent incidents was
removed. Iiven the sullen Sirdars, who did not hesitate to aseiibe
motives to the British Government for interference with the
aflairs of Baroda, were appeased. Fven the adherents of Ranis
Mahaisa Bai and Lakshmi Bai could not help praising the Prince
as o great peacemaker., The Maharani Jumna Bai made thank-
offerings at the temples of her faith. 'Travelling pilgrims carried
the news from shrine to shrine. All Hindu India echoed with the
praise of the Prince. Bards in different parts of India vied with
one.another in singing his virbues. Hindu astrologers made them-
selves busy in casting the horoscope of his Royal Highness. His
fame travelled faster than the special train which carriéd him; and
reached villages and out- of~the-wa.y places where no newspapers
circulated. For the first time the people of India felt that British
policy was not confined to physical possession of the country, but
wag extended to holding the hearts of the natives of India. This
policy was initiated in the most unobtrusive manner by one who
was destined to be the first Christian Emperor of India. -

In my next article I shall be able to show how the Prince’s
progress in Upper India produced a wonderful affect in the
Provinces which not many years before had been the arena of
mutiny and massacre,

8, M. MiTRA,

THE RESPONSE OF THE ANIMALS TO
o THEIR ENVIRONMENT

-
_ I11

Let us now examine some of the experlments that were made
upon the much higher division of vertebrates, in order to see how
their forms and structures could be altered under the direct action
of new surroundings. Several such experiments were made with
success upon amphibiang, among which fhere exists, ag is
known, & certain variability in the manners of life, aquatic

‘and terrestial, as also in the modes of . reproduction—both

accompanied by notable changes in the structure and the forms
of these animals.

The Mexican Axolotl, or Siredon, is especially worthy of note
i this respect. It is known that this inhabitant of Mexican lakes
is a newt-like creature, from 8 in. to 10 in, in length, of a dark
grey colour, with black spots, but that it retains, even in its adult
age, three pairs of branched external gills—which feature led
Cuvier to suspect that the Axolot] represents nothing else but the
undeveloped stage of some salamander. But, as it lays eggs and
reproduces itself even in this imperfect stage, and the explorers
gaid that it never had been seen in Mexico to undergo metamor-
phoses, zoologists deseribed it as a special genus of lizards. It
was only in 1865 that A. Duméril saw in the Jardin des Plantes
at Paris that some young ones, born from his Axolotls, lost their

external gills, the gill-clefts closed up, the fins along the tail and

the back disappeared, and all the shape of the animal was changed.
Its head became hroader, the tail became thicker and nearly
eylindrical at the base, and the colour of the animal changed;
vellow spots covered if. In short, it turned into a well-known
salamander, the terrestrial Amblystome.” Cuvier was right;
the Axolotl represents nothing but the undeveloped stage—the
incomplete met&morphosm of the Amblystome ; buf, like several
other animals, it is capable of reproducing itself before it has

v Amblystoma tigrinun,
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accomplished its metamorphosis, Tt appeared also that, out of the

eggs laid by Axolotls, some would grow as Axolotls and BOLI6 a5

Amblystomes ; while out of the eggs laid by the latter some would

give Axolotls dnd some would give Amblystomes, according to.the -

surroundings in which they are kept. :
Bo long as it was thought that in Mexico the Axolols are never
metamorphosed  into Amblystomes, various hypotheses- ‘were
.made (among others by Weismann) to explain how the Axolotls

might have been evolved during the diluvial period ag a ‘refro- .

gressive form’ of the Amblystome. But now it is generally
known, since 1882, from the ‘work of Joséd Velasoo, that the
Mexicans are quite familiar with both forms, the Axolotl and the
Amblystome, and that each year, when the lake of Santa Ixabel
dries up; the Axolotls it containg undergo the salamandrs meta-
morphosis. The same takes place even in lakes which never dry
up entirely, and where the Axolotls could have found all the con-
ditions (pure water, abundant food) for thriving well.®? Tt thus
becomes probable that it is the influcnce of environment which
hampers the transformation and produces what biologists describe
a8 neotenia—1.e. sexual reproduchion taking place before the fully
adult stage has been reached. o _

- Seeing that during the metamorphosis of the Axolofl into an
Amblystome the main point is the fransformation of its respiratory
organs from external gills to internal lungs, and the passage of
the animal from an aquatic to a terrestrial Jife, A. Duraéril tried
to provoke the metamorphosis by cutting off the gills; bub he
obtained nothing conclusive. Weismann, who tried to compel
Axolotls to live on land, came to negative results. However,

" Mlle. de Chauvin, who continued his experiments, suceesded—
perhaps because she began by giving her animals an abundance
of food. All the Axolotls she experimented upon took to & terres-
trial life and weie transformed into Amblystomes.? ,

Dr. R. W. Shufeldt continued these experiments in New
Mexico,* and found that the Axolotls accomplish the metamor-
phosis more readily if they are kept in water imperfectly aérated ;
also when they are young and when they are supplied with plenty
of proper food.. When they were well fed with meat the Ambly-
stomes * were not only larger, bub of a very deep, muddy black
colour without spots, while the others were mottled with bright
yellow and & pale brown® (p. 263). The deeper the water, the

? Lo Natwraleza, t. v. 1880-81. I follaw the summary of these ressarches
given by Professor Blanchard. : : ) :
* Zeitsohift fiir wissensohaftliche Zoologie, Bd. xli. pp. &66-389. It is a
quite remarkable wozk, during which Mlle. de Chauvin already transformed ab
will Axolotls into Amblystomes, and provoked a beginning of return of the latter
to the primitive form, ) o
* Lettor to Seience, vol, vi. 1885, T1, pp. 263-264.
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slower the - metamorphosis—possibly in consequence, of the
diminished chance of using their lungs, while a moderate increase
of temperature seems to hasten the transformation.

And finally, we have the recent experiments of M. P.
Wintrebret. After having experimented upon Axolofls for several
vears, he obtained at last half-mnefamorphosed ereatures which
stand half-way between the Axolotls and the Amblystomes, He
placed Axolotl larvee in an atmosphere of moist air, and found
that they could live in it and that finally they underwent the usnal
changes¥—that is, an atrophy of the larval organs which they
uged no more, namely, the gills, the caudal fing, and the web
between the digits.* They thus became like Amblystomes.
Then M. Winfrebret put these young half - metamorphosed
Axolotls into water, and there their branchial filaments reappeared
gradually, and the animals took on the darker colouring of the
Axolotl ; but at the same time they retained the other characters
of the Amblystome. The gkin and the respiratory organs thus
proved to be more ensily affected by a change in the en.vupnment
than the skeleton. Here, again, we have, then, a considerable
gtructural change, formerly attributed to an extremgly slow
process of natural selection which would pick oub &ccldent‘ally
produced variations, but it is produced now, axperlmenta.lly, ina
very short time by the direct action of surroundings. .

The influence of environment upon the process of transforma-.

tion and the sexual generation in the salamander is equally sig-
nificant. We have in Europe two species of salamander—the
‘Spotted or Fire Salamander (S. maculosa), which is found every-
where in Central Hurope and North Africa, and the Black Sala-
mander (8. etre or 8. Nigra), which is found in the higher moun-
tains of Central Furope, and totally differs from the former 1'0y
its mode of reproduction. The Spotted species always lays its
eggs in water, and gives origin to from fifteen to twenty (0(.?084510]1-
ally as many as seventy) tadpoles, which have external gﬂ._ls and
candal fins. As soon as they have broken the shells of the_1.r eggs
they begin to swim, For several months they lead an aquatic life ;
then they gradually lose their gills and the fins alor‘lg the.taill, an'd
become ordinary terrestrial salamanders, _bl:e&ﬁhmg with their
lungs and possessed of a nearly cylindrical tail. As to tho Black
or Mountain Salamander, it usually gives birth to two young ones,
which represent a far more advanced metamorphosis ; they have
neither gills-nor fins, breathe with their lungs as soon as they
are born, and in all respects are like adult Black _Sala.ma.nders.
They also go through .a certain metamorphosis, bub they

6¢ Ladaptation au milien,’ in Compiles Rendus de la Sq_ciété de Biolo_.f]ieé
- November 1908, 1. 1xiii. p. 521, The regults are very much like those obfaine
by Mlle. de Chauvin. - : )
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accomplish it in the body of their mother—two ind
upon the substance of the other eggs.® _
In the intermediate zone of altitudes, from 800 to 1200 métres,
one meets with @ series of intermediate forms of reproduction.
Thus, Kammerer found in the lower altitudes Black Selamanderg
‘giving birth o two more young ones, born a little before fime,
but still capable already to live on land. And he found in the
“higher altitudes the Spotted Salamandeér giving birth to o few
“highly developed larvis, which had fed before birth upon the con-
tents of the other eggs. o
It was natural, therefore, to'try to modify the mods of propa-
gation of these two species of Salamander by modifying the con-
ditions of their life, gnd this is what Prof. P. Kammerer, who
works with Dr. Preibram at the Laboratory of Experimental
Biology at Vienna, tried to attain. Such expériments: were the

ividnals living

more negessary, as Weismann, after having made- éxperiments °

upon the water-fleas (Daphnias), had come to the conclusion tha
external conditions have but little or no influence upon the kind

of reproduction ; while Issakowitsch, working under the direction .

of R. Hertwig, had coine, also for Daphnias, to the quite opposite
result,” L : _

It was not easy to induce the Fire Selamander to breed in
confinement ; but finally this was obtained by keeping it at a low
temperature and in surroundings where there was no water basin
—thus depriving it of the possibility of laying its eggs in water,
Most of the embryos degenerated, but finally, after the female of
the Firo Salamander had got into the habit of laying late, it gave
birth to two fully developed, dark individuals, just like the
Black Salamander. The reverse result was obtained by experi-
menting upon the Black Salamander.  When the latter was kept
in & warm temperature, near to a basin of water, it gave birth to
more than two young ones, and these young lived in water and
had all the characters of the Bpotted or Fire Salamander.® -

These results are already most valuable, but Kammerer
turther increased their value by proving that when the mode of
teproduction -of .the Black Salamander has once been changéd,

‘and, after having been kept for some time in wnusual surround-

ings it has taken to the mode of reproduction which is charac-
teristic for its Spotted congener, its descendants continue to give
birth to their young in the same fashion, oven after they have

‘been returned to their normal conditions of Iife.

-

'Tn 1904 Dr. Kammerer had concluded his work by asking him-
self whether, after he had accustomed -the *Fire Balamander to

* P. Kammerer, in drekiv fir die Hntwicklungsmeohanik, vol. xxv. pp. 8.9,

" Tor the discussion of this last question see chapter xxi. of Professor Th, H.
Morgan's Hxperimental Zoology., Also chapter xix,

* Arehiv filr die Entwicklungsmechanik, vol. xvii, 1004, . ‘165-264.
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: i lac fes, and vice versd, the
he.mode of propagation.of the Black species, an e °
iiv?eprodugioﬁ habits would be-transmitted t(;;) Eosterltyf? mO(E}I:.O
inui ordi i eriments;® he tried to accustom the
tinuing aceordingly his experiments, bried ;
' i i ter, in the shapoe of larvie,
Black species to lay its young ones 1n water, gy
its Fire . This proved fo be very dith
after the. mode of its Fire congener. 'y Qi
! ing from the idea that the Black, or Alpme,
colt,, However, starting.from the 1dea b c. 1 ; or Alpine
: ts habit of giving birth. to fully
Salamander mugt bave acquired its. : vto Buly
ders because she could . nof find 1
developed terrestrial sa.lazma,r.l ; _ ool
i i 3 t ronning, waber whic .
the . high. mountains the quict, no which she
' ficiently warm, water, Dr,
noeded, nor could she find a su ' _ uor, Dr. T
in hi ‘geries of experiments, placed his
merer, in: hig second geries of exp: A
§ in ings that they had no dry ground. .
mandery in-such surroundings O dings
hen they had once laid their young ones in _
‘11? es]':mplyy:kept ther in & terrarinm, with & wet ground and Wlii};
& ba.sin-of water by its: side. Then he accustomed t}qese &m_maﬁ,
to live in. a higher:tempera,ture, of 77° 1o 86°, and hl;bil';{}]l?ieeﬁh;
ditions the Black Salamander females took to the ” 1 \ 1;3 oy
giving, birth- to. an. imperfect progeny of larve, like
al der. )
Sa:la:&rga;z tilis‘la;tter-, it was sufficient to t_a,lf;e away the. Wa;er_ k;asn?
of the -ferr&rium, and to keep the females in & cfalla.r ab a Ew gﬁ;
pémtﬁne (of 85° to 899) during the Wi[('lit:i.l ,.alx)lldtﬁl;rrl E}iﬁeyt:four
jank ‘in the summer (at 54°), to retard the birth o fous
:32111{13]1:11; th;{?vvaver, the low.temperature had also rﬁiaﬁ.gg v?;(;
! of d all that Kammerer obtal ;
development of the embryos, an 7 pore o
la1 loped than in the norma
to have larvee somewhat more deve . e nomal gon
i i der the effect of a low
ditions. These larves, obtained un per Tem
' i tage of developmen
ature, were in about the same s { b
]lpa?‘:;uef the Alpine Salamander, obtained undey Fhe effect of a
higher erature (xxv. 20). . .
hig?’iri:gvrﬁgthy.oﬂ.note that, once the Fire fmd the Al}fnﬁ?t ba;;l}?e.
mamderé-h&d been brought to the &bove—mentlorlle(}i n{?gv 0& GL zﬁges
iments which had provoked these ch
severity of the. experiments e changes i he
* bo relaxed without the above-men cha
mcc?;;dof epropa.gation being, lost, or only reduced, in the next
Pm}rgiﬁo’ﬁlg e;(]);ii-iments upon the inheritance of the acq.ui'reé}
cha.r.aitérs -they gave complicated results,lsodtha,;‘ Jhefoc;f;g;ﬁ,g
: , ! |
ir. of Dr. Kammerer must be consulted. ‘ .
;Iillznrgiyo in his own words, will, however, give an idea of the

main resalts :

An' inheritance of the artificially produced change in rep:ﬁ:::(iilﬁ:
(a)l " in each case; (b} when the second _gene.mtmn was l;.ewea,l{ened
ii;gglc;r?gfﬁl conditions of life, the changé was maintained, but in a.

x's Archiv,

. 3 . L4
* < Vererbing erzwungenen‘,~F0rtpﬂanzungsanpgaaungen, in Rou
t. xxv. pp. 7-51, with plates.
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degree—the mote weakened the mote time had passed hotween the return. &

“the 'o_riginal surroundings and the delivery ; and (c) if the-ehanged conditions
of life were maintained, the change in reproduction was maintained in the,

second generation, either in the suine orin a stronger degree. (Pp. 48-49)

Ag might have been expected, the usual objection, according
to which the changes produced and inherited in the-salamanders
might have been mere atavistic returns to previous instincts, hag
of course been made—namely, by Dr. Plate.’ - But, as Kam-
merer had already mentioned, this reproach could bo applied only
to one of the two series of his experiments, in which the highly
differentiated mode of reproduction of the Black Salamander was
changed into the lower mode of ‘reproduction of the Spotted
Salamander. Consequently; to explain the inheritance of the

' changed mode of reproduétion -in the latter, Plate had to make
suppositions concerning the geogruphical distribution of the

species which do not seem very probable, and to which Kammerer

has easily replied. (P. 524 of same volume of the Archiv.) _
In a recent work Kammerer gives the results of his further

experiments upon the transformation of reproduction habits —

this time in the well-known Alytes obstetricans. This little grey
and spotted frog, which stands between the frogs and the toads by
its forms and by the warts which cover its body, usually lives in
colonies on dry land, in long burrows. It is very common jn
France, and is known for its sonorous voice and the sorb of har-
mony which results when many individuals of ‘different ages are
singing at night, sounding each one¢ its own note. "The fémale
lays its eggs in long strings, 2 and 2% feet long, and the male
agsists tho female to get rid of the eggs. Affor that, it is the male
_ alone which takes care of the eggs. * It goes fo its burrow, but
comes oub every evening to find its food, and carries about the
eggs, attached to its thighs, apparently without being hampered
by them in its movements.** Whon the eggs are matured, the
male enters some pool; there the eggs burst, and the tadpoles
begin at once to swim about in search of food. These are, then,
the reproduction habits which Kammerer undertook to alter.

In confinement the female of the Alytes maintained itg habits
—=s0 long, at leagt, as the temperature did not exceed 62.5°
Fahr. ; but once it exceeded this limit, important changes took
place in the mode of reproduction, thé chief of them being that
the female laid its eggs in water, and there they were abandoned

to themselves. The care usually taken of them by the male, -

and which &ave .its specific hame to the Alytes obstetricans,

disappeared. - : : : ‘
The descendants from these eggs offered no deviations from

the normal animals. Buf if reproduction without nursing care
Y Roux's drohiv., xxviil. p. 524, Ut T, Lataste, quoted by . Sauvage:
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became habitual, then both sexes preferred to meet in water. As
to the individuals born without paternal care, they always laid
their eggs in water, if the condifions of the experience (raised
temperature, &o.) were maintained. Several other important
details were noticed, but I must refer the reader to the original
memoir of Kammerer. I give only his main conclusion—namely,
that * the inheritance of the enforced change in the mode of repro-
duction and development ook place : (¢) in each case when the
parents had acquired a standing (immanente) variation of the
instinet ; and (b) where the germ-plasm could be acted upon
during its maturing period by the altering influences.’ **

We have thus a new proof of the considerable influence of the
external conditions upon the mode of reproduction, whick in-
fluence was contested by Weismann and his school. Besides, we
have also in Dr. Kammerer’s work the confirmation of a new
principle which, I believe, is being brought more and more into
prominence by modern research—namely, that one of the con-
ditions for the hereditary fransmission of an acquired character is

- that the modifying influence to which this character is due should

ach upon the individual when in its embryonic stage. Of course,
till now this is only a hypothesis, which has a certain degree of

- probability, but has yet to be submitted to the test of experi-

ment on a wide scale.  But of thig I shall have to say more on a
future occasion, when I discuss heredity,

v

Of the many experimental researches that are inade at the
Vienna Laboratory in order to throw some light on the debated
questions of the theory of evolution, those of Dr. Przibram
deserve special mention. They were made on the well-known
Hermif crabs, which dwell, as is known, in the shells of various
molluses. If the shell info which the erab has lodged its posterior
parts be cautiously removed, one sces that the abdomen of the
crab has the aspeet of a swollen glossy sack, totally unprotected,
covered only with & very thin skin, through which the viscera are
seen, and upen which no segmentation can be detected, unless one
regorts to the magnifying lens. And yet, it appeared from Dr.
Przibram’s experiments, that it was sufficient to leave the crabs
divested of their protecting shells, for one month in water, to
see the abdomen becoming shorter and flatter, its skin taking
a rougher and harder structure, and the segmentation of the gkin
becoming quite apparent. The whole aspect of tho animal is

¢ Vererhung erswungener Fortpflanzungsanpassungen,’ iil. in Boux's dvehiv,
vol. xxviii. pp. 447-546.

" Vor. LXVIlI~No, 406 8y
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thus changed. With the Eupagnus crab, whethar the 1nd1v1dua,ls

experimented upon be kept in full hght or in the dark, patches

of dark pigment rapidly develop on. the hard skin whlch beging
to cover the abdomen.  +

These resulta, .Dr. Przibram ramark-s, h&ve e consuderable.

theoretical importance. In fact, the Hermit erab has over and
over again been represented as a striking illugtration of the effects
of natural selection. Woeismann especially made much of it.
Speaking in 1892, in one of hig Essays upon Heredity,” of the
atrophy of organs which are no more useful to animals, he was
quite positive in maintaining that only on the hypothesis of
n&tural selectlon supported by his hypothesis of ‘ universal crogs-
ing,” or ‘panmixia,” was it possible to explain the process of
degeneration of such organs as the hard integument in the Hermit
crab, in the aquatic larve of the caddis-flies, and in the larve of

certain small moths protected by their sheaths. However; Dr. !

Przibram’s experiments on the Hermit crab throw considerable

doubt upon these views. Altogother, we have learned lately, .

and some examples of it are given in the preceding pages,
that changes attributed formerly to the extremely slow. ackion
of natural gelection are easily produccd under the influence
of & changing environment, both in natural conditions and in
experimental conditions 1m1t&t1ng the natural ones, within the
short lifetime of the individuel, and this undoubtedly upsets the
speculations which were so readily made twenty years ago.

The rapid return {Dr Przibratn writes] of the abdominal tegument of the
Crustacean to its primary condition testifies loudly encugh that in the
normal Hermit crab we have only the hampering of a capa,clty of develop-
ment which still remains, but not a loss of that capacity in consequence of
na.tural selection, When Welsmann tries to explain retrogression by ¢ pan-
- mixia’ and ¢ germmal selection,’ -he has apgainst him the fact that the
reaction he speaks of is produced at once, to a certain smount in the same
1nd1v1dua, 14 ‘ N

Unfortunately, Dr. Przibram continues, the question *as to
whether a hereditary transmission of such changes in the tegu-
ment of the crab’s abdomen is possible, is not yet solved,’
because the explorers have not yet succeedsd in breeding Hermit
crabs in confinement ; , but,” he adds, ‘ affer the hereditary trans-
mission of acquired characters has been proved in other classes
of animals, it seems not improbable that already in the first.
generabion we may obtain considerable changes, as they would
be due in this case to slterations in the interchange of matter
(Stoffwechsel verinderungen) in the organism.’ s

* Yol, if, p. 16. ™ Roux’s Arehiv, t. xxiii. 1007, pp; 584 sq.
: 8 Loe. cit. p. 693,
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v

That changes in the conditions of life produce deep alterations
not only in the oufer appearance of animals, buf also in the com-
position of their blood, and that these alterations necessarily must
influence the rapidity and the very substance of all life-processes,
i3 now proved by direct observation on rabbits taken to high alfi-
tudes. A certain number of wild rabbits were taken in August

1883 by M. Muntz to the Observatory that was built on the

summit of the Pic du Midi, at an altitude of 9500 feet above the
sea-level, where the average bharometric pressure is only a little
over twenty-one inches. The rabbits supported the change very
'well ; they fed splendidly and bred as well as they do in the lower
plains. Seven years later, in 1890, they were carefully examined,

and it appeared that those which were born at the hlgh-level
station already differed a great deal from those which had been
left in the plain. They were smaller, had less developed ears, and
their fur-coats were already of a lighter colour and very thick.
Their blood, too, had undergone & considerable change. It had
become denser, contained more iron, and had a greater power of
absorption for oxygen. Thus, it had an average densify of 1060 in
the Pic du Midi rabbits, and only of 1046 in the inhabitants of
the plain; it eontained on the average 70.2 milligrams of iron
for each 100 grams of blood with the mountain-dwellers, and
only 40.3 milligrams in the plain ; and its power of absorption of
oxygen wag 17.3 cubic centimetres of oxygen per each 100 grams,
as against 9.6 cubic centimetres for the low-level rabbits.’® A
similar inoreage was also found when sheep, born in the valley,
were faken to an altitude of 8200 feet, and M. Viault, who
analysed their blood, proved that the change was due fo an in-
crease in the numbers of red corpuscles. Life at a high altitude
had thus an effect similar fo that which is obtained by increasing
the quantity of food.

The results obtained in this case and the preceding were
evidently due to several causes besides mountain air, such ag the
quantity and the quality of absorbed food ; and no diserimination
was made between the effects of these different causes. But what
imports us most in thig case is to show that the external changes
produced by a change of environment are due to such a deep
cause ag changes in the phygical, chemical and physiological com-
position of the blood. Such changes cannot but exercise their
effect on the whole of the organism, including its reproduction
processes and its germinal plasm. '

1 Comples Reﬂdus,.t.. cxii. 1801

[+
-
&85
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I am cop:lp_e;lled',bp omit many other interesting works in the
same divection. But it is necessary to mention, be it only-in g
few words, some less-known modern investigations of Edw,

Babak, W. Roux, and F.. Schepelmann into the influence of

various sorts of food npon the digestive tube and other organs of

animals. These extremely complicated researches are not yet -

concluded ; but, being conducted in physiological laboratories by

experienced physiologists, they. promise to vield most valuable - |

data for the kﬁowledgq of variation due to the use and disuse of

different organs and the conditions under which such variations

may be inherited.” e e

It was already known from the experimlents of Weisz and
those of Houssay '* that considerable changes had been produced
in the digestive tube of chickens after they had been fed for four
months with horseflesh, when Hdw. Babak began a series of
similar experiments on tadpoles. All such investigations offer
great difficulties in the interpretation of their results, inasmuck
a8 1t appears from the work of Pawlow that different sorts of food
not only produce notablo changes-in the strength of the gastric
juice secreted affer the absorption of a given food, but that they
also call forth different secretions from different glands, go that

their effects on the digestive tube are not merely physical - bui 3

also_chemical, or rather physiological. However, it was esta-
blished with certainty: by Edw. Babak’s experiments 1 that a
pro.longed keeping of tadpoles on an exclusivoly. vegetable. food
which could not be rapidly digested, by imposing more work on

the digestive tube, led o an increase of its surface relatively to its

inr‘ler voh:'lme.“ And this increase is considered by Babak to ba,
ag it certainly is, a proof of ‘ a direct adapsation of the organiam to

) cfartain function, prpduced by the performance of this function.’
It is thus one of those cases of which we saw several examples

Whep we examined the adaptive changes produced in plants by
placing them under new conditionsof life. It is a case of ¢ func-
tional adaptation,” which does not require that natural selection
should pick out the most suitable variations out of thousands of
indiscriminate variations : it is produced in the individual, in the

' Boux’s Archiv fitr die Entwicklungsmechanik, vola, xxi, 1906, and
xxiif, 1607, ' S

Y Oomptes Rendus, b oxxxv. 1902, p. 1357, and exxxvii. 1903, p. 834. .

** Roux’s Avehiv, vol. xxi, pp. 611 3¢, ‘

w0 :]?.&k.ing - 1000 individuals, originated from six mothers, and keeping
them in six different comparbments of his aquarium on different sorts’ of food,
Herr Bg.bak found thet the lengths of the digestive tube werse 6.6 lengths of the
b.ody with the tadpoles fed on the meat of vertebrates, 5.9 when the food con-
s.mtad of molluscs, 7.6 when it consisted of lobster, and 8.3 lengths when the
food wag antirely vegetarian albumen ({Beitrdge der chemischen Plysiologie und
Pathologie, 1005, Bd. vil. ; summed up in_ Naturwissenschaftliche Rundschaw,
1006, Bd. xxi.).
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ghort inforval of a few months, by the direct action of the new.
‘environmont * (changed food). It is what Ferberi BSpencer
so perfectly well described as  direct adaptation,’ in opposition
to the ‘ indirect adaptation ’* through the intermediary of natural
selection, and what W. Roux ftries to explain. through the
‘ gtruggle of the parts of the organism.’

It would be impossible to sum up in these pages the works of
Roux ** and Sechepelmann * on the effects of various sorts of food
on the digestive tube and the other organs of geese. Their
results are foo complicated. Suffice it to say that not only the
digestive tube undergoes subsfantial changes (elongation and so
on), bub quite a series of alterations takes place in the accommoda-
tions of different portions of the digestive apparatus to different
gorts of food. This important organ is thus endowed with an
astounding variability. Iowever, it was found that fwo different
periods must be distinguished in the development of all organs :
one period, when the auto-differentiation of the organ takes place
in virtue "of its inherited properties, and another, when the
function it performs gives it its definite character. Besides,
notable changes were found to fake place in the quantity and the
composifion of the blood ; so that, taking everything into conside-
ration, new vistas are opened upon this question of use and disuse,
and the ways in which the different effects of use and disvse may,
or may not, be transmitted by inheritance,

VI

To give a complete idea of the animals’ response to their sur-
roundings, I ought also to analyse the investigations made info
the changes produced by a changing environment in the colours
and the markings of animals. It appears, however, that even a
rapid review of the vast subject which I have written for this
essay would double its size ; so that I must give up for the moment
the analysig of the variation of colours, and refer the reader to
excellent reviews of the whole subject given by Professor Delage
and M. Goldsmith, Professor Th, H. Morgan, and Dr, Plate in
their above-mentioned books, and egpecially by Miss Newbigin in
a gpecial work devoted to colour in nature.®

Taking, then, those researches which deal with the experi-
mental variation of form and structure in plants and animals,

2 W, Roux, * Usher die funktionelle Anpassung des Muskelmagens des Gans,’
in Arehin filr die Bntwickiungsmechanilk, 1906, t. xxi, p. 461 sq.

32 L. Schepelmann, ‘Usbhar die gestaltende Wirkung verschiedener Kr-
nahropg anf die Qrgane des Glane’; same Archiv, t. xxi, 1906, p. 500 sg., and
t. xxiii, 1907, 1. 183. ’ .

= (olour in Nature: a Study in Biology, Lohdon, 1898 (John Murray). In
1001 I gave a brief introductory sketch of this subject in a *Recent Science’
article (Nineteenth Century and After, September 1901),

S
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and of which ‘some specimens have been given in this article and

in the article on plants,* one must certiainly confess that, although

most of them were conducted with admirable gkill, they never-
theless- ropresent only the first steps towards the foundation' of g
new branch of selence—physiological experimental morphology.
This is especially true of the zoological works. Many earlier re-

searches have, in fact, the character of a mere reconnoitring of .
the ground to be explored; and only the later*investigators, by .

paying a special attention fo the facts which throw a light npon

the inner, physiclogical; and anatomical causes of variations, pre-
- pare materials for the solution of the question—whether these

changes are not too superficial to be inherited ? '

And yet, taken as a whole, the experimental researches into’

Variatidh have already given two important results.

First of all, they have contributed to retain, and still firmer

to establish, biology on its proper basis—ihat of observation and

experiment. During the last twenty years we have had too many -

discussions aboub theories of heredity—too far-fetched, in- the

opinion of prominent anatomists, for the modest anatomical basis -

upon which they were built; and the result was that mere
dialectics began too often to take the place of scientific gene-
ralisation and empiric research; and with a certain number of
biologists one meets now, even in the fatherland of Bacon and
Darwin, a painful neglect of experimental study in this field, -
And yet those who purgue the experimentehstudy of Variation
are only continuing the studies that Darwin began when he spent
several years on his great work Variation of Animals and Plants
under Domestication, which had to be followed by Variation in

Nature.  They investigate, as Darwin_did, how the different

natural factors-—temperature, moisture, light, food, overcrowd-
ing, and so on—aflect, each one separately and all together, the
forms, the colours, the organs, and the tissues of different
organisms. Like Darwin himself, they are not afraid of the
word ‘ Lamarckism,” when their researches confirm the views of
Lamarck; they do not repudiate it for any theoretical or

social reason, but they do not hold a brief for it. And they main-

tain that the last word as to the ‘causes of variability and the
inheritance of acquired characters will belong—not to' theories
about heredity, however clever they may be, but to experiment,
tc empirical rescarch into the causes of variation. And in
pursuing their laborious work they are far moré trus * Dar-
winians * than those who, having once taken from Darwin his
conception of Btruggle for Life and Natural Selection, neglect

now those experimental studies of Variation which he left un- -

finished only becaunse of his failing health.
M Nineteenth Century and After, July 1010.
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Those biologists who pursue the experimental study of
Variation, hand in hand with the study of Variation in Nature,?
have already established one important fact. They 'ha.an I.)roved’
that besides the accidentsl, °indefinite,” and ‘indlscnmma,ife
variafion, of which we do not know the causes, but Whl_ch
we can with some probability attribute chiefly to.thfa vagaries
of heredity, and which is kept, in its bulk, Wlthm. cgrtam.
narrow limits——there is variation which is definite, discriminate,
greater in its effects, and to a very great degree afiaptive. It is
the variation which we saw, for instance, developing the organs
of touch and smell in animals taken from an open pond and
placed in the dark surroundings of the Paris cafacombes; that
sort of variation which changes in individuals placed in unusual
conditions their ways of reproduction, in conformity with the re-
quirements of environment ; or alters the tissues, the outer form,
and the assimilation powers of a plant, so as to make it better
adapted than the mother-plant was to Alpine,' or marlt'lme,. or
desert surroundings. This part of Variation is a physiological
fact. It has its laws, and these laws and their consequences
modern biologists try to disentangle by experiment. .

As to the objection which iz now made by a considerable
number of biologists—especially zoologists——naimely, that these
‘variations, provoked by the action of the environment, cannotb
be inherited, and that they could be inherited only if they were
provolced by some unknown ciiuse in times past, and, after having
been dormant since that fime as a potentiality in the germ-plasm,
would be produced'now accidentally, by inheritance—we shall
examine this objection, which often takes the character of a mere

‘doubt, on some Tufure occasion,
P. KROPOTKIN.

2 T meen such works as those of Cope, Osborn, Hyatt, Willeston, Kellogg,

Kélliker, and so on, on animals; and of Grisebach, Bachs, Henslow, Maheu, the

Agricultural Txperimental Btations, and so on, on plants.




