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Lanzarclzism. 

The idea of organic evolution had germinated in the minds of 
I a number of deep thinkers from the time of Aristotle, and finally 

bore fruit in the overwhelming evidence presented by Charles 
Darwin in 1859. The adoption of the Jewish idea of the separate 
creation of species by the Christian churches had almost stifled 
early speculation. However, in the eightehth and early nine- 

I 

teenth centuries, we find a more or less definite idea of the 
production of species by the modification of their progenitors, 
expressed by Erasmus Darwin, De Maillet, Goethe and Trevira- 
nus. Lamarck had even developed a well rounded theory of evo- 
lution through the inheritance of characters acquired during the 
lives of individuals, a full half century before the time of Darwin. 

The underlying thought of Lamarck's theory of the inheri- 
tance of the effect of use and disuse may be seen in the example 
which he himself first p;oposed in its favor. A bird, driven 
through hunger to the water for food, will instinctively separate 
its toes when they strike the water. The skin uniting the bases 
of its toes will be stretched, in consequence. By the continuation 
of this process, the descendants of such birds will develop the 
broad membrane possessed by water birds such as ducks and 
geese. 

Lamarck's arguments may be given in a summary of his own 
which is often quoted. H e  gives it as two laws of nature. 
First law: "In every animal which has not finished its term of 
development, the frequent and sustained use of any organ 
strengthens and develops it and increases it in size proportionate 
to the length of time it has been employed. On the other hand, 
the continued lack of use of any organ gradually weakens it 
until at last it disappears." Second law: "Nature preserves 

- everything she has caused the individual to acquire or lose 
through the influence of the environment to which its race has 
been for a long time exposed, and hence the predominance or 
loss of certain organs through use or disuse. She does this by 
the production of new individuals which are endowed with the 
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newly acquired organs, provided the acquired changes were 
common to the two sexes of the individuals that produced the 
new forms." 

In other words, Lamarck has explained the diverse instances 
of the survival of certain characters useful to the organism by 

d '-.. 
the theory that the need of such characters has caused their 
necessary modification through the inheritance of such charac- 
ters partially acquired or partially lost during the lifetime of 
different separate individuals. 

Since Darwin's time, the principles of Lamarck, with some 
modifications, have received warm support by a large following 
of eminent scholars, the so-called Neo-Lamarckian school, of 
which Spencer, Cope, Eimer, Hyatt, Cunningham and Osborn 
are a few of the well known writers who have collected data 
in its support. I t  is noticeable that the best evidence has been 
advanced by paleontologists, who have been deeply impressed by 
the direct lines of evolution that geological evidence seems to 
show has taken place. To  their minds, the inheritance of 
acquired characters must have taken place, to give a sufficient 
explanation of these facts. 

We can only say that while many of the facts seem to be 
reasonably explained by the theory, the crucial point of the whole 
thing, which is actual permanent inheritance of an acquired 
character, has not been shown. I t  is true that this definite ques- 
tion has been attacked by but few experiments, but in such experi- 
ments the results have been negative. Successive generations of 
mutilations, such as docked tails of horses, have never resulted 
in a single case of undisputed inheritance. The idea that 
previous fecundations have an effect upon succeeding progeny 
of a mother has been shown to be without foundation. The 
allied botanical phenomenon of zenia, as illustrated by the effect 
during the current season of pollen of a black maize upon the 
endosperm of  a white variety, has been proved to have another 
and a simple explanation. Thus we may go through the entire 
list. 

The one class of data that comes the nearest toward showing -Q@ 3 
inheritance of body acquirements, is that of the modifica- 
tion of certain characters by the immediate influence of the 
factors of environment, as food, light, heat, moisture, etc. In 
many instances, where the environment of plants has been 
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increase may be cited many of the lower forms of animals, 
which produce on the average one hundred eggs and reproduce 
every week. If the entire progeny of a pair of such animals 

'4b were preserved living at the end of a year, their bulk would 
exceed the limits of the wlzole known universe. 

This manner of increase is common to a greater or less degree 
with all living organisms, both animals and plants ; and since space 
and food are not available for such increase, it follows that a 
very large proportion of all individuals born must perish without 
producing offspring. Darwin's idea was that out of all the 
individuals coming into existence, some will show variations or 
modifications in directions which adapt them better for the 
environment in which they are placed than do the characters 
possessed by their less fortunate brethren, and the former will 
survive at the expense of the latter. This principle he called 
Natural Selection, though later the more common term was that 
of Herbert Spencer, the "survival of the fittest." Darwin's own 
description of the process is this: 

"If under changing conditions of life, organic beings present 
individual differences in almost every part of their structure, and 
this cannot be disputed; if there be, owing to their geometrical 
rate of increase, a severe struggle for life at some age, season, 
or year, and this certainly cannot be disputed; then, considering 
the infinite complexity of the relations of all organic bkings to 
each other and to their conditions of life, causing an infinite 
diversity in structure, constitution and habits-to be advanta- 
geous to them; it would be a most extraordinary fact if no 
variations had ever occurred useful to each being's welfare, in the - 

same manner as so many variations have occurred useful to man. 
But if variations useful to any organic being do occur, assuredly 
individuals thus characterized will have the best chance of being 
preserved in the struggle for life; and from the strong principle 
of inheritance, these will tend to produce offspring similarly 
characterized. This principle of preservation, or survival of the 
fittest, I have called Natural Selection. I t  leads to the improve- 
ment of each creature in relation to its organic and inorganic 
conditions of life, and, consequently, in most cases, to what must 
be regarded as an advance in organization. Nevertheless, low 
and simple forms will long endure, if well fitted for their simple 
conditions of life." 
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The very large amount of data that Darwin brought together 
in support of his theory, fell naturally under several distinct 
heads. It  was all historical evidence in that it was made up of a 
large number of facts collected from the different natural sciences, 
which were most reasonably explained by assuming evolution to 
be true. I t  neither satisfactorily explained how evolution took 
place, that is, how small a variation would be preserved by 
natural selection, nor did it show experimental evidence of the 
actual production of natural species. I t  is difficult to pick out 
from the mass of facts which Darwin had collected, particular 
examples which are more illustrative than others, but we will 
endeavor to give particular cases from each of the different lines. 

Organic Relationship. At the lower end of both the animal 
and vegetable kingdom, we find creatures of a very simple organi- 
zation. They are living beings composed of one cell, and cannot 
definitely be said to be either animals or plants. Moreover, these 
organisms resemble in many ways the egg cell from which all 
higher animals and plants originate. From these simple organ- 
isms, we may follow up the two different and yet in many 
respects similar lines of organisms which go to make up the 
animal and vegetable kingdoms, until we reach, on the one hand, 
man, and on the other, the complex flowering plants. The 
gradation is noticeable in each line, although there are many large 
gaps which arc not filled by any known organisms. The change 
in the simplest case is by the addition of some single character, 
though in most cases a number of characters are different 
between the two nearest related kinds or species. First, there is 
the addition of more cells and the single-celled organism becomes 
(if we may speak with the definite idea of progress) a multi- 
cellular organism. The simpler multicellular creatures have all 
of their cells seemingly alike. Then comes the specializing of 
different sets of cells to become tissues, and finally a multiplicity 
of different tissues and organs useful for different needs and 
performing different functions, form the higher plants and 
animals with which we are more familiar. 

Long before Darwin's time, 'it had been seen by different 
naturalists that a study of the known 'animals and plants from 

' 

the simpler to the most complex showed related forms. Some 
were evidently very closely related, that is they differed by very 
few essential characters; as an eagle and a hawk. Other types 
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the rapidly increasing volume of data points toward this conclu- 
sion. Moreover, there is no experimental data at hand to Yefute 
this view. The mutation theory certainly does clear up many of 

&,&I 
the points which did not seem to be clearly explained from Dar- 
win's point of view. We will endeavor .to give an outline of the 

# chief points involved. 

In the middle of the eighteenth century, Linnaeus, the great 
Swedish botanist, introduced our present system of classifying 
plants and animals. He used two names : a species name or name 
of a group of individuals which were fairly constant and alike 

*in their characters and which differed from other related groups 
by characters which could be recognized from descriptions ; and a 
generic name which inclddecl related groups of these species in 
a broader class called a genus. He supposed that his species 
were the units of nature and were created as such in the begin- 
ning. He  did recognize subdivisions of species which he called 
varieties but had no very clear ideas concerning them. The 
object of his work was to bring into some order the plants then 
known, and not to study lesser divisions. 

The classifying of species has since been more or less a series 
of individual judgments of different botanists; some used more 
definite characters as distinctions between species, and made a 
small number of species, while others used fewer or smaller dis- 
tinctions and described four or five times as many species i; the 
same genus. 

More recently Jordan, a French botanist, became satisfied that 
the only reasonable way to classify species was' to grow a large 
number of individuals and study the characteristic differences 
between them. When this was-done, he found that while some 
of Linnaeus' species were relatively uniform, others contained 
many groups of plants which differed from each other by one or 
more constant characters. Often these differences were in parts 
of the plant which would remain unnoticed by the untrained eye, 
but still the differences were there and were transmitted to the 
succeeding generations. 

'w"- De Vries has called these groups of plants, "elementary species." 
His idea is that plants and animals are made up of thousands of 
large or small, but distinct heritable characters; and that these 
characters have arisen, one or more at a time, fully formed and 
able to function, from parents which did not possess the characters. 

5 
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I t  is recognized that some plants are much more variable in this 
respeft than others: the common whitlow grass (Draba ver~za)  
has had several hundred of these elementary species described, 
while others of Linnaeus' species seem to vary only with the 
common fluctuating variation. This phenomenon is explained by 74 

. I  

the hypothesis that there are periods when a species is producing 
mutations and other periods when mutations very rarely if ever 
appear. These periods may he hundreds of years apart and thus 
account for the apparent constancy of some species such as wheat, 
of which we have a long history under domestication. 

In making culture studies of many species of plants, these* 
elementary species have been found very common indeed, but 
no one had seen a new form originate -from an older wild one 
until De Vries had the good fortune. I t  is true that many wide 
mutations, or jumps of a distinct kind, had been isolated among 
cultivated plants, and were called "sports" by horticulturists. 
De Vries, however, discovered and propagated a series of interest- 
ing mutations from a plant growing wild on some fields near 
Amsterdam. 

The plant which was caught in the act of originating a new 
species is an American plant of the evening primrose family 
known as Enotlzera Lat~zarkia~za. I t  bad been cultivated in Hol- 
land many years but had escaped from cultivation and had been 
growing wild for a long time. On closely examining these plants, 
DeVries discovered two new and unknown forms that were 
quite unlike the remainder of the plants which were typical of 
the species. Each of these types occurred in spots, as if they 
had arisen as the offspring of a single plant. Fortunately, 
De Vries was not satisfied with the single observation, but took 
seed and roots of a number of the plants of each type and grew 
them in his garden for a number of generations. In all, he 
cultivated at least 50,ooo plants, and among this number about 
800 were found which differed distinctly from the parent species, 
and whose characters were constant when reproduced by self- 
fertilization. That is, he was able to obtain from one to three 
per cent. of new and distinct forms which did not tend to go back 
to the parent form but to remain constant. One of the forms . *\ 'W 

was a giant form with large flowers ; one was a dwarf form ; in 
one the ovules were imperfect; and another had defective pollen. 
The last two forms were evidently less fitted for existence than 
the parent form and were raised with difficulty, while other 
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these races are more stable than other improved races on record, 
that have been established in the same way. 

These two cases of sugar beets and maize are typical of all 
1 %  improved races, whose improvement is due to the selection of v fluctuations. General selections to improve the yield and quality 

of our farm crops, such as oats, rye, potatoes and so on, all come 
under this head. Much good has been accomplisl~ed by Von 
Lochow and Rimpau in Germany in increasing the yield of rye 
by the use of this method of selection, but the process has been 
slow and must still be continued from year to year to keep the 
strain up to the excellence that has been obtained. 

In this country many of the varieties of maize are due to this 
selection. I t  is a common thing to hear of these varieties that 
have been raised to a state of comparative perfection by skillful 
breeders, "running out" or deteriorating in the hands of others. 
This "running out of varieties" is largely a regression to their 
original types by varieties that have been improved through their 
fluctuations. The grower does not keep up the selection, or the 
variety is ill-adapted to the soil and climate, and deterioration 
is almost inevitable. On the other hand there are varieties, as 
the Longfellow, whose excellence is clue to desirable characters 
that have been found in nature, and have been isolated, and per- 
petuated. The greater constancy of these varieties is und~ubtedlp 
due to mutating characters. Numerous constant hybrid varieties 
have also been established, by combining the desirable characters 
in two or more of these varieties. 

There are other cases in which extreme fluctuations can be 
propagated with less lilielihood of their deterioration. This is by 
means of bud propagation. Seedlings of many fruits and of 
garden plants can be reproduced by grafts or by cuttings, so that 
their variation is to a great degree lessened. There is variation 
even ampng grafted apples and peaches, but in general this varia- 
tion is too small to affect the qualities of the fruits to a great 
extent. What is the amount of this kind of fluctuation as com- 
pared to that of fluctuation in varieties reproducing by seed, when 
environments are comparable, is not known. We do know, how- 
ever, that there is considerable variation in potatoes which are 
propagated by buds (the tubers). In potatoes, however, each 
plant has a more or less different environment, and much greater 
differences are to be expected than with different branches on the 
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same tree. W e  know that potatoes must be selected within the 
variety to keep them from deteriorating, but whether improvement 
can be made by the seiection of their fluctuations is yet unde- 
termined. 

Isolation of Elenzentary Species. 

The improvement of our valuable field crops by the isolation 
of the best of their elementary species has only recently attracted 
attention. For the increasing prominence of this method, Nilsson 
and De Vries are largely responsible. 

De Vries believes Le Couteur, an English breeder on the coast 
of Jersey, to  have been the first to recognize that the cereals as 
usually grown were full of different types. In  a field of his 
wheat twenty-three distinct types were found. These when 
grown separately were true to type and remained so generation 
after generation. Some types were found that were better than 
the average of the mixtures grown in the fields, and some types 
were less productive and of inferior quality. A few of the better 
types were isolated and multiplied as soon as possible, and put 
on the market. Le Couteur's Bellevue de Talavera wheat is said 
to be still grown in England and France, and is reported to be a 
very uniform type. 

De 17ries also notes that the work of Patrick Shirreff, the 
Scotch wheat grower, whose cereal breeding has been famous - 
for tl~ree-quarters of a century, was the isolation of natural types 
which struck his eye. In his little book entitled "Shirreff on 
Cereals" published in 1873, he saps: 

"My experiences in the improvements of the cereals arose 
from the following circumstance. When walking over a field of 
wheat on the farm of Mungoswell, in the county of Haddington, 
in the spring of 1819, a green spreading plant attracted my notice, 
the crop then looking miserable from the effects of a severe 
winter, and the next day measures were taken to invigbrate its 
growth by removing the surrounding vegetation and applying 
manure to its roots. In the course of summer several stalks 
were cut down by hares; but notwithstanding this loss to the 
plant, sixty-three ears were gathered from it at the harvest, yield- 
ing 2,473 grains, which were dibbled in the following autumn at 
wide intervals. For the two succeeding seasons the accumulating 
produce was sown broadcast, and the fourth harvest of the 
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Hetcrozj~gofes.--IVe have already stated that dominance in a 
complete form is not universal in cases of Mendelian inheritance. 
In fact in possibly the majority of cases the dominant character 
appears in a diluted form in tlie hybrid progeny of a cross. 

I ]  
There are other cases where the segregation of the characters 
takes place according to Mendelian ratios but the appearance of 

I the hybrid is totally different from either of the parent types. 
This class of hybrids has in the past been a stumbling bloclc to 
breeders, because they have tried to "fix" this character which 
they now know is from its very nature an impossibility. 

This is the case with the blue Andalusian fowl. No matter 
how carefully this type is selected and inter-bred, poultry breeders 
have never been able to get it absolutely true. About half come 
true to the blue character, while of the remainder one-half are 
black and the other half white with blaclc splashes. The very 
fact that these proportions were the Mendelian expectation f;om 
a cross-I part black:, 2 parts blue: I part splasl~ecl white-led 
Bateson to believe that the blue character was merely the charac- 
teristic appearance of the heterozygote due to the crossing of the 
black and the splashed white. This was found by crossing to be 
the correct view. Curious and paradoxical as it may seem, by 
inter-breeding the "pure" blues only one-half of the offspring 
came blue, but by breeding together the blacks and the >plashed 
whites all of the offspring were blue. These, ho~vever, split 
into the three classes, as would be expected, in the next genera- 
tion. "The riddle of tlie impossibility of obtaining a pure race 
of blue Andalusians was thus solved." The very nature of tlie 
case showed that the breeders were following a will-0'-the-wisp. 

There have already been several valuable practical applications 
of these laws in problems of breeding. Mr. R. H. Eiffen, in 
England, has found that susceptibility and immunity to rust in 
wheat are a pair of simple Mendelian characters in which 
immunity is the recessive. He has by this knowledge been able 
to produce in only three generations a pure race of rust-resistant 
wheat. Spillman has shown that the polled character in cattle 
dominates the horned character, and that by proper crossing a 
polled race of cattle can be established, with only a single polled 
mutation as foundation stock. Thus when single characters are 
of supreme importance, our knowledge of a plan of action is of 



greatest value. We know that we must avoid trying to obtain in 
combination both of a pair of contrasted characters. We know 
that we must breed for one character at a time, for by referring 
to the table on page 43 we can see that with six pairs of characters 
we must have 4,096 individuals to obtain one with all six dominant 
characters combined. 

I t  has been stated that Mendel's work will make the characters 
of hybrids as easy to predict as are those of chemical compounds. 
This is taking an extreme view of the case. The production of 
hybrids is work of great complexity owing to the great number 
of unit characters that make up the higher plants and animals. 
What we are coming to know is the mos t  direct plan of procedure 
in combining knozu~t desirable clzaracters possessed by  distinct 
varieties. Before predictions concerning the results of hybridiz- 
ing can be made, it must be known for all of our domestic plants 
and animals what characters Mendelize and which of each pair 
is dominant. There is an enormous amount of work yet to be 
done, before we will be able to refer to a book giving lists of 
important characters of different plants which will Mendelize 
together with the characters which they dominate or by which 
they are dominated. Mendel has originated a new style of 
experimental work,-the careful observance of individual charac- 
ters in each of the offspring of a cross. He  has brought con- 
firmatory evidence that characters are established fully formed 
by mutation, and are inherited as such. 

In conclusion it may be stated that the general idea has been 
that it is only hybrids between varieties that follow Mendelian 
laws, but there are already several records of characters in both 
elementary* species and Linnean species that obey them, and 
many more cases will undoubtedly be brought into conformity 
when a larger number of types have been studied. 

* De Vries distinguishes between elementary species and varieties, in 
that the elementary species of a Linnean species are of equal rank and 
usually differ from each other in several characters, while varieties, he 
says, are derived from elementary species and differ from them in ways 
which are common in a large number of species. Varieties, he thinks, are 
less striking in their differences and follow different laws of inheritance 
when crossed. This appears to the writer to be an arbitrary distinction, 
and the correctness of his conclusions will remain in doubt until more 
light is thrown on the question. 
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suppose that each one has been originated fully formed, i. e., as 
a mutation. The addition of a new unit character is the only real 
difference between this mutating organism and its progenitors, 

I and is the true and only foundation for domestic improvement. 
2. The object of hybridization is to shuffle and recombine these , 

unit characters. Hybridization, therefore, actually produces 
nothing new in spite of its wonderful manifestations. Just as 
chemical units,-the elements,-can be combined and recombined 
into different compounds, so can the unit characters of organisms 
be combined and recombined by hybridization. 

3. The value of the selection of fluctuations is slightly to 
increase or to decrease the manifestations of a unit character 
after it has been formed by nature. Selection can never produce 
a unit character, for there is obviously no basis upon which it 

I could work. 
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This list of publications is suggested as a course of supple- 
mentary reading in English, concerning the questions that have 
been under discussion, and is available to most readers through 

ki  
-4, 

the. public libraries. The reading should be done cautiously, for 
it must be remembered that most of these publications were issued 1 

previous to the rediscovery of Mendel's work, in 1900. If the 
works of De Vries, Mendel and later worlcers of the Mendelian 
school are studied first, the reader will appreciate how great has 
been the change of opinion during the last seven years concern- 
ing these questions, and will not be confused by the different 
points of view of the early writers. The recent work is scattered 
through the files of many journals, and is for the most part in 
foreign languages. For these reasons it is not available to many 
readers and has therefore been omitted from the list. To  remedy 
this omission, it is recommended that the reader obtain from his 
bookseller, as soon as they are published, the two forthcoming 
volumes on the problems of variation and heredity by Wm. Bate- 
son, M.A., F.R.S., Fellow of St. John's College, Cambridge. 

Bailey, L. H. Plant Breeding. Ed. 4. N. Y. Macmillan. 1906. 
Contains a fairly complete bibliography to the end of 1905. 

Bailey, L. H. Evolution of our Native Fruits. N. Y. Macmillan. 1895. 
Gives a popular historical account of the development of American 

varieties of fruits. 
Darwin, Chas. Cross and Self-fertilization in the Vegetable Kingdom. 

N. Y. D. Appleton. 
Read chapters one and twelve, giving the plans of the experiments and 

results. 
Darwin, Chas. Animals and Plants under Domestication. 2 v. Ed. 2. 

N. Y. D. Appleton. 
The historical parts of the first volume are still of great interest. 

The theoretical discussions in volume two will only be confusing to 
the reader and had best be p i t t e d .  Our views concerning the explana- 
tion of the phenomena brought together in volume one have entirely 
changed since Darwin's time. 

D e  Vries, Hugo. Species and Varieties : Their Origin by Mutation. 
2d Ed. Chicago. Open Court. 1906. - *- 

A large book which goes rather deeply into the subject. I t  has in it '-' 

more of interest to plant breeders than any other book concerned with 
evolution. 




