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A COMPARATIVELY brief period has passed 
since the evidence brought together by Dar- 
win in connection with the results slowly 
accumulated from other sources has clearly 
demonstrated that the diversity of organic 
life in the world occurs through evolution. 
I t  is one thing, however, to clearly diagnose 
a condition and quite another to under-
stand the causes which have brought about 
the phenomenon so that similar results may 
be produced advantageously. With the 
assumption that evolution was merely the 
survival of those forms which were best 
adapted to the environment, generation 
after generation, the explanation of the 
method as well as its practical application, 
namely the improvement of organisms in 
any given direction, was apparently a sim-
ple matter. It seemed evident that man 
had modified and adapted to his welfare 
various plants and animals by a more or 
less unconscious and haphazard selection 
long before history records civilization.' 
Why then could not civilized man carry 
forward the work and with the knowledge 
gained since the principles of evolution 
were recognized, obtain far-reaching results 
within a brief period of time. All that 
seemed necessary was to have individuals 

1 Presidential address before the twenty-third 
annual meeting of the Ohio Academy of Soience, 
Oberlin, O., November 28, 1913. 

2 One need not be a pessimist to assert the ac- 
tual evidence thus far obtained inaicates that the 
supposed progress made in the improvement of 
domesticated animals and plants is nothing more 
than the sorting out of pure lines and thu~prepre-
sents no advancement. 
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of a particular organism in large numbers, 
and by continued selection of the varia- 
tions best meeting the conditions move 
rapidly forward by a series of increments 
toward the goal of perfection. What could 
be more simple ? Tnstead of corn having an 
acreage yield of fifty bushels, there would 
with a proper supply of plant food be a 
production ol two hundred, two hundred 
and fifty or even three hundred bushels. 
Tnstead of politicians with no perspective 
beyond their immediate welfare-a reelec-
tion-instead of college presidents and 
faculties with their numerous shortcomings 
-according to the students and occasion- 
ally the trustees--there would be the ideal 
individual bred to specification and not 
necessarily made in Germany. 

Unfortnnately, vsriaiions with a per-
verseness incoinprehensible unifornlly re-
fused to accumulate in the manner desired 
and at  times even demonstrated their obsti- 
nacy by retrogression. It was plainly evi- 
dent that there were limits imposed by 
nature not easily passed, and in connection 
with which much experimental work must 
be undertaken before definite progress was 
made and the facts fully understood. 

TTTith a realization of the difficulties in- 
volved in an attempt to apply evolution, it 
will bp well to pause for a moment and 
consider certain fundamental principles 
before discussing the results of some of the 
investjgations which for a time a t  least 
promised much toward the solution of the 
problem. 'I'hus it may be stated that evolu- 
tion in its different modifications postulates 
in general (1)the occurrence of numerous 
varying individuals, some of which are (2') 
eliminated by environmental stimuli leav- 
ing few or no offspring, while ( 3 )  the sur- 
vivors transmit to their progeny the char- 
acters which proved of selective value, with 
the result that (4) through the continu a t'lon 
of the propess the race eventually becomes 

adapted to suri*ounding conditions. The 
first two propositions are merely state- 
ments of fact. The real difficulties of the 
situation are those of ascertaining how 
variatioi~s which are transmitted may be 
'recognized and produced so that the result 
will be a cumulative one. Until this i.:done 
breeders must continue to proceed in the 
same haphazard manner that they have fol- 
lowed for countless generations. 

By selerting the largest arid most perfect 
ears of seed corn from the variations pres- 
ent in the field, conversely eliminating the 
remainder from reproducing, the corn 
grower plants with a fatuous trust in provi- 
clence that a crop somewhat better or a t  
least as good as the preceding crop will be 
produced. Tf it is a type comparatively 
pure the average may be maintained and 
the hope partially realized, but the chances 
for retrogression are fa r  greater than for 
advancement, inasmuch as t,here is no means 
for distinguishing a variation which will 
be transmitted with equal or better results 
than in the preceding generation, from 
one that represents a fluctuation due to 
nurture and which is non-transmissible. 
Thus the apparently jnferior ear of 
corn will frequently produce a yield 
far  better than obtained from one which 
is perfection as graded by the meth-
ods of the "corn show," and if from the 
same pure race, the resultant crop will be 
a t  least as good. Artificial methods of 
hybridization, which furnish an immediate 
advancement in the succeeding generation, 
result in a gain which is only temporary. 
The increased stimulus to growth vanishes 
as a fluctuation. 

Thus it is quite evident that there exists 
a problem in the evolutionary control of 
organisms even the partial solution. of 
which will mark an extraordinary advance- 
ment not only for agriculture, horticulture, 
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and animal breeding, but also for society 
in general. 

TI 


The general results of the investigations 
bearing upon the evolutionary control of 
organisms may be grouped around the prin- 
ciples of Mendelism, the mutation theory, 
and pure line breeding. 

The rediscovery in 1900 of the funda- 
mental laws governing hybridization so 
brilliantly established by Mendel in 1865, 
but unfortunately concealed in the obscure 
publications of the Natural IIistory Society 
of Brunn, opened an extraordinary field 
for experimental work. 'Phis has already 
developed to vast proportions in connec-
tion with both the results obtained and the 
speculations involved, while the end is not 
in sight. 

The investigations of Mendel, now so 
familiar to all biologists, and which may be 
mentioned somewhat in detail here because 
of their bearing on mutation, consisted 

' primarily in the crossing of tall and dwarf 
peas, mith the reiult that the first filial (PI) 
or hybrid generation consisted entirely of 
tall plants. When, however, seeds from 
these plants were sown the ratio of tall to 
dwarf plants became 8 to 1 in the second 
(I?,) hybrid generation, a result explairied 
by the theory of dominant and recessive 
characters on the basis that there are cer- 
tain determiners of unit characters in the 
germplasm which dominate over others 
d~xring the development of the somatoplasm 
or body of the individual in the higher 
forms of life. More recently the presence 
and absence theory has been applied in 
interpreting the results. I n  n manner simi- 
lar to the preceding when smooth yellow 
peas were crossed mith wrinkled green peas 
the first hybrid generation consisted of 
smooth yellow for-rns inasmuch as the char- 
acter smootll and the character yellow were 
dominant over the character wrinkled and 

the character green, and the crosses were 
lrnown as clihybridls, inasmuch as they diC- 
fered in respect to two characters, I n  the 
second hybrid generation the resultant 
ratio was 15 to 1 pure recessive, i. e., 
wrinkled green, although the fifteen con-
sisted of smooth yellow, smooth green, and 
~vrinlrled yellow in the proportion of 9 :3 :3. 
I n  the same way trihybrids have the ratio 
63 to 1pure recessive while any polyhybrid 
differing in "?a" characters m~hich mendel- 
ize in the usual manner will give an ex-
pected ratio of 4" -1to 1pure recessive, 
which will become apparent only through 
the breeding of large numbers of indi-
viduals. 

While the preceding summary represents 
the normal results in connection with the 
segregation of unit characters, studies of 
the past few years have demonstrated that 
many interesting relationships may occur 
between the factors governing the produc- 
tion of characters. For  example, i t  has 
been found that two or more determiners 
are often present either of which will pro- 
duce the given character as Nillson-Ehle 
demonstrated in hybrids of brown and 
white chaffed wheat, while on the other 
hand two or more determiners acting to- 
gether may be necessary to bring about an 
effect. Such a condition exists, as Batwon 
in 1910 showed, in certain white-flowered 
sweet peas which when crossed produce 
purple flowers in the first hybrid genera- 
tion. The results which have led to the 
theory of coupling and of repulsion, par- 
ticularly the latter, where the expectancy 
of n pure recessive may be one among many 
thousands, go far  toward suggesting a pos- 
sible explanation of many so-called muta- 
tions on the basis of ancestral individuals 
heterozygous for one or more characters. 

Do the Mendelian principles assist us, 
however, in attaining the goal which we are 
seeking, namely the building up of an ideal 
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organism which will continue to transmit 
its characters? The answer must be in the 
negative so far  as the originating of any- 
thing new is actually concerned. Recessives 
may be obtained. Characters may be re- 
distributed. They were present in the 
forms first. utilized, however. 

The mutation theory formulated by De 
Vries in 1901 approximately a t  the time in- 
terest n7aq be in^ awalieiied by the rediscovery 
of the hybri(1ixation principles of illendel, 
needs no extentled explanation to those who 
have bcen interested in evolution. Based 
on cultural experiments with eFnotlzera 
Zawzarckiawa, one of the evening primroses, 
the appearance of relatively small numbers 
of forms which were quite distinct from the 
parental species and x~hich bred true in 
subsequent generations, led to the inference 
that evolution had in niany cases proceeded 
by discontinuons variations or mut a t'lons. 

Long series of breeding experiments fol- 
lowed in connection with other organisms, 
both plants and animals, with results quite 
similar to tliose obtained by De Vries. In-
vestigations were also made (Fischer, Mac- 
Dougal, Tox~~er, etc.) where organisms were 
subjected to stimnli abnormal in their 
nature, ~vith the result that amodified prog- 
eny was obtained which bred true to the 
apparently induced character in succeed- 
ing generations. Fnrthermore, cytological 
studies (Gates, etc.) clemonstrated some 
interesting relationships so far  as differ-
"mlltantsl' were concerned. 

m i l e  the evidence is far  too insufficient 
to allow more than a tentative opinion, 
there are several conc111.sions concerning 
mutation which appear justified. The na- 
ture of the results obtained through the 
various agencies make it qnite evident that 
they are not all due to a single underlying 
principle. 'Phere are many "mutants" the 
oriqin of which is most certainly to be 
explained on the basis of a hcteroxygous 

conditioi~ of the gametes, and much evi- 
dence has accumulated that 0. lanzarckiana 
of De Vries on which the miltation theory 
was founded belongs to this class. Further-
more there are mutants developing in con- 
nection with the action of abnormal stimuli 
although i t  is not at all improbable that 
some of these result from heterozygotes. It 
may be mentioned that Nlanibert (1911) 
in experiments wit11 7,500 pnro line plants 
of flilefle nocti/lo?-a,, one of the "pinks" 
utilizing mcthotls similar to those of Mae- 
Dongal, failed to ohtein any "mutants." 
Another explanation of the results in con- 
nection with the inflneace of abnormal 
stimuli is that the modification takes place 
through the destruction of a factor and thns 
the process is one of subtraction instead of 
addition. There are also investigations, 
notably tliosc of Gates, in which the aber- 
rant organism apparently results from the 
abnormal behavior of the chronlosomcs a t  
some stage during the life cycle. QCqzotiiera 
gigas -with its tetraploid chromosomes is 
here of r n ~ ~ c h  interest. 

Notwitlristanding these diverse results, 
there is little iiiclicntion that anything 
actually new has been aclded to the organ- 
ism which \~lonld not have occurred within 
a pure line. If tliis is true the heterogene- 
ous school of mutationists can be of little 
assistance beyond suggesting the way in 
which evolution did not take place. 

The experiments on the basis of pure 
line breeding belong to a comparatively 
recent period and are of the utmost im-
portance. Johannsen in 1903 published re- 
sults based on a pure line of beans self- 
fertilized for successive generations and 
evidently homozygous. From a bean 
weighing 95 centigrams and far  above the 
average in size he obtained plants produc- 
inq beans varying in weight from a,pproxi- 
mately 35 to 70 centigrams, but dl f a y  
below the weight of the parent. TJtilizing 
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these in turn as parental forms, from those 
having a weight of 35-40 centigrams there 
resulted a progeny with an average of 57.2 
centigrams, while from those having a 
weight of 65-70 centigrams a progeny was 
obtained which had an average of 55.5 cen- 
tigrams. In  other words, selection had not 
only failed to make an)- advancement, but 
actually resulted in a slight retrogression. 
Facts quite in accord with this but giving 
much more pronounced results have been 
obtained by Tower (1906). Jennings 
(1908), Johannsen (1909) and others. I t  
should be noted, however, that there have 
been several experiments, notably those of 
De Vries with buttercups. To~ver with po- 
tato beetles, and Smith with Indian corn, 
where a possible advance of a character 
was recorded in a group. I-Ieterozygotes 
here may have been responsible for the re- 
sult, although again the explanation may 
consist in the elimination of the effects of a 
determiner. 

The results in mixed races as exempli- 
fied by corn, beans, etc., where selection has 
gradually improved a group of organisms 
but finally reached a limit beyond which 
no progress appeared possible. are compar- 
atively well understood and are due, as 
explained by Shull (1906), to the separa- 
tion of the pure lines which were present 
in the race at the beginning. This is where 
the average agriculturist, horticulturist, 
and animal breeder has gone far astray and, 
having succeeded for a few generations in 
making progress. has failed to understand 
why he may not continue to be successful. 

Thus we find that attempts to modify a 
character by selection within pure lines 
within a small number of generations have 
almost universally failed, and that the few 
apparent results to the contrary must be 
looked upon with the suspicion that the 
population was a mixed race and that 
Mendelian principles applied. 

Once again v e  are led to propound with 
still greater emphasis the question, "HOW 
then has evolution talcen place ? " "In what 
manner have organisms acquired their char- 
acters!" "Is it possible to escape the diffi-
culties that confront the investigator on 
every side ? " 

I11 

The application of statistical methods 
to problems of biology has provided and 
will continue to provide facts of decided 
value obtainable in no other TI-ay. Never- 
theless, the use of data "en masse" unco-
ordinated with experimental methods can 
not solve the riddle of existence so easily 
as some, at an earlier period at  least, would 
have had us believe. There are, however, 
investigations rvhich seem fundamental to 
the problem under discussion and which 
may well be approached from the statisti- 
cal side. These relate to the influence of 
certain factors coinposing the environment 
as well as to the part played by asexual 
and sexual reproduction, corresponding in 
reality to close and cross breeding, upon 
variability and size in organisms. 

Some studies undertaken in 1900 in con- 
nection with the influence of food supply 
on va r i ab i l i t~~  based upon the comparison 
of groups of Cl~rysanthernum leucantlze- 
mum L., the common white daisy, as well 
as Perca f2acescetzs Mitch., the yellow 
perch, indicated that the difference iu va1.i- 
ability as evinced by the coefficient of 
variation for a group with a maximum food 
supply as compared with a group having 
a minimum food supply, was extremely 
small and well within the limits allowed 
by the probable error. From this the in- 
ference was that external stimuli played an 
extremely unimportant part under normal 
conditions as a cause producing variability 
in general. 

Attempts were subsequently made to ob- 
3 SCIENCE.p. 728. 1807. 



tain data bearing on the resalts of close 
brceding and cross breeding which differ 
merely in degrec from parthcrlogenesis 
and amr)himixis. The question iq an im-
portant one, for if cross breeding is orrly 
valuable in sorting out and combining ex- 
isting characters, i t  not only obscures the 
facts, a knowledge of which is necessary 
before progress can he made in building 
tip new characters, but results in no actual 
advancenlent in cumulative evolution. 
ITere tlie material for study consisted of 
sealariPorm or cross-bred and lateral or 
close-bred (partlienogenelic) zygospores-
in reality the young individuals--of the 
common filamentous green alga ~S"pirogy?*a 
i l t f lafa (Vairch) . TJpon applying statistical 
lnethocls the close-bred zygospores were 
found to be 23 per cont. more variable4 in 
size as well as larger, both in lrngth and 
actual volume, than the cross-bred zygo- 
spores. The results were not in  accord with 
the general belief that cross breeding in 
rreasecl variability, although studies by 
Warren, Kcllogg, Castecl and Phillips had 
pointecl out that this belief was not substan- 
tiated by facts, which, however, ctid not 
act~rally warr~ziit tlica idea that variability 
was decreased in crow-bred forms. The 
studieq on the zygospores also sugqested 
that sex exibtcd primarily for the purpose 
of limiting variability, a hypothesis pro-
posed on purely theoretical groancls by 
I-latscliek in 1587. Another conclusiosr 
n hich follo-cved from the same investigation 
mas tliat in col~nection with the origin of 
dea thh i id  which may be merltioned here. 
This is suninlarixed by stating that death 
apparently occurs as -the ~~esn l t  of the contin- 
ually forming body cells beconlillg so varia- 
ble through absence of control by amphi- 
mixis, that tlv~ntuizlly some one group of 
functional iinpoi-tance failb to meet the 

4 SC~CNCE,p. 907, 1908. 
o SCIRNCE,933, 1912.p 
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lilr~its ililposclcl by the environment. In 
corisequence of this the group, together 
with the remainder of the colony-the 
individual-perishes. 

I n  coi~nection with the difference in the 
variability of close-bred and cross-bred 
zygospores i t  seerns quite evident that the 
result is a b o ~ ~ t  some factorbrought by 
other than thc environsnental stimuli which 
are ttssumed to procluce fluctuation, inas- 
inlrch as the material was homogeneous in 
evew respect with the exception of tlre 
manner of reproduction. l'he question is 
a difficult one, however, rlot to be settled 
by a single investigation giving positive 
resnlts, and because of its importance 
sliould receive attention. 

I n  reference to those who hold to the be- 
lief that cross breeding, conjngation and 
amphimixis-the three terms differ merely 
in degree-increase variability, it may be 
well to inquire concerning son~e of the 
evidence which has been instrumental in 
lormulating the opinion. TVithout any de- 
sire to be critical and at some risk of ex-
ceeding the controversial bounds which a 
paper of this nature allows, a few of the 
more important investigations touching 
upon the subject will be considered. 

Castle, Carpenter, Clark. Mast and Bar- 
rows (1906) in a series of ohservations as 
to the effect of cross breeding and close 
brceding on the varjability and fertility of 
the small fruit fly, L)~.osop7~iZaancpclophilac 
Jioew., stated that "inbreeding did not af- 
fect the variability in the nurnbcr of tcrth 
on the sex ~ o m b  of t h ~  male, nor the varia- 
bility in size," basing the opinion on the 
coefficient of variation in the number of 
spines and the standard deviation in the 
length of the tibia. In  the Corrner case the 
(lala certainly do not permit a elear con-
clnsion one way or the other, but the value 
of the character which represents the sum 
of the teeth of the sex cornbs of the right 
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and left proximal tarsal segment, where 
there is undoubtedly correlation, may be 
open to objection under any consideration. 
If,  however, from the data presented in 
the study the value of the coefficient of 
variation is computed, which, strange to 
say, was not done in the paper, and thus 
allowance made for the greater length of 
tibia in the cross-bred forms, the combined 
inbred forms exhibit a variability rela-
tively 68 per cent. qreater than the cross- 
bred forms. 

Jennings (1 911) in summarizing breed- 
ing experiments with Pa~amecium con-
cluded that "The progeny of conjugants 
are more variable in size and in certain 
other respects than the progeny of the 
equivalent non-con jugants, " and farther, 
"Thus Conjugation increases variation. " 
Continuing the investigations, he subse-
quently stated (1913) that conjugation in- 
creased the variation in the rate of repro- 
duction. While the careful methods used 
by Jennings have brought to light many 
interesting and valuable facts, i t  is evident, 
from a critical consideration of the data, 
that they by no means allow such conclu- 
sions. 

So far  as size is concerned in a pure 
race, non-conjugants and their progeny 
were more variable than conjngants and 
their progeny, as noted in Table NO. 28. 
In a wild race the progeny of the conju- 
gants were slightly more variable than the 
progeny of the non-conjugants, as illus-
trated in Table No. 32, althongh in two of 
the nine generations tabulated the varia- 
bility was greater in the case of the non- 
conjngants. So far  as the rate of fission 
is concerned, the evidence is unmistakable 
that the conjugants were more variable. 
There is, however, a comparatively simple 
explanation for this when the statement 
is noted that the number of abnormal in- 
dividuals, as well as the mortality, was 
greatest among the progeny of the rlonju- 

gants. With a considerable number of 
forms thus having a lower rate of fission, 
one coilld expect nothing except a greater 
variability in the rate of fission. This be-
comes the more evident when i t  is found 
that the higher variability of the con-
jugants was caused by the considerable 
number with the low rate of fission. 

Considering the data obtained in the 
breeding of plant forms where the assump- 
tion has long been prevalent that hybridi- 
zation increases variability, i t  is found that 
the variability of the F, generation as com- 
pared with the F, generation or a single 
parental generation may be increased, but 
that the actual variability as a whole is not 
increased when the united parental types 
are talren into accoant. This may be illus- 
trated by tltilizing data from an interest- 
jng paper by I-Tayes (1912) dealing with 
correlation and inheritance in tobacco. 
Here, calculating the constants for two 
parental types combined (401 and 403) in 
respect to number of leaves and height of 
plant, i t  is found that the coefficient of 
variation has decidedly decreased through 
the hybridization, although the number of 
combinations have increased. 

There exists the possibility, however, that 
variability mill appear to be increased when 
forms having the same phenotype but dif- 
ferent genotypes are bred together. Such 
a condition may be illustrated by the two 
white strains of sweet peas crosscd by Bate- 
son which produced purple flowers in the 
first (F,) hybrid yeneration, and purple, 
pink, mixed, and white flowcrs in the see- 
ond (F,) hybrid generation. New combi- 
nations occur, but there is no evidence of 
increase in unit characters, nor is there an 
actual increase in variability. 

Turning for a moment to size characters, 
the influence of cross breeding or conjuga- 
tion is of decided interest inasmuch as facts 
bearing on the solution of the problem as 
to how size may be increased to the phys- 
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iological limit, even though the results 
hold for  a single generation, have the great- 
est practical value for  the future of agri 
culture and animal breeding. 

It shonld first be noted that size in a 
ullicellular organism is dependent on the 
~ b ~ o l u t esize of the individual cell with a, 

lixnit rintloiihtcdly imposed by laws goverrr- 
ing the ratio betwecn velum:. alrd sudace 
in  connection with osmosis. I n  multice1l11- 
l a r  organisms, ho~vcver, size el-~aravtcrs may 
depend upon either the size or the nilnil)cr 
of the component celLs or upon both factors. 
This dist~nction possibly explains an ap-
parent divc~rsity in results obtained in the 
tw-o groups. 

Darwin, Ifendel and others who have 
seriously considered the qncstion I~ave rec-
ognizcd that  hybrids, arriong plant forms 
in  particular, usually grew to a larger size 
than either parental fomm, a result prob- 
ably due to the increased rapidity of 
cell clivision ancl consequently grc. t <I e r  nam- 
ber of crlls as conject~lred by East. I n  the 
study of zggospores of X p i r o y y ~ ai t  w:~s 
therefore noticed with some interest that 
the cross-bred forms were s~rialler than the 
close-bred forms so f a r  as both length and 
volianle were concerned. Jennings (1911) 
in  his study of Para~neciz~nareached a con- 
t rary conclusion, stating that "The progpny 
of conjugants . . . wtxre a little 1argc.r than 
the progeny of uon-conjngants and the 
differcn-e appears to be significant. " This 
is correct merely in reference to length, 
however. ancl that i t  is not true for actaal 
size as indicated by volun~e is eviclent on 
applying the formula for the volume of a 
p~*olate spheroid (V--1jG7ild2) by which 
it may be demonstrated that the non-con- 
jugant, forrns, while smaller than the others 
a t  the beginning of the experiment, actu- 
ally became larger. T l ~ u s  in  agreement 
with the zygospores of Xpirogljra, con-
jugation decreased size. 

The question immediately occurs as to 
the cause of the increased size and vigor 
onlong cross-bl'ed multicellular organism 
when the evidence indicates that cross-bred 
unicellular forms are smaller instead of 
larger. Some investigations that  I have 
unclcrtalien indicate an  answer apparently 
meeting ttlc conditions. While s~lfficient 
control exper~inents have riot been made to 
ventllre more than a provisional opinion, 
the data sixggest that the cells of cross-bred 
n~ulticellixlar organisms are act~rally 
smallcr than the cells of inbred or  pure line 
forms, and that thr  more rapid division is 
a f ~ ~ n c t i o nof the greater ratio surface has 
to volrnnlc in a small cell with the better 
opportunity thus obtained for  increased 
n~etabolism. 

That there is nei~d of further investiga- 
tion on size and variability in pure lines 
nnd in cross-hrerl forrns through the appli- 
cation of statistical methocis in connection 
with the maintenance of pedigrees through 
long ssc.rier or generations seems evident. 
Eventually tl~eories will make way for facts 
which wiIl allow a proper perspective. 

IV 

Where do the rcsu1.t~ presented i n  the  
preceding pages lead u s ?  l3oes their vahne, 
so f a r  as their bcarinq upon the production 
of new and tmusmissiblc cliaractel-s that  
will build u p  an organism in  a required 
direction, consist mercly in the formulating 
of hypothesis after hypothesis which as in- 
vestigations proceed will in turn malre way 
for other hypotl.icsc~s ei(aa1ly transient? Or, 
on the other hand. do they marl< a definite 
progress along the lines we are endeavoring 
to foIlo\v, nanlcly, the cant-01 of evohxtiun. 

Before attempting a rcply which m~xst 
prove more or less unsatisfactory to those 
looking forward to irlimediate results, it 
seems advisable to pause for a moment and 
in the light of the preceding discussion con- 
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sider the types of differences-variations- 
which exist in so far  as they may ef£ect the 
result with which we are chiefly concerned. 

Beginning at an early period in the his- 
tory of evolution with the idea that all 
variations might be inherited, results soon 
suggested that the characters due solely to 
surrounding influences such as food supply, 
etc., were not thus transmitted. These were 
called fluct7tatifig variations. On the other 
hand, variations due to the structural 
changes in the germ cells which were passed 
on from one generation to another have 
been spoken of as inherited variations. 

The evidence at  present indicates that 
farther subdivisions must he made and that 
normal inherited variations consist of two 
quite distinct classes. The variations where 
the results are due to the interaction of 
factors in accordance with Mendelian prin- 
ciple, and which, adaptiilg a term used by 
Plate (1913 ) ,  may be called ampl~imutatio?zs 
inasmnch as the condition is due to the 
mingling of two lines of clescent, the other 
variations, as a class, in which the results 
-evolution in the al~stract-are due to a 
series of units added as increments, may 
well be called curnztlations. It is quite evi- 
dent that the term "mutation" can not con- 
tinue to include both types. As a coordi- 
nate term fluetnatinq variations may be 
spolren of as &uctz~alions. 

Under abnormal variations must be 
classified forms ranging from monstrosities 
to slight departures from the ordinary con- 
dition, some of which are undoubtedly due 
to the losses or modifications of unit char- 
acters through the action of extraordinary 
stimuli, while others may be due to abnor- 
mal and unequal distribution of chromo-
somes occ~zrring at  the time of their divi- 
sion. The idiomutat.ions of Plate are here 
included. 

The answer to the question as to the 
progress made in the application of evolu- 
tion to the creation of new forms rests in 

the statement that the attack on the prob- 
lem is becoming more concentrated. The 
selection of fluctuations has been tried and 
has failed. Efforts by means of amphimu- 
tations end in a maze of circles with no evi- 
dent progress. Idio??zutatio?zs, so far  as 
one may judge from the evidence, present 
retrogression rather than advancement, It 
is by means of pure lines under normal 
conditions that one may search with advan- 
tage for cumulations, the units by which to 
build the new. There the evidence will be 
unobscured either by the pyrotechnics of 
Mendelian formulq or  by the factitiousness 
of abnormal stimuli. Fluctuations will be 
present, but statkqtical methods will permit 
their evaluation. Should the measurement 
of the mean in the tenth or even the one 
hundredth generation present no advance- 
ment, failure is not necessarily implied. 
Nature has devoted fifty nlillions of years 
or more to her work. There should be no 
discouragement if a few paltry years of in- 
vestigation fail in duplicating her methods. 

I t  is with a feeling not unmixed with 
l>essimisn~,however, that one views the con- 
ditions under which work of the character 
outlined must evidently go forward. Those 
engaged in teaching have with a few excep- 
tions time for little more than an occasional 
investigation of limited scope, particularly 
in a field which requires continuous appli- 
cation. Governmental departments where 
i t  could best be talren to a successful issue 
have only too often been subservient to 
political policies which demand immediate 
results. An ounce of compiled compendium 
is-to them-worth more than a ton of 
painstaking investigations which makes an 
advance on a theory. Looking a few gen- 
erations into the future is not their con-
ern.^ A remedy for such conditions clearly 

6 Exceptional work has been atone b y  those more 
or less closely connected v i th  c e r ~ ~ i n  State Agricul-
t u r d  Experiment Stations. The names of East  and 
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lies in endowments ei ther in connection 
wit11 naiversities, o r  through t h e  establish- 
meut  of tlie specialized private institution. 

Tha t  the  problem of applied evolution 
will eventnally be solved there can be no 
doubt. Tlint it will occur i n  o u r  generation 
may only be expressed as a hope. 

IJ.B. WALTON 
KENYON@OLI,EGE, 


November 3 5, 1013 


TIIE HUTATION d4BTB 

IThas long been recognized both on the bot- 
anical zoological sides, that sterility is a 
notable characteristic of species crosses or true 
hybrids. JYhere spe?ies are nearer to one an- 
other their resultant cross is naturally Irqs 
sterile than when their affinity is more rc3-
mote. I n  the case of plants i t  is usually par- 
ticularly easy to trace even slight evidenccs 
of previons hybridization ill the sterility ant1 
abortive character of some of the spores or 
pollen. 111 contrast to hybrids, genetically 
pure species are characterized by pollen grains 
or spores, as the case may be, which are all 
perfectly developed. I have satisfied myself 
by a very extensive study of the spores and 
pollen of liverworts, mosses, ferns (including 
n~lmerous genera of all the important families, 
isosporous and l~eterosporous), lycopods, sela- 
ginellas, quillworts, lepiclodendroids, equiseta, 
eycads, ginkgo, c.onifers (including numerous 
genera of all the tribes), gnctales (all the 
genera) and marly dicotyledonous and mono- 
cotylcclonous ar~giosperms, that in good spe-
cic.s the spores 01%pollen is invariably perfect 
morphologicall), that is fully formed and hav- 
ing normal protoplasmic contents. Known 
hybrids on the contrary arc eharacterizeil I)y a 
greater or smaller number of abortive spores, 
which have little or no protoplasmic contents. 
Tlayes, of Connecticut, Peail, of J'laine, Emerson, 
of Nebraska, Dean Davenport, Ricte and Sm~th, of 
Illinois, are fun1ili:hr to a11 interested in  the appli- 
cdion of the principler of evolution. One often 
conjectu~es, however, as to the evtelit t o  nliicli sonlo 
of tho most ul~luable t .ont r i l i i~ t inu?air iu rc;rlity 
"by-producls" of niect~n; the ap I u \ ~ - t i d a l ~ t > n s  

p r o d  of the "Xlissouri' ' tppt? of lepslator. 

'rliis conclusion is by no rneans new but the 
wide range of facts examined in the present 
connection adds very materially to its 
strength. It has been further noted that 50 

far  as nlorphological conditions are concerned, 
plants of genetic purity, even when grown 
under extremely abnorrnirl conditions, as 
exotics in  greenhouses, etc., have perfect 
?pores or pollen. For example a conifer or a 
cycad frorn Australia or Japan, grown in the 
hothouse and proclucing its pollen in the 
winter season, still shows the grains normally 
developed morphologically, whatever may be 
their pl~ysiological inefficiency. 

The bearing of the facts iiidicated in the 
paragraph abovc is of great importance in 
relation to thc mutation hypothesis of De 
Vries. This distinguished Dutch plant physi- 
ologist, a little or7er a decade ago, published a 
series of olsscrvations and gcncralizations 
i~nder  the title of " 'Die Mutationstheorie." 
ILis notablv ofrering was the statement that 
nlate~ial of a specaic.s of CG!notltera or evening 
primrose, referred by him to Seringc's @no-
thera lamnrckiana, found growing sponlane- 
ously near TTilversliln in ITolland, was produe- 
ing annually new species or as he preferrcd to 
call them, elcmentary species. Tn I904 Pro-
Ics~or  n e  Vrieq was invited to lccture in the 
'TTrriversity of California on his sensational 
dircoveries. The lectures were edited and pub- 
lished later by the director of the Desert 
Laboratory of the Carnegie Tnstitutiorl of 
Washington, with the title of " Species and 
Varieties, Their Origin by ilfi~tatio~t." Dr. 
klacDougal thus I)ec:nne both i n  fact and figu- 
ratively, the " voz in ~ P S C ~ I O  theclama~~tis." 
baptist of the gospc'l of niutation. TTis ex-
ploits wit11 the s3rinpc in the baptism a ~ l d  
proch~ction of new spcc,ie~ of plants by intra- 
ovarial i~~jeetions appear further to render his 
clai~ns in this direction beyond question. As 
secretary of the Botanical Society of America 
and by his repetition and elaboration of T)e 
Vries's c~zlinrcs of mno-lhera,  he has done 1111-

questionably more than any one else to diKuse 
the doctrine of mutation in North America. 
I t  has in fact become so widely accepted on 
otlr continent, that it has in  n~any instances 


