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INHERITED VARIATION IN PLANTS

IN o series of articles published in this Review I endeavoured fo
sum up our present knowledge about the direct action of sur-
roundings, considered as a factor in the evolution of new species,
After having sketched, in a first article,® the development of-
Darwin’s ideas on this subject, I analysed next the experimental
researches into the. effects of changed conditions. of life mpon
plants and animals that had been made during the last twenty
vears.? Darwin lived only to greet the first steps made in this
diraction. - But since then it has been proved by the most varied
oxperiments that changes which we formerly believed would
require scores of years to be produced by a matural selection of
accidental variations are obtained in the experimental field or the
laboratory in the lifetime of the individuasl by a mere chahge of
environinent, ' '
Many biologists believed that by these researches the theory
.o evolution was going to be placed on z solid experimental bams
However, since 1888 it began to be contested by Weismafin and
his followers that such changes could be inherited, and thus might
lead to the appearance of new species. So I discussed, in a fourth
article,® the hypotheses of Weismann. I pointed oubt that the
origin of his hypotheses wag anti-Darwinian. ‘I‘hcy were born,
as-he himself acknowledged in 1876, from his desire ‘ to combine
in a theory of evolution a teleological principle with a mechanical
principle’~—that is, causality and purpose—this desire Iea.dmg
him to admit the.existence of a ‘matter endowed with a soul,’
represented by an immortal germ-plasm. As to the modifications
- which Weismann had to introduce later on into his germ-plasm
hypothesis so as to make it agree with established facts, they
- are such that the difference between him and those who recognise
the hereditary transmission of acquired characters is now only
(a8 Delage has shown it) as to the means of transmission—direct
Y Nineteonth Cenfury and After, January 1910. ‘
Y 7bid. Tuly, November, sud December 1910.
* I5id, March 1912,

t Studien zur Descendenstheorie, Telpzig 1876; English translation Dby
R, Maldola. -
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or indirect—of the exterior influences to the reproductive cells.
The biologist can thus safely return once more to empiric
research, for ascertaining by experiment. how far the trangmisgion
of acquired characters is actually taking place.

These experiments we. have now to analyse, limiting our
remarks to plants, and-leaving the similar researches about
animals for a subsequent sbudy. Trne, that the results of all
such researches have been obscured by many secondary matters
introduced into the discussions, so that it is not easy to sum them
up for the general reader. But the recent appesrance of several
general works by Karl Goebel, Kammerer, Przibram, Semon, and
Im, Plate,® where all Lheqe questions are discussed in full, and the
deep interest of the main guestion will, T hope, facilitate my task.

I ’ —

Tt is well known that trees which shed their leaves every
aulumn in our tempemté'rone have a tendency to become ever-
greens when they grow in a moist, 1,101)10&1 elimate. A certain
modification of structure fakes place in this case, and it permits
the tree to grow, to flower, and to bear fruift without needing a
period of rest. The fact is well known ; buf it was important to
know whether this modification is transmitted by the thus modified
treeg to their descendants, andl whether it is relained when the
latter are grown in a temperate climate. That such variations are

transmitted by grafts and cubtings was well known. Bub that

they should be transmitted by seed was doubted. Now, Professor
Iid. Bolda,ge who: lms gpent twelve years in Réunion, a French
igland in the Indian Ocean to the east of Madagnscar, gives
to both the above-mentioned questions an affiymative reply.
The peach-trees obtained. in Réunion, by seed from European
trees, fully refain their leaf-shedding habit when they are grown
in the cooler climate in the interior of the island. On the con-
trary, if they are grown in the hot and moist climate of the coasb
region, they retain it only for a number of years, and the period
during which they remain leaflegs is gradually shortened. Aa s
rule, after ten years they still vemain leafless for six weeks every
winter ; and most of them requirs full twenty years of growth in

# Karl Qoebel, Binleitung in die Buperimentells Meorphologie der- Pllanzen,
Jdena 1808; Paul Kﬂmmerer, . Die Abstammungsiehre, Jena 1911; Dr. IHans
Praibram, Phylogencse, eine Zusommenfassung der durch Versuche ermittelten
Gesetumiissighait tieviseher Artbildung, being vel. ifi. of his Heperimentol-
Zoologie, Vienna 1910, with many coloured plates; Richard Semon, Das Problem
der Vererbung ‘Prworbemr Bigenschaften,’ Teipaiy 1912; Dr, L, Plate, Selel-
tonspringip und Probleme der Arthildung, fonrth enlarged edition, Leipzig 1913.
I tale this opportuniby to cxpress my very best thanls to those institutions,
sach as the Carnegie Ingbitution, the Russian Biologicel 8tation at Villefranche,
the Bvalsf Seed-Institate, and those numerous authors who have favoured me
either with letters or by sending me their special publications, :

=rmnr

T AT

T




=

818 THE NINWTRENTH CENTURY Oct,

the hot and.moist seaghors bé,]t_, to become mearly complete ever.
greens.’ But when the seeds of the thus modified trees are sown
in Réunion, they produce individuals which have mherited the
evergreen character to the samo degree as the mother-plant had
“acquired it. And this character'is retained in the second genera-
tion, eéven when the tree is grown in the cooler part of the island,
at an-altitude of 3300 feet, where the peach-trecs whose mother-
plants have not previously been modified by the tropical climate
continue to shed their leaves every autumn.® o
Speaking of this observation of Professor Bordage, R. Semon

makes the remark that the Réunion peach-trees, having obtained -

this new character in one generation, their deseendants probably

would return to the leaf-shedding habit if they were grown in
Europe.” Very probably so—but not unless the mother-plants had -

retained the acquired structure for a few years only, A rapidly
established equilibrium. of forces can be upset with the same
rapidity, while an equilibrinm of long standing requires .a long
“time to be upset : this may be taken ag a general law of Nature.
At any rate, we have here a definite new habit—evidently the
result of a modified structure—acquired in a new environment,
inherited to the same extent, and retained by the progeny of ‘the
modified individuals, even when thig progeny is grown under con-

ditions approximating to those under which the grandparents yoed

“to grow before the modification took place. :

Of another instance of & cumulative inheritance of an acquired
character, observed by TLesage, I have already spoken in
previous articles.® As to inherited variation in the stems ang, the
roots, due fo changes in nutrition, we have many instances of it

in our cultivated plants. Darwin knew them and mentioned them

in words which modern biologists would do well to remember :
‘But scarcely any modification,” he wrote, ‘seems so easily
acquired as & succulent enlargement of the stem or root—that is,
o store of nutriment laid up for the plant’s own futuie use.’
And he mentioned, as insfances in point, our cultivated radishes,
ont beet, the turnip-rooted celery, the Ttalian variety of the com-
mon fennel, as also the experiments of Mr, Buckmann, who
proved  how quickly the roots of the wild parsnip can he enlarged,
a3 Vilmorin formerly proved in the case of carrot.’®

Tn all these cases, well-established varieties, now propagated

" B, Bordage, ‘A propos de l'hérédité- des caractires acquis,’ in Bulletin
scientifique de ln France ef de la Relgigue, Te sérfe, t. liv., Paris. 1910. Tn
chapter x. of Farvietion Darwin had alveady mentioned cases of a similar
character, )

" Richard Bemon, Dos Problem, ete., p. 64, -

* Nincteenth Contury and After, July and Nevember 1910, .

* Variation in Domestic Animeals and Plants, i. 402 and i, 230 of the 1905
edition, ] r
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by sced, were obtained by o corbination of an inherited, deﬁ{aite
and camulative variation due to a new environment and selection.
Variation was provoked by growing descendants of wild .plants n
especially favourable conditions (rich soil, proper watering) ; the
characters acquired in these conditions were inherited, and the
variation continued to increase up to & certain degree ; and then a
gelection was made by choosing for further propagation the seeds
of those individuals which offered the desired variation, and re-
jecting those which did not offer it. =~

T know, of course, that there are now biologists who treat the
facts of inherited variation taken by Darwin from the gardeners
and seed-growers as ‘ unsciénbific.’” But ib is not possible to re-
read Darwin’s work on Variation, where he analysed, sifted, and
discussed these facts, without recognising, on the contrary, the
full scientific value of Darwin’s agsertions. One understandfs a,ls{o '
at the same time why Darwin, in proportion as he advanced in bis

- studies of variation, attributed more and more importance to the

direct action of surroundings in producing those useful cha.xnges
without which Natural Selection would have had no material to
choose from. I will even permit myself to say that a number of
arguments produced in-the discussions of later. years would never
have appeared in print if their suthors had been as well acquainted

with Variation as they are with Origin of Species.

11

In & previous article the remarkable series of experiments
inade by Gagton Bonnier, of the French A.ca,demy of Scle_llf:es,
upon the adaptations of plants to an Alpine and a Ma‘m’ﬂlme
climate has already been meniioned.'® = As, however, in the
literature on the Weismann gide these experiments are e1the_r_
not mentioned at all, or their earlier portion only is I'efEI‘I‘(:}(]. to, I .
mush once more refurn to the  Alpine portion of these experiments,

-and analyse their bearing upon the question of inheritance of

" acquired characters.”*!

w Nineteenth Century and After, July 1010, .

u g;.gt(:’on Bonnier, “Zj[{echerc{ms expérimentales sur l’adsfpbation flas plantes
an climat Alpin,' in Annales des Selences Naiurelies,. To aérie, Bptanlq}xe, t. xx,
1896, pp. 217-360, with' 11 plates. Weismann, in his Bssays, 1o Kmmp_lasmgz,
and in Vertrdge, and the chief representative of the Weismann school in thllls
country, Prof, J. A. ‘Thomson, in Heredity (1908),-do 1:10& mention then'.l at all.
In an elaborate and richly illustrated worl, by the Berlin professor Erwin Baur,
Tinfihrung in die ceperimentelle Vererbungslehre, Berlin _1915, which repres_en‘gs
an oxoollent compendium &6f Mendelism, only the earlier parh of Bonm%rs
experiments is spoken of, ~Prof, Baur writes to me, however, blln.stt hah. ;LIS
already made the necessary additions for a second edibion of his work, which,
T am sure, will soan be required.
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The ﬁubsbam,e of the,se expeuments can ba gwen in a few
words, - ’_I‘a,kmd a great varieby of plants originating from the
plains, meessm Bonnier divided each of them into two,  parts, and
planted the two parts in different surroundings : one of théin in the
plain, at a low level, and the other in the Alps, or the Pyrences, ut
dilterent altibudes, up to 6600 feet. After a year or two, and
sgain four, six, amd eight years later, the changes of general form
and zmatonnwl structure that took place in the plants grown ai
a high altitude were carefuily described and illustrated by photo-
graphs and engravings. In several cases Bonnier studied also
the modifications obtained by growing specimens of the  same
plants in ice-hoxes, in darkened surroundings, abd so on, and

compared them with the modifications cbtained by a change of -

climate. Hinally—and this is an important part of the- (,xpeu-

ments—after the low-level plants had grown for one, two, four' -

end six years on s high Alpine level, parts of them were {aken
back to & low level, and notes were taken there of the spet,d with
which changes in an opposite direction took place:

It hardly need be said that the changes produced in tho general
uspects, the separate characters, and the anabomical structure of
nearly all plants, after they had grown in an Alpine climate,
were exactly those that are characteristic for the Alpine.specics
of 'the same genera.  On the other hand, these changes whe
identical with those which took place in low-level plants when
they were grown in conditions artificially imitating those of an
Alpine environment. All taken, Bonnier experimented upon
105 different species belonging to 84 different families, and
in nearly all cases the resulls were the same.  Almogt all the

plants planted at a higher altitude took, more ot less, the characters

of the respective Alpine species™: not only.in {heir gencral
agpects, but also in their tissues and cclls, where intimate physical
changes went on in consequence of the new functions performed

¥ To mention a few illustrations, our familiaz friend, the Nﬂddmg Sileno
(S nutans), after a sixf%years’ growih in the Alps, took all the characters and
inner structure of the Aipine specimens of the same species, ay they.had been
described by A. Wagner, The same with our common Potentil (P, Tormentilla) ;
with the Lady Mantle (dlchemilic vulgaris, L.}, which became rampant and -
acquired thicker leaves; with the Umbellifer Bupleurum furcatum, L., which,
after a ten years’ growth at o high altituds, became strikingly like to the Alpine
species of the same genus, as one may see it in the photographs given by
Bonnier {p, 262). The same change took place in the Common Golden-rod
(Solidago Virga-aurea, 1.), which essumed sll the characters of 8. alpestris,
Perr, et Boung. ; in the Wood Cudweed (GFnaphalium sylvaticum, T.), which took
the aspsct of Gn. nowegwum Guwm, ; the Thistle (Cerduus defloratus, 1.},
which, after several years’ life on a high level, took more and more the
azpechs of O carlingefolius, 1u. ; the Bagil Thyme (Calamintha Acinos, Clairy.),
which was an annual in the pl.ain, and became perenpial in the Alps, approaching
in ite aspect the . alpina. And so on.

Y
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by the cells and the tissnes. Besides, thege changes were—to use
Darwin’s expression—° cumulative.” They increased from year
to year; and they acquired, more and more stability.

Alpine plants, as everyone knows, are chiefly perennials.
Their seceds cannot ripen during the short Alpine summer, and
they propagate by the buds of their root-stocks, ‘crowns’ (Lily
of the Vaﬂ]ey) or ‘runners ' (Strawberry). Then mode of propa-
gation is thus vegetative. The bushes propagate by producing
new stoms from their roots, while the perennial herbe die ab the
end of the sumimer, and new stems-—complete new plants—grow
gvery summer out of the buils of the root-stock, taking every year
a more and more distinetly Alpine character. Bosides, the inner
structure of the root-stock itself is gradually modified. The whole
plant thus takes a new Alpine character to such an extent that
the botanist eannot but classify it as a distinet Alpine species.
More than that. If, after a two years’ stay in the Alps, & piece
of the root-stock of the inodified plant is taken back to the plain, it
produces for two years plants having an Alpine character. "But
if the plant be kept in an Alpine climate for four or six years,
and then only part of its root-stock is taken for propagation to
a low level, its buds continue to give birth to Alpine plants in’
the lowlands for four, five, or six years. Unfortunately, the
experiments were not contmuod for a longer period.

These being the facts observed by Bennier, what light do they
throw upon the part played by the direct actlon of environment
in producing new varieties and species? If we put this question
to & Weismannist, he will tell us that they throw no light sé all,
because ‘the acquired " Alpine’’-habitus was and remained en-
tirely personal.” This is what the Danish Professor W, Johann-
gen says in a very valuable book on the elements of heredity.”
No propagation having faken place by seed, & plant which. grew
ont of the buds of the root-stock, or the runner of & perenmal
remains for a follower of Weismann the seme dndividual,.
matter how different it may be from its ancestors. There is no
inherited variabion : we have only an individual variation, the
possibility of which—it is added—nobody contests, as we know
quite well that individuals vary when they are placed in new con-
ditions. A propagation by buds which we have in the propaga-
bon by root-stocks; ruriners, cutdings, grafts, tubers, and so on,
is for them notthg but a ‘ subdivision of the same individual.’

For those who know that to vegetative propagatlon by cutfings,
tubers, bulbs, grafts, and so on, we owe thousands of new
varieties and species of our cultivated plants, this assertion must

" Hlemente der Exakten Brblichheitslelre, enlarged German edition, Jena
1909, p. 350.
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sound rather s-trs_dn-ge; Our gardens and -orchards are full of
new varisties of fruit-trees, vegetables, ornamental bushes, and

flowers obtained in this way; and while most of them are still

propagated by buds, there are many other varieties, such as the
eatable radishes, carrots, occagionally tulips, and so on, which
are also propagated by seed, and nevertheless ‘remain true’'—
that is, reproduce the variety primarily obtained by bud propaga-
tion. And we ask ourselves : Must we really consider the millions
of fruit-trees, palms, rose-bughes, vegetables, dahlias, and-so on,
which our gardeners have propagated for scores of years by
cutbings, grafts, tubers, and bulbg, s ‘subdivisions’ of those
few individuals with which the new variety originated? Ts it
‘not paying too high a tribute to biological dialectics? The mare
50, a8 we know, or ought to know by this time, thal propaga-
tion by buds is not s mere subdivision of the body-cells of o
plant, ns Weismann deseribed it in 1888. Even under the Weis-
mann germ-plasm hypothesis, every bud of a tree, a root-stock,
or a tuber, if it is capable of reproducing the whole individual
with its body-plasm and germ-plasm, conbains the same, germ-
plasin that is contained in an ovule or in & grain of pollen. - There-
fore, shall we not better accept Darwin’s view of the subj®et
when he wrote that ‘ the difference between seminal and bud re-
" production is not so great as it ab first appears; for each bud is
in one sense & distinot individual * *#? - Hach bud contains, at any
rate, like the ovule, the germ of a complete new individual,

The origin of the conception which refuses o see in vege-
tative propagation the appearance of Mew individuals lies in one
of the early teachings of Weismann. When he revived, under the
name of Amphimixis, the hypothesis of Professor Brogk (already
rejected by Darwin), aceording to which all variation was due to
seaual reproduction, he evidently was compelled to refuse the

riame of inherited variation to variation propagated in o vegetative

way. But the Amphimixis hypothesis could not stand; it was
soon abandoned, even by its auther; and with its abandonment
‘goes also’ the fundamental difference that Welsmann tried o
establish between ‘ sominal * and  vegetative ' propagation.

Tn fact, in 1888, at the outset of his work on heredity, Weis-
mann went even so far as to deny any transmission of germ-plasm

" Parigtion, ii. p. 468, Perhaps I may also give here the opinion of a
contemporary botanist, the Genava Professor . Chodab, who has geriously
disengsed in his Principes de Botanigue (Gendve 1907) the question of variation
and heredity, ‘HBome have tried to go further,” he writes. °They have
asserted thab in multiplication by grafts and cutbings, all the mew individuals
being originated by the fragmentation of the old ome, vepresent the very same
individual. We ave going to see that sach a view cannot be defended. For
ng, individuality cesses where there is disjunction : the individeal is a harmonic
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when a bud is transplanted by means of grafting**; and this
asserbion was accepted by his followers, who therefore described
the experiments of Bonnier as an illustration of a purely ' indi-
vidual.’ variation. ' _

Need I add that Datwin, who had sbudied ' bud-variation’
(that ig variation inhérited by bud propagation) with infinitely
more care than Weismann had in 1888, held o very different
view ? '

Wo have seen [he wrote] that varielies produced from seed and from
lbuds resomble each other so closely in general appearance that they cannot
be distinguished. . . . The law of analogous variation holds good with
varieties produced by buds as with those produced by seed. The
laws of inheritance seem to be nearly the same with seminal and bud
varieties, IFinally, the facts given in this chapler prove in how close
and remarkable manner the germ of a fertilised seed and the small cellular
mass forming & bud resemble cach other in their functions (Vuriation,
ch. xi, vol. 1. pp. 526-527 and 529 of 1906 edition).

The same is true of Julius Bachs, whose authority in the
physiology of plants will hardly be contested by the zoologist
" followers of Weismann. For him, as soon as the connexion of
a daughter-plant with its parent plant has been destroyed by the
dying off and final rotting of the older part of the runner or the
rhizome, we have ‘u new independent plant.” In such cases,
Bachs gpeaks of ‘ the properties of the purent plant * being usually
ransmitted fo ° it descendants.” *

whale, whose parts sre. consequenily in & harmonic dependency’ {p. 640).
Further on, criticising Welsmann’s hypothesis of specialised ¢ deterininants,’ he
makos the following correct remark : “Consequently, if & Iraction of a roof, a
leaf-stalk, or a leaf contains all that is required for becoming the starting-point
of a complete individual, it is bacanse it hag in it all the supposed determinants *
(p. 673). ln other words, the bud coniaing the same germ-plasm as the seed.

15 ¢ Grafts,” he wrobe, ‘are parts of the soma [the hody-cells] of a previously
existent tree, and we are not therefore concerned, in this method of prepagation,
with & succession of generations, bub with the successive distridution of one and
the same individual over many wild stocks. TIf, as I preswme, ths Tnglish
in Ceylon do net care to eat wild cherrvies but prefer the cultivated kinds, ib
follows that the branches [of the cherry-trees] which bear fruit in that island
furve not beer developed Jrom germ-cells al any time since their introduction,
and there s nothing to prevent them frem gradually changing their anatomical
and physiclogical characters in consequence of the direct infiuence of climabe’
{* On the Supposed Botanical Proofs of ths Transmission of Acquired Characters,’
in Hssays upon Heredity, vol, i, Oxford 1801, pp. 420-421). The italics are
mine. Ig there now a botanist who would maintain that only somatic cells are
transmitted in grafts, and that o plant cught to have not been developed from
germ-cells, in order to he able tc reproduce a varietion due to the direct
influence of climabe ! )

1 Lpetures on the Physiclogy of Plants, lecture lzi, pp., 781723 of the
FEnglish edition. Ior illustrations to cenfirm that in the immense majority of
cases vopotalive and seed propagation are identical as to their results, see,
among others, Frwin Baur's Binfihrung, Le.
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As to Weisinani himsell, he, of course, was soon compelled
to modify his views on vegelative propagalion ;-and in his main
work, Das Keimplasmae, he not only came to the same conclu-
siong as Darwin : he expressed them in almost the sarhe words,
Bpeaking of varieties obtained i n cultivated plants, he recognised
that those were right who saw * in the influence of changed outer

agencies the causes of meodification,’ ™ und he admitted, like

Darwin, the cumulative cffect of changed onvivonment. _

- - Of course, I do nob mean by that [he wrote] that there are not inHuences
of surroundings and food which, alter a prolonged action, would mot Le

capable to modily most of the deberminants of a certain part of the body, .

and thus to produce purely climatic varietics, in whose appearance naiural
selection has taken.no part.'* :

And after having owned that when he wrote first he had not
‘sufficiently appreciated at that time the variation of the germ-
plasm itself urder the directly acling agencies,” he added these
waords, which I permit myself to underline : '

The witimate couse of bud-variation must De the some as that.of varig. |

tlon from sceds—thatl is, diffevences in the feeding of the gemm-plasm, the
word ‘' feeding’ being understood in its widest sense, thus 1nclut[1ng

variations of temperature and so on (p. G79).
L]

An a still later work Welsmann returned once more fo bud-
propagation, and here he definitely gave up his previous idea of:
* grafts being parls of the soma "—that is, of the body-cells only.
e recognised at last the fact, well known o every botanist, thab

an engrmous nuwmber of cells is spread over the body of the plant, each
of which can become, under corfain cnt:umbtm:.nces, the orvigin of a bud—
that is, contains the complete germ-plasmn in a latent state (in cipem
Jebun,dul,m Z:ustcmcle), snch as is reguired for producing a complete plant.

Consequently he speaks of ‘the a,ppeabmnce of a new individual
through budding.’ **

All this ﬁoundb so elementary that I would nof h.;we dwelb
~upon this matter if there were not fervent Weismannists who
continue to repeat the mistake which Weismann made at a time
when he evidently was not yet suﬂ"wlenﬂy .chUdmted with the
subject ‘of bud-variation.

Tt is certainly » matter of regret that since 1895 nobody has
made the experiment of fransplanting some Alpine-horn peren-
nials to a level where they might ripen their seed, and then

7 Das Keimplasma, cine Theorie der Vererbung, Jena 1892, p. 673,

¥ Keimplasmao, p. 877, 8ee also Darwin’s Variation, il. 300.

¥ Vortrdge wher Descendemtkeoﬂe, 2nd reviged edltlon, Jena 1904, Bd.
pp. 28 and 1.
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sowing it. . A ocontinuation of Bonnier's experiments i most
desirable. But to dismiss them, such as they are, by saying that
they deal only with ‘individual variation,’ is totally to misunder-
gtand bud-variation. On the contrary, when we remember that
nearly all Alpine and Arctic plants are perennials, which propa-
gate by buds and not by seed, and when we think of the immense
nutnbers of perennials covering the woods, the meadows, and the
steppes of the earth, we see whatan immense number of varieties
and species must have originated precisely by means of lhud-
propagation, especially in the earlier post-glacial tlora.

J11

To Professor Greorg Klebs we owe an important series of experi-
ments, carefully conducted for several years in order to study the '
modifications, or * metamorphoses * a8 he describes them, obtained
in plants under the influence of changed environment.** Idis
first experiments; chiefly made with the Houseleek (Semper-
vivum), of which he spoke before the Royal SOC]BLY n a Omonmn
Tiecture in 1910, have already been mentioned in this Review **
but his subsequent cxperiments, dealing especially with the in-
heritance of the ‘ metamorphoses,’ offer a still deeper inferest.

The leading ides of this last series was to cultivate the plants
in o rich soil, in a warm frame, and after the main flower-bearing
branches (the ‘ terminsl inflorescences '} had been produced, to
cut them off; whereupon ‘side inflorescences’—i.e. flowering
branches growing from the sides of the stem—made their appear-
ance. The flowers borne by these side inflorescences, deseribed
by Professor Klebs ag ‘ neogene * flowers, offered quite a number
of variations in the numbers of their petals and stamens, as also
metamorphoses of the same—stamens transformed into petals,
and the like.

Turther experiments proved thab these modifications were
inherited. When the just-mentioned side inflorescences were
planted in the soil, or when their modified ‘neogene’ flowers
were self-fertilised and their geed was sown, it appeared that some
of the modifications leu,ppemed in the second generation, even

0 Willkiirliche [}utwwuungsandemn gon el Pflanzen, Jona 1903; ‘Uebcl.
Kiingtliche Metamorphosen,' in Ablandlungen der Nawrfursokendan Gesellschoft
zu Holle, Bd. xxv., Stuttg(nb 1606, py. 133 seq., and in a separate edlt:ou,
 Uebor dis Nachkommen 'kinstlich verénderten Bliten von Sempervivum’ in
Sitvungsberichte dey Heidelberg Akodemie dor Wissanschaften, Jahrgang 1909
and Proceedings of the 1£0Ja1.' Soclety, vol. 82,: 1610, Croonian Lecture: -
Also *Usber die Ithythmik in der Entwicklung dar Pflanzen,’ and ‘ Usher das
Verhiltnis der Aussenwelt sur Entwicklung der Pflanzen,’ same Sttzungsberwhte,-
1911 and 1913 (separate reprints).

21 Minebeenth Cenbury and dfter, July 1910, p. 67.
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though the latter Wb glown und(,r tho 01dma,ry condlhlons of
garden culfure. In some individuals they were even reinforced.
At the same time, some other modifications were not inherited,
and Professor Klobs intends to make further researches in order
to see what are the conditions furthering inheritance.

In another series of researches Professor Klebs took o species
of Veronica which had never been cultivated, and in its wild state
offers very few anomalies. He cultivated cutlings of this plant
in different conditions: scme of them in a garden soil, others
‘in nutritive solutions, others a.gam under glass, or in a darkened
gpace, After having obtained in these conditions a development

of leaves, instead of flowers, on the flowering branches, and

thus transformed reproductive organs into vegetative, he planted
these branches, and- cultivated them, so as to obtain ‘neogene’
(modified) flowers. Their seed -was collected and sown, and the
results, carefully described and tabulated, were very interesting.

To begin with, in three years a relatively very constant species
of Veronica gave a great number of modifications which were not
previously known, and probably never existed before. As fo the
inheritance of these modifications, and their persistence .a,ftel
the plants had been taken back to their normal 0011(111110118 of
glowth the results varied, both for the different new characters

and the descendants of different stocks. At any rate, & tendency

towards producing leaves instead of flowers was inherited in a
sense : it was maintained when the descendants of a modified
plant (obtained in a glass-house) were grown in -conditions more
nornal, on & moist bed. Besides, the tendency towards a leaf-
metamorphosis wos " undoubtedly increased.” *
Altogether the conclusions of Professor Klebs may be summed
up as follows: (1) Mogt of the anomalies [{he so-called inheritable
“sporfs '’ and ‘‘ mutations '’} can be cbtained, like individual
variations, through the action of modified surroundings’; and
(2) ‘ Most of the anomalies, alter having appeared accidentally
in separate individuals, can be transmitted to their descendants ;
by means of & good supply of noutrishment and selection they can
be made inkeritable race characters.” ** 'Bei'ng draswn from a wide

"u Abhandiungen, l e. . 285 (p. 163 of sepurate reprint). The sime experi-
ments wore made with Beet, ag also. with Bourvy Crass (Cochlearia officinalis),
the Creeping Bugle {djuga reptans), Lysimachia (L thwsz_foha) and Sorrel
{Iwmen acetosa),

@ Au?mmllungan, loc. cit. p, 265. In another pIace (. 286) Protessor Klebs
writeg s ¢ New races can orlglnate as a result of changes in environment. Thess
changes provoke immer changes in the plants, in conseguence of which, accoldmg
to the intensity of the [external] action and the time it has lasted, the possi-
bilitiea of the forthcoming structure become visible as new charactérs; they
beeome reinforced and ave maintained in different degvees of hereditary trans-
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series of well thought out experlments ‘chese conclusmns deserve
full- attention.

. One more remark must be made in connexion with these
researches, In speaking of the ‘metamorphoses’ which he
obtained by experiment, Professor Klebs shows how great wag
the service that Goebel rendered to biology by proving that every
real change of form in a plant means & modification in the func-
tiong of some of its organs, This fact renders it highly improbable
that the evolution of new forms should result from o succession of
accidental modifications of the elements of the germ-plasm.

" At the same time, Professor Klebs was brought, by his many
years’ expetiments, entively to part” with the conception of an
immutable species, which still underlies many of the present-day
diseugsions ¢’

All properties of a species—DProfessor Klebs writes—howevor definitely
inherited they may seem to be, can be altered within certain limits, In
fact, all of them must be liable to change, as they -are the products, on
the one side, of certain given specific possibilities (Fahigheiten), and on
the other side of the ever-changing external world.™ Only experiments can.
decide to what an extent variability can go and determine the COIld]thTl‘}
that ('d.u-scd it.*® : :

This is the language of Tamarck. With all that, Professor
Klebs does not exaggerate the importance of his experiments. He
fully recognises that they do nol solve the question as to whether
it is possible to obtain experimentally new species, But the very
fact that cerfain changes, produced in the mother-plant under
exceptional conditions, reappear in the seedlings of the second
generation, when they are grown under normal conditions, must
not be minimised. . And this fact does not stand alone. More
and more similar {acts become known.  And even if if were found
later on that under normal conditions the acquired new characters
would gradually disappear, the fact of an hereditary transmission to
the nearest generations would retain its importance.® It certainly
renders it very probable that modifications produced by changes
in -environment, if they have lasted for a considerable number of
years, will be retained. for a eorrespondingly longer period. And
mission’ (Potenzen der vorauszusetzenden Strulitur als newe Merkmale sichtbar
werdet, sich stetgern, und stoh in verschiedenen Graden der Hrblichkeit erhalien).

%4 7Tp his work, ¢On the Relationa cf the Outer World to the Evolution of
Plants * (Swzuﬂgsbmwhte, 1913), he gives striking data in proof of all the
characters of a specied being liable to changs under the influence of changed
conditions. And he ottempts an explanation of this fact on the ground of
purely physico-chemical canses, without any incursion into the domain of teleo-
logy for which o number of ‘ Neo’-Lamarckians have a decided predilection.

# TTeber hinstliche Metomorphosen, p. 206,
2 Sitzungsherichie, 1909, pp. 27-29 of the separate reprint,

L




828 - IHE -NINETEENQTI OENTURY- ' Oct.

we have alrea,dy seen that the observations of Bordage and
Bonnier give hints in the same direction.

Speaking further of the countless experiments thad; have been
© made lately o verily the Mendelian rules relative to crossings,
and in which some writers saw o disproval of the inheritance
of characters acquired under the direct action of environment,
Professor Klebs makes a very true remark. When we obtain
bastards by crossing a blue-flowered variely of some plant with
its white-flowered variety, and see that the hybrids follow the
Mendelian rules, we must not forget that under certain external
conditions the blue-flowered individuals also will produce white
flowers, independently from any crossing, and the white-flowered
individuals, under certain condifions, also- may produce blue
flowers.?” The fuct that the causes which produce blue, white,
and vauog&ted flowers are transmitted by heredity in certain pro-
portions is well proved ; but how far the variability of plants under
-external influences may go to modify their forms, structure, and
colours has yet to be studied.®®

.-

IV N - ¥

Some interesting experiments dealing with inherited variation
were made with our familiar Shepherd’s Purse (Capselle burse
pastoris) by Professor Zederbauer. He noticed during a journey
to Asia Minor that this weed gradually changes its aspect along
the route followed by man from the Steppes, nearly 8300 feet
high, to the higher pasture grounds, or jailas, reaching an alti-
tude of nearly 7000 feet. On the lower levels the Shepherd’s
Purse has a stema 12 inches to 16 inches high, thickly haired,
Dandelion-like leaves, and whitish flowers. On the higher level—
where, notwithstanding a careful search, it was found only near
the camping-places of the shepherds, thus showing that the weed
had followed man—the same plant becomes dwarfed (like the
variety pygmaea, Holmboes), has long roots, small, dry, or
‘xerophytic ’ leaves, and red flowers. I# thus has the same charac-
ters which A. von Kerner and Bonnier found characteristic for
plants growing in én Alpine climate.®.

That the high-level Shepherd’s Purse must have originated
from the low-level plants has to be concluded, not-only from a

2T Abkandlungen, 1906, pp. 220-221,

* Tt would be impossible to enter here into the discussion of this question,
Bo I must refer the reader interested in it to De Vries's Mutationslehre, Leipzig
19011804, and Avten und Varieldten, Berlin 1806; Correns's Ueber Vererbungs-
gesetze, Berlin 1905 ; . Strasburger, Die Siaﬁiwken Grundlagen der Vererbung,
dena 1805; E. dlegler Die Vererbungslehra in der Biologie, Jena 1906; J.
Lotay, in Rec'rma' de traveux botaniques Néerlandais, b, 1. 1804; and so on.

¥ Lederbaner, Botanische Zeitschrift, Jahrgang lvm, Vlenna 1808, p. 233
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study of its extension along the routes followed by man, but also
from the fact that the same high-level variety was obtained by
experiment, - When seed, collected from the low-level plants,
was sown in the high Alps at Bremerhiibte, it soon produced
plants similar to the high-level plants of Asia Minor. - On the
other side, when seed collected in Asis Minor at an altitude of
about 6700 feet was sown in the Vienna Botanical Garden, © the
assimilation organs [the leaves] changed at once under ths new
conditions of life”; while ¢ the reproductive organs (the flowers
and the seeds), as. also those which are In a near connexion with
them (the flower-bearing stems), displayed on the conirary a
greater steadiness of character, changing very little, or not at
all.”*  Tfor four consecutive generations, in 1903-1906, the stems
and roots offered no substantial changes, the habitus of the plants
remained ‘Alpine, only the leaves were modified,**

The results of these experiments are so definite that Professor
MacDougal, who formerly was sceptical as regards an heveditavy
transmission of somatic modifications (the modifications in the
cells of the body),*® and who is now doing such excellent work ab )
the Arizona Desert Laboratory in the way of going deeper into
these questions, fully vecognised in 1911 the inbheritance of the
characteristic features of the Alpine form. They are—he wrote—

‘ elearly direct somatic reactions ; and that they have become fixed
and fully transmissible iz demonstrated by the fact that in o
series of generations grown at lower levels the stem characters,
as well as those of the reproductive branches and floral organs,
retained their Alpine characters, although the leaves, as might
be expected, rveturned to a mesophytic form with broad
laminge.’ *® )

The obgervations and experiments of Professor Zederbauer
are thus especially valuable, as they give us an instance, faken
from free Nature, of that definite and cumulative variation under
the divect action of new environment, which Darwin came to con-
sider necessary for the evolution of new varieties and species
with the aid of Natural Selection.

9 Zederbauer, loc¢. cit. p. 280.

" Loc, cif. pp. 234-235.

%2 Bee his ¢ Address hefore the American Association for the Advancement
of Heience, Chieago, 1907-8,” in Science, New Servies, vol, xxvil. p. 123

#3D, T. MacDougal, 'O1gu,111c Responge,” in 1'he American Naluralist,
vol. xlv., January 1911, p, 39 of separale reprint. After having quoted the
words of Professor MacDougal to the same effect (from Sefence, N.8.,
vol. xxxiil. 1811), R. Semon explesﬂes the liope, which all students of thisz
question will share with him, that ‘the comprehensive expemments which are
now carried on in several Acclimatisation Laboratories in America will con-
tribute to place the very promising vesearches of Bordage and Zederbauer on a
brosder basis’ {Das Problem, pp. 65-66).

<
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An instance of inherited variation in plants which has often
been quoted, and also often contested in the present controversy,
1s that of Schitheler’s -experiments on wheat. This well-known
Norwegian botanist wrote on the influence of climate on: cerenls
in the 'fifties of the nineteenth century. Later on" he himself
made some experiments, chiefly on a cerfain summer wheat
which 1sed to fake in Germany an average of 100 days to ripen.
Sown in Norway, where the summer days are longer, and the
PMants are thus exposed for a longer time to daylight, the same
wheat ripened in 75 days.* And when, after a few years’ culture
in Norway, seeds of that wheat were sown in Germany, they
produced wheat which ripened much more quickly than previously

—namely, in 80 days. Tt was concluded, therefore, that this

wheat had acquired in the higher latitudes a character which was
transinitted to its progeny. o L
Other similar varimtions were mentioned lately—the most

- typical being those observed by Waettstein on flax and Cieslar

on trees. : '
The Vienna professor, R. von Wettstein, experimented for six

years on flax, and he found that, S U

if we examine the same sort of flax in vegions possessed of a diffévent

climate, we find that it offers various adaptations to the local conditions,"

both ag to the fimes it vequires for ripeming and various peculiarities of
form. The shorter the warm period in & given locality, the more rapid
ig the development of the sort of flax which is cultivated in this locality.
And if the seeds of this sort be sown in another locality, the plants they
produce do not take at once the structure appropriated to the new conditions ;

they retain for some time their adaptation to the previous conditions of
life,*

A similar observation wag made by A. Cieslar. Trees growing

at different altitudes differ, as foresters know, in the rapidity of -

their growth. These characters are inherited. When Pines and

Larches were grown from Alpine seed in the lower valleys they

rotained the feature of stow growth.®® '
Several objections were raised against the conclusions of

*The rapid ripening of barley in the provinece of Yakutsk is well known.
Professor Beletoff explained it by a long exposure to daylight in high latitudes
daring the long summer days, ’ '

“Dr. B von Wettstein, Der Neo-Lomarchismus und seine Beziehungen
rum Darwinismuys, Jena 1903, pp. 20-21, '

% A, Cleslar, in Centralblatd foir das gesammite Forstwesen, 1890, 18085, and
1889, quoted hy Wettstein, loe, eit.p. 213 ‘Die Bedeutung Klimatischer Varie-
titen,” ete., in Zentralblezt, 1907, The experiments made with different
Graminets by Weinzier], who obtained under the influence of a greater intensity
of light in the Alps new, morphologically different acclimabisation races, belong
to the same category. I know that they are mentioned by Wissner in Der

Lfc]lciggmzss der Pflanzen, Leipsig 1908, but I have not yet comsulted that
Wori,
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Hehiibeler, and they apply also to those of Wetbtatein, Cieslar,
and several others,*” the chief of them being those of the Danish
professor, W. Johannsen, -the author of an elaborate work on
the elements of the science of heredity. Tle pointed out that the
wheat cultivated by Schitbeler was not ‘s single pure race.’
Like all our domesticated plants, it represented “a population,’
a mixture of different races. Some of these races ripened sooner
than the others, and when this mixture, imported from Grermany,

-wag sown in Norway, the rapidly ripening sorfs came to maturity

during the short northern summer, while the later sorts con-
tained in the mixture did not ripen at all.  There was no
variation ; no new characters were acquired—merely an uncon-
‘scious seleetion took place. And when the seeds were taken back
to Germany the later-ripening sorts had been eliminated,®
Johannsen's saggestion may, of course, be correct ; but nothing
has yet been produced to give it any probability. ~ One would like
to know how it happened that the early-ripening pure lines’
should not have heen eliminated during the long succession of
years that this summer wheat was cultivated in Germany before
its seed was taken to Norway. What was it that prevented the
individualy which ripencd their seed in 80 days from dropping
it on the ground during the 20 additional days that the wheal
had to stand in the field before the harvest began? We know,
indeed, that when wheat isripe, a delay of two or three days in
harvesting means the loss of 10 per cent. or more of the crop.
And then would it not be necessary to prove that when the

- German wheat was harvested in Norway, 80 days after it

had been sown, instead of 100, only a portion of the
‘mixed population’ had come to maturity, so that the ctop was
reduced in proportion? = Bo long as this has not been done,
Professor Johannsen’s suggestions can hardly be considered as o
disproval of the conclusions of Schiibeler, Wettstein, Cies]a,r;r and
many others.

' N. Wille, in Biologisches Centralblatt, vol, xxv. 1805, eapecially pp. 564
and 569, has tried altogether to diseredib Schiibeler’s work., But Prefessor
R. Bemon (Das Problem, p. 63) hag already shown that ‘ Wills took no notice
of the experiments made by Schitbeler himself; he believed thet this writer
had drawn hiy conclusions exclnsively from other people’s reports and from
an old Swodish paper.’ T.et mo ndd that the data which Wille gives concerning
the rapidity of growth of cereals in different parts of Nerway, and which he
opposes to the conclusions of Schitbeler as to the influence of light, might have
been of great value; but the altitudes of the different lozalities and. the amount
of sunghine having mot been indicated, they are of no use in this controversy.

2 W. Johannsen, Hlemente der exakten Hrblickheitslehre, German enlarged
edition, Jena 1909, pp. 351 seg. This argument is fraquently produced on the
Weismannist side, For a good snmmary of the question see Erwin Baur's
¢ Dio Frége der Vererbung erworbener Eigenachaften im Tichte der nenen sxperi-
mentalen Worschung mit Pfanzen,” in Arekiv [ir Sozicle Hygiene, Bd. vili,
1913. : .
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It "must also- be added that Dr.. H Nllsson-Ehle who ‘cer-
tainly has acquired at the Swedish Dxpeumcntal Seed %qtlon of
Svaldf a wide experience of * mixed * and ‘ pure ’ races of cereals,
warns us against hasty conclusions in this direction. His experi-
ence has also brought him, like Professor H. Nilssen, to the
conclugion that the old races of cerenls, hitherto conmdele(l pure,
represent in realily miztures of maybe twenty or thirty different
~races. But he also points out how difficult Tt is to distinguish
between what is @ vacial inheritance and what is individual,
fluctuating modification, due to the always ﬂuc’uuatlng exterlor
conditions. The ‘ races ’ overlap each other, and * a small change
in the average character can easily be due to the exterior con-
ditiong which are never the same in an experimental field.” *® Tn

fact, although care is taken to grow all the individuals of

» pedigree culture under the same conditions of soil, manurs,
temperature, moisture, and sunshine, these conditions, as Nilsson-
Ehle reminds his readers, are not fully realised. The outer con-
ditions—he writes—are never the same in twn adjoining beds, still
legs w0 in different years. Not even-—shall I add ?—for two plants
on the same bed, or even two pods, or two ears of the same plant,
The Jersey growers know that quite well, and therefore they fhle
separate care of each one of the half-dozen apples, or pears, or
the bunch of grapes which they single out for an exhibition, or
for selling them to the dealers who supply choice fruit for dmner-
parties. . This is why such ‘ characters * as the size or the weight
of individual beans, the shade of colour in the graing of that or
oats, and the like, are so unreliable in the supposed  pure lines.’
Even if they are inherited for two or three generations in accord-
ance with the Mendelian rules, this must very often he due to the
foot that the effects of an especmlly healthy (or unhealthy) con-
gtitution, due to accidental combinations of external mﬂuenceq,
are felt in the next two or three generations.®

In these researches, as in all others, we thus come to the result

that always the two factors of va,rlamon must be taken info
aceount : the inheritance of the previously established characters,
and the {ransmission, be it only for a few generations, of
the new variations due to the direct action of the surroundings.
This is also why Nilsson-Tihle, even though he considers the

8 Dr. H. Nilsson- ]"hIc, “Om lifsiyper och individuoll variation,’ in
Botanisha Notiser, 1807, pp. 113.140; analysed by Dr. O, Fruwirth In Journal
fitr Land'wwtﬁsahaﬁ Berlin 1906, p. 296.

- ¥ Thug H, Tedin, one of the Swedish oxplorers of this sabject, points
out that the amount of protein contained in dlﬂ’er@ﬂt sorte of barlsy can hardly
depend upon the f pure line,’ or *sort.' It is, to begin with, a result of the
soil, . tha manure, the elimate, the weather (Fruwirth, loe, mt p. 311). And
we know how snch a character’ inflaences all others,
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inheritance of newly acquired characters as problematic, adds
nevertheless that

the possibility of a real acclimatisation of a constant form. through the
prolonged action of the surroundings cannot be denied without fm'the.]r
proof, For deciding the guestion definitely a long succession of experi-
ments would be required.*

This attitude of doubt, I mnst add, is the attitnde now taken
more and more by those botanists who & few years ago considered
the inheritance of acquired chavacters as absolutely impossible.**

VI

The researches briefly passed in review in the preceding pages
undonbtedly represent a substantial addition fo our comprehension
of evolution. In addition to what Experimental Morphology had

- already taught vs as regords variations due to changing conditions

of life, we now learn that each time experiments were made fo
ascertain whether such variations are inherited, the reply was:
‘Yes, they are inherited, with cerfain limitations—provided the
modifying causes acted for some time snd at the proper time.
Different characters are inherited in different degrees, and the
number of generations which will retain the variation depends
upon the number of ancestral generations influenced by the modi-
fying conditions.’

Tt thus appears that variability, which Darwin described as
a ‘ handmaid to Natural Selection,” offers to her lady such a pro-
{fusion of varviations that the lady’s preferences are determined
beforehand, All that she has to do is to weed out those, probably
sickly, individuals which are not plastic enough and do not answer
rapidly enough the requirements of & changed environment by
corresponding structural changes.

Already in 1862, when Darwin began fo prepare his work
on Variation, he saw the importance that this distinctive feature
of variability would have for the theory of evolution, and he recog-
nised—not without o touch of quite natural regret—that it would
diminigh the importance of Natural Selection.®”  But, as an

" honest student of nature, He did not say that his critics had to

414 Gammanetilning of hésthveto sorternas vinterhiirdigket ’; analysed in
Cerman by Fruwirth, foc. eit, p. 203

2 Tt would he impossible to m‘mlyse here the immenss amount of work
done lately in the study of the 'pure lines,’ and especially the Mendelian
rules of inheritance in crossings., So I must refer the zeader to fle alread}
mentioned work of W, Johannsen and fo two works of Erwin Baur-—one in
the Arehiv fir Soziale IIygre'ne, 1613, Bd, viii, pp. 117-144, and his last, already
mentioned book,

s More Letters of Charles Darwin, London 1903, vol, i, p. 214, Also Life
and Tetters, ii. 390. Compare also More Fetters, H. 235, 300.
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prove that : he wiis the first to' collect data in favour of this view ; -

go that in Variation he himself substantially reduced the part he
attributed at the outset to Natnral Selection. S '
Since that time evidence in favour of the direct action of en-

vironment has rapidly accumulated, and now the hereditary trang.

mission of its effects finds acceptance with a growing number of
followers. Biologists begin to see that at the botbom of the pre-
sent controversies there-lies still the pro-Darwinian conception
that the agencies which have been at work in centuries past to
mould a species, and the effects of which are transmitted by
heredity, are so powerful that no amount of action. of a new en-
vironment -can alter them; and, in proportion as they better
study heredity, they abandon this conception. :

Of course, a Palm remaing s Palm, whether it be grown in_

Tunis, or in the warm coast-region of the Riviera, or in a glasgs-
house at Ghent; and a South African Cactus retaing its weird
features in the Mortola garden—if it grows at all. But it mnst
not be forgotten that the imported plants are placed, as much as
possible, in conditions similar to those of their mother-countries
—otherwise they perish—and yet all of them undergo cerfain
changes. When we see a Buttercap or s Shepherd’s Purse drow-
ing in the prairies of both Southern Siberia and Southern Canads,
we mush not exaggerate the.differences of climate in these two
!regions, nor must we forget how much this same Buttercap varies
m our own meadows, according to its growing on a dry ground,
or half immersed in water. We have just seen how much so stable
a species ag the Shepherd’s Purse varies when it is taken fromi
Fontaineblean to the Alps, or from a high platean in Asia Minor
to Vienna. Altogether, when we think of the variability of all

our plants, or of the numbers of ‘genotypes’ of wheat or oats-

established by our seed-growers, the hundreds-of ‘ small species ’
of Draba produced by Jordan, and the modifications of nearly
all species obtained at the Alpine, Maritime and Desert Experi-
mental Stations, we understand why botanists begin to consider
every race of a species merely 2s a temporary equilibrium between
tiwo factors : the resistance to change opposed by the inherited
features, and the transforming influences of the surroundings.
The species thus appears like the course of a river that bas been
determined first by the general reliof of the country, and then hag
never ceased to be altered by all sorts of local physiographical.
procesges, : : ‘

It may be asked, however, * Why should the modifications pro-
duced in plants by new surroundings ever prove to be nseful?
Why shonld they represent adaptations to new conditions ?’
Taking a familiar example from an Fnglish garden, we sec that
with certain frost-resisting Rhododendrons, such as the Hima-

-
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layan species, the leathery leaves, covered with a sort of felt on
the under side, and usually standing upright, droop as scon as
it beging fo freeze, and roll themselves into a tube. When the
{rost is over they return to their natural position. Similar move-
ments, we all-know, are performed by the leaves of scores of plants
ag soon as the temperature of the air sinks after sunset. What
is the cause of these ‘adaptive’ movements? - :

They so well answer a purpoge that there ars biclogists who
aftributie them to. an inherited ‘instinct.” Others explain them
a3 a regult of Natural Selection; which means the survival of those
plants which “by chance,” for some unknown cause, began .fo
perform these movements. DBut neither of these two * explana-
tions ’ reduces a complicated faci of unknown origin to simpler,
elemmentary facts of which we comprehend the cause, This is
why, after the experimental researches made by Sachs, Goebel,
Wiesner, Warming, Costantin, Kny," and so many others,
botanists come now to the opinion that, ss Johannsen has ex-
pressed it, ‘adaptation—the self-preserving reaction—is a neces-
sary consequence, or, to express it more correctly, an expression
of the fact that organisms are systems in equilibricm.™* I should
even suggest that in ‘adaptations’ we have the effects of that
fundamental principle of the Newtonian philosophy—the equiva-
lence of action and reaction, from which Mendeléef derived all
the laws of chemical reactions.*®

Finally, modern research having shown that &me is an im-
portant element for obtaining inheritable variation, it is interest-
ing to sec how Weismann, the chief adversary of the inheritance
of acquired characters, accounted for this fact. Since he pub-
lished (in 1888) the essay in which he denied the possibility of
an hereditary transmission of acquired characters in plants,” le
re-studied the subject, and in hig next work, The Germ-Plasm,
he evidently had to explain why, under his germ-plasm hypo-

~ thesis, the effects of the modifying influence of the surroundings

were transmitted in certain cases, especially when these influences
had acted for a certain time. His explanation was: that when
o plant or an animal is placed in new conditions of life, the nutri-
tion of the germ-plasm determinants of a given organ may be
altered. But the determinants of overy organ are many, and
not all of them will be affected at once. Therefore it may be
necessary that a number of generations should be submitted
to the modifying influence, before the majority of the determinants
of that organ are modified, so as to produce a modified organ in

W On Pressure Favouring Cell-Division, and Conseguently Growth.

¥ Loe. cit, p. 857, ]

® Tn g lecture delivered in 1889 before the Royal Institution, and published

in the Appendix to his Principles. of Chemistry, London 1891, vol. ii, -
1 Bssays upon Heredity, Oxford 1891, pp. 397-430.
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the progeny. Thig expl&natlon i, qu1te plobable &11(1 it can be
accepted, equally well, under Darwin’s Pangenesm hypothesis,
or any other hypothesis of inherited germs or ‘physiological
utiits.’ .

In conclusion, I can only express, in common with Professor

. ', MacDongal, the hope that decisive facts plovmg this in-
herlta,m,e will soon be obtained now that the subject is studied
empirically at several expenmcnia,l stations of the United
States.* This is also the opinion of those bolanists who have
lately paid attention to Experimental Morphology as a branch of
plant physiology. The results of the later years’ experiments
have certainly turned the scales in favour of the inheritance of
acquired characters, and proved the imporbance of the dirvect
‘action of environment in the evolution of new species.

The same change of opinjon is taking place as regards the

animal world. But this vast subject must be treated separately.
L, KEOPC_;‘TKJ‘N._

“D, T, MacDougal, ‘Organic Response,' Presidential Addvess. delivored
before the Bociety of American Naturalists, reprint from dmerican Naturaljst,
vol, xlv. January 1911, oo also Gwsenhagen, * Erblichkeit in Pflangen,’
Avehiv flir Entwickelungsmechanik, xxx. pp. 310 seq. :
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VENETIAN SCHOLARS AND THEIR
GARDENS

Veri pavadisi terrestri per la vaghezza del aere e del orto, luogo de’ ninfe
o de’ semi-dei, —ANDBEA Catmo.

Irw lialiang take greaber pleasure in flowers and gardens than
the people of Venice, the city in the sea. These dwellers in the
lagoons, whose houses rige from the water's edge, and who seldom
own more than a few feet of ground, are passionately fond of
plants and blossoms. They cultivaie every inch of soil within
these narrow bounds, and grow vines and acacias round every
traghelto and osteria. Their balconies are hung with wistaria
and Virginia creeper, their roofs and window-ledges are gay with
flower-pots. - Hvery visitor to Venice remembers the glimpses of
leafy arbours, of paln and myrile and pomegranate, that charm
hig eyes as his gondola glides along the Grand Canal, the flowery
paradise behind the iron gates of Ca’ Foscaxi and Casa Rossa,
the gardens of Palazzo della Muls and Palazzo Venier, the trail-
ing roses and white convolvulus of the loggia at Ca’ Capello—that
fair house which few of us to-day can see without a sigh for the

- gracious presence which has passed away. Even in the densely

populated quarters of the city, at the back of the Carmine and
BSan Pantaleone, spacious gordens are still to be found, where
you can walk bebween rows of tall cypresses and rosy
oleanders, and discover ancient wells, carved with the arms of
Venetian families, hidden in a tangle of briar rose and jessa-
mine, or, following Byron’s example, pick bunches of purple
grapes from the pergola overhead. The palace where Bianca
Capello lived still retaing its stately Renaissance terraces, adorned
with classical peristyles and moss-grown statues, mymphs and
fauns, and planted with avenues of ilex and cypress. And there
are other gardens in the outlying parts of the city where you can
wander ab will among tall Madonna lilies and bowers of honey-
suckle, and look across the pearly lagoon to the long shores of
Trido and the open sea, without hearing a sound but that of the
waves lapping against the low sea-wall. But these, for the
most part, are only fmgments of what they were, and we are
reminded of the saying of our fellow-countryman TLassels, who
declared that in Venice gardens were as wonderful thmgs a8
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