
CHAPTER VII. 

THE EVIDENCE PRO31 VARIATION. 

Causes of variation-Clinnged conditions of life induce vnria- 
bility-No particula~ kind of cliange is necefsnry--vari:iLil- 
ity i3 almost exclusively contiued to organisms produced 
from fertilized ova-Bud variation very rare-Ilktory of 
the Italian orange-The frequency of variation in organ- 
isms produced from scxual union, ns compared Tvitli its infre- 
quency in those produced nscxunlly. rcreivcs n direct expla- 
nnlion by our theory of Iicredily-Bud wriation more 
freqiient in cnllivated tlian in wild p1:rnts-Our theory 
would lead us to expect this-Clinnged conditions (lo not 
act directly, but they cause subsequeut generntions to vary 
-Tendency to vary is Iicreditnry-These facts perfectly ex- 
pliaible by our tlieorj-Spccific clinractcrs more y:ui:ible 
t h n  generic-Species of large genera innre v;iri;iblc tlinu 
those of sm;ill gcnera-A part tlcveloped in an utinsiuil way 
Iiiglily variablc-Lnw of cqii:ible vnri:ition-Secondnry sex- 
ual c1,:ir:icters v:iri~~)JIc--Nntur:i1 selection cannot act to 
produce pertii:incnt modificxtion unless Inany individuals 
vary together-Our theory i s  tlic only expl;ination of tlie 
simultaneons variation of ~ n a n y  individoi~ls-This theory 
also simplifies the evolution of complex strnctures-Saltn- 
tory evolution-This is exphined by onr theory of lieredity 
--Correlated variation of liomoiogous parts-Parts confined 
to  males more variable tlian parts contined to feinales- 
3Iales more variable than females-Summary of last two 
chapters. 

TIM Cmses of Vnvintio?b. 
CERTAIN authors hare licld that rariitbility is a Iieccs- 

sary accompaiiiment of lqroduct ion;  that it is deter- 
mined by something mitliin rather than without the or- 
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gmism, bnt Darwin, after long and careful study nf the 
snbjcct, rcachcs tlic conclusion that each variatiou is ex- 
ci tcd by a chnngc of some kind in the environment. It 
is impossiblc to expose animals for any length of time to 
absolutely uniform conditions, and we therefore find 
that when careful attention is given to the subject, mi- 
nute individual differences may be detected in animals 
which arc appwcntly most nniforni. A shepherd easily 
lcarns to recognize each sliccp in a large flock, and ants 
arc able to pcrccivc a difference between the members 
of their o ~ r n  comninnity ant1 those from another nest. 

I t  is inipossiblc to show by direct proof tliat uniform 
conditions of life mould provent variation; but i t  is 
qnitc possiblc to approach tlic subject from tlic other 
side, and to shorn t!iat slight external changes cause 
slight variability, and greatcr cliaiigcs greater variabil- 
ity. 

Wild animals and plants mry somewhat and hare in- 
diridual peculiarities, for each one is under slightly dif- 
ferent relations to tlic cxternd world from all the 
others, biit :is cotn~~~irect with domesticated species their 
contlitions of life arc very nniform. 

A wilJ iinimal has become habituated to the circum- 
stances undcr which it lives, by exposure, for generations 
after gcuerations to the action of natural selection, and a 
host of competing animals tend to keep i t  in its place, 
but domesticated animals arc protected from their ene- 
mics and competitors, they arc removed from their nat- 
nr:d conditions, and they are frequently carried from 
their  native land and are exposed in other: countries to  
unnatural food and climate. They are compelled to 
c1t:ingc their habits, and they arc never left long at  
rest, or exposed for any considerablc length of time to 
closely similar conditions, but they arc carried from dis- 
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trict to district, and their food and treatment varies 
considerably. 

We accordingly find that, with fcw exceptions, all our 
domcsticnted animals and plants rary more than their 
wild relations. Even tlie goose, one of the least varia- 
ble of domesticated animals, varies more than almost 
any wild bird, and according to Darwin, hardly a single 
plant can be named, which lias long been prop:igated 
and cultivated by sced, tliat is not highly variable. 

These considerations force us to conclude tlia’t raria- 
bility is not a necessary contingent of reproduction, but 
that tlie production of tlie gemmnlcs which give risc to 
variation is excited by changes in external conditions, 
and we must agree with Darwin that “ i t  is probable 
that variability of every k i d  is directly or indirectly 
caused by cliangcd eoiiditions of life; or to put the case 
under another point of view, if. i t  were possible to ex- 
pose all the individuals of a species during many gener- 
ations to  absolntely uniform conditions of life, there 
monltl be no variability.” 

TVlicn me come to  examine tlie effect of different con- 
ditions of life we find thatwe cannot attribute the Tarin- 
bility to one rather tliaii tlie other. The essential tliing 
is change, but not any particular kind of change. 

Variation is frequently caused by a change of climate, 
but this is by no means cssential, for  most ciiltivnted 
plants yield more varieties when cultivated in their na- 
tive country tlian when removed to other climates. 
(Darwin, Variation, ii. p. 310.) 

Change of food is often a cause of variation, but that  
this is not necessary is sliomn by the fact pointed out by 
Darwin, tliat fowls and pigeons arc the most variable of 
domesticated animals, although their foodis nearly the 
sitme as that of their wild allies, but is much less varied 
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than that which they would find for themselves in a 
state of nature. 

Excess of food often causes variation, yet the turkey 
and goose have been encouraged and tempted for gener- 
ations to  fecd to excess, and they have varied but little. 

These examples show that the chamcter of the change 
is uniinportant, and that variability cannot be attribu- 
ted to the exclusil-e influence of any particular class of 
external conditions; that the exciting cause of variation 
is clinngc. but not any particular kind of change. 

Darwin quotes a number of cases to show how slight 
a chaugc may result in variability. 

Thus the mild horses of the pampasof South America 
arc of one of three colors, and the wild cattle are of one 
color; but when the same horses and cattle are domesti- 
cated, although they arc not confined, but aae allowed to 
run at large like the wild €orms, they entirely lose their 
similarity of color, and display the greatest diversity in 
tliis particular. I n  India several species of fresh-water 
fishes arc rcarcd in great tanks as large as natural ponds, 
and they arc all very variable. Darwin quotesfrom Down- 
ing tlic statement that varieties of the plum and peach 
which breed truly by seed, lose this power, and like 
other worked trees give variable seedlings when grafted 
on another stock. 

Variability almost Exclusively Conjined to Organisni 
Produced from Fertilized Ova. 

The only method open to us besides the study of hy- 
hrida for observing tlie influence of the sexes i n  heredity, 
is by a comparison of sexual with asexual heredity. As 
I shall show in another place, all the various forms of 
asexual reproduction are so connected that we may pass 
from h i o n ,  or the formation of two new organisms 

- 
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by the splitting of one old one, to parthenogenesis, or re- 
production from unfertilized ova, without findiiig any 
important gap in the series, and wc may safely conclude 
that all these forms of reproduction are fundamentally 
alike. 

So far as regards the physical side of the problem of 
heredity, the only essential difference between asexual 
reproduction and sexual reproduction is the absence 
of fertilization or union with a male cell in the one case, 
and its occurrence in the other case. 

It is therefore extremely important to compare the two 
processes, in order to discover whether this physical dif- 
ference is accompanied by any difference i n  the result. 
I n  the one case we have heredity with the male factor 
omitted, and in the other we have heredity with a male 
factor, and if there is any constant difference in the re- 
sult, we may safely attribute i t  to this factor. 

I n  making this comparison we are almost compelled to 
restrict ourselves to plants, for although asexual repro- 
duction is not a t  all unusual in animals, it  is restricted, 
with one exception, to animals which are not domcsti- 
cated or reared by man, and me thercfore know too little 
about the minute details of their life to make use of thcm 
for our purpose. The number of plants which hare been 
cultivated and carefully observed and studied by man is 
verygreat, and as most of them multiply asexnally by bud- 
ding, as well as by fertilized seeds, we here have abundant 
material for comparative study, and it is well established 
by hundreds of thousands of observations that the prcs- 
ence or absence of the influence of the male element does 
have an influence upon the result of the reprodactire 
process, and that this result is exactly what our view 
of the nature of the process would lead us to expect. 
Plants produced from fertilized seeds differ from those 
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produced from bnds only in their greater tendency to 
riiry. Bud mriations do occur, but they are very un- 
i i - i ~ i l ,  while more or less variation in seedling plants is 
almost universal. 

As we suppose that any cell may, mlicii excited by 
unfavorable conditions, throw off genimules, the gem- 
mnlcs may find their way, by a sort of accident, to  
growing buds, and thus cause variation. We should 
thercfore expect bud variation to occur occasionally, 
but very much less freqwntly than variation in seed- 
lings. 

This is so well known to be tlie case that many antliors 
have held tliat tliere can be no variation mithout sexusl 
union. Darwin has shown, however, by a long list of 
instances of bud variation in plants, that  this is not 
absolntely true, and the weight of his authority has led 
to the almost universal acceptance of his conclusion that 
tliere is no essential difference between asexual and sexnal 
heredity. I shall discuss this conclusion a t  length in 
another place, as I believe tliat the facts demand a n  in- 
tcrpretntion which is somemhat different from the one 
mliicli Darwin furnishes. At  present I simply wish to 
call attention to the fact that all authorities agree tha t  
variation is almost infinitely more common i n  sexual than 
i t  is in asexual offspring. 

Asexual multiplication in animals is restricted to the 
lower forms which are of little use to man, and as tliese 
forms have not been domesticated and carefullyobscrvecl, 
our knojvledge of the rariability of organisms produced 
asexually is almost entirely derived from the study of 

Thc only instance in domesticated animals of anything 
like asexual reproduction is the parthenogenetic repro- 
duction of bees, and i t  is therefore interesting to note 

pl;1nts. 
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that  the hive-bee is the least variable of all domesticated 
animals (Darwin, Variation, Vol. ii. p. 307). 

Darwin says (Variatioiz, Vol. i. p. 3 G O )  that lie pro- 
cured a hive ful l  of dead bees from Jamaica, mlierc they 
have long been naturalized, and on carefully comparing 
them under the niicroscope with his own bees, could 
not dctect a trace of difference. 

Wit11 plants it is well known to all cultivators that  
forms which are highly variable as seedlings can be kept 
perfectly true by asexual propagation, and we have Dar- 
win's authority (Variatioiz, Vol. ii .  I'. 307, and Vol. i. 
p. 429) for tlie statement that  mliile hardly a single plant 
can be named which has long been cnltiratcd and p r o p  
agated by seed that is not liiglily variable, tlie total 
number of instances of bud variation is as notliiizg in 
comparison with seminal varieties. 

This contrast is the more remarkable when me recollect 
that  in most of our cultivated plants the number of buds 
wliicli develop is thousands of times greater than the 
number of seeds which give rise to plants. It is clear 
that if the chance of variation were the same in both 
cases the number of bud variations would be thonsaiids 
of times greater than tlie number of seedling variations. 
If there were thousands of chances of seedling variation 
for one chance of bud variation, the number of bud 
varieties would still be equal to the number of seedling 
vane t ies. 

The fact that with all this probability in their fayor, 
bud rarieties are very rare as compared with seedling 
varieties, shows tliat the chance of bud variation is al- 
most infinitely small as compared with the cliance of 
seedling variation. 

While we cannot deny that rariation may sometimes 
occur in organisms produced asexually, I think we are 
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jnstified in giving great emphasis to the lam that Taris- 
bility is a1 most exclusively tlie cliaracteristic of organ- 
isms produced from fertilized ova. 

Di~rwin says (Vwiut io i~ ,  Vol. ii. pp. 361 and 377),  
“ When wc reflect on tlie millions of bods wliicli many 
trees have produced before sonic one bud lias varied, we 
arc lost in wonder m1i:tt the precise cause of each varia- 
tion can be.” :‘ Habit, liowcver much prolonged, rarely 
prodaces any effect on a plant propigated by buds: it 
apparently acts only through succeEsive seminal genera- 
tions.” 

‘l‘lic curious history of the naturalization of the orange 
in Italy, quoted by Darwin on the authority of Gal- 
lesio (Theoria della RQivodwione Vegl, 1816, p. l%), is 
very interesting in this connection. Dnring inany cen- 
turies the sweet orange was propagated exclusively by 
grafts, and so often suffered from frost that it  required 
protection. After tlie severe frost of 1709, arid more es- 
pecially aftcr that of 1763, so many trees were destroyed 
that seedlings from tlic sweet orangc mere raised, and to 
tlic surprise of the inhabitants their fruit was fonnd to 
bc smeet. Tlie trees thus raised werc larger, more pro- 
d iictivc and hardier than the former kinds, and seed- 
lings mcrc now constantly raised. 

Hence Gallesio conclitdes that much more was effected 
for the naturalization of tlie orange in Italy by the acci- 
dciital production of iiew kinds from seeds during a pe- 
riod of about sixty years than had been effected by graft- 
ing old varieties during many ages. 

It is liardly necessary to give other illustrations of this 
law, fur no one with any knowledge of the subject will 
be inclined to question it. It is strange that its signifi- 
cmce has been ovcrlooked, but this is probably due to 
the failure of students of the subject to perceive that it 
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is possiblc to bclicvc that tlic tmismirs iou  uf I-ariaLil- 
i t y  is the peculiar function of tlic ni:ilc ccll, mid iilso to 
:icknowledge that variation may occasioiiollg occur witli- 
oat  its influence. 

Oar theory that varintion is caused by tlic trausmis- 
sion of gemmules, and tlint there is 110 espccitll xri’aiige- 
nieiit for their transmission to buds or to unfertilized 
eggs, while there is a specia1 ndaptntioii which has bccii 
slowly evolved during the evolution of sex for trniisnrit- 
ting them to fertilized eggs, gives us a simplc c.ul~l;~na- 
tion of tlie fact that while bud wriation is perfectly pos- 
sible, i t  is extremely rare as compared with the rariabil- 
ity of sexual offspring. 

Darwin has been lcd, through tlic study of nwi:ibil- 
ity, to a conclusion ~vliicli is very pinch like the cslila- 
litition ivliicli is Iicrc presented. He sajs ( ITnrliltioa, 
Vol. ii. 13. 323) that ‘‘ we rnny infer from tlic occurmice 
of bud \-ariation tlint tlic affection of the fcm:ile clenient 
tliroiigli external conclitions m:iy iiidnce r ; n i d d i t y ,  for 
a bud seems 10 bc tlic ardogoe of 211 O Y l 7 k .  But tlie 
i tmle eleriaeiit i s  nppai.eiitly nazicl~ qfteiier gffecfed by  
chanyed conditions, nt least iii n visible waiiiier, iliaii 
the ,female eleineiit 01’ ouule.” 

Brtd vnriatioti is mticli morc frcqiicnt jti cultirntcd 
plants than i t  is i n  mild ones. Very fcw iiistanccs h i r e  
ever been observed in plants growing wild or iintlcr 
strictly natnral conditions, and Darwin states that ‘‘ bud 
variation is most comnioii in 17litnts nhich hnvc Lecu 
highly cultivated for a long time.” 

The adjustmcnt betmeeii a cultirntcd orginism and its 
artificial or unnatural enrironmcnt must, in  most C ~ E C S ,  

be less perfect than tliilt ivliicli lina LCCII sloivly cstab- 
lislied between a wild orgauism and its natural cnviron- 
ment. We should, therefore, expect domesticated and 
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cultivated forms to be more po?ifir  of gcnmules than 
Tvilcl species. Tlic fact that Lad variation, like ordinary 
variation, is most common ii: cu!tivated fortiis, seems to 
shov t1i:tt the tcndency to vary is excited i n  b~ids, as i t  is 
in fcrtilizcd ova, by tlie inflnence of gemmules m1:ich are 
tlirown off by tlie cells of tlie body under new or unnut- 
u r d  conditions, and we can easily understand wliy i t  
sIio:iId be niorc freqncnt wlicre gemmules are a’ouiiclant 
than in n forni with few gcmmulcs, for the  chance in 
f:tvor of the accidental transmission of n geniriinlc to  a 
growing or nascent bnd mill increase as tlie nnnilier of 
gcnimules increases. 

Cliniiyed Conditions do mt act directly, bu t  they cazis~ 
Subseqzierat r7eiieralion.s t o  vary. 

This strange and,  as I hope to sliow, higlily significant 
I:uv lias been noted by nimy obscr~.ers, and a long list of 
illustrations might be quoted. 

As Darwin points out, it is certainly a remark:tble fact 
that changed conditions should at first produce, so far 
as wc can see, absolutely no effect, bnt that they should 
snbsequently came tlie character of tlie species to 

The late Dr. Jared P. lcirtland told me that for 
more than forty years he tried in vain to obtain varieties 
froxi the conimon red cherry, but that  when a t  last va- 
rieties began to appear the variability was yery great: 
tliat after i t  had once become established i t  continued 
for many years with no diminution. 

It is well known that when new flowers are first intro- 
duced into gardens they do not vary, although all, with 
rarest exceptions, ultimately rary. 

Darwin, in his Variation, Vol. ii. p. 316, quotes the 
followiiig illustrations of this law: “Mr. Salter re- 

cllallge. 
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marks that every one knows that the chief dificnlty is 
in breaking tlirougli the original form and color of the 
species, and every one will be on the lookout for any 
natural sport, either from sccd or branch; that being 
once obtained, liowerer trifling the change may be, the 
result depends upon liimsclf. M. dc Joiiglie, with rcf- 
erence to pears, s:iys tlie morc a type has entered into a 
state of variation, the greater is its tcnclciicy to continue 
doing so, and the more it IS disposed to vary still fur- 
ther. Vilmoriii says that when any particular variation 
is desired the first step is to get the plant to rary in any 
manner whaterer, and to go on selecting the most varia- 
ble individuals, even though they wry  in the wrong 
dircction; for the fixcd cliaractcr of the species once 
broken, the desired variation will sooner or later ap- 
pear. 

Darwin gives quite a list of authorities to ~ 1 1 0 ~  that 
after English clogs have been bred for a fern generations 
in India they degenerate, not only in their mental filcnl- 
ties, but in form. 

According to Bachman, turkeys reared from the eggs of 
wild ones lose their metallic tints and become spotted 
with white in tlie third generation. 
- It will be seen from tlie instances which lime been 
given that the number of generations mhicli are csposed 
to the new conditions before variation is induced varies 
greatly. In the case given by Dr. Kirtland, fifty Tears 
elapsed before variations of the red cherry began to ap- 
pear. I n  the case last quoted, variation appearcd in the 
third generation, and Yarrell says that Australian diugos 
bred in the Zoological Gardens of EngI:ind, almost in- 
variably produced in the first generation puppies marked 
with white and other colors. 

Sir Charles Lye11 mentions that some Englishmen en- 
































