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PREFACE

THis book is an attempt to present, in a form as simple and
readily intelligible as possible, the subject of heredity, as
related to man and his creatures, the domestic animals and
cultivated plants. To write such a book has been with the
author a long cherished ambition, but one which, as the years
went by, seemed less and less likely of realization, as knowl-
edge of the subject increased and took on more and more
complicated forms. Each year, however, he has been
forced by his responsibilities as a teacher, to make, for
students having only an elementary knowledge of biology,
an analysis and summary of our knowledge of this subject
to date. The longer he has continued to do this, the more
fully he has realized that a subject in a state of healthy
growth can never assume a final and finished form. He
makes no apology, therefore, for presenting the subject
with very unevenly and incompletely developed parts.
Such, it must be confessed, is the present state of our knowl-
edge. ~

It would be a great service to the student to show him
where in his subject positive knowledge stops and specula-
tion, the useful servant but dangerous master in science,
begins. This task, where possible, has been attempted in
this book. But such attempts can of necessity succeed only
partially and for the time being, for it often happens that
the speculation of today becomes the verified theory of
tomorrow. For having guessed right and proved the cor-
rectness of their guesses, we honor in this field the names of
Lamarck, Darwin, Weismann, and Mendel. Others still
living have made contributions of scarcely less importance .
but to name them would be invidious. Americans may take
encouragement from the thought that all are not likely to
be named from one side of the Atlantic and later enumera-
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tions are likely to include names from Pacific lands also.
For advance in science never results merely from brilliant
guesses by the few, but takes place chiefly through the
patient, persistent efforts of numerous workers who test by
observation and experiment every suggested explanation of
the phenomena of nature. This is a task of such magnitude
and such importance that in it the cotperation of all nations
is needed and fortunately is not withheld. To promote the
common good of all is the greatest honor of each.

The author has found that interest in the subject of
heredity is not confined to college classes but is shared by
people of intelligence everywhere, because it touches and
affects the lives of all. The animal breeder and the plant
breeder have an intensified interest in the subject because it
vitally concerns the success or failure of their occupations.
The needs of this wider public have been kept in mind in the
preparation of this book, but it has not been thought neces-
sary to omit on this account discussion of questions re-
quiring thoughtful consideration for their full understanding.
A discussion which evokes no independent thinking, or even
opposition, is not likely to extend knowledge, the teacher’s
prime concern. ‘

1 am indebted to many friends and fellow biologists for
assistance in connection with the illustrations, acknowl-
edged in the legends of the figures, to Professor B. M. Davis
for a critical revision of Chapter VI, and to Professor J. A.
Detlefsen for assistance in revising the proofs. My best
thanks are due to the publishers who have spared no effort
to make their part of the work successful.

W. E. CasTLE.

CAMBRIDGE, MASSACHUSETTS,
December, 1916.



CONTENTS

INTRODUCTION . . . . . . . . . . . v v vv v in o

H o

‘WuR B Hz <zH

PART 1. GENETICS

DarwiN’s THEORY OF EvoLUTION AND I8 EVIDENCES .
CONTRIBUTIONS OF LAMARCK, WEISMANN, AND HERBERT
SPENCER TO0 THE THEORY OF EvoLuTiON; DARWIN'S
THEORY OF PANGENESIS . . . . . . . . . . ...

ARE ACQUIRED CHARACTERS INHERITED?. . . . . . .
WEIsMANN’S THEORY oOF HEREDITY. . . . . . . . . .

ETRY . + . v v i v v v e e e e e e e e e e
TrE MutaTioN THEORY . . . . . . . . . . . . ..

THE PIoNEER PLANT HYBRIDIZERS: THE DISCOVERY AND
REDIscOVERY OF MENDEL’'S Law . . . . . . . ..

MEenpEL'S LAw oF HEREDITY ILLUSTRATED IN ANIMAL
BREEDING. . . . . v v v v v v v v e e e v

. SoME MENDELIAN TERMS AND THEIR Usgs . . . . . .

CALCULATING MENDELIAN EXPECTATIONS . . . . . . .

Mobiriep MENDELIAN Ramios; HEeTEROZYGOUS CHAR-,

ACTERS; ATAVISM OR REVERSION . . . . . . . . .
TaE UNiT-CHARACTERS OF RODENTS . . . . . . . . .

. UNIT-CHARACTERS IN SWINE, SHEEP, DoGs AND CATS .

UNIT-CHARACTERS IN POULTRY AND IN PrLANTS . . . .
UNIT-CHARACTERS OF INSBECTS . . . . . . . . .. ..
SEx-LINKED AND OTHER KiNDs oF LINKED INHERITANCE
IN DROSOPHILA . . . . . . . . ... .. ....
DrosopuiLA TYPE AND Pourrry TYPE oF SEX-LINKED
INHERITANCE. OTHER CASES OF LINKAGE AND THEIR
EXPLANATION . . . . . . . . v v v v v v v v v
SEX DETERMINATION . . . . . . . « « « « . « v . .
ARE UNI1T-CHARACTERS CONSTANT OR VARIABLE? . . .
S1ze INHERITANCE AND THE HyproTHEsIS OoF MULTIPLE
MENDELIAN FAcToRrs AND OF Pure LINES
GALToN’s LAw OF ANCESTRAL HEREDITY AND HI8 PRIN-
CIPLE OF REGRESSION . . . . . . . . . . . . ..

. INBREEDING AND CROSSBREEDING. . . . . . . . . . .

v



vi CONTENTS

PART II. EUGENICS

XXIV. HuMAN CROSSES . . . . . . . . . . o v v v v u .. 2383
XXV. PHYSICAL AND MENTAL INHERITANCE IN MAN . . . . 289
XXVI. HErepity OF GENERAL MENTAL ABILITY, INsaNTTY,
EpiLEPsY, AND FEEBLE-MINDEDNESS . . . . . . . U7
XXVIL. TrE PossiBILITY AND PROSPECTS OF BREEDING A BETTER
HoMAN Race. . . . . . . . . . .. ... ... © 260

APPENDIX. TRANSLATION OF MENDEL'S PAPER, EXPERIMENTS

IN PLANT-HYBRIDIZATION . . . . . . . . . . . . . .. 279
BIBLIOGRAPHY . . . . . . . . . . . . . i v v v v .. 822
INDEX e e e e e e e e e e e e e e e e e e e 847



GENETICS AND EUGENICS






INTRODUCTION

GENETICS may be defined as the science which deals with the
coming into being of organisms. It does not refer, however,
to the first creation of organic beings, but rather to the pres-
ent and every-day creation of new individuals or new races.
It refers particularly to the part that parent organisms have
in bringing new organisms into being and to the influence
which parents exert on the characteristics of their offspring.
In this sense it is nearly equivalent to the term heredity.
But logically, though less immediately, it is concerned with
all agencies which in any way affect, condition, or limit the
coming into being of a new organism or a new race. All
physical and chemical changes in the world outside the organ-
ism, or in a word the environment, vitally concern genetics,
though they are the more immediate field of study of other
branches of biology.

Eugenics, from its etymology, means coming into being well.
It is used at present solely with reference to man, and means
almost literally the science of being well-born. Since man is
zoblogically merely one of the higher animals, it is evident
that his reproduction is a very special case falling under the
general laws of genetics, and before we can properly under-
stand this special case we must know something of the general
laws of genetics. We shall therefore turn our attention to
genetics first and foremost, and to eugenics subsequently and
secondarily. '

The term Eugenics was proposed by Francis Galton who
defines it thus: — “ Eugenics is the study of agencies under
social control that may improve or impair the racial qualities
of future generations, either physically or mentally.”

As thus defined it is purely an applied science, for it is con-
cerned only with those agencies which are under social con-
trol and gives no attention to any agencies, however impor-

]



4 GENETICS AND EUGENICS

tant, which are not under social control. Its scope therefore
is much narrower than that of genetics. It is concerned with
only so much of genetics as concerns man, and with only so
much of that as is under social control. To determine what
are the general principles of genetics and to what extent man
is subject to them are primarily biological problems, but to
determine how far these are socially controllable is a problem
for the sociologist, and one which I shall not attempt to
answer without help from sociologists.

The coming into being of a new organism is one of the
least understood of all natural phenomena. Even to the
trained biologist it is largely an unexplained mystery. To
understand his viewpoint concerning it, and what definite
facts he knows about it, and how he attempts to explain
them, we must be familiar with certain of the generalizations
of biology. Familiarity with the more important of these
fundamental generalizations of biology will be assumed in the
present work.

From the philosophical standpoint genetics is only a sub-
division of evolution. For the evolution theory teaches that
the organisms now existing have come into being through
descent with modification from those which existed at an
earlier time and, in general, that the world as we know it today
is different from what it has been at any previous time; that
all things, organic and inorganic, are constantly undergoing
change, yet nothing wholly new comes into being, for every-
thing new arises out of something which existed before. Thus
no new matter is created, yet new creations constantly arise
out of elements which before existed in different form.

It will be our first task to discuss the rise of the evolution
theory and in particular its relation to the subject of genetics.
Subsequently we shall discuss the known facts of genetics and
the several ways in which biologists interpret them; and
finally we shall discuss human evolution as a subdivision of
genetics, and its social control, or eugenics.



PART I
GENETICS






CHAPTER 1

DARWIN’S THEORY OF EVOLUTION AND
ITS EVIDENCES

THE human mind is characterized above all else by curiosity,
the source of all our wisdom as well as of our woes. This fact
the ancients portray in the tale of Pandora’s box. We in-
stinctively seek an explanation of all the phenomena of
nature, unless our natural curiosity has been repressed by
convention or education (falsely so called). We demand a
reason for everything, and if none is forthcoming from an out-
side source, we straightway construct one for ourselves out of
our own imaginings. This is the attitude of mind of the child
- whose perpetual “ why ” and “ what ’ are so distressing to
perplexed parents. It is the attitude of mind in which all
primitive peoples and original thinkers have regarded the
phenomena of nature. It was this attitude of mind which led
to the formulation of the evolution theory, which ts an attempt
to explain the present condition of the world in terms of stmpler
pre-existing conditions.

When evolution is mentioned, we think of Darwin as its
originator, but in reality he did not originate it; the idea of
organic evolution had often been suggested before his time,
but he proved its reality. The principle of evolution had
long been recognized in relation to inorganic things. In
chemistry, physics, and astronomy, the constancy and inde-
structability of matter were fully established. It was recog-
nized for example that more complex states of matter, that is,
‘ chemical compounds,” may arise out of the simpler “ ele-
ments ” by their combination in definite proportions, and
that out of such compounds the elements may by suitable
means be recovered again unchanged and in the original pro-
portions.

7
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In geology, the work of Lyell had shown that the present
condition of the earth’s crust had come about gradually
through the action of causes still at work.

Accordingly in all the fundamental sciences which deal
with the inorganic world the reign of natural law was ac-
knowledged before the time of Darwin, and the principle of
miraculous change was no longer offered as an explanation of
existing conditions.

But in the realm of living things it was in Darwin’s time
very different. The animal kingdom was not supposed to
have grown, but to have been made outright. The higher
animals were not supposed to have originated from lower
ones but to have been made in the form in which they exist
today. It was Darwin’s work which dispelled this outgrown
idea, and established the principle of evolution as an explana-
tion of the organic as well as of the inorganic world. In his
time the idea was so novel as applied to animals and plants
that it aroused the greatest opposition. But the idea was not
wholly new to human thought; in forms more or less fanciful
and incomplete it had been suggested in previous centuries
from the days of the early Greek philosophers on. !

Darwin lived in a time peculiarly inhospitable to the idea
of organic evolution, partly because of theological, and partly
because of scientific dogma. Had the idea been brought for-
ward centuries before accompanied by proofs such as Darwin
advanced in its support, it undoubtedly would have met more
ready acceptance than it found in the last century. As it
was, Darwin had to make the discovery anew for himself,
largely unaided by his predecessors, who, though they had
formulated more or less clearly the same line of explanation
which he adopted, had failed to put it to the test of long-
continued and detailed observation and experiment, which
alone sufficed firmly to establish it.

1 Professor H. F. Osborn (’94) has described in a most interesting book the
various foreshadowings of the idea of organic evolution which appear in the writings
of Darwin’s predecessors, and the development of the idea in Darwin’s own mind

as evidenced by his letters and other writings. One interested in the historical and
philosophical growth of the idea cannot do better than to consult Osborn’s book.
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Charles Darwin was born in 1809 and died in 1882. Both
his father and his paternal grandfather were physicians; the
grandfather, Erasmus Darwin, was also a naturalist and phi-
losopher of note, who anticipated many of the evolutionary
ideas of Lamarck and some of those of his own illustrious
grandson.

On his mother’s side, Darwin’s grandfather was Josiah
Wedgewood, the famous manufacturer of pottery. Francis
Galton, the founder of Eugenics, was his cousin. Those who
consider special tastes and talents hereditary find significance
in these relationships. Thus one biographer, after noting
that Darwin’s father had originally intended him for the
Church, continues “but hereditary tendencies toward nat-
ural history led him in another direction.” It may fairly be
questioned whether ‘ tendencies toward natural history
are hereditary in the strict sense of the word any more than
tendencies toward pottery, which Darwin does not seem to
have manifested though his grandfather was Josiah Wedge-
wood. Such language as I have quoted is quite permissible
on the part of a literary biographer (indeed Darwin speaks in
like vein in his autobiography) but the student of eugenics
must be on his guard against accepting it at its face value.

What Darwin probably inherited was not a * tendency
toward natural history ” but a good mind; what subjects

.engaged it was probably determined not by inheritance but

by the subjects which came to his attention at the period of
life when men do their best creative thinking. In Darwin’s
case, the thing which centered his attention upon the prob-
lem of the origin of species and held it there for the rest of
his lifetime was the famous voyage of the Beagle.

In school Darwin was not a distinguished student. He
attended Edinburgh University for two sessions and then the
University of Cambridge, where he took the B.A. degree in
1881. Shortly after graduation he seized the opportunity to
go as naturalist on the ship Beagle of the English navy, which
was detailed on a voyage of exploration round the world.
This voyage lasted almost five years, from December 27,
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1831, to October 2, 1836. Much time was spent by this
expedition in making surveys of southern South America,
and of oceanic islands. For a large part of this time Darwin
was brought into intimate daily contact with the animals
and plants of an unexplored part of the world. What a post-
graduate course in natural history this was! It is probably
fortunate that his previous studies of natural history had not
been more specialized and detailed, and that he had no master
at hand to guide him in his studies during the voyage. Other-
wise he would certainly have been hampered by precon-
ceived ideas and have been less inclined to depart from ac-
cepted notions. But here he was face to face with a new world
of animals and plants awaiting explanation, and his it was to
study them without assistance or let up for three years. For
an ordinary boy of twenty-two, what a perplexing and be-
wildering task, what a fate, sentenced to five years of sea-
sickness, the effects of which were to last throughout his life!
But for a Darwin, what an opportunity, to study at first hand
the animals, the plants, the peoples of all lands and of all
seas!

After Darwin had spent some three years on the Beagle he
returned home with impaired health which forced him to live
quietly at his country home in Downs, England. Here he
devoted a part of each day to working up the scientific results
of his journey, and published during the next twenty years an
attempt to correlate, to unify and to explain the various ob-
servations which he had made, an attempt which finally
found fruition in his theory of evolution through natural
selection.

It had long been known to a number of Darwin’s scientific
friends that he was working on a theory of evolution when,
in 1858, he received from A. R. Wallace, then in the East
Indies, the manuscript of a paper containing precisely the
same explanation of organic adaptations which he himself
had reached. Darwin was naturally much embarrassed, but
seemed willing to throw aside his own work and give prece-
dence to Wallace’s paper. On the advice of friends, however,
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he submitted to the Linnaean Society of London an abstract
of his own conclusions, which was read and published simul-
taneously with the paper by Wallace. The work of each
author was so manifestly independent of the other and each
dealt so generously with the other that no rivalry arose
between them, and both were to the last the best of friends.
The essential points in their theory, which Darwin elabor-
ated more fully the following year (1859) in his Origin of
Species, have been summarized thus by Conn (p. 853):

“1. Overproduction. All animals and plants tend to
multiply more rapidly than it is possible for them to continue
to exist. More offspring are produced by even the slowest
breeding animals and plants than can possibly find susten-
ance in the world.

“ 2. Struggle for existence. As a result of overproduction,
the individuals that are born are engaged in a constant
struggle with each other for the opportunity to live. This
struggle is sometimes an active, sometimes a passive one;
and sometimes it is a struggle with each other for food. It
is a struggle in which only the victors remain alive, the
vanquished being exterminated without living long enough
to leave offspring.

“8. Variation, or diversity. All animals and plants show
a large amount of diversity among themselves, and, as a
result, some must be better fitted for the struggle for life
than others.

“4. Natural selection, or the survival of the fittest. It is a
logical result of the struggle for existence that only those
individuals best fitted for the struggle will be the ones, in
the long run, to win in the contest. Hence the * fittest ”
in the long run will survive, while those less fitted to exist
will be exterminated.

“5. Heredity. By the laws of heredity, individuals trans-
mit to their offspring their own characters. Hence if one
individual survives the struggle for existence by virtue of
some special characteristic, it will transmit this characteristic
to its offspring. The offspring will inherit it, and in the
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course of a few generations the only individuals left alive
will be those that have developed it, while those that did
not develop it will be exterminated by the law of natural
selection.”

This theory stands today in the main as Darwin left it,
the chief advances since his time being concerned with one
or other of the two factors, variation and heredity, concern-
ing which our knowledge, though still incomplete, has made
notable advances. But before we pass to the consideration
of these, let us pause to inquire what were the lines of
evidence upon which Darwin relied to establish his theory.

These have been well summarized by T. H. Huxley (1825
1895) who by his able championship of Darwin’s views did
more than any other one man to gain for these views general
recognition and acceptance. As modified by Lock, Huxley’s
summary is as follows: —

“1. The Gradation of Organisms. Both in the animal and
vegetable kingdoms we may trace, in spite of certain gaps, a
long series of gradations in complexity of structure, so that
between the simplest and the most complicated of living
things a great number of intermediate stages are to be found.
When we pass to the lower end of the scale in either case, we
come upon a group of creatures of comparatively simple
organization. Among them we find members with regard
to which we cannot definitely say that they are either animals
or plants. Moreover, these unicellular organisms resemble
in many ways the egg-cell from which every individual among
the higher animals and plants originates. \

“2. Embryology. All the members of a particular group of
animals or plants as a rule resemble one another more closely
in the early stages of their individual development than they
do in the adult condition, and in the earliest stages of all they
are often indistinguishable. These facts are explained if we
suppose that such individuals have a common origin, that
they are descended from a common ancestor, and that traces
of their pedigree are still to be observed in the developmental
stages through which each one passes. We do not find a com-
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plete parallelism between the development of the individual
and the history of the race, nor should we expect to do so,
since embryonic as well as adult stages may be modified in the
course of evolution; what we should expect is a more or less
vague historical sketch, and this is what is usually found
remaining.

“8. Morphology. On comparing together the different
members of one of the great groups or classes of animals or
plants, we find the same fundamental plan of organization
running through all of them. Series of corresponding organs
are often to be made out which are built upon the same
general scheme, although their functions may be quite dis-
similar; so that, for instance, in the hand of a man, the paw
of a dog, the wing of a bat, and the paddle of a whale, almost
identically the same series of bones can be traced. An ob-
vious explanation is to be found in the supposition that these
parts have arisen by the divergent modification of parts
which were originally identical.

“ 4. Geographical Distribution. Observation shows that
groups of closely allied creatures are often found living in
neighbouring districts, and that when such a barrier as an
ocean or a range of lofty mountains is passed an entirely new
fauna and flora are usually to be met with. These facts may
be explained by the hypothesis that allied groups of species
originated by a process of descent in the same countries which
they now inhabit, and they can be explained by no other
known hypothesis.

“ 5. The Geological Succession of Organisms. The general
facts regarding the distribution of allied species of animals
and plants in time point in precisely the same direction as
‘those relating to their distribution in space. In a few cases,
notably in that of the extinct horse of North America, a long
chain of possibly ancestral types has been found leading back
to a remote and very different progenitor. This supposed
ancestor of the horse was a creature little larger than a
moderate-sized dog. It had four separate toes to each fore-
limb, and three to each hind-limb, and its teeth were much
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simpler and less specialized than those of existing horses.
The general distribution of organisms throughout the geo-
logical strata agrees, moreover, in a remarkable way with
what is to be expected on the evolution theory.

“6. Changes under Domestication. Among domesticated
animals and plants we know of numerous cases in which the
actual origin of new forms has been observed. These have
often differed from their predecessors by amounts quite com-
parable with the differences by which natural species or even
genera are separated. A notable example of this process is
afforded by the numerous breeds of pigeons known to have
arisen under domestication from a single wild species. We
have no reason whatever for supposing that domesticated
species are more mutable than wild species, and there is con-
sequently every reason to believe that changes of a similar
character take place in Nature. The conditions of domesti-
cation, of course, afford much better opportunities of observ-
ing such phenomena.

“1q. The Observed Facts of Mutation. Nevertheless, indi-
vidual specimens of particular wild species are frequently
found showing modifications which, if they occurred con-
stantly in an isolated group, would afford a basis for the
description of new species. In a few cases the actual occur-
rence of similar changes has been observed in wild species of
plants. :

“We see, therefore, that the evidence in favour of the
existing species of animals and plants, having arisen by a
process of evolution, is of a most ample and convineing kind.”

How some of these evidences first presented themselves
to Darwin’s mind and how he came later to value them, Dar-
win states in the closing pages of the Introduction to his
Variation of Antmals and Plants under Domestication.

When I visited, during the voyage of H. M. S. Bo:agle, the Galapagos
Archipelago, situated in the Pacific Ocean about five hundred miles from
South America, I found myself surrounded by peculiar species of birds,
reptiles, and plants, existing nowhere else in the world. Yet they nearly

all bore an American stamp. In the song of the mocking-thrush, in the
harsh cry of the carrion-hawk, in the great candlestick-like opuntias, I
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clearly perceived the neighbourhood of America, though the islands were
separated by so many miles of ocean from the mainland, and differed much
in their geological constitution and climate. Still more surprising was the
fact that most of the inhabitants of each separate island in this small
archipelago were specifically different, though most closely related to each
other. The archipelago, with its innumerable craters and bare streams of
lava, appeared to be of recent origin; and thus I fancied myself brought
near to the very act of creation. I often asked myself how these many
peculiar animals and plants had been produced: the simplest answer
seemed to be that the inhabitants of the several islands had descended
from each other, undergoing modification in the course of their descent;
and that all the inhabitants of the archipelago were descended from those
of the nearest land, namely America, whence colonists would naturally
have been derived. But it long remained to me an inexplicable problem
how the necessary degree of modification could have been effected, and it
would have thus remained for ever, had I not studied domestic productions,
and thus acquired a just idea of the power of Selection. As soon as I had
fully realized this idea, I saw, on reading Malthus on Population, that
Natural Selection was the inevitable result of the rapid increase of all
organic beings; for I was prepared to appreciate the struggle for existence
by having long studied the habits of animals.

Before visiting the Galapagos I had collected many animals whilst
travelling from north to south on both sides of America, and everywhere,
under conditions of life as different as it is possible to conceive, American
forms were met with — species replacing species of the same peculiar
genera. Thus it was when the Cordilleras were ascended, or the thick
tropical forests penetrated, or the fresh waters of America searched. Sub-
sequently I visited other countries, which in all their conditions of life were
incomparably more like parts of South America, than the different parts
of that continent are to each other; yet in these countries, as in Australia
or Southern Africa, the traveller cannot fail to be struck with the entire
difference of their productions. Again the reflection was forced on me
that community of descent from the early inhabitants of South America
would alone explain the wide prevalence of American types throughout
that immense area.

To exhume with one’s own hands the bones of extinct and gigantic
quadrupeds, brings the whole question of the succession of species vividly
before one’s mind; and I found in South America great pieces of tesselated
armour exactly like, but on a magnificent scale, that covering the pigmy
armadillo; I had found great teeth like those of the living sloth, and bones
like those of the cavy. An analogous succession of allied forms had been
previously observed in Australia. Here then we see the prevalence, as if
by descent, in time as in space, of the same types in the same areas; and
in neither case does the similarity of the conditions by any means seem
sufficient to account for the similarity of the forms of life. It is notorious
that the fossil remains of closely consecutive formations are closely allied
in structure, and we can at once understand the fact if they are closely
allied by descent, The succession of the many distinct species of the same
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genus throughout the long series of geological formations seems to have
been unbroken or continuous. New species come in gradually one by one.
Ancient and extinct forms of life are often intermediate in character, like
the words of a dead language with respect to its several offshoots or living
tongues. All these facts seemed to me to point to descent with modifica-
tion as the means of production of new species.

The innumerable past and present inhabitants of the world are con-
nected together by the most singular and complex affinities, and can be
classed in groups under groups, in the same manner as varieties can be
classed under species and sub-varieties under varieties, but with much
higher grades of difference. These complex affinities and the rules for
classification, receive a rational explanation on the theory of descent, com-
bined with the principle of natural selection, which entails divergence of
character and the extinction of intermediate forms. How inexplicable is
the similar pattern of the hand of a man, the foot of a dog, the wing of a
bat, the flipper of a seal, on the doctrine of independent acts of creation!
How simply explained on the principle of the natural selection of successive
slight variations in the diverging descendants from a single progenitor! So
it is with certain parts or organs in the same individual animal or plant, for
instance, the jaws and legs of a crab, or the petals, stamens, and pistils of a
flower. During the many changes to which in the course of time organic
beings have been subjected, certain organs or parts have occasionally be-
come at first of little use and ultimately superflucus; and the retention of
such parts in a rudimentary and useless condition is intelligible on the
theory of descent. It can be shown that modifications of structure are
generally inherited by the offspring at the same age at which each succes-
sive variation appeared in the parents; it can further be shawn that varia-
tions do not commonly supervene at a very early period of embryonic
growth, and on these two principles we can understand that most wonder-
ful fact in the whole circuit of natural history, namely, the close similarity
of the embryos within the same class — for instance, those of mammals,
birds, reptiles, and fish.

It is the consideration and explanation of such facts as these which has
convinced me that the theory of descent with modification by means of
natural selection is in the main true. These facts as yet received no ex-
planation on the theory of independent Creation; they cannot be grouped
together under one point of view, but each has to be considered as an
ultimate fact. As the first origin of life on this earth, as well as the con-
tinued life of each individual, is at present quite beyond the scope of
science, I do not wish to lay much stress on the greater simplicity of the
view of a few forms or of only one form having been originally created,
instead of innumerable periods; though this more simple view accords
well with Maupertuis’s philosophical axiom of * least action.”

In considering how far the theory of natural selection may be ex-
tended; that is, in determining from how many progenitors the inhabitants
of the world have descended, — we may conclude that at least all the mem-
bers of the same class have descended from a single ancestor. A number
of organic beings are included in the same class, because they present,
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independently of their habits of life, the same fundamental type of struc-
ture, and because they graduate into each other. Moreover, members of
the same class can in most cases be shown to be closely alike at an early
embryonic age. These facts can be explained on the belief of their descent
from a common form; therefore it may be safely admitted that all the
members of the same class are descended from one progenitor. But as the
members of quite distinct classes have something in common in structure
and much in common in constitution, analogy would lead us one step
further, and to infer as probable that all living creatures are descended
from a single prototype.

I hope that the reader will pause before coming to any final and hostlle
conclusion on the theory of natural selection. The reader may consult my
“ Origin of Species ” for a general sketch of the whole subject; but in that
work he has to take many statements on trust. In considering the theory
of natural selection, he will assuredly ineet with weighty difficulties, but
these difficulties relate chiefly to subjects — such as the degree of perfec-
tion of the geological record, the means of distribution, the possibility of
transitions in organs, etc., on which we are confessedly ignorant; nor do
we know how ignorant we are. If we are much more ignorant than is
generally supposed, most of these difficulties wholly disappear. Let the
reader reflect on the difficulty of looking at whole classes of facts from a
new point of view. Let him observe how slowly, but surely, the noble
views of Lyell on the gradual changes now in progress on the earth’s sur-
face have been accepted as sufficient to account for all that we see in its
past history. The present action of natural selection may seem more or
less probable; but I believe in the truth of the theory, because it collects,

"under one point of view, and gives a rational explanation of, many ap-
parently independent classes of facts.

In his earlier statements of his theory, Darwin does not
seem to have paid much attention to the source of variations
or to the manner of their inheritance, but these subjects re-
ceive much attention in his great work on the Variation of
antmals and plants under domestication, from which we
have just quoted. He seems to have come more and more to
hold views similar to those of Lamarck, his great French pre-
decessor, regarding the direct effect of environment as a cause
of variation, and the inheritance of effects so produced. Con-
cerning the general nature of Lamarck’s views we should
therefore inform ourselves.



CHAPTER II

CONTRIBUTIONS OF LAMARCK, WEISMANN, AND HERBERT
SPENCER TO THE THEORY OF EVOLUTION; DARWIN’S
THEORY OF PANGENESIS

LaMarck (1744-1829), the greatest evolutionist before Dar-
win, was, according to his biographer, a man of great physical
and moral courage. He distinguished himself by a deed of
singular bravery in the French army, and, receiving an in-
jury, re-entered life as a doctor. He was first attracted to
botany by the rich flora near Monaco observed during his
military service. Going to Paris he gained the attention of
the great naturalist, Buffon, under whose direction he pub-
lished a “ Flora of France,” written in six months, which
passed through many editions. He seems to have possessed
powers of exceptionally rapid observation, with great facility
in writing and with unusual powers of definition and descrip-
tion. At the age of forty-nine (1793) he was transferred to a
Zoological chair in the Jardins des Plantes, being placed in
charge of invertebrate zodlogy, while at the same time Geoff-
roy Saint-Hilaire was placed in charge of vertebrate zotlogy.
Being at this time in his fiftieth year, Lamarck took up the
study of zoslogy with such zeal and success that he almost
immediately introduced striking reforms in classification, and
developed (after having reached middle life) the conception
of the mutability of species and of the origin of new species
by descent. His relation to the evolution idea was thus very
different from Darwin’s. It came to Darwin almost in his
boyhood and he spent a lifetime working it out, not publishing
anything upon it until he was fifty years old. To Lamarck
the idea seems scarcely to have come before the age of fifty,
and he rapidly developed it into a system, sufficiently elabor-
ate to explain evolution, if his basic principle is true, viz.
18
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the inheritance of acquired characters. This we shall consider
further. '

Regarding Lamarck’s later life, Osborn (p. 158) says:

His devotion to the study of the small forms of life, probably with in-
ferior facilities for work, for he was extremely poor, gradually deprived him
of the use of his eyes, and in 1819 he became completely blind. The last
two volumes of the first edition of his Natural history of invertebrated
animals, which was begun in 1816 and completed in 1822, was carried on
by dictation to his daughter, who showed him the greatest devotion; after
Lamarck was confined to his room, it is said she never left the house.
Lamarck was thus saddened in his old age by extreme poverty and by the
harsh reception of his transmutation theories, in the truth of which he
felt the most absolute conviction.

LaMarck’s THEORY

The factors recognized by Lamarck as concerned in evolu-
tion may be summarized as follows: —

1. The direct effect of environment. We know that a plant
in rich soil grows large and luxuriant, but that the same plant
in poor soil would remain small and stunted. This is a direct
effect of the environment. Lamarck supposed that such
effects of environment are cumulative from generation to
generation so that long-continued growing in rich soil would
produce a more luxuriant race, while continued growing in
poor soil would produce a different and smaller race. In the
case of animals Lamarck does not think that the action of
environment is quite so direct, but that animals are changed
indirectly through changes in their habits. Buffon considered
the action of environment direct in both animals and plants,
and this view Darwin seems to have adopted rather than
Lamarck’s slightly different one. Darwin in his Varation
adopts this factor, the direct effect of environment, as one of
the causes, if not the chief cause of variations. He says
(p. 6):

If then organic beings in a state of nature vary even in a slight degree,
owing to changes in the surrounding conditions, of which we have abundant
geological evidence, or from any other cause, — then the severe and often-
recurrent struggle for existence will determine that those variations, how-
ever slight, which are favorable shall be preserved or selected, and those
which are unfavorable shall be destroyed.
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2. Lamarck regarded new physical needs as a'second factor
or cause of variations. He supposed that the need of an
organ caused the organ to be produced, that need of horns to
fight with or of teeth to chew with would cause the produc-
tion of horns and teeth respectively. Darwin never adopted
this view.

8. A third Lamarckian factor however Darwin did regard
as a genuine cause of variation, viz., use and disuse. The use
of an organ, as the arm or leg, causes it to increase in size
and strength; conversely disuse causes decrease in size and
efficiency.

4. Inheritance of acquired characters. As regards heredity,
Lamarck believed that variations of every sort are inherited.
Those which result from direct action of the environment or
from use and disuse, we now call acquired characters, and
Lamarck supposed that acquired characters are inherited. In-
deed he supposed that all variations are of this nature. Dar-
win shared Lamarck’s view in part; he too probably did not
clearly distinguish between variations which we should class
as acquired characters and those of other sorts. Certainly
Lamarck did not make this distinction, for on his view all
variations are what we should call acquired.

In illustration of Lamarck’s views concerning the causes of
variations and of consequent evolution, it may be well to
quote a few passages largely in his own words, as given in
translation in Osborn, pp. 164-171.

In considering the natural order of animals, the very positive gradation
which exists in their structure, organization, and in the number as well as
in the perfection of their faculties, is very far removed from being a new
truth, because the Greeks themselves fully perceived it; but they were un-
able to expose the principles and the proofs of this evolution, because they
lacked the knowledge necessary to establish it. In consideration of this
gradation of life, there are only two conclusions which face us as to its ori-
gin : — The conclusion adopted up to today : Nature (or its Author) in cre-
ating animals has foreseen all possible sorts of circumstances in which they
would be destined to live, and has given to each species a constant organi-
zation, as well as a form determined and invariable in its parts, which forces
each species to live in the places and climates where it is found, and there

to preserve the habits which we know belong to it. My personal conclusion:
Nature, in producing successively all the species of animals, and commenc-
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ing by the most imperfect or the most simple to conclude its labour in the
most perfect, has gradually completed their organization ; and of these
animals, while spreading generally in all the habitable regions of the globe,
each species has received, under the influence of environment which it has
encountered, the habits which we recognize and the modifications in its
parts which observation reveals in it.

All that Nature has caused individuals to acquire or lose by the influ-
ences of environment to which they have been long exposed, and conse-
quently by the influence of the predominant employment of a certain organ,
or by that of the continued lack of use of the same part, — all this Nature
conserves by generation to the new individuals which arise, provided that
these acquired variations (changements) are common to both sexes, or to
those which have produced these new individuals.

But great ch.a.nga in environment bring about changes in the habits of
animals. Changes in their wants necessarily bring about parallel changes
in their habits. If new wants become constant or very lasting, they form
new habits, the new habits involve the use of new parts, or a different use
of old parts, which results finally in the production of new organs and the
modification of old ones.

Darwin’s later views concerning variation and heredity,
as compared with those of Lamarck, may be briefly stated
thus:

1. Variation was thought to be due either to the two
Lamarckian factors, direct action of the environment and use
or disuse, or to other as yet unknown causes, the results of
which Darwin refers to as ‘‘ chance variations.”

2. As regards heredity, Darwin seems to have thought
with Lamarck that variations of all sorts are inherited,
though some doubtless were inherited more strongly and per-
sistently than others. ‘

Weismann (1884-1914). The first great advance, after
Darwin, in our knowledge of variation and heredity was made
by Weismann, a German zotlogist, who within two years after
Darwin’s death (viz. in 1883) brought forward a new classifi-
cation of variations and a new theory of heredity.

He showed that some variations are congenital (<. e., are
born with us), are in the blood so to speak, while others are
acquired through the action of environment, use or disuse.
Regarding acquired characters, he showed that these, in all
probability, are not inherited. This was a wholly new idea
and called forth a hot debate which has not yet ended, but
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gradually biologists have been coming to the view that Weis-
mann is right. The consequences of this view are very im-
portant not only as regards evolution in general, but also as
regards education, for if Weismann is right scholarship is not
inherited, but only capacity to learn. The son must begin in
his education, not where his father left off, but at the alpha-
bet, and he will not learn any faster because his father was
educated. T think the experience of educators justifies this
view. Children growing up in cultured homes have a certain
educational advantage due to their environment, but not to
heredity. Thus Darwin’s attention was directed toward nat-
ural history, by the home environment in which he grew up.
The same is true in even greater degree of his sons, three of
whom have become distinguished scientists. It is very im-
probable that he inherited a taste for natural history, as he
supposed. More likely he acquired such a taste.

Fic. 1. Diagram showing the relation of the body or soma (S) to the germ-cells
(Q) in heredity. (After E. B. Wilson.)

Besides showing that there is no sufficient evidence that
acquired characters are inherited, Weismann pointed out
anatomical and physiological reasons why we should not
expect them to be inherited. In the higher animals and
plants reproduction takes place not by division of the body
but by the development of special reproductive cells, eggs,
spores, and the like. The fertilized egg-cell of an animal be-
gins its development by dividing into two cells; these divide
into four, and so on. Sooner or later we notice that these cells
are not all alike. Some of them develop into muscles, others
into bone, or nervous tissue; in short they become differ-
entiated to form the various parts and tissues of the body, all
except some few which remain undifferentiated like the origi-
nal egg-cell itself. These undifferentiated cells will in fact
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Results of ovarian transplantation in guinea-pigs. Ovaries from a small black guinea-pig (Fig. 2)
were transplanted into an albino (Fig. 3) which, mated with another albino (Fig. 4), produced black
young (Figs. 5-7).
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give rise to egg-cells or sperm-cells rather than to muscle,
bone, or any other part of the body proper. Weismann called
the cells which collectively make up the body the soma (Greek
for body); whereas those undifferentiated cells destined for
reproduction he called germ-cells or collectively the germ-

Fia. 8. Fruits of an apple “ graft-hybrid ” or “ chimera.” Two distinct varieties are represented in
one fruit. The stem-end of the apple is russet and sour; the blossom-end is smooth-skinned, red-striped
and sweet. A sharp line of division scparates the two portions. Such fruits are borne on a tree pro-
duced by grafting one variety on another, the tree-trunk having grown from a bud which arose just
where stock and scion join, and which included cells derived from both sources. But the two kinds
of cells and all their d dants have retained their original distinctness, as the composite fruits show.
Hence, not only may the body and germ-cells be of unlike character (as Figs. 2-7 show), but even the
body may be composite and yet each part retain its orixilul character. By grafting tadpoles, Harrison
bas produced a frog whlch anteriorly was ol one species and posteriorly of another. 1f such a frog

duced eggs, their character would d d upon which part of the body furnished the eggs. ** Graft-

bybrlds " between the tomato and hlack ightshade (Sol nigrum) produced by Winkler and
studied by him and by Baur were found to produce as seedlings either pure tomato plants or pure
nightshade plants, depending on which species made up that part of the “ chimera” from which the
germ-cells arise.

plasm. Now Weismann maintained that the germ-cells, since
they are not descended from body-cells but only from the
fertilized egg-cell, have no way of transmitting body-modifi-
calions, 1. e., acquired characters. The germ-cells are guests
in the body, but not members of the household. They feed
at the common table but have no share in the other activities
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of the home, and are themselves unmodified by those activi-
ties. To show the biological soundness of Weismann’s con-
clusion that soma and germ-plasm are anatomically and
physiologically distinct, I may cite an experiment performed
by Dr. John C. Phillips and myself:

A female albino guinea-pig (Fig. 8) just attaining sexual maturity was
by an operation deprived of its ovaries, and instead of the removed ovaries
there were introduced into her body the ovaries of a young black female
guinea-pig (Fig. 2), not yet sexually mature, aged about three weeks. The
grafted animal was now mated with a male albino guinea-pig (Fig. 4).
From numerous experiments with albino guinea-pigs it may be stated
emphatically that normal albinos mated together, without exception, pro-
duce only albino young, and the presumption is strong, therefore, that had:
this female not been operated upon she would have done the same. She
produced, however, by the albino male three litters of young, which to-
gether consisted of six individuals, all black. (See Figs. 5-7.) The first litter
of young was produced about six months after the operation, the last one
about a year. The transplanted ovarian tissue must have remained in its
new environment therefore from four to ten months before the eggs at-
tained full growth and were discharged, ample time, it would seem, for the

. influence of a foreign body upon the inheritance to show itself were such
influence possible.

Since, then, germ-cells and body are distinct, heritable
variations cannot have their origin in body-cells but only
in the germ-plasm. The problem of evolution, therefore, on
Weismann’s view, becomes this — how are changes in the
germ-plasm brought about ?

Darwin’s theory of pangenests.

Before Weismann’s time, Darwin, in common with biolo-
gists in general, had come to recognize that the germ-cells
(2. e., the egg and sperm-cells) are the sole vehicles of inheri-
tance. Darwin therefore realized that if acquired characters
are inherited, as everyone then supposed, bodily modifica-
tions must in some way be registered in the germ-cells, and
he framed an hypothesis to explain how this could come
about. This hypothesis, which he called Pangenests, is put
forward in the closing chapters of his book on Animals and
plants under domestication. Darwin himself was not sure
of its correctness and advanced it as he says “ tentatively ”
only. We are very sure that it was nof correct, but it has for
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us an historical interest because it had much influence upon .
biological investigation and theory at that time and subse-
quently. Logically, Darwin’s theory of pangenesis may be
regarded as a modification of one of Herbert Spencer’s specu-
lations upon biology. _

Herbert Spencer (1820-1903) was the champion of evolu-
tion from the standpoint of philosophy, as Huxley was from
the standpoint of comparative anatomy and embryology.
His ideas had much influence on the development of evolu-
tionary thought down to our own time. (See Delage and
Goldsmith, 1912.) Spencer tried to explain the structure of
living substance (protoplasm) in harmony with the chemical
explanation of lifeless substance then current. He supposed
that there are structural units of protoplasm comparable with
the molecules of chemical compounds, each kind of proto-
plasm within the body being composed of a different kind or
kinds of units. These he called physiological units.

Darwin adopting this same line of thought, but with a
more intimate knowledge of the facts of inheritance, saw that
every kind of physiological unit must be supposed to exist in
the germ-cell, since out of the germ-cell an entire body de-
velops. In his theory of pangenests, he supposes that every
part of the body is constantly giving off its particular kinds
" of units into the blood, just as a fungus gives off spores into
the air. These given off units Darwin called ‘ gemmules,”
or little buds. He supposed further that these gemmules are
carried through the body in the blood stream, and accumu-
late in the germ-cells, in which they multiply as the germ-cell
develops. Thus out of one germ-cell comes an entire body
with its various parts, because each part was represented in
the germ by a gemmule. No one today holds this theory, as
Darwin stated it, but the underlying idea of preformed deter-
mining particles existing in-the germ-cell reappears a little
later in Weismann’s theory of heredity, and has wide accep-
tance today in the chromosome theory of inheritance.

We shall come to these later, but for the present let us go
back to Darwin’s theory of pangenesis. Darwin’s method of
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reaching this theory was inductive and beyond criticism. He
first collected all the facts obtainable about inheritance and
then attempted to frame an hypothesis which would account
for them all, which would bring them all under one point of
view. Where he erred was in accepting as facts some things
which we know are not facts. In fitting a theory to them, he
framed a false theory, simply because the assumed facts were
false.

Darwin’s cousin, Francis Galton, showed the unsoundness
of pangenesis by a simple experiment. He reasoned thus. If,
as Darwin assumes, gemmules circulating in the blood deter-
mine the character of the germ-cells, then blood of one animal
transfused into blood-vessels of another should carry into the
germ-cells of the second animal gemmules- derived from the
first animal. Consequently offspring subsequently produced
by an animal into which blood has been transfused should
show characteristics of the animal from which the blood was
taken. Galton performed this experiment on rabbits but with
results wholly negative. The experiment, however, cannot be
regarded as altogether conclusive because (1) blood trans-
fused from one individual to another probably does not long
persist, but is replaced by new blood formed by the individual
into which transfusion occurred. Therefore the effects of
transfusion would at most be of short duration. (2) Suppos- -
ing that modifications were induced in the germ-cells by
transfusion, it is not to be expected, in the light of our present
knowledge, that such modifications would in all cases appear
in the first generation offspring, but rather in the second or
later generations of offspring, but Galton did not carry the
.experiment so far. Galton’s experiment therefore cannot be
regarded as a complete refutation of pangenesis, but such a
refutation has become unnecessary through the development
of biological knowledge along other lines.

The theory of pangenesis was an attempt to explain the
mechanism of the inheritance of acquired characters. If
acquired characters are not inherited, as we now have reason
to think, the hypothesis of pangenesis is unnecessary and
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should accordingly be discarded. This in fact is what has
actually happened. The theory as Darwin stated it has no
supporters at present. Those who now hold, in a modified
form, that acquired characters are inherited, have adopted
other ways of explaining their inheritance, or else, with De-
lage, admit the inadequacy of Darwin’s explanation and
state that no satisfactory substitute has yet been found, but
entertain the hope that one will yet be discovered.



CHAPTER III

ARE ACQUIRED CHARACTERS INHERITED ?

EviDENCE from ovarian transplantation experiments with
guinea-pigs has been cited to show that body and germ-cells
are morphologically and physiologically distinct and that
germ-cells may be lodged in a foreign body during their de-
velopment without losing their distinctive character. But
this by no means proves that germ-cells are immune from
modification by influences which reach them through the
body. The evidence cited is negative evidence. It creates a
presumption against the inheritance of acquired characters
but does not prove a universal negative, which is impossible.
The question whether acquired characters are or are not in-
herited is therefore a question to be decided only by the care-
ful weighing of evidence. It is possible that some categories
of supposed acquired characters are more readily capable of
an alternative interpretation than are others. Several of
these may now be discussed briefly.

1. Mutilations. It is now all but universally admitted
that somatic modifications due to mutilation are not in-
herited. Nevertheless ‘‘ cases ” are from time to time re-
ported, in which a man or a domesticated animal which by
accident had lost a limb has produced offspring similarly de-
fective. One of the most frequently recurring of these stories
has come to me at first hand. A cat which had accidentally
lost her tail gave birth to kittens part of which were short-
tailed. It is not necessary to suppose that the report is in-
accurate. Certain races of cats are naturally short-tailed,
and a cat might produce offspring short-tailed by inheritance
quite irrespective of any injury to either parent. On the
other hand where docking of the tail has been followed up
~ systematically for many generations and on a large scale, as
is the case in sheep, no racial shortening of the tail is observ-

]
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able. Finally, we have the direct experimental evidence of
Weismann, who cut off the tails of mice for nineteen genera-
tions in succession without however observing any inheri-
tance of the mutilation. We have also the evidence furnished
by long-continued mutilations practiced by man upon his
own person, such for example as tatooing and circumcision.
The effects of such mutilations, as is well known, are not in-
herited in the slightest degree.

Notwithstanding all this negative evidence, Semon, who
like a drowning man catches at every straw, cites Kammerer
as having recently shown that a soft-bodied marine animal
(Ciona, an ascidian) after its siphons are cut off regenerates
new ones longer than normal, and he maintains that the
young of such animals have siphons of abnormal length. In
view of all the negative evidence furnished by other animals
this case, as yet incompletely published, seems highly im-
probable. The unsupported claim throws more light upon
the credibility of Kammerer as a witness (and he has brought
forward many cases in recent years) than upon the general
question of the inheritance of mutilations.

2. Congenital diseases. Cases of disease acquired by a
parent and by him transmitted to his offspring are frequently
reported. But all these cases are capable of other explana-
tions than that of inheritance of an acquired character.

(a) In some cases a disease-producing organism may be
present in the body of the parent and may pass directly into
the reproductive cell. Thus in silkmoths, the organism
which causes “pebrine” is transmitted as an infection within
the egg, as Pasteur showed. The same is true of Texas fever
in cattle. This disease is caused by a protozotn which is
introduced into the blood of cattle by a tick which harbors
the disease. The protozoan parasite is present in the egg-cell
of the tick, so that the young tick which develops out of such
infected eggs cannot fail to contain the parasite; but the
disease is no more nherited than a grain of sand placed within
the egg would be inherited. In a similar way in man syphilis
may be transmitted, but it is in no true sense inherited. Yet
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the practical outcome is very similar; an individual once in-
fected with syphilis is racially condemned; his seed is as
truly bad as if the syphilis germ were an essential part of the
germinal substance. '

(b) The intimate relationship of parent to child may give
unusual opportunities for post-natal infection, as in the case
of tuberculosis. Thus the children of tuberculous parents
are more liable to infection with tuberculosis, other things
being equal, than the children of non-tuberculous parents.
But we are not justified for that reason in speaking of tuber-
culosis as hereditary. It is probably in all cases acquired by
the patient, individually, and not inherited. Whether some
individuals are more susceptible than others is a wholly
different question. Susceptibility may well be inherited.

(¢) Just as a disease-producing organism may be received
into the egg or the embryo while it is still within the body of
the mother, so chemical substances in the mother’s blood may
enter the egg or embryo and affect its subsequent character.
Thus it has been shown that in guinea-pigs immunity ac-
quired by the mother (which is known to be due to the
presence of specific substances in the blood) may be trans-
mitted to her offspring, though the father has no such in-
fluence, the reason being that the sperm-cell is too small to
carry an effective quantity of antitoxin, . e., of immunity
producing substance. In such cases as I have just mentioned
of transmitted immunity, the immunity does not last beyond
a single generation. It has not become hereditary, it has
simply been passively received by the embryo. ‘

On the whole, we must conclude that disease transmission
furnishes no evidence in favor of the transmission of acquired
characters. The most debatable case is that of acquired
disease transmitted in the germ-cell. For practical purposes
this 13 heredity. For truly hereditary characters are often as
detachable and separate from the germ-cell as foreign bodies,
as we shall see when we come to study Mendelian inheritance.

8. Induced epilepsy. A famous case cited in all discussions
of this subject is the case of Brown-Sequard’s guinea-pigs.
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From 1869 to 1891 Brown-Sequard experimented on thou-
sands of guinea-pigs, developing methods by which a certain
form of epilepsy could be induced through injury to different
parts of the nervous system, such as the spinal cord or the
sciatic nerve. In some cases the young of animals thus
rendered epileptic were themselves similarly affected. Some
persons who have repeated Brown-Sequard’s experiments
confirm his results, notably Romanes; others have failed to
confirm them.

Weismann has suggested that some pathogenic organism
may have got into the wounds and, migrating into the central
nervous system, have caused the epilepsy, and this same or-
ganism may have infected the young. There is no evidence
that such was the case, however.

Guinea-pigs are said to be strongly predisposed to epilepsy,
and so the results of Brown-Sequard’s experiments may be
pure coincidences, or due to the transmission of a chemical
substance. In some cases reported by Brown-Sequard the
animals gnawed off one or more toes after the sciatic nerve
had been cut. Certain of their young are reported to have
done the same. This is almost certainly pure coincidence,
since the evidence as regards the inheritance of mutilations
is unmistakable.

4. Acclimatization. It is well known that animals or plants
taken from one climate to another undergo changes of form.
The same plant divided into two parts and planted one part
upon an exposed mountain side, the other in a sheltered,
fertile valley, assumes forms very different in the two places.
The mountain form is short, compact and dwarfed; the val-
ley form is tall, spreading and luxuriant. It is assumed by
Lamarckians that these direct effects of the environment are
to some extent inherited, that if they are repeated through a
long series of generations they at last become habitual, so to
speak, and appear spontaneously even when the external
cause is lacking. In this way it is explained why mountain
species in general are dwarfed, and lowland species are tall
and luxuriant, even when the two are grown side by side
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under identical conditions. Lamarckians assume that the
direct effects of the environment have accumulated and be-
come hereditary. Selectionists, on the other hand, maintain
that dwarf species were dwarfs originally and by nature, and
that they have found their way to the mountains because
they alone can survive under the harsh conditions there ob-
taining, whereas the more luxuriant forms were better
adapted to lowland conditions and have there crowded out
the dwarfs. It is evident that both explanations are logically
sound, though both cannot be true. Many experiments have
been tried to determine which best accords with fact, but the
results are not entirely conclusive because they are usually
capable of alternative interpretations, and each one inter-
prets them in accordance with the general theory which he
favors. A few typical experiments may be enumerated.

(a) To altered salinity. Paul Bert, many years ago, at-
tempted to acclimatize some Daphniae (small fresh-water
crustacea) to salt water by gradually adding salt to the
aquarium. At the end of forty-five days, when the water
contained 1.5 per cent of salt all the adults had died; but the
eggs in their brood-chambers survived, and the new genera-
tion arising from these flourished well in the salt medium.
This case has been cited as a case of inherited modification,
but such it clearly is not, because the parents did not succeed
in becoming acclimatized; -they died without becoming modi-
fied sufficiently to exist in the salt water. But their egg-cells
did become so modified, and the animals developing out of
them were acclimatized, through direct response to the en-
vironment, not through inheritance.

Ferronidre transferred a worm (Tubifex) from fresh water
into sea water. The animal lived there and underwent cer-
tain changes of form (loss of bristles, etc.), which became
more deeply marked in later generations. After several
generations the animals were unable to live in the original
medium. This case is cited as showing inheritance of an
acquired modification. But it can with equal propriety be
interpreted as showing power of direct adaptation to changed
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environment. It is doubtul whether any inheritance oc-
curred at all, for these animals usually reproduce by fission
and Ferroniére’s * several generations > probably represent
merely regenerated fragments of one and the same original
individual. Had the transfer back to fresh water been gradual
enough there can be little doubt that it would have been
accomplished successfully.

(b) To a shorter season. Corn or other grain taken from a
southern to a northern latitude adapts itself to a shorter
growing season, maturing earlier. The change is not imme-
diate, but progressive, the period required for maturity grow-
ing shorter through several generations. This at first sight
looks like a good Lamarckian effect, but selectionists regard
it as equally good evidence in support of their view. For it
is evident that the shorter growing season in northern lati-
tudes would act as a selecting agency, killing off all variations
requiring a long growing season, so that earlier maturity
would become a racial character.

5. Effects of changed food supply. Kellogg and Bell (1903)
fed larvae of the silkmoth on a reduced quantity of mul-
berry leaves or on a diet partly of lettuce, partly of mulberry
leaves. A decrease in size of the adult moths resulted which
persisted through two subsequent generations, even when
normally fed. In this way a race of dwarf moths was pro-
duced which however died out at the end of three genera-
tions. This is not a clear case of inherited modification, but
of direct weakening of the organism through mal-nutrition or
disease, the cause whatever it was being probably transmitted
in the egg like ““pebrine.” )

Similar but more extensive experiments were performed
by Pictet (1910-1911) upon larvae of the gipsy-moth. These
larvae feed by preference on oak leaves. Pictet fed some on
walnut leaves and thus obtained moths of modified, paler
coloration. These modifications became accentuated after
several generations had been reared on walnut leaves. In
one experiment the modified coloration persisted in spite of
a return to normal diet. The first generation was fed on
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walnut leaves and presented the paler coloration; the second
and third generations were fed on oak leaves but retained the
modified coloration. In the third generation, however, the
female showed partial return to normal coloration.

Pictet observed some cases in which moths became so
completely accustomed to the diet of walnut leaves that their
coloration became normal. Delage regards this as greatly
weakening the case for inherited modification. He interprets
the case thus. Walnut leaves are in general a poor diet for
gipsy-moth larvae. They weaken the animal. This weakness
persists through one or more generations, doubtless because
of impaired constitution of the egg, but is not certainly trans-
mitted as an acquired character. Indeed the race may re-
cover from the weakening produced by the changed diet.

6. Temperature experiments. Many experiments have been
performed with moths and butterflies in which the pupae
were subjected to abnormally low or abnormally high tem-
peratures. The effects of both extremes are in many cases
similar. In general extremely low or extremely high tem-
peratures produce darker adults. Fischer reared adults from
pupae of Arctia caja exposed to a very low temperature, 8° C.
Abnormally dark adults were obtained in this way. Some of
the darkest of these, produced under normal conditions un-
usually dark offspring. Fischer considers that the induced
modifications were transmitted. But this is far from certain
for (1) the moths vary in darkness of coloration under normal
conditions. It is not established that the supposedly induced
variations lie outside the range of normal variation. (2)
Fischer’s treatment served to show what animals were nat-
urally inclined to become dark, for these under treatment
would become darkest, and from such Fischer bred. The
supposed transmission of an acquired characteristic may be
regarded in this case as nothing but the transmission of a
natural or inborn characteristic, the treatment serving as a
guide to selection.

Weismann, however, influenced by studies of his own upon
variation in color of butterflies in northern and in southern
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Europe, is willing to accept at full face value such cases as
this brought forward by Fischer, and to allow that the race
may become darker through long-continued subjection to
lower temperatures. He supposes not that the body effects
are transferred to the germ-cells, but that the low tempera-
tures act simultaneously on the body and on the germ-cells,
producing in them similar changes, the changes in the germ-
plasm affecting the hereditary character of the race per-
manently. This view under the name of parallel-induction
now has many adherents. It is a practical admission for a
particular case of the Lamarckian principle of evolution
guided in its course by environmental action. Whether,
however, Weismann is right in his interpretation may still
be regarded as an open question.

In this country, W. L. Tower (1896) has carried on exten-
sive experiments upon potato beetles and related insects, in
which variations in temperature and humidity of the environ-
ment have been followed by variations in pigmentation of the
insects, similar to those observed by Fischer in the case of
butterflies. Tower interprets his observations, as would Weis-
mann, as showing, not inheritance of acquired characters but
direct modification of the germ-cells, independently of the
soma. For, he claims to have obtained modification of the
germ-plasm, which accordingly resulted in inherited varia-
tions, where no parallel modification of the body of the parent
had occurred. Inheritance of an acquired character is accord-
ingly excluded because no modification was acquired. His
strongest evidence for this claim consists of cases in which
the same parents were subjected to periods of heat or cold,
alternating with periods of normal temperature, each being of
several weeks’ duration. It was found that when a batch of
eggs was produced in or immediately following a period of
heat, characteristic color variations were likely to occur
among the offspring which may be called heat variations and
these proved hereditary. But when eggs were produced by
these same parents at normal temperatures, no such varia-
tions occurred. Similar effects were obtained in cold periods,
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as contrasted with normal temperatures. While the bodies
of the parents remained unaffected, the coloration of their
offspring varied with conditions of temperature and moisture
during the growth and fertilization of the eggs which pro-
duced those offspring. Tower therefore concludes that the
germ-plasm was directly and permanently affected by varia-
tions in the environment during a particular sensitive growth
period of the egg. This work is therefore no argument for the
inheritance of acquired characters; nevertheless it is an argu-
ment for evolution directly guided by the environment, which
after all is the essence of Lamarckism. There are several
reasons why we should accept Tower’s conclusions with some
reservation.

1. In the first place his experiments are not reported in
sufficient detail to enable us to form a critical opinion as to
their conclusiveness.

2. If the supposed temperature and moisture effects are
due solely to those conditions, they should appear equally in
all eggs subjected to the same conditions, but this is not the
case. Only certain individuals are modified. Since this is so,
it is evident that all the eggs were not alike at the outset, for
some were more sensitive than others to temperature and
moisture changes in the environment, if indeed these were
the agencies which caused the changes observed. A good
argument could therefore be made for considering the tem-
perature and moisture changes as merely selective agencies
exerted on a collection of germ-cells already inherently vari-
able in their potentialities. For Tower maintains that the
variations once obtained are perfectly stable for an indefinite
number of generations. His claim, therefore, is that by direct
action of the environment for a comparatively brief period
permanent changes in the germ-plasm may be brought about.
It would seem that if the germ-plasm is thus directly modi-
fiable, the action ought to be reversible. Changes of environ-
ment should unmake species as readily as they make them,
yet such a result would scarcely harmonize with Tower’s
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theory, or with the known stubborn and persistent nature of
heritable variations, when once they have arisen.

Kammerer of Vienna has published in the last five years
the results of a long series of experiments with salamanders
and lizards designed to show the inheritance of acquired
characters. In this connection we will consider his experi-
ments with temperature. The coloration of several species of
lizard, with which Kammerer experimented, changes with
changes of temperature. Kammerer kept lizards at abnor-
mally high or abnormally low temperatures, and found that
the induced changes of coloration persisted to some extent
even after the animals were returned to normal conditions.
Further, while they were thus altered, the offspring which
they produced, inherited in some degree the supposedly in-
duced changes. The evidence for this case, as for many
similar cases which might be cited, is quite insufficient. Un-
doubtedly individual differences in coloration occur among
the lizards quite independently of external temperatures.
Further some probably change more readily and extensively
than do others in consequence of changed temperatures. A
corresponding variation among the offspring, plus and minus,
as compared with their parents, would then account for such
plus variations in pigmentation as Kammerer observed
among the offspring and which he ascribes to inheritance of
changes induced in the parents.

Sumner (1915) kept white mice, some in a cold room, some
in a warm room, where they multiplied. The mice which
grew up in the cold room had shorter tails and feet than those
which grew up in the warm room. Animals reared in each
room were now transferred to a common room of ordinary
temperature and allowed to produce offspring there. In three
out of four such lots of offspring studied, the cold-room
parents had young with shorter tails and feet, but in a fourth
lot these relations were reversed. It seems doubtful, there-
fore, whether the agreement between parents and offspring
in three of the four cases studied is anything but a coinci-
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dence. But even supposing it to have statistical significance,
it may be due, as Sumner suggests, to differences directly
impressed upon the germ-cells while they were contained
within the body of the parent and the parent itself, being
very young, varied in body temperature with the room in
which it was born. If so, there can be no question of a
transfer of an effect from body to germ-cells, but only of
simultaneous modification of the two.

7. Pressure effects. It is well known that pressure has
direct effects upon the parts of the body. The skin on the
soles of our feet is thickened where our weight rests upon it,
and callouses form on the hand when it is used at hard work.
A long illness, during which the person does not stand upon
his feet causes the thickenings on the feet in part to disappear.
They are undoubtedly due directly to pressure. Yet all pre-
vious generations of man have been subjected to the same
action, and if acquired effects are inherited this should be. In
fact, it is found that in the foetus of man, long before birth
(from five months on) the skin is thicker on the sole of the
feet than on the back of the foot. If this is not to be regarded
as an inherited effect of use (pressure), it will be necessary to
explain how the skin came to be thickened originally in those
particular regions where use induces thickening.

The camel’s hump has been cited as a character acquired
by pressure, carrying loads on its back. But this is a less
fortunate example for the Lamarckians, for the camel’s hump
is not due probably to pressure at all. It represents rather a
reserve food organ, like special accumulations of fat in most
animals. For not all animals which carry loads on their backs
acquire humps, for example the ass, the horse. Further,
animals may acquire humps without carrying loads, as the
American bison and the humped cattle of India.

8. Light effects. Kammerer has experimented with the
European spotted salamander (“ fire salamander »’) which is
mottled with black and yellow areas. He finds that if sala-
manders are kept on a yellow background, the yellow areas
become more extensive, while if the animals are kept on a
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black background, their black areas become more extensive.
Thus there is an automatic control of the color-pattern
adapted for concealment, such as is known to occur in many
fishes. Now Kammerer bred from animals, thus rendered
extremely yellow, and reared part of the young on a yellow
background, part of them on a black background. Both lots
developed yellow spots but these were more extensive in those
animals kept on a yellow background. In some of them the
yellow was more extensive than in the parents. This result
Kammerer ascribes to inheritance of the acquired yellow
coloration added to the direct effect of the yellow background
on the young. This conclusian is a fallacious one. Spotted
animals are extremely variable in pattern, even when the
environment does not change. If a particular kind or degree
of spotting is selected in the parent animals, it may be ex-
pected that offspring will be obtained both darker and lighter
than the parents. " In this way the race can by selection be
made either darker or lighter, quite irrespective of any change
in the environment. Kammerer has obtained nothing be-
yond such effects as these. There is no reason to think that
a change of illumination induced them to any greater extent
in the second generation than it did in the first.

Another light experiment carried out by Kammerer seems
to me to have more weight. This was concerned with the
degeneration of the eyes in cave animals. It is a well-known
fact that cave animals have bodies nearly or quite colorless
and possess degenerate eyes. In animals pigment formation
is an oxidation process, which frequently does not take place
in the absence of light. Therefore many animals which de-
velop in complete darkness are unpigmented. The human
skin, to be sure, develops pigment even in darkness, but it
develops much more of it in direct sunlight. The skin of a
European is fair if he stays indoors, but darkens quickly if he
spends much time outdoors in the direct sunlight. The dark-
est races of mankind are those which live where the sunlight
is strongest and the skies are clear; the fairest races live
where the sun’s rays are less intense and the skies are often
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overcast. This signifies to the Lamarckian that the effects of
the sun’s rays on the human skin are inherited; but to the
selectionist it means only that men vary in depth of pig-
mentation and that each race has migrated to that climate
which it is best fitted to endure.

As regards the origin of cave animals the same diversity of
opinion exists. Some consider that animals which found their
way into caves lost their pigmentation and transmitted this
condition to their offspring; others hold that such animals
as were able to survive when by chance they made their way
into caves were probably animals with little pigmentation,
which could not very well exist elsewhere.

As regards the vision of cave animals, the Lamarckians
hold that the eyes have degenerated because no longer used,
whereas the selectionists hold that the animals which have
taken to living in caves have been driven to this course by
the degeneration of their eyes, and they point out that the
nearest relatives of cave animals are those with poorly.
developed eyes, which live in semi-darkness.

Kammerer, very commendably, has put these alternative
views to an experimental test. He has reared in daylight the
young of the cave salamander, Proteus anguinius. Under
these circumstances the skin became pigmented and the eye
did not degenerate, as normally; but if the animals were kept
in strong light continuously the skin became so heavily pig-
mented, including that in front of the eye where the trans-
parent cornea forms in ordinary animals living in the light,
that in consequence the eye itself degenerated. To overcome
this difficulty Kammerer kept the animals in red light, which
is less favorable than daylight to pigment formation, but
suffices nevertheless to stimulate the eyes to development.
The red-light treatment was given for one week out of three
during the first eighteen months of the animals’ lives. In
this way the eye, which in cave-inhabiting individuals is very
small and rudimentary, was brought to full development,
with a transparent cornea and all other parts necessary for
vision.
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This tesult leaves no doubt that light is a necessary stimu-
lus for full development of the eye in Proteus, and it is the
absence of this stimulus which has led in part to the present
degenerate condition of the eye. Whether or not the degen-
eration has advanced from generation to generation is of
course conjectural, but seems highly probable. Weismann
indeed considered the evidence for the progressive degenera-
tion of disused organs so strong that he framed a special
hypothesis, that of germinal selection, to account for it. To
this matter we shall return later.

9. Instincts. Instincts are among the most vital posses-
sions of animals, but the same difference of opinion exists as
regards their origin as concerning the origin of other adap-
tive characteristics of organisms. Without being taught,
animals do generation after generation the same acts in the
same way. They seem to know, without individual experi-
ence or education, exactly what to eat, and how to secure it;
how to prepare a nest or burrow of a very definite pattern;
how to care for young, though they have never seen young
cared for before; what to do as the seasons change; and
numberless other vital and necessary things. Some say this
is inherited memory, nothing less; the ancestors have learned,
their descendants remember. Just as brain cells, after re-
ceiving a variety of sensations one after another, are able to
reproduce them again in the same order and complexity
through memory, so the reproductive cells become store-
houses of racial experience or habit which they transmit as
instincts. This easy way of accounting for instincts as habits
registered like phonograph records in the germ-plasm has
even been extended to all inheritance by a number of writers,
represented at the present time by Richard Semon. This
idea had great influence in America in the last quarter of the
last century, when a strong school of modern Lamarckians,
or neo-Lamarckians, flourished here. Many still -hold to
this view, but the neo-Darwinians, or followers of Weismann,
have of late been rather in the ascendancy. In their view,
instincts arise because the structure of the germ-plasm neces-
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sitates a particular response when certain external stimuli are
operative, not at all because such a response has before been
made by the ancestors. Having denied that action of the
individual can affect the germ-plasm within it, they can con-
ceive of no mechanism for the transmission of habits formed
by the individual, and so deny the existence of such trans-
mission.

On the neo-Lamarckian view a hen sits on eggs because
her ancestors have formed the habit of incubating eggs; on
the Weismannian view the hen sits on eggs because she can-
not help doing it; when she is in a certain physiological state
and the nest of eggs is there, she sits, and that is all there is
to it. Neither of these views is very satisfying. On one
hand the neo-Lamarckian fails to explain how the first hen
came to incubate, which the Weismannian glibly states is
just because she is built that way; her germ-plasm necessi-
tates it. On the other hand, the Weismannian can give us
no suggestion as to how structural conditions of the germ-
plasm can cause a hen to sit rather than to crow, when a nest
of eggs is before her, but the well-established effects of
internal secretions come here to his rescue.

The whole question of the relation of instinets to inheri-
tance is very perplexing. At present we can make very little
out of it, yet there can be no doubt that it concerns vitally
our fundamental theories of evolution and such applied fields
as Eugenics.

The correct attitude in the study of instinects is maintained
by those who are seeking to learn how much each instinct
involves, and to what extent imitation and education supple-
ment or modify it. So far as possible each instinct should be
resolved into terms of response to external chemical or physi-
cal changes, or to internal physiological states. For example
it was observed many years ago that certain small crustacea
instinctively swim toward a light. More careful study showed
that they do so only under particular conditions. If the
temperature of the water is raised, or its salinity increased,
the animal may reverse its response and swim away from the
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source of light. Thesé are changes of external conditions
which modify the instinctive response. Internal or physio-
logical states of the animal may also modify the instinctive
responses. Thus, if the crustacean has been subjected to
mechanical stimulation (repeated touching with a solid ob-
ject) its response may be altered.

Again larvae of a barnacle for a few minutes after hatching
swim toward the light, then they turn and swim away from it,
a series of responses calculated to bring them to suitable
spots for attachment. The response has been modified
through some internal physiological change. Larvae of the
brown-tail moth, after their winter fast, are strongly positively
phototropic. They migrate up to the tips of the branches to
feed on the opening buds. If at this time they are brought
into the laboratory and placed in a test tube, they go toward
the window and will remain at the end of the tube toward the
window until they die, even if food is at the opposite end of
the tube a few inches away. After the larvae have fed they
are no longer phototropic. Digestion has probably destroyed
the substance in their bodies on which their phototropism
depended. (Loeb, Yale Review, July, 1915.)

By such methods of studying the instincts of animals the
problem of instinct formation and inheritance may be simpli-
fied, through the elimination from it of all non-essential and
outside elements.

As intelligence increases in the animal kingdom, we find
that instinct sinks more and more into a subordinate position.
In man there is very little inherited knowledge, if instinct
may so be regarded; nearly everything hasto be learned from
the beginning. Nevertheless it is an open question whether
intelligence has not increased through use, whether we do not
learn more easily for the reason that our ancestors have for a
million generations been learners. Of course I do not refer
here to formal education, but only to the exercise of such
intelligence as distinguishes man from other animals. May
not this have been evolved in part through use ?



44 GENETICS AND EUGENICS

Summary. Notwithstanding the fundamental nature of
the problem of the inheritance of acquired characters, and all
that has been said and done to solve it, it still remains an
unsolved problem. So far as the inheritance of mutilations,
disease, and induced epilepsy are concerned, the evidence is
negative or inconclusive. Acclimatization, the effects of
changed food supply, and temperature effects can be ex-
plained quite as well on other grounds as on that of the in-
heritance of acquired characters. Pressure and light effects
are somewhat more easily explained as cumulative from
generation to generation, 4. e., as inherited acquired charac-
ters, than as due merely to germinal variation. The same is
true of instincts, which, if interpreted as inherited habits,
afford the strongest outstanding evidence for the inheritance
of acquired characters. Nevertheless even here an alterna-
tive explanation is possible.

The Lamarckian view has been shown by the critical work
of Weismann and his followers to be inapplicable to many
groups of cases to which it had previously been applied. This
is a real service on the part of Weismann. Nevertheless, in
fields where the Lamarckian principle has not yet been dis-
proved, viz., as regards the effects of use and disuse, it
affords an easier and fuller explanation of progressive evolu-
tion and of adaptation in particular than does the selectionist
view. Further, Weismann and his followers have been forced
practically to concede the existence of Lamarckian evolution,
that is evolution the course of which is guided in adaptive
directions by the environment. For Weismann admits that
the environment may cause parallel modifications of soma
and germ-plasm. For practical purposes this is just as effec-
tive in guiding evolution as if the soma first developed modifi-
cations and then handed them on to the germ-cells. That a
mechanism for the transmission of acquired characters from
soma to germ-cells has as yet not been demonstrated, does not
of course disprove the existence of such a mechanism. Such
phenomena as memory, having its basis in the nervous sys-
tem, and as the control of development and of behavior
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through internal secretions, give us grounds for believing that
an adequate basis will be found when our knowledge of the
organism becomes more complete.

The problem of acquired characters, after all, concerns only
the higher animals. In the lower animals and in plants no
such sharp distinction exists between body and germ-cells
as we find in the higher amimals. We may reproduce the
entire plant from a cutting of root, stem, or even a leaf in
some cases. Hence there is more chance in such cases of
direct modification of the cells capable of reproduction, for
most of the cells of the plant retain this capacity. In the
lowest organisms (protozoa, bacteria) there is no distinction
whatever between body and germ-cells. Every cell is capable
of reproduction; and modifications produced in a cell by the
environment are handed on directly to the next generation.
For example medical men have learned how to decrease the
virulence of diseases at will by heat or chemicals acting
directly on the disease germs. They are thus able to confer
immunity to a virulent disease.by first producing and
then introducing into the body a feeble form of the same
disease.

If in the lower organisms the potentialities of living sub-
stance can thus be altered, it seems reasonable to suppose
that the same possibility may exist in the higher animals and
plants, provided agencies capable of producing change are
allowed to act on the germinal substance. It is the sheltered
position of the germ-cells which seems ordinarily to exempt
them from direct modification, but we cannot safely assume
that they are in all cases free from such modification. Experi-
ments of Stockard show that in guinea-pigs repeatedly in-
toxicated with alcohol, the germ-cells are enfeebled so that
offspring of such parents, whether male or female, are more
likely to be feeble and sickly, and so to die. Experiments of
Hertwig show that similarly the germ-cells of frogs are
capable of being injured by emanations of radium in conse-
quence of which enfeebled or abnormal offspring may be
produced.
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If the germ-cells are thus capable of modification, evolu-
tion guided by the environment must be in some measure at
least a reality. The truth then lies neither in the extreme
Lamarckian view that all acquired characters are inherited
nor in the extreme Weismannian view, that no extraneous
influences modify the germ-plasm, but somewhere in
between.



CHAPTER 1V

WEISMANN’S THEORY OF HEREDITY

WEISMANN believed that a new type of organism arises only
in consequence of the origin of a new type of germ-cell. If he
had been asked the ancient riddle, *“ which was created first,
the egg or the hen,” he would undoubtedly have answered,
““the egg.” He would have explained that the first bird came
from a new type of egg laid by a reptile-like ancestor.
Changed structure of the germ-plasm must result, he
thought, in changed structure of the organism developing
from it; and he would scarcely have admitted that a new
sort of organism might arise in any other way. But the
experimental study of the development of organisms has
shown that the germ-plasm forms only one of two comple-
mentary sets of agencies which determine what the adult
organism shall be. It is true that the character of the germ-
cell determines in part what the character of the adult organ-
ism shall be, but so also does the environment. If we plant
beans, we must expect to harvest beans not corn, but whether
the harvest is large or small will depend upon the soil and the
season. Sunlight, moisture, a suitable temperature, and
proper chemical substances in the soil are all indispensable
conditions to the production of any crop at all, and they con-
trol within limits the size, vigor, and productiveness of the
plants grown. Both internal and external agencies influence
the form of organisms. These are summarized in the two
words, heredity and environment. Weismann emphasized
the first almost to the neglect of the second. Lamarck had
“previously gone to the opposite extreme, emphasizing the im-
portance of the environment not only in directly adapting the
organism to its surroundings but also in controlling its

47
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heredity. It is coming to be recognized that the truth lies
somewhere between these extreme views.

What in general were Weismann’s views and how did he
arrive at them ?

WEeIsMANN’s METHOD

Weismann’s method of constructing an hypothesis to
account for heredity differed fundamentally from Darwin’s.
Darwin reasoned inductively, Weismann deductively. Dar-
win tried first to ascertain what characteristics are inherited
and then to imagine a mechanism which might explain their
inheritance. The result was * pangenesis.”” Weismann, on
the other hand, first inquired what is the mechanism of in-
heritance and, having answered this to his own satisfaction,
proceeded to the conclusion that only such characters are
inherited as have their basis in this mechanism. The result
was the chromosome theory of inheritance. It has this fea-
ture in common with “ pangenesis,” the inherited character-
istics are supposed to be determined in advance and to be
represented in the germ-cell by material bodies. These are
the “ gemmules ” of Darwin, the * determiners ” of Weis-
mann. Darwin supposed that the gemmules” migrate
from all parts of the body into the germ-cells and so make it
inevitable that the organism which develops out of the germ-
cell shall have the same parts and properties as the parent.
As regards the origin of variations, pangenesis might be
called a centripetal theory, since determiners are supposed
by it to migrate centrally toward the germ-cells.

Weismann’s theory, on the other hand, is centrifugal; he
supposes that the “ determiners” originate solely in the
germ-plasm and migrate thence out into the various parts of
the developing body and that thus differentiation is pro-
duced. There is on his view no centripetal movement of
determiners whatever; they never pass from soma to germ-
cells, but only in the reverse direction.
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WEISMANN’S MECHANISM OF HEREDITY

Weismann had this advantage over Darwin; in his time
knowledge of the structure of the germ-cells had considerably
increased over what it was when Darwin conceived the hy-
pothesis of pangenesis.

Weismann identified his ““ determiners * with certain con-
spicuous structures of the germ-cell called chromosomes
(unknown in Darwin’s time), and supposed that the nature
of these determines and controls the nature and activity of
the cell containing them.

It is the theoretical importance which Weismann and
others have assigned to these structures that has given them
their great prominence in the study and description of cell
phenomena in the last thirty years. In reality the chromo-
somes make up a part only of the germ-cell and we have no
certain knowledge that they form the more important part.
Nevertheless a majority of biologists, probably, at the present
" time believe with Weismann that heredity is due to material
substances or determiners which are located in the chromo-
somes. The principal reasons for so thinking are:

1. The conspicuousness of the chromosomes at the time
of cell division and the very exact manner in which as a rule
each of them divides into two equal parts, which pass into
different cell-products.

2. The constancy of the number of the chromosomes in
the same species of animal or plant. The number is different
in different $pecies but within the same species it is very con-
stant. The only known exceptions to this rule are such as
may be cited in support of the general idea that chromosomes
are determiners of heredity.

(a) The two sexes within the same species frequently differ
as regards the number of chromosomes in their germ-cells.
‘When this is the case the male has the smaller number of
chromosomes, and it is assumed that the chromosome or
chromosomes which the male lacks determine femaleness.

(b) It has been shown in the case of the evening primroses
(Oenothera) that a particular heritable type of variation
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(“ lata mutant *) contains one more chromosome than the
parent species from which it has been observed repeatedly to
arise. Another type of mutant in this same group of plants
contains twice the ordinary number of chromosomes (“ gigas
mutant,” Gates, 1915). The fact that visible characters of
the organismm vary simultaneously with variation in the
chromosomes creates a presumption that the relationship is
a causal one. ‘

8. The experimental evidence shows that in general the
father is just as influential as the mother in determining the
inheritance of the children. But the egg-cell is vastly larger
than the sperm-cell. Therefore much of the substance of the
egg cannot be concerned in heredity. What the egg and
sperm-cell have in common consists more largely of chromatin
than of any other substance. 'This makes it seem probable that
chromatin is concerned in heredity.

4. There exists a parallelism between the behavior of the
chromosomes in the development of the germ-cells and that
of certain characteristics in heredity. It is supposed, there-
fore, that the chromosomes actually contain chemical sub-
stances necessary for the development of these inherited
characters and in this sense are determiners of heredity.

The assumption of Weismann that heredity is due to deter-
miners contained in the germ-cell, like the pangenesis theory
of Darwin, has.encountered many difficulties. Consequently
numerous supplementary hypotheses have been found neces-
sary to enable it to feature as a general explanation of the
facts of inheritance.

Di1rricuLTiES ENCOUNTERED BY WEISMANN’S THEORY

1. Development (ontogeny). The first difficulty en-
countered lay in the explanation of the development of the
individual from the egg. Weismann assumed that each cell
owes its peculiar form and activities to the determiners which
it contains, these being located in its chromosomes. Since
the cells composing the different parts and tissues of the body
differ in their forms and activities, it was necessary to assume
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further that the different kinds of cells contain different de-
terminers and consequently that as the egg divides up into
cells which form the different parts of the body, these cells
must receive different determiners. But microscopic exami-
nation of the cells of the body reveals no such differences; it
shows differences in pretty much everything except chromo-
somes, which remain remarkably constant.

Boveri (1887) has described one case which seems to
support the idea that changes in the chromatin occur, as
body-cells become distinguishable from germ-cells. In the
parasitic worm, Ascaris, the chromosomes are seen partially
to break up and disintegrate in those cells of the embryo from
which the body arises, whereas the original ovarian structure
remains unmodified in the germ-cells. No similar case, how-
ever, has been described in other organisms, so that it seems
very doubtful whether the observed changes have the signifi-
cance originally attached to them by Boveri.! There are good
reasons for believing that the chromatin content of each cell
of the body is like that of every other cell of the same body,
and that differentiation results either (a) from the position
of a cell in relation to other cells, which will accordingly regu-
late its intake and output, or (b) from an original difference
in substance contained in the cytoplasm of the cell (the extra-
nuclear part). Such cytoplasmic differences between cells
arise, during development, from the fact that the egg cyto-
plasm, at the beginning of development, is not homogeneous,
and consequently the cytoplasm of the cells into which the
egg divides are not alike in cytoplasmic content.

2. Regeneration. A man who loses a leg or an arm is de-
prived of the same for the remainder of his life, but many of
the lower animals can restore lost parts by a process which
we call regeneration. If a young salamander, a crab or a
lobster is deprived of a leg, a new leg grows out again from

11t is true that Hegner (1914), confirming Kahle (1908), has also observed
“diminution of chromatin’ occurring in the differentiation of somatic cells in an
insect, Miastor, but in numerous other animals studied by Hegner he has found

no such diminution of chromatin but has observed the germ-cells to be differen-
tiated solely by cytoplasmic changes.
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the stump of the old one. Such facts as these compelled
Weismann to assume that, in cases of leg regeneration, not
all the leg determiners pass out during development into the
leg, but a supply is also held in reserve in the adjacent parts
of the body; these being latent or inactive ordinarily, but
becoming active when the leg is removed.

Experimental studies of regeneration made by Morgan,
Child, and others scarcely support Weismann’s view. They
indicate that any undifferential cell of the body, if placed at
the stump of an amputated leg, might function in leg re-
generation, and so that specific leg regenerators do not exist.
It is true that, in many animals, particular groups of cells
have the ability to produce only a particular kind of struc-
ture, no matter where they are placed in the body, in a
transplantation experiment. But in such cases it is pretty
clear that we are dealing, not with the effects of specific deter-
miners, but with the consequences of cytoplasmic differentia-
tion which, in many cases at least, arose in the undivided egg
when no nuclear difference existed within the organism, since
it contained only a single nucleus.

3. Polymorphism. In many species of animals and plants
the form of the adult differs fundamentally according to the
environment in which it is placed. In certain amphibious
plants (e. g., Ranunculus aquatilis) the plant when growing
in the air develops flat broad leaves, but when growing under
water develops leaves dissected into numerous hairlike ap-
pendages. Weismann supposed that in such cases there exist
alternative sets of determiners in the germ-plasm, one for the
land form of leaf, one for the water form, conditions of dry-
ness or dampness during development calling one or the other
set into activity. If intermediate conditions were shown to
produce intermediate effects, he would doubtless assume a
joint and partial activity of both sets. In animals more
complicated conditions of polymorphism occur. Many spe-
cies of butterfly have spring and summer generations of off-
spring (broods as they are called), quite different in appear-
ance, corresponding to different external conditions of tem-
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perature or food supply. The gall insects of oak and willow
trees have summer and winter generations very different in
character. The summer generation usually feeds upon the
soft tissues of the growing leaf and produces winged adults of
both sexes; whereas the winter generation feeding on the
woody tissues produced by a stem or metamorphosed bud,
may consist of wingless females only, which lay unfertilized,
2. ., parthenogenetic eggs. In such cases Weismann sup-
poses that alternative sets of determiners exist in the germ-
plasm, which are activated by summer or by winter condi-
tions respectively.

The case of the social insects (bees and ants) is still more
complicated; here there may exist four or five different adult
forms as drones (males) queens (egg-laying females) and
workers or soldiers of various sorts. The workers and soldiers
are all imperfectly developed females, not producing eggs
ordinarily but merely taking care of the rest of the colony.
Experiment has shown that the same egg, in the case of the
honeybee, may produce either a queen or a worker, depend-
ing upon the amount and quality of the food supplied to the
developing larva. The same is undoubtedly true of the
various sorts of soldiers, among other social insects, these be-
ing alternative forms of the female. Weismann supposes
that there are as many distinct sets of determiners in the egg
as there are different forms into which it may develop. This
line of explanation assigns to determiners located within the
nucleus of the egg, mfluences which demonstrably lie outside
the egg. As an explanation of polymorphism the theory of
alternative nuclear determiners is not only superfluous but
also positively erroneous.

4. Variation. Weismann supposed that all variations
originate in the germ-plasm, and subsequently find expres-
sion in the body of the offspring, reversing the idea of La-
marck and Darwin, who supposed that variations first origi-
nate in the body and are thence transferred to the germ-cells.
To account for adaptive variation, Weismann framed two
supplementary hypotheses. 1. To account for the origin of
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inherited variations simzilar to those which the environment
directly produces in the body, he invented the hypothesis of
parallel modification of germ-plasm and soma, to which refer-
ence has already been made. 2. To account for the appar-
ent inheritance of the effects of use and disuse, he invented
the hypothesis of germinal’selection. On this view the various
determiners which compose ‘the germ-plasm are competing
with each other in a struggle for nourishment, just as animals
and plants struggle with each other for existence in the world
at large. Sometimes one determiner gets more nourishment,
sometimes another; but whichever one gets most nourish-
ment, grows largest, and would consequently give rise to a
plus variation of a corresponding part or organ of the body.
When one determiner gets more nourishment, that is, pro-
duces a plus variation, some other determiner gets less and
so produces a minus variation. Thus there is perpetual varia-
tion in the parts and organs of the body, which affords
abundant material for natural selection to act upon. For if
any essential organ gets too small, its possessor is eliminated.
But if the organ which undergoes minus variation is a use-
less one, no disadvantage results to the organism; on the
contrary, there is more nourishment left for essential organs,
which therefore grow at the expense of the useless ones.
Thus through natural selection useless organs tend to dimin-
ish and ultimately to disappear altogether, while essential
organs (those most used) grow in size and activity. An
apparent inheritance of the effects of use and disuse results.

Modern research supports Weismann’s theory of nuclear
determiners to this extent. It appears highly probable that
special chemical substances necessary for the production of
particular variations are located in particular parts of the
cell, possibly in chromosomes. It is also conceivable that
these substances may vary from cell to cell in amount or
quality, and that under a constant environment variation in
particular organs affected may thus result. But it is not neces-
sary to suppose, as Weismann did, that these groups of sub-
stances are engaged in a struggle of any sort, with each other.




CHAPTER V

ATTEMPTS TO CLASSIFY AND MEASURE VARIATION:
BIOMETRY

THE period from 1880 to 1900, following Darwin’s death, was
marked by extreme speculation concerning evolution rather
than by inductive study of its phenomena. This speculative
tendency found its culmination in Weismann’s brilliant es-
says, but his ideas, notwithstanding their brilliancy, failed to
win acceptance among such biologists as insisted on having a
substantial basis of well-ascertained facts on which to rest
their theories. Weismann’s theories were accordingly dis-
tinctly on the wane when in 1900 they received support from
an unexpected source, the rediscovery of Mendel’s law of
heredity, which now fully established seems to require for its
explanation some such system of determiners as Weismann
had hypothecated and located in the chromosomes.

During this period of speculation about evolution, biolo-
gists had been looking in various directions for new tools
with which to attack the study of evolutionary problems.
The facts of development were more carefully studied and
" accurately described than ever before, and more precise in-
formation was sought about the influence of environment
upon development and growth. Thus experimental embry-
ology and experimental morphology were born, to be followed
a little later by experimental breeding. Meantime, Bateson
was attempting to classify variations on morphological
grounds without referemnce to their causation, and Pearson
was seeking to measure variability so as to determine its
direction and rate of progress.

Darwin had throughout nearly a lifetime collected all ob-
tainable facts about variation in animals and plants as a
basis for his generalizations concerning evolution and hered-
ity. Much of his data is contained in his work on the

.
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Variation of Animals and Planis under Domestication.
Bateson took up this work after Darwin’s death and collected
a large number of facts concerning variation, which he at-
tempted to classify, but without great success. His results
are found in a book entitled Materials for the Study of Va-
riation, published in 1894. The most important conclusion
reached by Bateson, was one which Francis Galton had al-
ready stated with great clearness in 1889 (Natural Inhert-
tance), viz., that variations fall naturally into two classes,
continuous and discontinuous. Confinuous variations are
those which are graded, the extremes being connected by a
complete series of intermediate conditions; discontinuous
variations are such as are separated by gaps in which no
intermediate stages occur. Bateson believed that discon-
tinuous variations are more important in species formation
than are continuous ones, because, where variations are
discontinuous, the action of natural selection is greatly sim-
plified. In discontinuous variation selection determines the
survival of one or the other of two distinct groups, since
intermediates do not occur and it is unnecessary to assign
selectional value to each plus or minus gradation of an organ.
Galton had earlier expressed the same idea, suggesting that
evolution may be like the behavior of a polyhedron when .
pushed. If pushed or tipped a little, it returns to its former
position of equilibrium, merely oscillating back and forth on
the same face as before. But if it is pushed hard enough, it
rolls over on to a new face coming to rest in a new position
of equilibrium. Galton suggested that discontinuous varia-
tions may be spectes forming variations, stable from the start,
whereas slight or graded variations may have no lasting
effect, like the oscillations of the polyhedron on one and
the same face. This view was strongly supported a few
years later by the botanist De Vries in his theory of muta-
tion (1900-1903).

Meanwhile variation was being studied from a new point
of view, which we may call biometry. Francis Galton (1889)
was the founder of biometry but its full development has
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been due chiefly to the valuable work of Karl Pearson. The
underlying idea in biometry is to apply to the study of evolu-
. tion the precise quantitative methods followed in the study
of physics and chemistry with such signal success.

Biometry is the statistical study of variation and heredity.
It deals with masses, not with individuals, differing in this
respect from the method of Darwin and Bateson. It seeks
to obtain a quantitative estimate, as precise as possible, of
variation in one generation, and to compare with this a
similar quantitative estimate of the next generation and then
by comparing these to learn in what direction evolution is
taking place and at what rate. In some cases it has at-
tempted to discover the direction of evolution from the
character of the variation within a single generation.

Biometry is best adapted to deal with continuous varia-
tion, but it has its uses also in dealing with discontinuous
variations. Its ideal, to make biological investigation more
accurate and comprehensive, is wholly commendable. But
mere collection and compilation of biological statistics will
not advance knowledge unless brought into relation with
other facts about living things, and it is in this respect chiefly
that biometricians have sometimes erred, drawing unwar-
" ranted conclusions from their statistical data.

Biometry means literally the measurement of living things.
It is obvious that it can deal only with characteristics which
are measurable, such as linear dimensions, volume, weight,
or number of parts. One of the cases most carefully studied
by Galton was human stature. This case illustrates very
well the methods and results of biometric study.

Measurements made at the Harvard gymnasium of the
height and weight of one thousand students of ages eighteen
to twenty-five are classified in Table 1. In order that the
number of classes may not be too great for convenient sta-
tistical treatment, height classes are formed of 8 cm. each.
Thus students measuring 155, 156, or 157 cm. are all placed
in a common class, whose middle value is 156 cm. In dealing
with large numbers, the probability is that each of the three
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measurements would occur as frequently as either of the
others, so that the middle value would be a fair representa-
tive of the class and could be used in statistical computations
as the class value with entire propriety and accuracy. Weight
classes are also formed of three kilos extent in classifying the
weights. The numbers of individuals found in each height
class are shown in the totals at the bottom of Table 1. The
largest number of individuals is found in the class, 173-175
cm., viz., 188. On either side of this class the numbers of
individuals (called frequencies) fall off steadily reaching a
frequency of four in the shortest class and of one in the tallest
class. In Fig. 9 the relative frequencies of the height classes
are shown graphically, each column of the figure being pro-
portional in altitude to the frequency of the class which it
represents. This method of representing variation is called
the “ method of loaded ordinates.” By joining the tops of
the several columns of the figure, as in the dotted line, a so-
called variation curve is obtained. .

The class with greatest frequency in a group of variates is
called the mode, 1. e., the fashionable class. It has, of course,
the tallest ordinate in the variation figure (class 174, Fig. 9).

A classification of the same one thousand students as re-
gards weight is given in the totals at the right of Table 1,
and a graphic presentation of the same data in Fig. 10. The
modal class is that which has as its middle value sixty-three
kilos. This has a frequency of one hundred and fifty-four
with the two adjacent classes almost as large and more remote
classes diminishing in frequency to minima in classes forty-
five and one hundred and five. The falling off is more rapid
to the left than to the right of the modal class, so that in all
there are only six classes below the mode but there are four-
teen classes in the range of variation above the mode. This
results in a “skew ” or asymmetrical curve obtained by
joining the tops of the ordinates (dotted line, Fig. 10). The
variation curve for the height measurements (Fig. 9) was
also slightly skew, but its skewness was much less than that
of the curve for weight.
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A variation curve which is free from skewness resembles
what mathematicians call a * frequency of error ” curve or
simply a “ curve of error ” or ““ normal curve ” (Fig. 11).
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TABLE 1

SHOWING THE VARIATION IN HEIGET AND WEIGHT AND THE CORRELATION
BETWEEN HEIGET AND WEIGHT AMONG 1000 HARVARD STUDENTS
OF AGES 18-25 MEASURED AT THE HARVARD GYMNAsIOM
IN THE YEARS 19141916

Weight Height in Centimeters .
Ki"l:n 185~ 158~ 161- 164~ 167- 170~ 178- 176~ 179~ 182- 185- 188 191- 104~ 197- th
157 160 163 166 160 172 175 178 181 184 187 190 188 196 199

4-46 .. .. 1 .. 1
47-49(1 .. 8 1 AU 5
50-52| 1 2 1 6 4 6 2 .. .. 292
5-55| 1 4 8 15 12 8 7 ¢ o1 58
56— 58 1 4 10 15 19 2 11 8 2 .. . 85
59-61(.. 1 5 8 22 43 25 21 11 4 2 142
62-64| 1 .. 2 8 9 S1 39 29 21 10 2 2 154
65- 67 1 2 10 21 25 8 380 18 4 .. 1 151
68— 70 1 1 9 6 30 27 32 16 13 2 1 188
71- 73 2 4 5 18 2 12 18 15 4 2 .. | 100
74~ 76 1 411 15 6 7 9 6 1| 60
™79 1 2 2 8 5 7 4 4 1 34
80- 82 4 6 8 4 6 2 25
8-85.... .. .. .. .. 2 1 2 8 2 @2 12
86-88|.... .. .. ¢ 1 ¢ 2 .. 7
89- 91 .. 1 1 2
92— 94 1 1 )
95— o7

5 (1) 1.
1041086 | .. .. .. .. .. .o oo 1 o1 a0 e . 2
Totals | 4 8 26 53 89 146 188 181 125 92 60 22 4 1 1 (1000

M llel‘ht - 174.4 5 ft. 8.4 in ba‘ht- 3.8
M:wught- uoﬁu((uzs bl).) Cunght-llD;?,
© height r height-weight = .54

o weight -lthlol B

It expresses the result of the simultaneous action of several
independent causes, or contingencies. If, for example, I toss
ten coins in the air simultaneously, it is certain that each one
will show uppermost on landing either a head or a tail, but
the landing of one coin does not affect that of the others.
The landing of each coin is a separate contingency. If the
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coins are thrown several times and a count made of the
number of heads following each throw and these results are
then combined and plotted we shall get a frequency of error
curve about the number five which will be the most frequent,

/N

Q M Q
Fic. 11. “ Frequency of error ” or “ normal ”’ curve M, mode. Q, Q’, quartile; one-half
the area of the figure lies between Q and Q', After Lock.
1. e., the modal result, heads being of the same frequency as
tails. See Fig. 12 and Table 2.
Biometry has established the fact that biological variation,
when measurable, is commonly of the frequency of error

TABLE 2
PropasLE Resurts oF Toesing TEN Coins SimuLTANEOUSLY. (AFTER LOCK)
Heads Tails Relative Probability Heads Tails Relative Probability
10 and O0........ 1 4 and 6........ 210
9 “ 1........ 10 8 “ Tovennnn. 120
8 “ ... 45 2 “ 8........ 45
7 “ S ... 120 1 “ 9........ 10
Y o6 ¢ 4. 210 0 ¢ 10........ 1
5 “ 5........ 252

type, which means that it must be the result of several inde-
pendent contingencies or causes. Some of these causes are
doubtless environmental, others are due to heredity. Their
combined action is to produce variation of the frequency of
error type.
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The action of several heredity factors which are indepen-
dent of each other produces a curve of the same sort; and
so do several environmental factors independent of each
other; in most cases of variation agencies of both sorts are
at work. But in some cases the causes which tend to pro-
duce plus variation may be stronger or weaker than those
which tend to produce minus variation. The result is an

Tals 12 3 4 5 6 7 8 9 ®
F1a. 12: A graphic presentation of the data contained in Table 2. After Lock.

[ 1 9

unsymmetrical or *“ skew ” variation curve. Thus among
Harvard students the causes which tend to produce variation
in weight above the normal are apparently stronger than
those causes which tend to produce weight below the normal,
asisindicated by Fig. 10. The same was found to be true still
more emphatically of adult males in England, according to
data tabulated by Yule.

In some cases, biological variation is exclusively in one
direction from the mode, . e., all the causes of variation
which are operative tend in one direction. Thus the common
buttercup varies in number of petals from five upward but
very rarely in the reverse direction. Five is the commonest
or modal number, but the observed variation curve is one-
sided. See Fig. 14, H 1887.

It is evident that to describe the character of variation in
any case it will not suffice to name the mode; we must also
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state whether the variation is symmetrical about the mode,
how extensive is its range, and whether the majority of the
variates cluster closely about the mode or are widely scat-
tered. To express these various features of the variation,
special statistical coefficients have been devised. It will
suffice for our purposes to discuss only the more important
of these. _

1. The mean, or average, is in a case of symmetrical varia-
tion, identical with the mode. Thus the average height of
the thousand Harvard students (Table 1) is close to 174 mm.,
the mode. But their average weight lies outside and above
the modal weight class, because their variation in weight
is decidedly skew, more men exceeding 66 kilos in weight
than fall below that weight. To find the average, multiply
the value of each class by the number of individuals contain-
ed in i, add the products, and diwvide by the entire number of

2. Average Deviation and Standard Deviation. Two sets of
variates having the same mode and mean may nevertheless
differ widely in their variability, one being more scattered
than the other.

To express the greater spread of one curve as compared
with another, the average deviation, may be employed. That
is, we may estimate how far, on the average, an individual
taken at random differs from the mean. This is computed as
follows: Find the deviation of each class from the mean, multi-
ply this by the frequency of that class, add the products, and
divide by the entire number of variates. The quotient is the

average deviation. Formula A D = FTDI in which 2 signi-

fies that the sum is to be taken of the products indicated,
D means the deviation of each class value from the mean of
all variates, f means the frequency (number of individuals)
of each class, and n means the total number of variates
(individuals). This measure of variability is improved,
mathematicians tell us, by the method of least squares, 1. e.,
by squaring the deviation of each class, and extracting the
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square root of the final quotient. To distinguish it from the
average deviation, this is called the standard deviation. Its

2
formula is o = N 25 g It forms a measure of the degree of

scatier of the variates. This measure is expressed in the same
units as were employed in measuring the variates.

8. To compare one case of variation with another as re-
gards degree of scatter of the variates, another expression has
been devised which is called the Coefficient of Vartation. It
is obtained by dividing the standard deviation by the mean.
Formula, CV = Z5— >;;00
the variability in per cent of the mean.

Judged by their coefficients of variability, Harvard stu-
dents are found to be more variable in weight than in height,
the respective coefficients (C' V') for height and weight being
3.8 and 11.9. See Table 1.

4. Another important tool of the biometrician should be
mentioned, viz., the coefficient of correlation, which is a
measure of the extent to which one character varies in
agreement with another.

In order to obtain a coefficient of correlation a set of
observations may be classified simultaneously as regards
two characteristics. Thus we might inquire is there any
correlation between the height and the weight of men, and if
8o how much ? Are tall men on the whole heavier than short
ones or vice versa ? To determine this matter we must first
obtain observations on the height and weight of the same
individuals. The observations may then be classified in a
correlation table (as in Table 1), which is made by ruling
paper into squares and entering the observations on height
in vertical columns, and the observations on weight in hori-
zontal rows, or vice versa. An individual 156 cm. in height
and weighing 48 kilos will be entered in the square at which
column 156 and row 48 intersect; an individual of the same
height but ten kilos heavier will be recorded in the third
square below, and so on. When all the observations have

- It is an abstract number expressing
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been entered in the table, we may proceed to calculate! a
coefficient of correlation which will be a measure of the
extent to which men vary in weight as they vary in height.
Its numerical value will lie between 0 and 1.

Itis evident that the correlation would be most complete if
men invariably increased in weight as they increase in height.
The entries in the table would then be distributed in a single
diagonal row running across the table from its upper left-hand
corner to its lower right-hand corner. We should infer that
in such a case the two completely correlated phenomena were
due to the same causes or contingencies exactly. Our numer-
ical coefficient of correlation would in such a case be + 1.

In reality such correlation as this rarely, if ever, occurs in
biological material. We know that men of the same height
vary in weight and vice versa. For weight does not depend
upon height alone but also upon width and thickness and
specific gravity. It does however depend in part upon
height, and so our table would show a partial correlation,
which would be expressed by a coefficient less than 1 but
greater than 0.

1 The coefficient of correlation is calculated by the formula
_Z D. ,f
noszoy

in which r is the coefficient of correlation, D, and D, are the deviations of each
observed group of individuals from the respective means of height and weight, X sig-
nifies that the sum of the products indicated is to be taken, n is the total num-
ber of individuals observed, and o: and o, are the standard deviations for height
and weight respectively. To express in the form of a rule the procedure to be
followed in calculating the coefficient of correlation between (say) height and
weight: First find the average height and the average weight of all individuals ob-
served, then their standard deviation in height and their standard deviation in
weight. Next determine for each square of the table its deviation from the aver-
age height and average weight respectively. Find the product of these two devia-
tions (regarding signs) and multiply it by the number of individuals recorded
in the square under consideration. After such a product as this has been found
for every square in the table, the products are to be added (regarding signs) and
this sum is to be divided by the product of the two standard deviations times the
total number of individuals observed. There are several short-cuts by which the
calculation as here described may be shortened or simplified. For a description of
these the reader is referred to the special works of C. B. Davenport (1904), Eugene
Davenport (1807), and Yule (1912).
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In the table the entries would show a fendency to group
themselves about the diagonal, but there would be a con-
siderable scattering of entries in squares not lying in the
diagonal. Compare Tables 1 and 3.

If men in general did not increase in weight as they increase
in height, but actually grew lighter as they grow taller, then
we should find a negative value for the coefficient of correla-
tion. Cases of this kind are occasionally met with, but they
are of no importance since by rearrangement of the correla-
tion table (as by reversing the order of the grades for one
character) a negative result may always be converted into a
positive one of like magnitude. The essential thing, which a
coefficient of correlation does, is to show whether two ob-
served phenomena are or are not causally related to each
other. Any result other than 0 indicates that the two sets
of phenomena are so related, and the size of the coefficient
indicates the extent to which they are causally related, up to
a value of + 1 which would indicate that they are due to
identical causes.

In biometry the correlation table has found two principal
uses (1) to show what parts or processes of an organism
vary in unison and to what extent they so vary and (2) to
measure heredity. Examples of the first use are the relation
between height and weight in man already discussed and
the relation between one skeletal dimension and another,
as skull length and femur length, which in rabbits have a
correlation of 0.76, or the lengths of femur and humerus,
which in rabbits show a correlation of 0.86. See Table 3.
The correlation values for corresponding bone measurements
in men are very similar. If the correlation between two
parts is known, it is possible from a knowledge of the
magnitude of one of them to predict the magnitude of the
other, with an accuracy indicated by the coefficient of corre-
lation. If for instance the correlation between femur and
humerus is 0.86 and I know the femur length of an individ-
ual, I can estimate his humerus length with an accuracy of
about 86 per cent.
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The second use of the correlation coefficient is still more
important, viz., to measure the strength of heredity. It
affords a means of comparing the strength of a character in
successive generations and of thus measuring its heredity.
Thus the amount of white on the body of piebald rats is a
variable character (Fig. 125) to some extent inherited. The
resemblance between parents and offspring in grade of white-
ness as shown in Table 4 is about 23 per cent, the correlation
coefficient in this case being 0.283. Pearson found, for his
human data, the height of father and son to have a correla-
tion of 0.514; between brother and brother he found the
correlation to be 0.511, figures which indicate the strong
inheritance of size differences in man.

TABLE 8

CORRELATION TABLE 8HOWING THE RELATION BETWEEN FEMUR-LENGTH
AND HUMERUB-LENGTH IN 870 RaBBITS. 7 = 0.857

From MacDowell, Appendix, Table 16.

Femur, Length in mm.
Humerus, Totals

Inmm.| 76- 78- 80- 82~ 84~ 86- 88- 90- 92- 94—

7 79 81 83 85 87 89 91 28 95
60-61 1 2 1 .. .. .. .. .. .. 4
62-63 2 16 138 4 .. .. .. .. .. 35
64-65 .. 9 51 382 4 .. .. ‘e .. 26
6667 18 52 47 4 . .. .. 116
68-69 1 10 20 29 4 .. .. .. 78
70-71 .. $ 18 18 4 .. .o 33
72-73 1 .. 1 4 1 8 .. 10
74-75 .. .. .. . 2 .. 2
76-77 . . ..
78-79 1 1
Totals 3 T 79 99 83 47 21 [ 5 1 870

Probable error is a measure of the reliability of a statistical
conclusion. The need of such a measure rests on the fact
that the number of observations on which the conclusion rests
is finite, that is the number of observations is smaller than
the class concerning which generalization is made. For ex-
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ample, if I knew the height of each member of a college
class I could calculate the absolute average height of the
class without any possible inaccuracy, if the arithmetical
operations were free from mistakes. But if I want to know
the average height of students in the entire college and have
only the measurements of a particular class on which to base
an opinion, it is obvious that my conclusion is possibly
erroneous. Perhaps I have not a fair sample of the students
of the college as regards height. Obviously the larger my
class the less probable is any error in my conclusion. If my
class included half or more than half of all the men in the
University (unselected as to size) the probability of an error
through random sampling would be small; and if it included
all men in the University, the probability of error would
disappear.
TABLE 4

CORRELATION TABLE USED A8 A MEASURE oF HEREDITY. THE CHARACTER
StupiED 18 THE RELATIVE AMOUNT OF WHITE IN THE ‘‘ HoODED
PATTERN oF PieBaLD Rats. r = 0.288.

From Castle and Phillips, Table 11.

Geade of Grade of Offspring Totals

Fareats 1 8 St 8} 31 4 4t 4F 41 8
83 .. .. .. 2 7 2 .. .. .. 11
8} ] 7T 17 87 162 41 11 3 8 3383
4 .. S 2 2 87 65 U 6 1 1 214
4} .. S S 16 49 27 8 2 2 110
41 .. .. .. 2 18 5 8 1 1 25
43 T S TR 4

Totals 2 13 22 132 819 143 46 12 7 1 697

What statisticians call the probable error is a pair of values
one larger than the calculated value, one smaller, the
chances being even that the true value lies inside or outside
the limits of these values.

To understand the significance of this statement, consider
for a moment the normal curve or curve of error (Fig. 11).
On either side of its mean and mode (M) we may draw a line
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(Q, Q") so placed that between the two lines half the area of
the figure will be included. It is obvious that an individual
taken at random may fall in any part of the figure, but the
chances are even that it will fall inside or outside of the
probable error (Q, ") since half the group occurs in each
position. The probable error of a determination of the mean

equals £ 0.67456 —\7—'_‘ + Notice in accordance with this that

the more individuals one observes the more accurate his con-
clusion, 1. e., the less the probable error, but not in direct
proportion to the number observed but to its square root.

The probable error of the standard deviation is expressed
by the equation,

(4

\Ven

The probable error of the coefficient of variability is
expressed by

Ea- = i 0-6745

cv

== 0. —
E. 0.6745 n
The probable error of the coefficient of correlation is

expressed by
- + 0.6745 (1 —r’).

E' Vi




CHAPTER VI

THE MUTATION THEORY

THE theory that new races and species originate discontinu-
ously and not gradually, has received its strongest support
from the work of the Dutch botanist, Hugo de Vries, who
was one of the pioneers in the recent revival of the study of
evolution by experimental methods.

De Vries began studying the variation of species of plants
in the field, transferring these variations to his garden and
there subjecting them to selection. He found that garden
conditions, ¢.e., cultivation and improved nutrition, in-
creased variability as regards minor differences in size,
luxuriance and productiveness. Such variations, which Bate-
son calls continuous, De Vries speaks of as fluctuating. They
depend, he thinks, wholly upon nutrition but do not per-
manently affect the specific type. This is stable, like Galton’s
polyhedron resting securely on one of its faces. Its fluctua-
tions due to nutrition are like the oscillations of the poly-
hedron. No permanent change results from them. De
Vries indeed appears to think that selection acting upon
fluctuations (<. e., upon continuous variations) may change
the average condition of the race, but that such changes will
not persist unless maintained by rigorous selection. As soon
as selection ceases, he thinks, the race begins a gradual return
to its former condition.

De Vries supported this view both with data from the his-
tory of cultivated plants and with direct experiments of his
own. He showed for example that in the history of the
cultivation of the sugar beet, the unimproved race contained
(about sixty years ago) from 7 to 14 per cent of sugar. Vil-
morin after two generations of selection of the sweetest beets
for seed obtained beets with 21 per cent of sugar. Since then
the choice of individual seed beets according to sugar-content

7
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has become general. Often hundreds of thousands of beets
are tested at a single factory. De Vries has plotted a varia-
tion curve for forty thousand beets tested in 1896 at a factory
in Holland. The result (Fig. 18) was a beautiful frequency
of error curve with its mode at 15.5 per cent. The upper
limit of variation was 21 per cent, or the same per cent as

N
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Fre. 18. Graph showing the variation in sugar-content of 40,000 sugar beets tested at a
factory in Holland. (After De Vries.) The data are as follows:
Percent sugar °
12 125 18 185 14 145 15 158 16 165 17 175 18 18519
Number
840 685 1,102 2,205 8,507 5,561 7,178 7,820 6,925 4,458 2,233 69 133 14 §
The broken line shows the theoretical curve for (a + b)®.

Vilmorin obtained after two generations of selection. The
general average, to be sure, is considerably higher than when
the selection began, but De Vries believes that this is due in
part to improved methods of cultivation and more accurate
methods of determining the sugar-content. He believes that
whatever real improvement has taken place is due largely
to the elimination of the poorest sorts through selection, and
that these would speedily become reéstablished if the selec-
tion were discontinued.

The fact has only recently come to light that sugar beets
are regularly cross-pollinated by a minute insect, a species of
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thrips, the plant being scarcely capable of self-pollination.
This explains why constant selection is required to maintain
a high standard. Hybridization constantly occurs and for
this reason fully stable types cannot be obtained.

De Vries is also led to adverse conclusions concerning se-
lection as an agency in producing racial changes by experi-
ments of his own, one of the most extensive of which was an

3 7 8 9 [ 72 13
Tia. 14. Variation of the buttercup (R lus bulbosus) b

of petals preceding and following selection. H 1887, vuuuancurveo(
unselected race. E 1891 and 1892, curves for successive generations of the
selected race. A 1891, curve for parent plants of the 1892 generation.
(After De Vries.)

attempt to increase by selection the number of petals in the
common meadow buttercup (Ranunculus bulbosus). This
regularly has five-petaled flowers, but an occasional flower
contains one or more extra petals. See Fig. 14. When this
plant was cultivated in his garden, De Vries found the aver-
age number of petals to be 5.6. After five successive selec-
tions the average was raised to 8.6, the upper limit of
variation from eight to thirty-one, and the mode (or com-
monest condition) from five to nine. De Vries concludes that
the change thus produced could be maintained only by con-
tinued selection, and that further progress could probably
not be made. This conclusion seems to me unwarranted, but
I state it as illustrative of the general view of De Vries, who
maintains that when a permanent racial change occurs it is
due to something different from fluctuating variability, viz.,
to a discontinuous variation or sport, a process which De Vries



74 GENETICS AND EUGENICS

calls mutation. Mutation, he believes, involves a change in
the nature of the germ-cells, whereas fluctuation involves
only effects due to environment. These latter may indeed
modify the soma, and also the germ-plasm temporarily, but
not permanently. Weismann, as we have seen, admits for
certain cases a direct modification of the germ-cells by the
environment, and believes that such modifications when once
produced are permanent. De Vries on the other hand is
much more ready to admit modification of the germ-plasm
by the environment, but maintains that these modifications
are not permanent. Permanent changes in the germ-plasm,
according to De Vries, have no relation to the action of the
environment. They arise spontaneously out of internal
conditions and are not necessarily adaptive in nature. Most
of them perish because not adaptive (i.e., beneficial) in
character; only those mutations survive in-a state of nature
which chance to be adaptive. The environment does not
cause mutations, according to De Vries, but only determines
what ones may survive. Evolution is thus due primarily to
internal causes; but its course is guided by the environment,
which selects those mutations which are capable of survival.

Tae EvIDENCES oF MUTATION

Two lines of evidences in favor of mutation may be cited,
one general, the other special.

1. The occurrence of elementary spectes. Among many wild
species of plants there occur varieties quite distinct and
breeding true, but differing from each other by such minor
characteristics as ordinarily escape notice. Thus in the
common dandelion a considerable number of varieties may
be distinguished. Some have narrow leaves, some broad
leaves; on some the leaves are deeply notched, on others
almost entire. If we save the seeds of any of these peculiar
individuals and plant them we find that the characteristics of
the parent plant are inherited. They breed true like distinct
species, indeed they may be regarded as little species within
the dandelion species. De Vries calls them “ elementary



F1o.15. Lamarckiana. Fia. 16. Gigas.

Fi6. 17. Lamarckiana, Fia. 18. Gigas.
1
Fia. 19. Oblonga. Fia. 20. Lata.
OeNoTHERA LAMARCKIANA AND SoMmE OF 18 MUTANTS
Fia. 13, late in 16, at mid 17-20, in rosette stage (wintering-over stage).

From cultures and photographs by Professor B. M. Davis.
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species. The same thing may be observed in the case of
violets; many distinct varieties or elementary species may
be recognized within the commonly recognized species, and
experiment has shown that these breed true.

Among cultivated plants a similar diversity of forms oc-
curs, especially among such as are self-fertilized, as for
example wheat, beans and peas. Varieties differ in shape of
leaf, hairiness, color of seed, fruit or flowers, and many other
characteristics. Varieties of the same species may in many
cases be grown together in the same field without mixing,
and even if artificially crossed may not produce an inter-
mediate character but one which is distinctive of one parent
or the other. The same thing is true of our domesticated
animals. Varieties are often discontinuous, intermediates
being unknown. De Vries joins with Bateson in urging a dis-
continuous origin for such variations and brings forward
much experimental evidence in support of this idea. - He
supposes that discontinuous variations arise through internal
causes, that is by mutation.

2. “ Mutation > in Oenothera. For proof of discontinuity
in variation De Vries relies principally upon a specific case
which he has studied for many years, that of Lamarck’s
evening primrose (Qenothera Lamarckiana). See Figs. 15-26.
This plant is supposed to be of American origin. It is culti-
vated in Europe (and to some extent in America) in parks
and gardens, for its showy yellow flowers. Here and there it
has escaped from cultivation and grows wild. In this condi-
tion De Vries found it in an abandoned potato field near
Amsterdam. But the plant has not been found growing wild
in the western hemisphere, original home of the oenotheras.
For this reason some naturalists are inclined to regard it as
of hybrid and old-world origin.

The plant is a biennial, five or six feet lngh when fully
grown, with a stout branching stem bearing at the ends of its
branches spikes of bright yellow flowers. They open towards
evening, as the name, evening primrose, indicates and are

pollinated by bees and moths, On bright days their duration
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is confined to one evening and the following morning, but in
cloudy weather they may remain open longer.

When De Vries discovered this plant growing wild in 1886
he was struck by its variability. It seemed to be producing,
in the isolated spot where he found it, new species, the thing
for which De Vries had long been looking. He says:

I visited [the spot] many times, often weekly or even daily during the
first few years, and always at least once a year up to the present time
[eighteen years later]. This stately plant showed the long-sought peculi-
arity of producing a number of new species every year. Some of them were
observed directly in the field, either as stems or as rosettes [young plants in
their first year’s growth]. The latter could be transplanted into my garden
for further observation, and the stems yielded seeds to be sown under like

control. Others were too weak to live a sufficiently long time in the field.
They were discovered by sowing seed from plants of the wild locality.

By these means over a dozen new types were discovered
never previously observed or described. De Vries has given
to these distinctive names; some of them he regards as true
species, others merely as varieties; the basis of his distinction,
an arbitrary one, does not concern us. The peculiarity of the

TABLE 5
Some MuTaNTs oF OENOTRERA LAMARCKIANA

. Smooth-leaved (Mmfdia)}

Short-styled (brevistylis) ; Retrogressive or Loss variations.
. Dwarf (nanella)
. Giant (gigas)
Red-veined (rubrinervis)
. Pale-leaved (albida)
. Oblong-leaved (oblonga)

} Progressive or Gain variations.

D G 0

} Feeble mutants.

case is, not that a group of undescribed species or varieties
was found growing together, but that they were produced
year after year from the seed of the parent species, and from
their first origin bred true (in most cases) to their distinctive
characters.

One of the mutants was distinguished by its smooth slen-
der leaves (laevifolia); another by the short style of its
flowers (brevistylis); a third by its dwarf habit (ranella, Fig.
26), one-fourth the height of the parent species. All three
bred true to these peculiarities which De Vries considers due



Fic. 21. Lamarckiana. . Fio. 22. Gigas.

Fic. 28. Oblonga. Fic. 24. Scintillans,

Fic. 25. Lata, Fic. 26. Nanella.

OxxoTHERA LAMARCKIANA AND Somm or rrs MuTaNTs
Fioa, 21-24, inflorescence and leaf from base of main stem; 25, inflorescence only;
26, entire plant. (From Davis.)
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to loss of something the parent possessed. For this reason
he calls them “ retrogressive varieties.”

Two very vigorous mutants the giant (gigas, Figs. 16, 18,
22) and the red-veined (rubrinervis) De Vries considers to have
acquired additional characters not present in the parent, and
for this reason he regards them as genuine ‘* elementary
species ”’ (having attained a new progressive characteristic).
The giant is no taller than its parent species but much
stouter, with larger leaves and flowers. Its cells contain
twice as many chromosomes as those of the parent species,
which fact is considered very important by some cytologists.
A wideleaved mutant (lata, Figs. 20, 25) has one extra
chromosome in its gametes (14 + 1 = 15).

The red-veined mutant (rubrinervis) has more red on its
leaves and stems than has the parent species; its stems are
also more brittle, the bast fibres having thinner walls.

Two other mutants are naturally feeble, not strong enough
to survive in a wild state. They are albida (the pale whitish
mutant), and oblonga (having oblong leaves on feeble plants,
about half as tall as the parent species). See Figs. 19 and 23.

“ These seven new forms,” says De Vries, “ which diverge
in different ways from the parent type, were absolutely con-
stant from seed. Hundreds or thousands of seedlings may
have arisen, but they always come true and never revert to
the original 0. Lamarckiana-type.” Several other mutants
have been described by De Vries, among them scintillans,
but they are less constant in character than those already
mentioned. Their behavior need not here be considered.

A fact deserving especial attention in connection with De
Vries’ experiments is the repeated occurrence of the same
mutation year after year in pedigree cultures from self-fer-
tilized plants, showing that these particular variations occur
with some regularity.

Starting with nine plants transplanted from the field De
Vries carried a culture through seven subsequent generations,
always planting seed of Lamarckiana parents, with the results
shown in Table 6.
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TABLE 6
AN E16ET-GENERATION PEDIGREE CULTURE OF LaMARCK’s EVENING PRIMROSE

Genera- Rubri-  Lamarcki- Scintil-
tion Gigas Albida Oblonga nervis ans Nanella Lata lans

1 .. 9 .. ..

2 .. 15,000 5 5

] .. .. .- 1 10,000 3 3

4 1 15 176 8 14,000 60 78 1

5 25 1856 20 8,000 49 142 6

6 11 29 8- 1,800 9 5 1

7 .. 9 .. 8,000 1 ..

8 5 1 . 1,700 21 1

The giant mutant was obtained only once, but all the
others in at least three different generations, from Lamarcki-
ana parents.

Without going into the details of the case, to which De
Vries has devoted an entire volume, we may notice what de-
ductions or “laws ”’ De Vries bases upon it.

1. New elementary species appear suddenly and attain full constancy at
once.

2. The same new species are produced in a large number of individuals.

This would, of course, give them a better chance and fuller
test in the struggle for existence than if they appeared but
once.

8. Mutability is something fundamentally different from fluctuating vari-
ability. All organs and all qualities of Lamarckiana fluctuate and vary
in & more or less evident manner, and those which I had the opportunity of
"examining more closely were found to comply with the general laws of
fluctuation. But such oscillating ehanga have nothing in common with
the mutations. Their essential character is the heaping up of slight devia-
tions around a mean, and the occurrence of continuous lines of increasing
deviations, linking the extremes with this group. Nothing of the kind is
observed in the case of mutations. There is no mean for them to be
» grouped around and the extreme only is to be seen, and it is wholly un-
connected with the original type. It might be supposed that on closer
inspection each mutation might be brought into connection with some °
feature of the fluctuating variability. But this is not the case. The dwarfs
are not at all the extreme variants of structure, as the fluctuation of the
height of the Lamarckiana never decreases or even approaches that of the
dwarfs. There is always a gap. The smallest specimens of the tall type
are commonly the weakest, according to the general rule of the relationship
between nourishment and variation, but the dwarfs according to this same
rule are of course the most robust specimens of their group.
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Fluctuating variability, as a rule, is subject to regression. The seeds
of the extremes do not produce an offspring which fluctuates around their
parents as a center, but around some point on the line which combines
their attributes with the corresponding characteristic of their ancestors,
as Vilmorin has put it. No regression accompanies mutation, and this
fact is perhaps the completest contrast in which these two great types of
variability are opposed to each other.

The offspring of my mutants are, of course, subject to the general laws
of fluctuating variability. They vary, however, around their own mean,
and this mean is simply the type of the new elementary species.

4. The mutations take place in nearly all directions.

Some are larger, others smaller than the parent species;
some more vigorous and productive, others less so; some are
more heavily pigmented, others less so; some can survive in
competition with the parent form, others cannot. There is
no evidence of adaptive modification, or modification con-
trolled by the environment for the benefit of the species.
The variation is in all directions.

The facts upon which De Vries bases these generalizations
have been verified in the main by a number of workers in
different parts of the world, notably in this country where
several botanists have studied the seedlings of Lamarck’s
evening primrose. But the facts are not interpreted in the
same way by all observers.

One view accepts the facts at their face value, including
the regularity of the occurrence of the same mutation in
successive generations, and its entire distinctness from the
parent form, but maintains that Q. Lamarckiana is a hybrid
plant, not a pure species, and that the so-called mutation is
only a new illustration of the splitting up of a hybrid into new
forms, many of which are constant, a thing which is known
frequently to occur following hybridization.

In support of this view it may be said that 0. Lamarckiana
has not been found growing wild in this country, its supposed
place of origin, though careful search has been made for it.
On the other hand 0. Lamarckiana has for many years been
growing wild in certain English stations, notably on the sand
hills north of Liverpool, and there are good reasons for be-
lieving that the Lamarckiana first brought out by seedsmen
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about the year 1860 may have come from some English lo-
cality. The fact that several species of Oenothera are known
to have been in England previous to this date suggests that
Lamarckiana may have arisen through the crossing of other
forms.

In this connection it is of interest to note that a hybrid
has been synthesized by Davis from a cross of 0. franctscana
with 0. brennis, which is essentially indistinguishable in its sys-
tematic characters from 0. Lamarckiana. Furthermore this
hybrid behaves like Lamarckiana in producing two classes of
progeny when crossed with certain wild species as described
in the next paragraph. This Lamarckiana-like hybrid,
which has been given the name of neo-Lamarckiana, in the
fourth generation bred true for about one-third of its pro-
geny and therefore gave a very much'larger percentage of
variants than Lamarckiana, but its seed fertility was very
much higher, which may account for the fact. At this stage
in the investigation neo-Lamarckiana presents a breeding
behavior at least similar to that of Lamarckiana and it will
be a matter of interest to see whether in later generations the
resemblance may not become more marked.

Another adverse view of De Vries’ theory, with less concern
as to the origin of 0. Lamarckiana, maintains that however it
originated it is clearly not pure genetically; if not actually a
hybrid of recent origin, it at least has the genetic character of
a hybrid and hence the regularity of its mutations. For hy-
bridization, as we shall see, is a sure means of producing new
and stable varieties. Hybridization experiments made by
De Vries and repeatedly confirmed by others show that in
every generation 0. Lamarckiana produces different kinds of
fertile gametes. In particular, it forms two classes of hy-
brids, “ twin hybrids,” in approximately equal numbers, in
crosses with certain wild species, as do several of the wild
species in crosses with each other, so that it is evident that
0. Lamarckiana, as well as some wild species of Oenothera,
have the variability characteristic of hybrids. Even those
which seem to breed true, and which do breed true when
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self-pollinated, may give a variable progeny in crosses, and
they seem to breed true merely because certain classes of their
progeny are too feeble to survive. For in some cases only a
fractional part of the seeds produced contain embryos
capable of survival. .

According tothe views expressed above, Oenothera Lamarck-
tana is best interpreted as an impure or hybrid species which
only breeds true in a relatively high degree because of
extensive sterility, which eliminates large numbers of gametes
and zygotes that differ from the germinal cells which repro-
duce the Lamarckiana type. The ‘ mutants’ come from
occasional seeds of different types that survive the heavy
mortality which renders sixty per cent or more of the seeds
infertile and about fifty per cent of the pollen grains abortive.
If this is the correct explanation of the peculiar breeding
behavior of Lamarckiana, this plant is very far from being
representative of a pure species, as De Vries assumed it to be,
and is hardly suitable material for experiments designed to
give evidence of mutation.

Even if we reject this explanation and consider that the
mutability of the evening primrose has no causal relation to
its hybridity, it by no means follows that mutation is a
general method of origin of new varieties and species among
animals and plants, which is the thesis of De Vries. Muta-
tion, indeed, <. e., sudden change or sporting, is the common
method by which Mendelizing variations arise. These form
the basis of domestic color varieties and of other more or less
monstrous races (hornless. cattle, tailless cats, etc.). But
there is no reason to think that wild species in general have
originated in this way. On the contrary, as we shall see,
there is reason to think that these as a rule differ by numer-
ous small quantitative changes which are capable of summa-
tion through selection and that even domesticated varieties
are often produced in this way.

It seems to be a fatal objection to the mutation theory as
a general theory of evolution that its occurrence is not general.



CHAPTER VII

THE PIONEER PLANT HYBRIDIZERS: THE DISCOVERY
AND REDISCOVERY OF MENDEL’S LAW

WHiLE De Vries was engaged in his studies of the evening
primrose he hit upon an idea far more important, as most
biologists now believe, than the idea of mutation, though
De Vries himself both then and since has seemed to regard
it as of only minor importance. He called this the “ law of
the splitting of hybrids.” The same law, it is claimed, was
independently discovered about the same time by two other
botanists, Correns in Germany, and Tschermak in Austria.
Further, historical investigations made by De Vries showed
that the same law had been discovered and clearly stated
many years previously by an obscure naturalist of Briinn,
Austria, named Gregor Mendel, and we have now come to
call this law by his name, Mendel’s law. Mendel was so little
known when his discovery was published that it attracted
little attention from scientists and was soon forgotten, only
to be unearthed and duly honored years after the death of its
author. Had Mendel lived forty years later than he did, he
would doubtless have been a devotee of biometry, for he had
a mathematical type of mind and his discovery of a law of
hybridization was due to the fact that he applied to his
biological studies methods of numerical exactness which he
had learned from algebra and physics. In biology he was an
amateur, being a teacher of the physical and natural sciences
in a monastic school at Briinn. Later he became head of his
monastery and gave up scientific work, partly because of
other duties, partly because of failing eyesight.

The subject of plant hybridization had received consider-
able attention from botanists for a century before it was
taken up by Mendel and the law of the splitting of hybrids
which was discovered by Mendel and rediscovered by De
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Vries had narrowly escaped discovery at the hands of their
predecessors. There was lacking only the numerical exact-
ness of a Mendel or the clear-sighted analysis of a De Vries
to bring to light the rule governing the splitting of hybrids.

By a hybrid we understand an organism produced by the
crossing of two distinct species or varieties of plant or animal,
1. e., an organism which has an individual of one species or
variety as its mother and an individual of a different species
or variety as its father. At times and by ‘certain naturalists
a distinction has been made between the offspring of a species
cross and that of a variety cross, the term hybrid being
limited to the progeny of a species cross, and the term mon-
grel being used to designate the progeny of a variety cross.
But it has been found quite impossible to distinguish species
from varieties sharply, for Darwin showed that varieties may
be only incipient species, and that no definition can be
framed of variety which will not also include species- and
vice versa. Accordmgly at present we use the terms species
and vartety in a relative sense only. The differences which
exist between species are supposed to be either more numer-
‘ous or greater in degree than those which exist between
varieties. The terms to the majority of biologists imply
nothing more than this. If we cannot distinguish species
from varieties, it is obvious that we cannot distinguish the
~ products of a species-cross from the products of a variety-
cross, and so at present all cross-bred offspring, whether of
species or varieties, are called hybrids. The same law of
splitting applies to all, as we shall see.

The pioneer plant hybridizer was Joseph (Gottlieb) Kol-
reuter (1733-1806) who between the years 1760 and 1766
carried out the first series of systematic experiments in plant
hybridization which had ever been undertaken. The more
important features of Kolreuter’s work have been thus
summarized by Lock, pp. 150-155.

These experiments not only established with certainty for the first time
the fact that the seeds of plants are produced by a sexual process com-
parable with that known to occur in animals, but also led to a knowledge
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of the general behaviour of hybrid plants, which was scarcely bettered until
Mendel made his observations a century afterwards.

Kaolreuter found that the hybrid offspring of two different plants gener-
ally took as closely after the plant which yielded the pollen as after that
upon which the actual hybrid seed was borne. Indeed, he found that it
made little or no difference in the appearance of the hybrid which of the
parental species was the pollen-parent (male), and which the seed-parent
(female) — that is to say, in the case of plants the result of reciprocal
crosses is usually identical. Thus, for the first time it was definitely shown
that the pollen-grain plays just as important a part in determining the
characters of the offspring as does the ovule which the pollen-grain fer-
tilizes. This was a wholly novel idea in Xolreuter’s time, and the fact was
scarcely credited by his contemporaries.

Kolreuter had no means of discovering that the contents of a single
pollen-grain unite with the contents of a single ovule in fertilization. But
he ascertained by experiments that more than thirty seeds might be made
to ripen by the application of between fifty and sixty pollen-grains to the
stigma of a particular flower, so that, if he had had any hint of the actual
microscopic processes of fertilization, he would have been quite prepared
for the more fundamental discovery.

Kolreuter, indeed, believed that the act of fertilization consisted in the
intimate mingling together of {wo fluids, the one contained in the pollen-
grain, and the other secreted by the stigma of the plant. The mingled
fluids, he supposed, next passed down the style into the ovary of the plant,
and arriving at the unripe ovules, initiated in them those processes which
led to the formation of seeds. In this belief Kélreuter simply followed the
animal physiologists of his time, who looked upon the process of fertiliza-
tion in animals as taking place by a similar mingling of two fluids. Now
that we know that fertilization consists essentially in the intimate union
of the nuclei of two cells, one of which, in the case of plants, is the ovum
contained within the ovule, whilst the other is represented by one of a
few cells into which Lhe contents of the pollen-grain divide, we can under-
stand more clearly the bearing of Koélreuter’s observation. And it is -
greatly 1o this eminent naturalist’s credit that he succeeded in carrying
out his observations with so much accuracy, when the full meaning of
those observations was of necessity hidden from his comprehension.

Kolreuter was the first to observe accurately the different ways in which
pollen can be naturally conveyed to the stigma of a flower. This may
take place either by the pollen-grains falling directly upon the stigma, or
by the agency of the wind, or, lastly, the pollen may be carried by insects
visiting the flowers. And he recognized many features characteristic of
flowers apt to be fertilized in one or other of these ways in particular.
Thus he was aware, for example, of the nature and use of the nectar which
so many flowers produce — namely, that it is the substance from which
the bees — by far the most diligent visitors of flowers — obtain their
honey.

Curiously enough, Kélreuter was not aware of the existence of any
natural wild hybrid plants. But he was quite right in contending that
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supposed examples of such hybrids required for their substantiation the
experimental proof, which could only be afforded by making actual artifi-
cial crosses between Lhe putative parent species.

The first hybrid made artificially by Kélreuter was obtained in 1760
by applying the pollen of Nicoliana paniculata to the stigma of Nicotiana
rustica. The hybrid offspring of this cross showed a character intermediate
between those of the two parent species in almost every measurable or
recognizable feature, with a single notable exception. This exception was
afforded by the condition of the stamens and of the pollen grains pro-
duced by the hybrids. These organs were so badly developed that in all
the earlier experiments, self-fertilizalion of Lhe hybrid plants yielded no
good seed at all, nor were the pollen grains of Lhe hybrid any more effec-
tive when applied to the stigmas of either of the parent species. On the
other hand, when pollen from either parent was applied to the stigmas of
the hybrid plants, a certain number of seeds capable of germination was
obtained, although this number was much smaller than in the case of
normal fertilization of either parent species. This partial sterility, affect-
ing in particular the stamens and the pollen which they produce, is a
feature common to the majority of hybrids between different natural
species. Many such hybrids, indeed, are altogether sterile, so that a
further generation cannot in any way be obtained from them. On the
other hand, the members of different strains or varieties which have arisen
under cullivation yield, as a rule, when crossed together offspring which
are perfectly fertile.

In subsequent years Kalreuter was able to obtain a very few self-ferti-
lized offspring from bybrids of the same origin as the above. The resulting
plants were described as resembling their hybrid parent so closely as to be
practically indistinguishable from it.

The offspring obtained by crossing the hybrid plants with pollen from
either parent showed in each case a form more or less intermediate between
that of the original bybrid and that of the parent species from which the
pollen was derived. But the plants were not all alike in this respect, some
of them being much more like the parent species than others, and some,
again, varying in other directions. There were also considerable differ-
ences between the different individuals in respect of fertility. so that some
of the plants were more and some less sterile than the original hybrids.
Also, there was some tendency to the production of malformations of the
flowers and other parts.

Oue of the most noted of Kolreuter’s experiments was that which con-
sisted in repealedly crossing a hybrid plant with one of the parent species
from which the bybrid was derived. By continuing to pollinate the mem-
bers of one generation after another with the pollen of the same parent
species, plants were at last arrived at which were indistinguishable from
the parent in question. We shall return to this fact later on, when the
reader will be in a position to appreciate its importance more fully.

Kalreuter found that the result of reciprocal crosses.is usually identical
— that is to say, the offspring obtained by fertilizing a plant A with pollen
from a plant B are not to be distinguished from those obtained when B is
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fertilized with the pollen of A. But the two opposite processes of fertili-
zation are not always equally easy to carry out. An extreme instance of
this circumstance was met with in the case of the genus Mirabilis. Mirab-
ilis jalapa was easily fertilized with pollen from M. longiflora. During
eight years Kolreuter made more than two hundred attempts to effect the
reverse cross, but without success.

It was shown by Kolreuter that hybrids between different races or
varieties of the same species are usually much more fertile than hybrids
obtained by crossing distinct species. Indeed, he believed that varieties
of a single species were in all cases perfectly fertile together, whilst hybrids
between species always showed some degree of sterility. But in this case
Kolreuter based his definition of a species upon the very point at issue,
and when he found forms, which other botanists regarded as good species,
to be perfectly fertile together, he immediately regarded them as being
only varieties of a single species.

One curious point is worth noting in this connection. Five varieties
of Nicotiana tabacum were found to be perfectly fertile with one another,
but when crossed with Nicottana glutinosa one of them was found to be
distinctly less sterile than the rest.

Another interesting point observed by Kolreuter was the fact thdt
hybrid plants often exceed their parents in luxuriance of growth. Upon
this fact, as we shall see later on, Knight and afterwards Darwin based
theoretical conclusions of considerable importance in connection with the
problem of sex.

To pick out the salient features of the foregoing account
we may. notice:

1. That Kbolreuter established the occurrence of sexual
reproduction in plants by showing that hybrid offspring in-
herit equally from the pollen plant and the seed plant.

2. He showed that hybrids are commonly intermediate
between their parents in nearly all characters observed, such
for example as size and shape of parts.

8. Many hybrids are partially or wholly sterile, especially
when the parents are very dissimilar (belong to widely dis-
tinct species) Such hybrids often exceed either parent
species in size and vigor of growth.

4. Kolreuter did not observe the regular splitting of hy-
brids which Mendel and De Vries record, but some of his
successors did, particularly Thomas Knight (1799) ! and John
Goss (1822) ! in England who were engaged in the crossing of
garden peas with a view to producing more vigorous and

1 For a fuller account of the work of these early plant hybridizers, see Lock.
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productive varieties, and Naudin (1862) in France who
made a comprehensive survey of the facts of hybridization
in plants and came very near to expressing the generalization
which Mendel reached four years later. He pointed out the
significance of the fact first observed by Kolreuter that hy-
brids may be brought back to the form of either parent by
repeated crossing with that parent. Naudin supposes that
the potentialities of each species are contained in its pollen
and ovules and the potentialities of both species are present
together in the hybrid. If species A is fertilized by species B,
the hybrid contains potentialities AB. Naudin supposes
that these potentialities may segregate from each other in
the pollen grains and ovules of the hybrid plant. An ovule
A of such a hybrid plant, if fertilized by pollen of the pure
species A, will form a plant of exactly the same nature as
pure species A. This idea of the segregation of potentialities
in the germ-cells of the hybrid was adopted by Mendel. He
added to it the conception that the segregation applies to
single potentialities or characteristics rather than to all the
potentialities of a species at once, and the result is what we
call Mendel’s law. Like all great discoveries it was not made
out of hand, nor as the result of one man’s work alone.
Mendel added one final touch to the work of his predecessors
as summarized by Naudin, and the result was that hybridi-
-zation became for the first time an orderly and understand-
able process, capable of throwing light on normal heredity.



CHAPTER VIII

MENDEL’S LAW OF HEREDITY ILLUSTRATED IN
ANIMAL BREEDING

MENDEL’s law may best be explained with the aid of ex-
amples, which will be chosen, for convenience, from the
heredity of guinea-pigs. If a guinea-pig of pure race with
colored fur (say black) is mated with a guinea-pig having
uncolored (white) fur, a so-called albino, the offspring will
all have colored fur, none being albinos. See Figs. 27-30.
To use Mendel’s terminology, colored fur dominates in the
cross, while albinism recedes from view. Colored fur is, there-
fore, called the dominant character; albinism, the recessive
character.

But if now two of the colored individuals produced by this
cross are mated with each other, the recessive (albino)
character reappears on the average in one in four of their
offspring (Fig. 30). The reappearance of the recessive char-
acter, after skipping a generation, in the particular propor-
tion, one fourth, of the second generation offspring, is a
regular feature of Mendelian inheritance. It may be ex-
plained as follows (see Fig. 30a): the gametes which united in
the original mating of a pure colored individual with an
albino must have transmitted, one color (C), the other
albinism (c). The contrasted characters were then associated
together in the offspring. But color from its nature domi-
nated, since albinism is due apparently to the lack of some-
thing necessary to the formation of color, which the other
gamete would supply.

But when the young produced by this cross have become
adult and themselves form gametes, the characters, color and
albinism, will separate from each other and pass into differ-
ent gametes, since, as regards the transmission of alternative
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characters like color and albinism, a gamete is able to trans-
mit only one, its nature being simplex.

Accordingly a female hybrid will transmit the character,
color (C), in half its eggs, and the contrasted character, al-

Fic. 80a. Diagram to explain the inheritance of color (C) and albinism (c) in the
cross shown in Figs. £7-30.

binism (c), in half its eggs. A male hybrid will also transmit
color (C) in half its sperm, and albinism (c) in the other half.
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If the type of egg which transmits color (C) is fertilized as
readily by one type of sperm as by the other, combinations
will result which are either CC or Cc in character. And if the
type of egg which transmits albinism (c) is also fertilized as
readily by one kind of sperm as by the other, combinations
will result which are either Cc or cc in character. Putting
together the results expected from the fertilization of both
types, weget 1 CC: 2 Cc: 1 ce, 1. e., one combination of color
with color, two combinations of color with albinism, and one
combination of albinism with albinism; or three combina-
tions which contain color (and so will show it) to one combi-
nation which lacks color and so will be white. This agrees
with the observed average result.

The albino individual may be expected to transmit only
the albino character (c), never color (C), which it does not
possess. Experiment shows this to be true. Albino guinea-
pigs mated with each other produce only albino offspring.
But the colored individuals are of two sorts, CC and Cec in
character. The CC individual is pure, so far as its breeding
capacity is concerned. It can form only C gametes. But
the Ce individuals may be expected to breed exactly like
the first generation hybrids, which had the same composition.
They will transmit color (C) in half their gametes, albinism
(c) in the other half. Experiment justifies these expectations
also. The test of individual animals may readily be made by
mating them one by one with albinos. The pure colored in-
dividuals (CC) will produce only colored offspring, since they
transmit color (C) in all their gametes. But the other and
more numerous class of colored individuals (Cc) will produce
offspring part of which will be colored (Cc) and the remainder
albmo (cc), The two kinds of dominant individuals, those
which breed true and those which do not, we may call
homozygous and heterozygous, following the convenient ter-
minology of Bateson. A homozygous individual is one in
which like characters are joined together, as CC or cc; a
heterozygous individual is one in which unlike characters are
joined together, as Cc. It goes without saying that reces-




Fig. 33

Fig. 84
Fios. 31-34. Results of a cross between two varieties of guinea-pig differing in two unit-characters,
color and roughness of fur. Fig. 81, a colored and smooth-coated guinea-pig
Fi16. 82. An albino and rougb-cos! i i

ted guinea-pig. Fic. 33. One of the F; young, eolo;ed and rough.
Fie. 34. A smooth-coated albino, one of the four varieties occurring among the F young. The other
three varieties of F: young are like the t

and g

p ts respectively (Figs. 31-33).

Fig’ 35

Fig. 36

Fig. 87 Fig. 38
Fias, 35-38. Results of a cross between two varieties of guinea-pig dlﬂenng in the two unit-characters,
color and length of fur. Fig. 85, a colored and short-haired guinea-pig. Fig. 36, an albino and
long haired guinea-pig. The Fi young were colored and short-baired like the parent shown
in Fig. 85. Fig. 87, a colored and long-lmred guines-pig, one of the new F: varieties.

Fig. 38, an albino and short-haired guinea-pig, the other new F; variety. The two other
T varicties were like the grandparents (Figs. 35 and 36).
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sives are always homozygous. For they do not contain the
dominant character; otherwise they would show it.

It will be observed that, in the cross of colored with albino
guinea-pigs, color and albinism behave as a pair of alternative
units which may meet in fertilization but separate again at
the formation of gametes.

Mendel’s law as illustrated in this cross includes three
principles: (1) The existence of unit-characters, (2) domi-
nance, in cases where the parents differ in a unit-character,
and (8) segregation of the units contributed by the respective
parents, this segregation being found among the gametes
formed by the offspring.

The principles of dominance and segregation apply to the
inheritance of many characteristics in animals and plants.
Thus in guinea-pigs a rough or rosetted coat (Figs. 82 and 33)
is dominant over the ordinary smooth coat. If a pure rough
individual is crossed with a smooth one, all the offspring are
rough; but in the next generation smooth coat reappears in
one-fourth of the offspring, as a rule. Again, in guinea-pigs
and rabbits a long or angora condition of the fur (Figs. 36,

" and 87) is recessive in crosses with normal short hair. All
the immediate offspring of such a cross are short haired, but
in the next generation long hair reappears in approximately
one-fourth of the offspring.

In cattle, the polled or hornless-condition is dominant over
the normal horned condition; in man, two jointed fingers
and toes are dominant over normal three-jointed ones.

In each of the cases thus far considered a single unit-
character is. concerned. Crosses in such cases involve no
necessary change in the race, but only the continuance within
it of two sharply alternative conditions. But the result is
quite different when parents are crossed which differ simul-
taneously in two or more independent unit-characters. Cross-
ing then becomes an active agency for the production of new
varieties.

In discussing the crosses now to be described, it will be
convenient to refer to the various generations in more pre-
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cise terms, as Bateson has done. The generation of the
animals originally crossed will be called the parental genera-
tion (P); the subsequent generations will be called filial
generations, viz., the first filial- generation (F,), second filial
(F.), and so on.

When guinea-pigs are crossed of pure races which differ
simultaneously in two unit-characters, the F, offspring are
all alike, but the F; offspring are of four sorts. Thus, when
a smooth colored animal (Fig. 81) is crossed with a rough
albino (Fig. 32), the F, offspring are all rough and colored
(Fig. 83), manifesting the two dominant unit-characters, —
colored coat derived from one parent, rough coat derived
from the other. But the F; offspring are of four sorts, viz.,
(1) smooth and colored, like one grandparent, (2) rough and
albino, like the other grandparent, (3) rough and colored,
like the F, generation, and (4) smooth and albino, a new
variety (Fig. 34). It will be seen that the pigmentation of
the coat has no relation to its smoothness. The dark animals
are either rough or smooth, and so are the white ones. Pig-
mentation of the coat is evidently a unit-character indepen-
dent of hair direction, and as new combinations of these two
units the cross has produced two new varieties, — the rough
colored and the smooth albino.

Again, hair-length is a unit-character independent of hair-
color. For if a short-haired colored animal (either self or
spotted, Fig. 85) be crossed with a long-haired albino (Fig.
36), the F, offspring are all short-haired and colored, but
the F; offspring are of four sorts, viz., (1) colored and short-
haired, like one grandparent, (2) albino and- long-haired,
like the other, (8) colored and long-haired, a new combina-
tion (Fig. 87), and (4) albino and short-haired, a second new
combination (Fig. 38).

Now the four sorts of individuals obtained from such a
cross as this will'not be equally numerous. As we noticed in
connection with the simple cross of colored with albino
guinea-pigs, dominant individuals are to the corresponding
recessives as three to one. Therefore, we shall expect the



MENDEL’S LAW 93

short-haired individuals in F; to be three times as numerous
as the long-haired ones, and colored ones to be three times
as numerous as albinos. Further, individuals which are both
short-haired and colored should be 8 X 8 or nine times as
numerous as those which are neither short-haired nor colored.
The expected proportions of the four classes of F; offspring
are accordingly nine short colored : three long colored : three
short albino :one long albino, a proportion which is closely
approximated in actual experience.

The Mendelian theory of independent unit-characters ac-
counts for this result fully. No other hypothesis has as yet
been suggested which can account for it. Suppose that each
independent unit has a different material basis in the gamete.
Let us represent the material basis of hair-length by a circle,
that of hair-color by a square; then combinations and re-
combinations arise as shown in Fig. 39. The composition of
the gametes furnished by the parents is shown in the first line
of the figure; that of an F, zygote, in the second line;
that of the gametes formed by F, individuals in the third
line. S meets s and C meets c in fertilization to form an F,
individual duplex and also heterozygous as regards hair-
length and hair-color, but these units segregate again as the
gametes of the F, individuals are formed, and it is a matter
of chance whether or not they are associated as originally,
S with C and s with ¢, or in a new relationship, s with C and
S with c. Hence we expect the F, individuals to form four
kinds of gametes all equally numerous: SC, sc, sC, and Se.
By chance unions of these in pairs nine kinds of combinations

become possible, and their chance frequencies will be as

follows:
Short Colored Long Colored Short Albino Long Albino
1SSCC 1s8sCC 1 SSce 1 sscc
2 SSCe 2 8sCc 2 Ssce
2 SsCC
48Ce -
9 8 8 1

Four of these combinations, including nine individuals, will
show the two dominant characters, short and colored; two
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classes, including three individuals, will show one dominant
and one recessive character, viz., colored and long; two
more classes, including three individuals, will show the other
dominant and the other recessive character, viz., short and
albino; and lastly, one class, including a single individual,
will show the two recessive characters, long and albino. The

® [¢])
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Fia. 39, Disgram to explain the simult and independent inherit of colored fur (C) and
short hair (S) in the cross shown in Figs. 85-38.

four apparent classes, or, as Johannsen calls them, pheno-
types, will accordingly be as 9:3:3:1.

One individual in each of these four classes will, if mated
with an individual like itself, breed true, for it is homozygous,
containing only like units. The double recessive class, long
albino, of course contains only homozygous individuals, but
in each class which shows a dominant unit, heterozygous
individuals outnumber homozygous ones, as 2 : 1, or 8 : 1.

Now the breeder who by means of crosses has produced a
new type of animal wishes, of course, to *“ fix ” it, — that is,




Fig. 42 Fig. 43
Fig. #4 Fig. 45
Fig. 46 Fig. 47

Fios. 4047. Results of a croes between varieties of guinea-pig differing in three unit-characters, color,

length and rougbness of fur. Fig. 40, the colored, short-haired and smooth parent. Fig. 41, the albino,
long-haired and rough parent. Flg 42, one of the Fi young, colored, short-haired and rough. Figs.
4347, five new varieties occurring among the F; young. Fig. 43, colored, long-haired and rough.
Fig. 44, colored, long-haired and smooth. Fig. 45, albino, short-haired and rough. Fig. 46, albino,
long-haired and smootb. Fig. 47, albino, short-baired and smooth. Tbree other F; varieties were
like the p ts and dp respectively (Figs. 40—4%2).
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to obtain it in a condition which will breed true. He must,
therefore, obtain homozygous individuals. If he is dealing
with a combination which contains only recessive characters,
this will be easy enough, for such combinations are invari-
ably homozygous. His task will become increasingly diffi-
cult, the more dominant characters there are included in the
combination which he desires to fix.

The most direct method for him to follow is to test by
suitable matings the unit-character constitution of each in-
dividual which shows the desired combination of characters,
and to reject all which are not homozygous. In this way a
pure race may be built up from individuals proved to be pure.
Such a method, however, though sure, is slow in cases where
the desired combination includes two or more dominant unit-
characters, for it involves the application of a breeding test
to many dominant individuals, most of which must then be
rejected. It is, therefore, often better in practice to breed
from all individuals which show the desired combination, and
eliminate from their offspring merely such individuals as do
not show that combination. The race will thus be only
gradually purified, but a large stock can be built up much
more quickly.

We may next discuss a cross in which three unit-character
differences exist between the parents, instead of two. If
guinea-pigs are crossed which differ simultaneously in three
unit-characters, color, length, and direction of the hair, a
still larger number of phenotypes is obtained in F;, namely,
eight. A cross between a short-haired, colored, smooth
guinea-pig (Fig. 40) and one which was long-haired, albino,
and rough (Fig. 41) produced offspring in F, which were
short-haired, colored, and rough (Fig. 42), these being the
three dominant characters, two derived from one parent, one
from the other. The F, offspring were of eight distinct types,
two like the respective grandparents, one like the F,; indi-
viduals (parents), and the other five new, shown in Figs. 48—
47. The largest of the eight apparent classes (phenotypes)
was the one which manifested the three dominant charac-
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ters, short, colored, and rough, which had been the exclusive
F, type (Fig. 42); the smallest class was the one which mani-
fested the three recessive characters, long, albino, and smooth

DD

FiG. 48. Diagram to explain the simult. ind dent inherit: of short (S)
eolored(C’)ndrougll(ll)hrmtbemshowantgam

(Fig. 46). Theoretically these two classes should be to each
other as 27:1. Of the twenty-seven triple dominants,
twenty-six should be heretozygous. The triple recessive
would of course be fully homozygous.
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A comparison of this case with the one just previously
described shows what an increasingly difficult thing it is to
fix types obtained by crossing, as the number of dominant
characters in the selected type increases. On the theory of
unit-characters the gametic combinations and segregations
in this cross are as shown in Fig. 48. The nature of the
gametes formed by the parents crossed is shown in the first
row; the composition of the F, individuals, immediately be-
low. In the two lower rows are shown four different sorts of
gametic splittings which may occur in F, individuals, pro-
ducing thus eight different kinds of gametes.

If, as suggested, the F, individuals produced in this cross
form eight different kinds of gametes, each of these kinds
should, when united with a gamete having the same consti-
tution as itself, produce a homozygous and so true-breeding
zygote of a different variety, making in all eight true-breeding
varieties. Experiment has shown that in reality eight such
varieties are produced in F,. It is therefore evident that the
crossing of varieties which differ from each other by unit-
characters becomes, under the operation of Mendel’s law, a
ready means of producing other new varieties different from
those crossed, and that the number of such new varieties
capable of production in this way increases rapidly with every
additional unit-character difference between the parent
varieties which are crossed.



CHAPTER IX
SOME MENDELIAN TERMS AND THEIR USES

IN describing Mendelian heredity it is convenient for brevity
to use technical terms, some of which are already in general
use among biologists, but others of which have been framed
to meet needs not previously existing. The significance of
these the reader must keep clearly in mind, for which reason
it seems best briefly to define them.

A gamete is a reproductive cell capable of uniting with
another reproductive cell to form a new individual. In all
the higher animals and plants the gametes which are capable
of union in pairs are of two unlike sorts, eggs and sperms.

An egg-cell (capable of fertilization) is the larger, non-
motile gamete, produced by the female parent, when the
parents are sexually different.

A sperm is the smaller gamete, commonly motile, and pro-
duced by the male parent, when the parents are sexually
different. Exceptions to the motility of sperms occur in the
crustacea among animals and in all but the lowest of the
flowering plants. In the lowest flowering plants motile
sperms are found in the pollen-tube, but in the ordinary
flowering plants the two gametes which are produced in the
pollen-tube are non-motile. The pollen-tube itself transports
them by its growth toward the egg-cell of the plant.

A zygote results from the union of two gametes in fertiliza-
tion, an egg with a sperm. It is, potentially or actually,
a new individual produced by a sexual process (union of
gametes). )

A homo-zygote results from the union of gametes which
transmit the same Mendelian character, as black joined with
black, or white joined with white.

A hetero-zygote results from the union of gametes which
transmit alternative Mendelian characters, as black united

with white.
8
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Mendelian characters exist in contrasted pairs which are
alternatives of each other, as black and white, rough and
smooth, long and short. A gamete may from its nature trans-
mit only one of a pair, either black or white, but not both.
Its nature is stmplex. A zygote is duplez in nature; it may
contain a character twice represented (when it is a homo-
zygote), or contain both a character and its alternative (when
it is a heterozygote). The same zygote may be a homozygote
as regards one character (say hair-color) and a heterozygote
as regards another (say hair-length).

Unit-character or unit-factor or gene. Such characters of
animals and plants as follow Mendel’s law in heredity, <. e.,
are inherited ‘as independent units, are often called untt-
characters. But it has been shown in numerous cases that
. an independent factor, which follows Mendel’s law in trans-
mission, may affect or condition the inheritance of a supposed
unit-character, without itself producing any other discover-
able effect. Thus the agouti (or yellow-ticked) character of
the fur of rodents is not developed unless along with the
other genetic factors which produce a black or a brown coat,
a particular “ agouti >’ factor is present; yet we have no
other evidence of the existence of this factor, except the form
which the black or brown coat assumes when this factor is
inherited. But it can be shown unmistakably that the in-
heritance of this unseen factor is that of an independent
Mendelian character.

Some have sought to avoid the difficulty presented by such
cases by making a distinction between unit-characters and
unit-factors, the former being the recognized morphological
or physiological parts or properties of the organism,” the
latter their hypothetical determiners. But this distinction
is of doubtful utility, since the only objective evidence which
we possess that unit-characters exist is the occurrence of
classes among the F, individuals and their numerical fre-
quencies. But this same evidence also forms our only indi-
cation that determiners exist. In fact the “ unit-characters
about which we talk are the hypothetical determiners. For
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no one familiar with Mendelian phenomena would venture
to classify the anatomical parts or physiological processes of
an organism as unit-characters in heredity merely because
they are distinct anatomical parts or distinct physiological
processes.

The head, the hand, the stomach, stomach-digestion, —
these are not unit-characters so far as any one knows. But if
a race without hands were to arise and this should Mendelize
in crosses with normal races, then we should speak of a unit-
character or unit-factor for *“ hands,” loss of which or varia-
tion in which had produced the abnormal race. But in so
doing we should refer not to the hand as an anatomical part
of the body nor to the thousand and one factors concerned
in its production but merely to one hypothetical factor to
which we assign the failure of the hand to develop in a
particular case. It is immaterial whether we call this a unit-
character or unit-factor or use both terms inter-changeably,
but it would be a mistake to suppose that they refer to differ-
ent things or that one is less abstract than the other. Histori-
cally the term unit-character has priority, though factor seems
better to express the abstract and purely hypothetical nature
of the conception involved. The application of the term
unit-character at first to certain agencies which were later
found to be complex led to the coining of a new term (unit-
factor) to apply to the newly recognized simpler agencies. 1f
this process were to be continued indefinitely we should have
to invent a new set of terms for every step in advance in
Mendelian analysis. 1t seems better to discard earlier and
. imperfect analyses as knowledge advances but not to multi-
ply technical terms needlessly when no new conception is
involved..

Parental and filzal generations. The manifestation of Men-
delian characters is often very different in successive gener-
ations, for which reason it is necessary to have a convenient
means of designating the different generations concerned.
The significant generation from which reckoning should be
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made is that in which hybridization occurs, ¢. e., in which
parents of unlike character afe mated with each other. This,
following Bateson, we may call the parental generation or P
generation. Subsequent generations are called filzal genera-
tions (abbreviated F) and their numerical order is indicated
by a subscript, as first filial (F,), second filial (F,), etc.
When pure races are crossed the first filial generation (F,)
is usually as uniform in character as the parental races. Any
striking lack of uniformity in F; may be taken as prima facie
evidence that one or other of the parent races is impure
(heterozygous for one or more characters). It is in the F,
generation that recombinations are formed of the characters
in which the parent races differ from each other. The num-
bers of classes of individuals obtained in F, and their numeri-
cal proportions are the significant features which indicate
how many Mendelizing factors distinguish the parental races
and what their nature is, whether dominant or recessive.

The members of contrasted pairs of Mendelian characters
are known as allelomorphs, 1. e., alternative forms. For ex-
ample, colored and albino coat are allelomorphs among
guinea-pigs, as also are rough and smooth, long and short.
The dominant allelomorph is that one which is expressed in
the heterozygote; the recessive allelomorph is that one which
is not expressed in the heterozygote. It follows that dom:-
nant allelomorphs are regularly expressed in F, while recessive
allelomorphs are as regularly suppressed in that generation,
but that both of them find expression in F,, though domi-
nants exceed recessives in F, as three to one.

For the simplification of inheritance formulae, Mendelian
factors are commonly designated by letters of the alphabet,
members of the same allelomorphic pair being designated by
the same letter, a capital being used for the dominant allelo-
morph, a small letter for the recessive allelomorph. It will
assist the reader to choose letters which suggest descriptive
names of the characters involved. Thus for the agouti factor

we may use A, for its recessive allelomorph a; for the color
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factor we may use C, and for its recessive allelomorph (found
in albinos) ¢, ete.

Though a gamete, from its simplex nature, may never
contain more than a single allelomorph, and a zygote, from
its duplex origin, may never contain more than two allelo-
morphs, the same race may contain three or more variations
which belong in the same allelomorphic series; 7. e., which
are allelomorphs of each other. - In such a race, a gamete may
transmit any one of the series, and a zygote may contain
any two, but never more. In such cases the original termi-
nology of Mendel, which involved the use of capitals and
small letters, becomes inadequate, and it has been deemed
advisable to use in its stead a numerical or descriptive sub-
script. Thus four allelomorphic conditions of the color factor
found among guinea-pigs have been designated C, Ci, C,,
and C, respectively.

In calculating the result to be expected from a particular
cross it is obviously necessary to consider, not the number of
characters which the parents possess, but only the number in
which they differ, since as regards these only will heterozy-
gotes be formed in F;, to be followed by the production of
new homozygous combinations in F;. Our inheritance
formulae therefore will contain only differential factors but
the student must not fall into the error of supposing these to
be the only factors concerned. A thousand factors held in
common by the parents are doubtless involved to every one
in which the parents are observed to differ. But factors held
in common are incapable of demonstration by the method of
experimental breeding. A factor reveals itself only by its
disappearance or alteration in gametes produced by one of
the parents crossed. .

Both from Mendelian theory and from the experience of
practical breeders, it is clear that individuals which look
alike often do not breed alike. Hence it is useful to recognize
(with Johannsen) a * phenotype >’ as including all individuals
. which look or seem alike, and in counter distinction to this
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to recognize a ‘‘ genotype >’ which includes only such indi-
viduals as breed alike, 1. e., which produce the same kind or
kinds of gametes. A single phenotype often includes two or
more categories of genotypes. Thus F, dominants though
all may look alike (be of one phenotype) regularly include
both homozygotes and heterozygotes (wholly distinct geno-

types).



CHAPTER X

CALCULATING MENDELIAN EXPECTATIONS

MENDELIAN expectations may be calculated either by the
algebraic method used by Mendel himself or by the ingenious
checkerboard method devised by Punnett. The first step
in either process consists in ascertaining what factorial com-
binations are to be expected among the gametes formed by
either parent. By the algebraic method, we ascertain the
product of the gametic combinations of the two parents,
which will give the zygotic combinations to be expected
among their F, offspring. A repetition of this process, con-
sidering the F, individuals now as parents, will give the
combinations to be expected among the F. offspring, etc.

For example, if a homozygous colored guinea-pig is crossed
with an albino, the gametes formed by the parents contain
C and c respectively. The F; zygotes will contain the two in
_ association, Cc. The gametes formed by the F, individuals
will contain either C or ¢, or collectively will be C 4 ¢. The
F, female will produce gametes (eggs), C + c¢; the F, male
will produce gametes (sperms), C + ¢; the F; zygotes will
correspond with their product or CC + 2Cec + cc, or one
homozygous colored (CC), two heterozygous colored (Cc)
and one homozygous albino (cc), or altogether three colored
to one albino, the observed average result.

Suppose now we wish to calculate the result to be expected
from a back-cross of F; with the recessive (albino) parent.
The F, gametes, we have assumed, are C + c; the gametes
of the recessive parent are all c. Their product is Ce 4 cc
or equal numbers of heterozygous colored individuals and
albinos, the observed experimental result.

The checkerboard method of calculating Mendelian ex-
pectations consists in writing the gametic contributions of
one parent in a series of horizontal squares, each combination

104
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in a different horizontal row. The contributions of the other
parent are then written in the same squares, but in vertical
rows, instead of horizontal ones (since their distribution con-
stitutes a separate contingency) each gametic combination
being entered in a different vertical row. The checkerboard
will then show (within its individual squares) what factorial
combinations are to be expected among the zygotes (progeny
of the parents in question) and with what frequencies.

For the example chosen, the cross between homozygous
colored and albino guinea-pigs, all the gametes of each parent.

Eges
C c
Eggs
c| Ccc¢C Cec C c
Ec Cc cc

c c C cc 0 .

" Fra. 50. Checkerboard method of calcu-
Fia. 49. Checkerboard method of cal- lating the result of a back-cross between
culating & Mendelian F; expectation. Fi and the recessive parent.

being alike, the F, zygotes would be all of one sort, Ce. But
since the gametes formed by each F, parent are of two sorts,
C and c, it is evident that the checkerboard must contain
two horizontal and two vertical rows, or a total of four
squares. (See Fig. 49.) Let us enter C in the upper horizon-
tal row and c in the lower row as the gametic contributions
of one parent, then enter C in the left vertical row of squares
and c in the right vertical row as the contributions of the
other parent. We then have the table as shown, one square
conta.mmg CC, two containing Cc, and one cc, the same result
given by the algebraic method.

For the back-cross of F, with the recessive parent, only
two squares are required. (See Fig. 50.) The recessive parent
contributes always ¢, which we enter in the two squares
placed in a horizontal row. The F, parent contributes C to
one square, ¢ to the other. The resulting combinations are
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obviously Cc and cc respectively. A checkerboard is scarcely
necessary for cases as simple as these, but will be found very
clarifying to thought for the beginner, particularly if he is
not accustomed to thinking in algebraic terms, when he comes
to deal with crosses involving simultaneously three or four
independent characters.

The essential point about which one must first of all be entirely
clear in his own mind 13 this — what kinds of gametes will each
parent form. 1f he is clear as to this question the calculation
of expectations by either method will present no difficulties.
It should be borne in mind therefore that the fundamental
Mendelian assumptions are (1) that homozygotes form only
one type of gamete but (2) that heterozygotes form two
types of gametes equally numerous, viz., dominants and re-
cessives. Further (3) double heterozygotes (. e., individuals
heterozygous for each of two independent characters) form
four types of gametes all equally numerous, and (4) triple
heterozygotes form eight types of gametes, all equally numer-
ous. (5) In general every additional character in which the
individual is heterozygous doubles the assortment of gametes
which it would otherwise form. See Table 7.

TABLE 7

Zycotic CoMposITION OF PARENTS AND THE ExpecTED CONBTITUTION
OF THEIR GAMETES

Parent Gametes which it will form
Homozygote, AA alMA
“ AABB all AB
“ AABBCC all ABC
Heterozygote, Aa - A+a
“ Bb B+b
“ Ce C+e
Double heterozygote, AaBb AB 4+ Ab + aB + ab
“ “ AaCe AC 4+ Ac 4+ aC 4 ac
“ “ BbCe BC + Be + bC + be
. « ABC + ABc + AbC + aBC
Triple AaBbCe { + Abc + aBe + abC + abe

Inspection of a typical checkerboard calculation, that
for the F, generation following a dihybrid cross, shows some
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interesting facts. All the homozygotes expected lie in the
diagonal row of squares running from the upper left to the
lower right corner of the figure. Compare Fig. 49. These
are the individuals that will “breed true,” . e., will form
only a single type of gamete. They are four in number, each
of a different sort and would result from the union of two like
gametes of each of the four expected types, AB + Ab + aB +
ab (or in Fig. 49, EA + Ea + eA + ea). They represent all
the possibilities as regards true breeding (‘““fixed”’) forms to
be expected from the cross. What the nature of the other
individuals to be expected would be would depend upon
the completeness of dominance. If dominance should be
complete, heterozygotes would be indistinguishable except
by breeding test from the four expected homozygotes; other-
wise homozygotes and heterozygotes might be distinguish-
able by appearance as well as by breeding tests. With
complete dominance, t.e., with only dominant characters
showing in the zygote, the four sorts would appear as 9 AB:
8 Ab : 3 aB : 1 ab, the typical dihybrid F, ratio. Let the
reader make out the checkerboard and verify these state-
ments.

In a similar way one may calculate, either by algebra or by
checkerboard the F, expected result from a trihybrid cross.
The eight kinds of gametes which the triply heterozygous F,
individuals would produce have already been indicated, viz.,
ABC + ABc + AbC + aBC + Abc 4 aBce + abC 4 abe.

By the checkerboard method, each combination would
be found homozygous (united with a gamete like itself) in
a different square of the diagonal of the figure, and hetero-
zygotes containing the same dominant characters would be
found elsewhere in the table sufficient in number to bring the
totals up to 27 ABC : 9 ABc: 9 AbC: 9 aBC: 3 Abc: 3 aBe:
8 abC : 1 abe. This is the typical trihybrid F, ratlo, when
complete dominance exists.

To repeat, i 13 all essential to determine first the kinds of
gametes each parent to a mating s expected to produce. The
subsequent calculation is easy and certain. One soon learns
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to write out F; ratios without going through the calculation
in detail either by algebra or by checkerboard. Thus, if
we take the expected completely recessive class as 1, each
class containing one dominant factor will be 3, each class
containing fwo dominant factors will be 9 (z. e., 8?) each class
containing three dominant factors will be 27 (2. e., 3%) etc.
Accordingly by mere inspection of a gametic series to ascer-
tain how many dominant factors each term contains, we may
at once assign to each the prop‘rtional_ number-of F, zygotes
in which it will be seen. See Table 8.

TABLE 8
ReLATION BETWEEN THE Fi GAMETIC SERIES AND THE Exrectep F; Zycores
Fi Gametic Series Fs Zygotes
- N S S 8A + 1a

AB+Ab+aB+ab...................... 9AB+3Ab+3aB+ 1ab

ABC+ABc+AbC+sBC} {Q"IABC+9AB¢+9AbC+9aBC

+ Abc + aBe + abC + abe + 8 Abc + 8 aBe + 8 abC + 1 abe
ABCD + ABCd + etc. 81 ABCD 4 27 ABCd + etc. (let the reader

supply the missing terms).

Stated in general terms, as Mendel himself showed (and
as follows from the binomial formula), when the number of
unit-character differences between the parents is n, the visibly
different classes of offspring will be 2*, the total different
sorts of zygotes will be 3», and the smallest number of in-
dividuals which may be expected to contain all of them will
be 4~.

TABLE 9
Minimum Number
Differences Viaibg Really of F3 Individuals
Between Parents Different Classes Different Classes  Including all Classes
n A L 4
Tested b;
1 2 8 4| Mendel for
2 4 9 16 l’;u ‘Ed
3 8 27 64) Corre
4 16 81 256
] 32 243 1024 ) Calculated
6 64 729 4006

Table 9 shows what the size of these several classes is for
1-6 independent characters.



CHAPTER XI

MODIFIED MENDELIAN RATIOS; HETEROZYGOUS
.CHARACTERS; ATAVISM OR' REVERSION

IN the last chapter Mendelian ratios have been calculated on
the supposition that homozygous dominants and heterozy-
gous dominants are not distinguishable from each other,
which frequently is true; but if they are distinguishable from
each other, then a larger number of F, classes can be recog-
nized and their numerical proportions are different. A case
of this kind was early recognized among plants by Correns.
(See Fig. 51.) When a white variety of four-o’clock (Mira-
bilis) is crossed with a red variety, F; plants are produced
which bear pink flowers, and F, consists of whites, pinks, and
reds in the ratio, 1:2:1. Reds and also whites breed true, but
pinks again produce the three sorts. This result indicates
that both reds and whites are homozygotes (RR and rr
respectively) but that pinks are regularly heterozygotes (Rr)
and for this reason do not breed true but are “ unfixable.”
Pink in this case may be called a heterozygous character; it
is for that reason unfixable.

A similar but even better-known case among animals has
been described by Bateson and Punnett, that of the blue
Andalusian fowl. Birds of this race are of a slaty blue color
and are known to fanciers to be unfixable as to color. When
blues are mated with each other, chicks are obtained of three
distinct sorts as regards color, viz., blacks, blues, and
‘“ gsplashed whites.”” The blacks breed true, as also do the
whites, but the blues invariably produce in every generation
the three sorts, of which blacks may be called homozygous
dominants (BB), whites homozygous recessives (bb), and
blues heterozygotes (Bb). But it is clear that if we so desig-
nate them, dominance must be recognized to be imperfect.

109
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Attempts of poultrymen to * fix >’ the blue variety are mani-
festly hopeless, unless some new variation arises within the
race which can be secured in homozygous form and will yet
possess the desired appearance.

Another example of a heterozygous and so unfixable char-
acter is found among short-horn cattle. Here red is a true-

Mirabilis Jalapa

? alba+rosea ?
alba

7563

Fra. 51. Adumhnhowmhmhnoedﬂowermbrmmollﬁnbﬂu.ﬂu fomdoek"
, of i

Alba, white parent; rosea, red parent; alba - rosea, the unfixable F; b 8
color, pink. I. Gen. = Fi. IL. Gen. = F;. (After Correns.)

breeding type as also is white, but the heterozygote between
red and white is an unfixable roan. (See Figs. 62-64.)

The effect which the production of a recognizable hetero-
zygous form has upon the typical F, monohybrid ratio
(8:1) is to convert it into a 1:2:1 ratio, in which each
parental type is represented by one individual while the
heterozygous type is represented by two. The typical di-
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hybrid ratio (9:8:3:1) we might expect to see modified in a
similar way, if a cross were made involving simultaneously
two Mendelian characters imperfectly dominant. The num-
ber of distinguishable classes, as shown originally by Mendel
(see Appendix) would then be 9, numerically as follows: 1:1:
2:2:4:2:2:1:1. For three factors all imperfectly dominant
the modified trihybrid Mendelian ratio would be expressed
by (1 + 2 + 1) * and for = factors by (1+2+1)=. Hetero-
zygous characters must from definition always be unfixable.
In the foregoing cases comparison of their behavior in breed-
ing experiments with that of the corresponding homozygotes
has shown this to be true, but there exist cases in which
only one type of homozygote has been found to occur, the
other being apparently impossible of production.

The first case of this sort to be demonstrated is found
among yellow mice and to Cuénot (confirmed by Little) we
owe its demonstration. If certain strains of yellow mice are
crossed with black ones, the offspring produced are of two
sorts equally numerous, yellow and black. From this result
alone it is impossible to say which is the dominant character,
but breeding tests of the offspring show that yellow is the
dominant character. For the black offspring bred together
produce only black offspring, but the yellows bred together
produce both yellow offspring and black ones. The curious
feature of the case is that when yellows are bred with each
other no pure yellows, that is, homozygous ones, are obtained.
Hundreds of yellow individuals have been tested, but the
invariable result has been that they are found to be hetero-
zygous; that is, they transmit yellow in half their gametes,
but some other color in the remaining gametes — it may be
black or it may be brown, or gray. Non-yellows obtained by
mating yellow with yellow mice never produce yellow off-
spring if mated with each other. This shows that they are
genuine recessives and do not contain the yellow character,
which is dominant.

Now ordinary heterozygous dominants, when mated with
each other, produce three dominant individuals to one reces-
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sive. Accordingly we should expect yellow mice, if, as
stated, they are invariably heterozygous, to produce three
yellow offspring to one of a different color, but curiously
enough’ they do not. They produce two yellows (instead of
the expected three) to every one of a different color. About
the ratio there can be no reasonable doubt. It has been
determined with great accuracy by Dr. C. C. Little, who
finds that in a total of over twelve hundred young produced
by yellow parents almost exactly two-thirds are yellow.
Instead of the regular Mendelian ratio, 3:1, we have then in
this case the peculiar ratio, 2:1, and this requires explana-
tion. - The explanation of this ratio is to be found in the same
circumstance as is the total absence of pure yellow individu-
als. Pure yellow zygotes are indeed formed, but they
perish for some reason. A yellow individual produces gametes
of two sorts with equal frequency, viz., yellow and non-
yellow (let us say black). For, if yellow individuals are
mated with black ones, half the offspring are black, half
yellow, as already stated. Now if yellow individuals are
mated with each other we expect three sorts of young to be
produced, numerically as 1:2:1, viz., 1YY, 2Y B,and 1
B B. But since observation shows that only /o combina-
tions are formed which contain yellow to one not containing
yellow, and since further all yellows which survive are found
to be heterozygous (YB), it must be that the expected Y Y
individual either is not produced or straightway perishes.
As to which of these two contingencies happens we also have
experimental evidence. Dr. Little finds (confirming Cuénot),
that yellow mice when mated to black ones produce larger
litters of young than when they are mated to yellow ones.
The average-sized litter contains something like 5.5 young
when the mate is a black animal, but only 4.7 when it is a
yellow animal. 1t is evident, then, that about one young one
out of a litter perishes when both parents are yellow, and this
undoubtedly is- the missing yellow-yellow zygote. The
yellows which are left are heterozygous yellow-black zygotes,
and they are to those that perish as 2:1. They are also to the



Fro. 52. Simple Mendelian inheritance in croases of red guines-pigs with black ones. P, parents; one
red, one black. Fi, one of the young, all heterozygous blacks. BC, young produced by a back-cross of
an F; black with the red parent. Half are red, half are black.
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non-yellow zygotes as 2:1, the ratio observed also among the
surviving young of yellow by yellow parents.

This interpretation of the 2:1 ratio observed in this case is
strongly supported by a similar case among plants, in which
the evidence is even more complete. A so-called “ golden
variety of snapdragon, one in which the foliage was yellow
variegated with green, was found by the German botanist,
Baur, to be unfixable, producing when self-pollinated fully
green plants as well as golden ones, in the ratio 2 golden:
1 green. The green plants were found to breed true, that
is, to be recessives, while the golden ones were invariably
found to be heterozygous. Baur found, however, by ger-
minating seeds of golden plants very carefully, that there
were produced in addition to green plants and golden ones a
few feeble seedlings entirely yellow, not variegated with
green, as the golden plants are. These, for lack of assimilat-
ing organs (green chlorophyl), straightway perished. Clearly
they were the missing pure yellow zygotes.

Frequently one of the visible characters of an organism
depends upon the combined action of two or more inde-
pendent Mendelian factors, in which case it is demonstrably
not a unit-character, as has already been pointed out, since
each of the known * factors ™ is indispensable to the develop-
ment of the visible character, as are probably also a great
many other as yet unknown factors. The dependence of a
visible character upon two or more simullaneously varying
factors leads to the production of modified dihybrid or poly-
hybrid F, ratios. It also leads to a phenomenon known as
atavism or reversion, by which is meant the restoration of a
lost ancestral character, which frequently follows crossing of
unrelated varieties.

Atavismh or reversion to an ancestral condition is a phe-
nomenon to which Darwin repeatedly called attention. He
realized that it is a phenomenon for which general theories
of heredity must account. He supposed that the environ-
ment was chiefly responsible for the reappearance in a species
of a lost ancestral condition, but that in certain cases the
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mere act of crossing may reawaken slumbering ancestral
traits. Thus he noticed that when rabbits of various sorts
are turned loose in a warren together, they tend to revert to
the gray-coated condition of wild rabbits. And when pigeons
are crossed in captivity they frequently revert to the plum-
age condition of the wild rock pigeon, Columba lLivia. In
plants, too, Darwin recognized that crossing is a frequent
cause of reversion. The explanation which he gave was the
best that the knowledge of his time afforded, but it leaves
much to be desired. This lack, however, has been completely
supplied by the Mendelian principles. An illustration or two
_ may now be cited.

‘When pure-bred black guinea-pigs are mated with red ones,
only black offspring are as a rule obtained. (See Fig. 52.)
The hairs of the offspring do indeed contain some red pig-
ment, but the black pigment is so much darker that it largely
obscures the red. In other words, black behaves as an ordi-
nary Mendelian dominant. In the next generation black and
red segregate in ordinary Mendelian fashion, and the young
produced are in the usual proportions, three black to one red,
or 1:1 in back-crosses of the heterozygous black with red.
All black races behave alike in crosses with the same red
individual, but among red animals individual differences
exist. Some, instead of behaving like Mendelian recessives,
produce in crosses with a black race a third apparently new
condition, but in reality a very old one, the agouti type of
coat found in all wild guinea-pigs, as well as in wild rats, mice,
squirrels, and other rodents. In this type of coat reddish
yellow pigment alone is found in a conspicuous band near the
tip of each hair, while the rest of the hair bears black pig-
ment. The result is a brownish or grayish ticked or grizzled
coat, inconspicuous, and hence protective in many natural
situations. (See Fig. 53.)

Some red individuals produce the reversion in half of their
young by black mates, some in all, and others, as we have
seen, in none, this last condition being the commonest of the
three. It is evident that the reversion is due to the intro-




Fia. 58.

Reversion in crosses of a red guinea-pig with a black one. P, parents. Fi, one of the rever-
young. BC,youn(pmdmdbyabu:k«:muolmF:agouunthanordnurynd

sionary (i
individual. Half the young are red. The other half are equally agoutis and blacks.
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duction of a new factor, additional to simple red or simple
black. It is evident further that this new factor, which we
will call A (agouti), has been introduced through the red
parent, and that as regards this factor, A, some red indi-
viduals are homozygous (AA) in character, others are hetero-
zygous (Aa), while others lack it altogether (aa). The agouti
character becomes visible only in the presence of both black
and red, because it is a mosaic of those two pigments. If the
F, agouti individuals are bred together they produce in the
next generation (F,) three sorts of young, viz., agouti,
black, and red, which are numerically as 9:3:4. This evi-
dently is a modification of the dihybrid Mendelian ratio
9:3:8:1, resulting from the fact that the last two classes are
superficially alike. They are red animals with and without
the agouti factor respectively; but this agouti factor is in-
visible in the absence of black, so that both sorts of reds look
alike. Together they number four in sixteen of the F; off-
spring. Figure 54 is intended to show by the checkerboard
method how this modified dihybrid ratio is obtained.

Black and red varieties differ from each other by a varia-
tion in what has been called the extension factor (E), the
reference being to the fact that black (or brown) pigment,
found in the eyes of both varieties, extends throughout the
coat in the black variety but is restricted to the eye in the
red variety. The allelomorphic conditions of this factor are
designated E (in black) and e (in red) respectively. The
agouti factor (A) may exist in red animals without producing
‘visible effects because there is no black pigment in the fur
of such animals to bring out the ticking, but its existence in
animals which would otherwise be black changes the coat to
agoutl. Hence the constitution of the parental gametes is:
Black parent, Ea; red parent eA. F, is EeAa, a double
heterozygote. Its gametes are EA + Ea 4+ eA + ea, which
with dominance complete will produce F; zygotes, 9 EA +
8 Ea + 8 eA + 1 ea. (See Figure 54.) But EA contains the
two factors which together produce agouti; Ea contains the
factors for black; eA contains the factor for agouti but with-
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out the factor (E) necessary to make it visible, and so will be
red; and ea contains neither the factor for agouti nor that
for black, hence will also be red. Accordingly the expected
F; distribution is nine agouti, three black, four red, the ratio
observed. This is a very common modification of the F,

E 4 Ea e d ea
EAl EA E A " EA EA
EA Ea . ea
Agouti Agouti Agouti Agouti
Ea Ea Ea Ea Ea
EA Ea ed ea
Agouti Black Agoutl Black
e A e d e A ed e A
EA Ea e A éea
Agouti Agouti Rod Rod
ea ea ea e a ea
E A Ea ed ea
Agouti Bllcg Red Rod

Fia. 4. Checkerboard to explain the modified dihybrid F: ratio,
9:3:4, as observed when black guinea-pigs are crossed with red ones
which transmit the agouti factor (A).

dihybrid ratio and owes its production to the fact that fwo
_ independent Mendelian factors are involved one of which pro-
duces no visible effect except in the presence of the other.
Another example of this same modified dihybrid ratio
(9:8:4) is obtained by crossing an albino rodent (rat, mouse,
rabbit or guinea-pig) derived from a black race, with a wild
(agouti) individual. F, consists of agoutis, like the wild
parent, but F; contains agoutis, blacks, and albinos in the
proportions, nine agouti, three black, four albino. The ex-
planation is as follows. The albino parent differs from the
wild agouti parent as regards two factors, viz., the color
factor (C) and the agouti factor (A). The albino parent in
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FiG. 55. Reversion to full intensity of tati ing a pink-eyed cream-and-white rat
with an albino. P, and-whit uldt.n.lbmontnght. Fi, one of the black-and-white
young. Fs, aum—cnd-whlte at left, black-and-white in middle, albino at right. Their numerical
relations are about as $:9: 4,
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ac; the agouti parent AC. F, is AaCe, a double hetero-
zygote. Its gametes consequently should be of four types,
viz., AC + Ac + aC + ac, and the F, zygotes, 9 AC:8 Ac:
8 aC:1 ac. But only zygotes which contain C will develop
a colored coat, hence both 8 Ac and 1 ac will be albinos. The
9 AC individuals contain the factors of the wild parent and
hence will be agouti; the 8 aC individuals will develop a
colored coat since they contain C, but this coat will be non-
agouti (a), . e., they will be like the wild type except for the
lack of the agouti factor and so will be black.

Precisely the same result in F, and F, is obtained if a black
rodent (rat, mouse, rabbit, or guinea-pig) is crossed with an
albino which transmits the agouti factor, as for example an
albino whose parents were homozygous for the agouti factor.
In this case F, is agouti by reversion, C being derived from
the black parent, A from the albino parent. But F, is doubly
heterozygous, precisely as in the foregoing case, and the F,
generation contains only three apparent classes of individuals
instead of the usual four for the reason that one of the two
differential factors concerned in the cross (viz., A) is unable
to produce a visible effect except in the presence of the
other (C). )

Another somewhat similar case involving reversion in F,
with the production of the modified dihybrid ratio, 9:3:4,
in F, is illustrated in Fig. 55. A pale-coated ‘‘ cream-and-

. white > rat was crossed with an albino and produced black-
and-white young, a reversion to pigmentation of full inten-
sity, though white spotting was retained, this being an
independent Mendelian character transmitted by both
parents. The F,; generation consisted of black-and-white,
cream-and-white, and albino individuals in numbers approxi-
mating the 9:8:4 ratio. Black-and-white is here the double
dominant class, 9; cream-and-white is the single dominant
class, 3; and the albinos include three which transmit the
dominant character, black-and-white, but which fail to show
it because they lack the color factor, and also one which
transmits cream-and-white but which fails to show it for the
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same reason, lack of the color factor. Together the albinos
number four. )

A different modification of the typical dihybrid ratio is
illustrated by the following case in which two varieties were
crossed which possessed complementary factors newther of
which is able to produce a visible effect apart from the other.
When certain white-flowered varieties of sweet peas are
crossed with each other they produce F, plants which bear
red-colored flowers (Bateson and Punnett). F, consists of two
apparent varieties only, viz., reds and whites in the ratio,

nine red to seven white. This is explained as a modified di-

hybrid ratio (9:8:8:1) in which the last three terms are in-
distinguishable (all being white). The two factors involved
in this case are assumed to be a color factor found in one white
parent and a red factor found in the other, both together (in
F.) producing a red color, but either by itself producing no
color whatever. One parent accordingly produces gametes
all Cr, the other produces gametes all cR. F; is CcRr, a
double heterozygote; its gametes, CR + Cr + cR + cr;
and the F; zygotes containing the same assortments of fac-
tors are 9CR:3Cr:8cR:lcr. But if C and R, neither of
“them, produce color apart from each other, then only the
.9 CR zygotes are colored, all the others, seven in sixteen,
being white, and the observed F; ratio (9:7) is thus accounted
for as the result of a dihybrid cross at the same time that the
F, result is explained.

When some other white-flowered varieties of sweet peas
are crossed with each other, there are produced, not red-
flowered F, plants as in the foregoing case, but those which
are purple bi-color, like the wild sweet pea, a case of rever-
sion or atavism, like those known for pigeons, rabbits and
guinea-pigs. This reversion involves a third independent
factor (a factor for blue, B) which is ineffective except in
the presence of both the color factor (C) and the red factor
(R). When in such reversionary crosses a colored F, is pro-
duced which is heterozygous for all three factors, F; mani-
fests a peculiar modified trihybrid ratio, less common than
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the modified dihybrid ratios just discussed. If, for example,
one white parent contributes the color factor while the other
parent contributes the red and the blue factors, then we may
. represent the parental gametes as Crb and cRB respectively.
F, will then be a triple heterozygote, CcRrBb, which from
the combined action of the three dommant characters will be
a purple bi-color. Its gametes will then be of eight sorts and
the zygotes in which corresponding groupings of the domi-
nant factors occur will be as follows: !

27 CRB, purple 8 Crb, white
9 CRb, red 8 cRb, white
9 CrB, white 8 crB, white
9 cRB, white 1 crb, white

But only the first two of these eight groupings contain com-
binations of factors capable of producing colored flowers, viz.,
CRB, which will produce purples, and CRb, which will pro-
duce reds. All the other six combinations lack one or both
of the two factors (C and R) which must be present together
in order to produce colored flowers. Consequently all will
produce uncolored (white) flowers, and the expected classes
of phenotypes will be as follows: twenty-seven purple, nine
red, twenty-eight white, a modified trihybrid ratio.

SumMARY ON MobirFiep RaTtros

1. When a cross involves two factors, one of which pre-
duces no visible effect except in the presence of the other,
the dihybrid F, ratio, 9:8:8:1, is modified to 9:3:4, because
the last two classes of the typical ratio are indistinguishable.

2. When a cross involves two factors, netther of which pro-
duces a visible result in the absence of the other, the dihybrid
ratio becomes 9:7, because the last three classes of the
typical ratio are indistinguishable; if in addition a third
factor is involved which produces no visible effect except in
the presence of both the others, a modified trihybrid ratio
is obtained, viz., 27:9:28.

1 It is suggested that the reader make out the trihybrid checkerboard calcula-

tion for this cross and color the squares with crayon in accordance with the assump-
tion made.
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Modification of the ratio, 9:3:3:1, due to linkage. When two Mendelian
characters are not wholly independent of each other, but show a tendency
to be inherited together, they are said to be coupled or linked to each other.
Thus, in the sweet pea, purple and red are alternative color forms, and
long pollen and short pollen are alternatives as to pollen shape. And if a
purple plant with long pollen is crossed with a red plant having round
pollen, four classes are obtained in F;, viz., purple long, purple round,
red long and red round. This being apparently a dihybrid Mendelian

TABLE 10

TaE F: RaTio, 9:38:8:1, a8 ArrecTED BY CoUPLING OR LINKAGE, A AND ‘B
EntERING THE Fi ZYGOTE IN THE SAME GAMETE

Ratio, Crossover to |Proportion Fi Zygotes
Non-crossover (;
Gamet AB Ab aB ab Total
1
1:z —-*-—Tl 8@3+2(9.z+ 1) |[2&z4+1|224+1 z? (23+2)’
z
1:1! 1/2 ] 3 8 1 16
1:2 1/8 22 5 5 4 36
1:8 1/4 41 7 7 9 64
1:4 1/5 66 9 9 16 100
1:5 1/6 97 11 11 5 144
1:6 1/7 134 18 13 36 196
1:7 1/8 177 15 15 49 256
1:8 1/9 226 17 17 64 84
1:9 1/10 281 19 19 81 400
1:99 1/100 29,801 199 199 9,801 40,000
Limiting values?| .... 3 0 0 1 4
1 No coupling.

? Not distinguishable from the case in which A and B are due to a single genetic factor.

cross, we should expect the four classes to be respectively as 9:3:3:1, but
in reality the classes purple long and red round (the parental combinations)
are in excess of these proportions. When these facts were discovered by
Bateson and Punnett, it was stated that coupling exists between the
characters purple and long and their allelomorphs red and round. Later,
however, when & cross was made between purple round and red long, it
was found that these combinations were in excess in F;. Purple and long
which in the first case were coupled, now showed repulsion. Morgan
explains both cases by supposing that the two character-pairs have deter-
miners or genes located near to each other in the germ-cell, probably in the
same chromosome, so that the parental combination has a tendency to
persist in F.. Morgan also proposes to substitute a single term, linkage,
for the two terms of Bateson, coupling and repulsion,



Fi1c. 56. A dihybrid Mendelian cross between a wild Norway rat and the tame variety known as
black hooded. P, parents; wild gray at left, black hooded at right. Fi, a heterozygote, gray like the
wild parent, but showing traces of the recessive white spotting. Note white left fore foot. Fi, the four
second-generation classes of offspring. From left to right, gray self, gray hooded, black self, black
booded. Numerically as9:8:8:1. Let the reader identify in Table 10 the unit-characters involved.
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It is evident that linkage will cause modification of the typical dihybrid
ratio, 9:3:8:1, since the four possible classes of gametes formed by F;
individuals will not all be equally numerous. Accordingly the stronger
the linkage, the greater will be the modification of the typical ratio. Con-
versely, we may estimate the strength of the linkage by the observed depart-
ure from the 9:8:8:1 ratio.

In so doing, tables 10 and 11 may be found useful, in which the expected
modification of the 9:8:8:1 F; ratio is given for various integral ratios of

TABLE 11

Tae F; Ratio, 9:8:8:1, as ArrecTED BY REPULSION (NEGATIVE LINKAGE),
A Axp B EntERING THE F; ZyGotE IN DIFFERENT GAMETES

. . Fs Zygotes
Ratio, Crossover to |Proporti
l%?m—un-ovet Cx-omwel'qI
Gamet Gamet AB Ab B ab Total
1
1:z F1 222+ 22) + 8 |22+ 22| 22+ 22 1 (2z+ 2)2
z ) .
1:13 1/2 9 8 3 1 16
1:2 1/8 19 8 8 1 386
1:8 1/4 338 15 15 1 64
1:4 1/5 51 24 24 1 100
1:5 1/6 73 35 85 1 144
1:6 1/7 99 48 48 1 196
1:7 1/8 129 63 63 1 256
1:8 1/9 ’ 163 80 80 1 324
1:9 1/10 201 29 99 1 © 400
1:99 1/100 20,001 9,999 | 9,999 1 40,000
Limiting values*| .... 2 1 1 0 4
3 No repulsion.

‘Notdintinguinh.blefmtheminwhichAmdanﬂehmrph

gametes showing the parental combinations, to gametes not showing them.
Morgan calls the gametes which show novel combinations crossover
gametes and those which show the original combinations non-crossover
gametes. If the latter are two, three, four, etc., times as numerous as the
former, then we get the modified F; ratios shown in the tables, where also
formulae are given for extending the tables to any desired extent. In
making use of these tables, it is necessary only to reduce to the basis of a
common total the observed F. zygotic series and any series of the table
with which a comparison is desired. The 9:8:4 ratio as affected by
linkage may be obtained by combining in Table 10 and in Table 11
the numbers in the columns headed aB and ab.



CHAPTER XII

THE UNIT-CHARACTERS OF RODENTS

No group of mammals has been studied as thoroughly, in
respect to heritable characters, as have the rodents. This is
particularly true as regards those striking variations of the
coat which form the basis of the many recognized domestic
varieties. In nearly every case the distinctive features of
these several varieties are found to be Mendelian unit-char-
acters. As an example we may take the varieties of the
domestic cavy or guinea-pig, probably the first of the rodents
in point of time to be domesticated. Certainly in richness of
varieties it surpasses all others. It was domesticated by the
ancient Peruvians before the discovery of America and
formerly held an important economic place among the natives
of tropical America where it was reared as an article of food
in every cabin, a practice which to some extent still continues
among the poorer classes. Its variation in color and other
coat characters has been very extensive, unequalled in
amount perhaps among mammals other than dogs. Nearly
every distinet variety is characterized by the possession of
one or more Mendelian unit-character variations. At least
ten such unit-characters are concerned in.the production of
these varieties. Several of these unit-characters have al-
ready been referred to. (See Table 12.) All but one of them
(“ rough ’) may be regarded as recessive unit-character va-
riations from the conditions found in wild cavies generally.

Perhaps the earliest in point of time, certainly the com-
monest among rodents wild or domesticated, is the albino
variation, in which the fur is white and the eye pink. This
makes its appearance as a sport, probably originally in a
single individual and later as a recurring variation among its
descendants. Albino individuals are undoubtedly at a dis-
advantage in the struggle for existence in a wild state because

of the conspicuousness of the albino to its enemies and also
122
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because of its defective vision. For the eyesight of the albino
is very poor owing to the imperfect pigmentation of its eyes.
Albino sports accordingly never become very common in a
wild species but are probably among the earliest formed
domestic or tame varieties, because of their striking character

TABLE 12

Some UNrr-CHARACTERS OF RoDENTS

Naumeof Fctor | Daminast| APPeerince of Dominant | Rl | Appeariage of Bccesive
Color C Colored c Albino
Extension E Black or brown e Yellow
Agouti A Gray (agouti) a Black or brown (non-
agouti)
Black B Black or black agouti b Brown or brown agouti
Uniformity in Ue Self colored u° Spotted with white
color
Uniformity in Ue Self black orbrownor| u® Black, brown or agouti
extension agouti spotted with yellow
Dark eye D Dark eyes and coat d Pink eyes and coat
) pale, where not yel-
low
Intensity I All pigments dark i All pigments pale
Short hair S Short-haired likewild | s Hair long and silky
cavies
Rough coat R Coat rosetted r Coat smooth

and the ease with which a distinct variety is established.
For, being recessive, the albino variation is secure as a racial
character as soon as a pair of albinos has been isolated.!

The albino variation is commonly considered to be the
result of a recessive variation in a color factor whose dominant
phase is expressed by the symbol, C, its recessive or albino
phase by c. (See Table 12.)

Another color sport occasionally observed among wild ro-
dents, and which is the basis of distinct varieties among

1 The contemporary origin of an albino race of field-mouse (Peromyscus) has

recently been recorded (Castle, 1912) in a species in which neither this nor any
other of the common color sports had previously been recorded.
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tame ones, is a change to yellow coat. ' This results from a
disappearance of black pigment from the hair or its replace-
ment by yellow. But the black pigment still persists in the
eye. Hence one may speak of this change as being a restric-
tion of black to the eye, whereas in wild rodents it is regu-
larly extended throughout the coat. The factor which has
undergone change is therefore said to be the extension factor
for black (or brown) pigment. Its dominant phase may be
expressed by E, its recessive phase (found in yellow animals)
by e.! (See Plate 7, Fig. 29.)

A third sport among wild rodents is responsible for the
origin of black varieties which lack the yellow tip of the fur
found in most wild gray or “agouti” varieties. (See Plates 6
and 7, Figs. 22-26.) This yellow tip sometimes takes the
form of a subapical band of yellow on hair which is black (or
brown) both at the base and at the extreme end. This is the
case for example in the agouti varieties of the rabbit and the
guinea-pig. The optical effect of the agouti factor in either
case is to produce a protectively colored, neutral gray coat,
inconspicuous against many natural backgrounds. The
black sport may be regarded as a recessive variation in an
agouls factor possessed by most wild rodents. The dominant
phase of this factor may be expressed by A, its recessive phase
(the non-agouti variation) by a.?

1 The occurrence of yellow sports among wild meadow mice (Microtus) has been
observed by Cole, Barrows, F. Smith and others, though no tame races of this very
common rodent have yet been established. The contemporary origin in England
of a yellow race of the Norway rat has been recorded by Castle (1914), and the
origin of & yellow race of Mus rattus by Bonhote.

* Sometimes black varieties arise by a process other than a change in the agouti
factor, as is the case probably in a locally common black variety of the gray squirrel
of Eastern North America. This shows the agouti marking of the fur to so small an
extent that the prevailing color of the coat is black. The same is true in some speci-
mens of the black rat (Mus rattus), this black character being dominant in crosses
over the true agouti character found in the gray variety of the same species which
is known as the “ roof-rat ”’ (Mus Alezandrinus of some systematists). A similar
dominant black has been discovered among domestic rabbits by Punnett, who has
shown that it owes its origin to a change, not in the agouti factor, but in the exten-
sion factor, E, which has become of such unusual strength or potency that the
agouti factor is unable in its presence to produce the usual conspicuous effect.



Plates 6 and 7 are reproduced by permission from Publication
No. 241 of the Carnegie Institution without change of figure num-
bers. They show in the natural colors how a single pure-breeding
domestic type (20) crossed with a single pure-breeding wild type
(23 and 24) may produce in the next generation only a single type
(22), which however may, in the following generation, through the
operation of Mendel’s law, produce half-a-dozen very distinct pure-
breeding types (26-30). Through a knowledge of Mendel’s law
the multiplication of color types among animals and planis has
ceased to be a haphazard process and has become a simple and
orderly procedure.
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PLATE 6

20

21

22

23

24

Fig. 20, half-grown guinea-pig, race C. Figs. 23, 24, male and female Cavia cutleri, adult.
Fig. 22, F, hybrid, race C x Cavia cutleri, adult. Fig. 21, F, hybrid, race B (Plate 5,
Fig. 34) x Cavia cutleri, adult.






PLATE 7

25

26

27

28

29

30

F3 hybrids, race C x Cavia cutleri. Fig. 25, agouti; 26, black; 27, chocolate; 28, cinnamon;
29, yellow; 30, albino.
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Another unit-character variation found in many rodents,
as well as in some other mammals, is responsible for the
replacement of black pigment by brown throughout the
coat and even in the eye. (See Plate 7, Figs. 27 and 28.)
This change converts an ordinary gray variety into a ““cinna-
mon”’ variety, and black into ““chocolate,”” while yellow with
black eyes becomes changed to yellow with brown eyes.
The factor which in such cases has undergone change we
may call the black factor, its original or dominant phase
being expressed by B, the recessive (brown) phase by b.
(See Table 12.)

Another unit-character color variation perhaps commoner
than any of those yet mentioned is found both among wild
and among domesticated mammals. It consists in spotting
with white. It takes the form among wild rodents of a white
spot in the forehead (common among wild rabbits) or a white
spot on the belly, a white foot, or a white-tipped tail. Rarely
does it go beyond these slight and inconspicuous markings,
probably for the reason that it would render the possessor
too conspicuous for his safety, though this appears to be a
consideration of no consequence in the case of skunks, which
possibly are less disturbed because of their advertisement.
But under artificial selection in captivity it is possible rapidly
to Increase the extent of the white areas in the coat, which
then takes on striking and often rather definite outlines, as in
Dutch-marked rabbits, “English” rabbits (Fig. 123), hooded
rats (Fig. 56), and black-eyed white mice, the latter being all
white except the eyes. The production of white-spotted races
from small beginnings observed in wild stocks has been ac-
complished in the laboratory by Castle and Phillips in the
case of Peromyscus and by Little in the case of the house-
mouse (unpublished data). Physiologically this variation is
quite distinct from the albino variation. It appears to be
due to a locally inhibited action of the color factor, which in
other parts of the body retains its full force; whereas in an
albino the action of the color factor is everywhere wanting or
greatly weakened.
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The variation, ‘ white spotting,” may be regarded as a
unit-character change from a condition of uniform action of
the color factor to a condition of locally suppressed action of
the color factor. The former may be designated Ue, the
latter ue. Its inheritance is as sharply Mendelian as that of
any other color variation but, the precise extent to which
color development is suppressed being obviously quantita-
tively variable (Fig. 56), it is easier by selection to modify
the modal state of a white-spotted race than of races of most
other color varieties.

That this factor is genetically entirely distinct from albi-
nism is shown by the fact that white-spotting is transmitted
quite as readily through albinos as through colored indi-
viduals.

In some rodents not only the color factor, but also the
extension factor is subject to locally inhibited action. Local
inhibition of the extension factor produces yellow spots in an
otherwise black, brown, or agouti coat. This color variation,
which follows Mendel’s law in crosses, may be called yellow
spotting. We may designate the normal (dominant) condi-
tion of wild rodents Ue, uniformity as regards extension; its
recessive allelomorph may be called ue, yellow spotting. It is
genetically distinct from the extension factor because it may
be transmitted through yellow animals no less than through
black ones; it is also distinct from the variations in the color
factor already described, because it may be transmitted either
through albino or through white-spotted individuals. Like
white spotting it sharply Mendelizes, yet it is subject to
quantitative variation from conditions in which the yellow
spots are very limited in extent to those in which yellow spots
predominate over black ones. When yellow spotting coexists
with white spotting, a tri-color condition of the coat results,
spots of yellow, white, and black (or brown) being found on
the same individual. Familiar examples are found among
guinea-pigs, cats, and dogs.

Another unit-character variation of certain rodents greatly
reduces the production of black and brown pigments without
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Fia. 57. A trihybrid Mendelian cross between a black hooded rat (top left) and an all-yellow sport
(top right) recently uptured unong wild Norway rats in England. F, one of the first-generation pro-
geny, gray by reversion, like wild rats. Fs, the eight classes of second-generation young, from left to
right, black hooded, black :el! gray booded, gray self, yellow self, yellow hooded, cream (non-agouti
yellow) self, cream hooded, lly these cl shouldbeas3:9:9:27:9:8 :8: 1. Let
themduddummewhmholthaghtdmumuybeupededhhnedtmemdlowlntextentthe
other varieties will not breed true without “ fixation ” (elimination of heterozygotes).
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affecting at all the production of yellow pigment. As the
pigmentation of the eye consists almost entirely of black or
brown, it follows that in this variation the eyes become pink,
while the coat pigments other than yellow are greatly reduced
i amount. Pink-eyed blacks or browns are very pale coated,
but pink-eyed yellows are indistinguishable from other yel-
lows except by the eye-color. The changed eye-color is ac-
cordingly the most constant feature produced by this varia-
tion. The dominant phase of this unit-character, which is
. regularly found in all wild races, may be designated dark-eye,
D; its recessive allelomorph, pink-eye, d. The recessive varia-
'tion, pink-eye, occurs in guinea-pigs, rats, and mice. It has
not been reported as yet for any other mammal. (See Fig. 55.)

Another unit-character variation, which affects the pigmen-
tation of rodents, occurs also in other mammals. This con-
sists in a reduced quantity of pigment and in such a clumping
of the pigment granules within the air spaces of the hair as
to produce a dilution of the pigmentation as a whole. Black
under these circumstances becomes a slaty blue, chocolate
becomes a dull muddy brown, and yellow acquires a pale
washed-out appearance. The best-known examples are found
in blue (Maltese) cats, blue rabbits and blue mice.! This
condition may be regarded as a recessive variation of a factor
for intense pigmentation normally found in wild rodents. We
may designate this intensity factor by 1, its recessive allelo-
morph by i (dilution).

In guinea-pigs and rabbits there has occurred a unit-char-
acter variation which affects, not the color, but the length
and texture of the hair, which in the so-called * angora
variety is long and silky. This results from a failure of the
hair follicle to end its activity when the hair has attained its
normal length. In the angora variety the hair keeps on grow-
ing for an indefinitely long period. The long or angora coat
of guinea-pigs and rabbits is a recessive character in relation

1 This variation probably does not occur in guinea-pigs; what was at one time
described as a variation of this sort having proved to be an alternative form of the
color factor.
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to normal (short) coat. We may regard a normal and domi-
nant character for short coat, S, as having undergone varia-
tion to long coat, s. (See Figs. 36 and 41.)

Among guinea-pigs alone of rodents has occurred another
morphological unit-character variation of the coat, which,
instead of being smooth and sloping uniformly from the nose
backward as in wild mammals, may become rough or rosetted
with the hair radiating out from centers located in various
parts of the body. (See Fig. 83.) Rough coat is dominant
over smooth coat, for which reason we may consider a unit-
character, rough coat, R, to be responsible for it, the recessive
phase of which, r, is found in smooth-coated guinea-pigs.

It should be noted that both rough coat and short coat,
like the uniformity factors affecting pigmentation, obviously
vary quantitatively. For some rough guinea-pigs are rougher
than others and some long-haired guinea-pigs have longer,
silkier hair than others. Selection has undoubtedly been
concerned in producing the present high standard long-haired
and rough-coated guinea-pigs respectively. Dr. Sewall
Wright has shown (Castle and Wright, 1916) that an indepen-
dent Mendelizing factor found in many wild cavies interferes
with or partially inhibits the development of the rough coat in
hybrid guinea-pigs. Aside from this discontinuous inhibiting
factor, it is probable that quantitative variation of a con-
tinuous sort occurs in both the angora and the rough unit-
characters, a matter to the further consideration of which we
shall return later.

Leaving out of consideration such quantitative variations
in unit-characters, it is possible to obtain by crosses a large
number of different unit-character combinations of the ten
independent variations which have been mentioned as occur-
ring in guinea-pigs. Theoretically one thousand and twenty-
four are possible, or if we count separately homozygous and
heterozygous combinations, fifty-nine thousand and forty-
nine are possible. Needless to say there have been produced
thus far only a small part of the varieties of guinea-pigs
theoretically possible as unit-character combinations of the
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ten factorial variations known to have occurred in this spe-
cies. And the variation of the guinea-pig is not different in
kind or degree from that of other rodents. Its variation has
probably merely been followed up more closely by selective
breeding. Among domesticated rabbits, at least eight of the
ten enumerated variations have occurred; all except the
pink-eye and the rough-coat variations are reported for rab-
bits, and most of them are well known. The house mouse
has undergone at least seven of the ten variations listed in
Table 12. Its yellow varieties have apparently not arisen in
the same way as yellow varieties of guinea-pigs and rabbits,
but by a peculiar change in the agouti factor, for yellow in
mice is a third allelomorph of agouti and non-agouti. Mice
also lack long-haired and rough-coated varieties, but in other
respects the variations of mice are parallel with those of
guinea-pigs. In the Norway rat five of the ten unit-character
variations of guinea-pigs find exact equivalents.



CHAPTER XIII

UNIT-CHARACTERS IN CATTLE AND HORSES

UNIT-CHARACTER changes have produced new varieties
among our more important domesticated mammals as well
as among our pet rodents. ‘

Cattle. Among cattle four or five Mendelizing color varia-
tions occur similar to those of rodents and in addition two
variations of a morphological character have been reported,
one of which has considerable economic importance. Wild
cattle existed within historic times in central Europe, the
hunting of the last-existing herds being held as a royal pre-
rogative by the kings of Poland. These cattle represented
probably the chief source from which domesticated cattle
were derived. They were of large size but of what color we

~do not certainly know. It seems probable, however, that
their coat, like that of most wild ruminants, contained a
mixture of yellow and black pigments somewhat like the
coat of Jersey cattle at the present time. In most existing
domestic breeds either the black or the yellow pigments have
become predominant or white has taken their place in whole
or in part. Such is the general tendency of man’s agency in
modifying the color characters of his domesticated animals.
Nature’s colors are usually adapted to concealment or pro-
tection. Mixtures of pigments are common and minute color
patterns abound. Man seeks to make his domestic animals
as different as possible from the wild. He either gives pre-
ference to pure colors, black, white, or yellow, or seeks to
outdo nature in the production of color patterns in great
blotches of two or three colors. The materials for his opera-
tions consist of sports to solid black, yellow, or white,
together with white spotting and yellow spotting. All of
these have occurred among cattle and have been used to the

fullest extent. -
180



Fra. 58, Wild white cattle from Chartley Park, England. (After Wallace.)

Fia. 59. Wild white cattle from Chartley Park. Note black individual produced by white parents.
(After Wallace.)

F16.60. Kerry cow, a black breed, originated in Fia. 61, Dexter-Kerry cow. Its short-legged
Ireland. (Figs. 60 and 61 from photographs by pact form is a d t Mendelian charact
Professor C. S. Plumb.) ) according to Professor James Wilson.

’







Fre. 62. White short-horn beifer.

Fia. 63. Red short-horn heifer with a small amount of white spotting underneath.






F16. 64. Roan short-horn cow. Beef type. The fine mosaic of red and white spots indicates that this
animal is a heterozygote between red and white (Fios. 62 and 63).

Fio. 65. Ayrshire bull. Extensive white spotting in this breed leaves only an occasional small spot
pigmented. The breed is hardy, * dual purpose ™ but inclining more to the dairy type, yetle-spe
cialized and better adapted to a severe climate than the Jersey and Guernsey breeds. It originated in
Scotland,
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In English parks there have existed, since Roman days and
perhaps longer, herds of all-white cattle kept in a half wild
state. Some have supposed that these white cattle represent
the unchanged original stock of European wild cattle, but it
seems much more probable that they represent a striking
sport from the original stock, which was isolated and allowed
to increase in the hunting preserves of princes, a semi-sacred
character perhaps attaching to it. These cattle differ from
albinos among rodents in that they have pigmented eyes.

TABLE 13
SoMe UNrr-CHARACTERS OF CATTLE
Dominant Recessive
Black. Yellow.
Polled. Horned.
Dexter form (short legs). Kerry form (legs normal).
Do O in or vasiabl
White. Colored.
Uniformly colored. Spotted with white.
Uniformly black. Black spotted with yellow.

They also have some sooty black or brownish pigment in the
skin and hair of the extremities (feet, nose, ears, and tail).
Ordinarily they breed true, but occasionally an all black calf
is produced, but whether as a recessive in the Mendelian
sense or as a reversion, through recombination of comple-
mentary color factors, is unknown. (See Figs. 58 and 59.)
In any case it seems highly probable that the white race
resulted from an ancient sport derived directly from wild
cattle. In the breed of “ short-horn ™ cattle, which origi-
nated in England, white individuals frequently occur and
they breed true when mated with each other. In matings
with red individuals, a sort which also breeds true, roan
heterozygotes are produced (as noted on page 110). The
white of this breed was probably derived from the same
original source as the white cattle of the English parks, but
the black character which seems to inhere in the cattle of the
parks has been eliminated from the short-horn breed, which
produces only reds, whites, and their heterozygotes, with or
without admixture of white spotting. (See Figs. 62-64.)
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Red cattle have an intensified yellow pigmentation. They
probably represent derivatives of an original all-yellow sport,
comparable with the yellow sports of rodents, which originate
through restriction of black pigment to the eye. Among
cattle yellows vary in shade from a very deep red (Devons
and short-horns) to a light cream color (some South German
and Swiss breeds). The extremes in both directions were
doubtless secured through repeated selection. Whether the
different shades or intensities of yellow are alternative is un-
known, but it seems probable that in cattle as in rodents
intensity of pigmentation is independent of its specific char-
acter as black or yellow.

Black breeds of cattle are represented by the Galloway and
Aberdeen Angus of Scotland. In them we have either deriva-
tives of an all black sport, or the end result of a gradual in-
crease of black in the coat through selection. Pure-bred
Aberdeen Angus cattle sometimes produce red calves, red
being obviously a Mendelian allelomorph recessive to black
in cattle as it is in rodents. As red is not favored in the
standard of the breed, it will doubtless be entirely eliminated
in time, as seems already to be the case in the best families
of the Galloway breed. (See Fig. 78.)

In most breeds of cattle white spotting occurs and this is
a Mendelian alternative to uniform coloration, though nei-
ther condition is entirely dominant over the other. The
self-coloration of breeds which are all black or all white has
a strong tendency to prevail in the offspring. Black breeds
in which white spotting occurs are represented by the Hol-
stein-Friesian cattle originally bred in Holland and Denmark,
but now extensively kept in this country, also by the belted
cattle of Holland. (See Figs. 66 and 69.) Red-and-white
and yellow-and-white cattle are represented by Hereford and
Guernsey cattle respectively. (Figs. 68 and 67.) Black-
and-white breeds may produce red-and-white offspring as
recessives, but red-and-white breeds never produce black-
and-white calves, which shows clearly that black is dominant
over red. In the Hereford breed a definite pattern of white



Fro. 66. Holstein-Friesian cow and her triplet calves. Note the black-and-white mottling similar in
all four animals, yet with individual differences. This breed of large vigorous cattle originated on the
borders of the North Sea in Europe. It excels all other breeds in milk production. (Photograph by the
owner, N. P, Sorensen, Bellingham, Wash.)

Fm 67. Guernsey cow, * golden ydlov-lnd-wblle * in color, graceful in form, gentle in disposition,
ity of milk extremely rich in butter-fat. The breed came originally from the

a good q
island of ( Gwnny (Pbotograph from Langwater farms, N. Easton, Mass., F. L. Ames, proprietor).







Fra. 68. Hereford heiter. Oneoltheludmgbedbmd-.dnkredmdwhlemoolot The white
face, back stripe and underline constitute a pattern which has a teod inate in (See
Fic. 80a.) hkethelhoﬂrhom.nupnnclpdnvdulbedbreed.thubreedmmwm

Fia. 60. Dutch belted or *“ Lakenfeld " bull. Bred for three centuries for this characteristic pattern
by aristocratic families of Holland. Probably derived from the same original general stock as the cattle
of Holstein farther east, but selected more closely for color pattern to which productiveness has been

sacrificed.






F1a. 70. Polled Durbam (or short-horn) cow. Produced by a hornless sport within the short-horn
breed or poesibly by some ded cross, as with the polled red breed.

Fm. 1. Polled Hereford hetfer. A breed of Engluh ongm, dehorned i in America by the application

ti ipl Horal isad t sport or * mutation.” Compare Fig. 68. A com-
p-nnono(the whtcspotuugmﬁp.'ll)md'llswmongly that one is only a more advanced
stage (quantitatively) of the other.
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spotting has been so fixed by selection that it shows itself (as
a white forehead) in crosses with self-colored breeds and even
in hybrids with the American bison. -

Yellow spotting on a black background is not very common
among cattle, no standard breed with this characteristic be-
ing known, but a brindling of yellow and black spots is occa-
sionally seen in mongrel animals and no doubt good black-
and-yellow spotted animals could be produced, if it were

considered sufficiently desirable, or even tri-colors with black-’

yellow-and-white coats.
A morphological variation of cattle of some economic im-

portance is hornlessness. This has occurred among cattle of

Scotland and England for several centuries at least and is
known also to have occurred among cattle kept on the conti-
nent and still earlier to have occurred among cattle of the
ancient Egyptians. Loss of horns is a completely discon-
tinuous variation, dominant in crosses. Heterozygotes may
develop mere traces of horns, known as scurs, but never a
fully formed horn with bony core. Hornlessness has become
an established racial character (homozygous) in the Scotch
breeds of black cattle, Aberdeen Angus (Fig. 73) and Gallo-
way, also in an English breed of red cattle called “red
polled.” Within the last thirty years polled sports have
appeared in pure-bred Holstein cattle in the United States
and a breed of polled Holsteins is now being established in
this country. A breed of polled Herefords was produced in
the United States from a three-quarters Hereford, one-
quarter short-horn polled calf born in 1889. (Wallace, p.
122.) See Figs. 68 and 71. Polled cattle are easier to manage
and less liable to injure each other than are horned cattle.
There can be no doubt that hornlessness had its origin as a
unit-character variation dominant in crosses.

Another morphological character said to Mendelize in
crosses occurs in Dexter-Kerry cattle, a breed of Irish origin.
They have unusually short legs and this breed character is
reported by Professor James Wilson to be a Mendelian
dominant in crosses. (See Figs. 60 and 61.)
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Horses. The original color of wild horses is probably seen
in a wild horse still existing on the plains of central Asia
(Mongolia) and known as Prevalski’s ! horse. (See Fig. 81.)
It has somewhat the appearance of an ordinary bay horse,
except that the yellow pigment is paler and the black pig-
ment more diffuse dorsally. The mane, tail and legs are black,
the back reddish or yellowish brown shading off into pale
sooty yellow below. In tame horses of the bay color variety
‘as compared with this, the yellow pigmentation is of a

TABLE 14
SoME UNrT-CHARACTERS OF HoRses

Dominant Recessive
1. Bay. Not bay (i. e., black or chestnut).
2. Black. Chestnut.
8. Gray. Not gray (any color but gray).
4. Trotting. ing.

Dominance Uncertain or Wanting

5. Uniformly colored. Spotted with white.

brighter and more intense sort, called red, and more free
from black dorsally, while the black markings of mane, tail,
and feet are probably more distinct, changes that seem to
have come in with careful selective breeding. For in mongrel
horses of no particular breeding the fine points of the bay are
often wanting, the yellow being of a dull shade and mixed
dorsally with black and approaching a “ dun ™ in general
appearance. Unit-character variations are less in evidence
in domestic horses than in cattle. The bay appears to be an
improved type of wild-horse coloration not produced by
abrupt changes in any particular characters but by gradual
changes in several characters. Black is a color variety reces-
sive to bay in crosses. It seems to have arisen in the same
way that black varieties of rodents usually arise, by loss of a.
pattern factor. In rodents it is the agouti factor which
having disappeared produces a black (non-agouti) variety.

1 The common spelling of this name is Prejvalski, but as this makes in English

an unpronounceable combination, I take the liberty of dropping the j in the interest
of my readers, without intentional disrespect to Mr. Prejvalski or his horse.



Fig. 72. Jersey cow. One of the best strictly dairy breeds. Color light yellow (*“fawn ™) shaded with
diffuse black pigment, possibly a primitive type of coloration in cattle. Similar to the Guernsey in
character and source. Home the island of Jersey. A little delicate in constitution and nervous in
temperament.

F1G.73. Polled Aberdeen Angus bull. A Scotch breed, self black in color, of beef type and hardy.






Fia. 74. Fi cow, black, polled. Fic. 75. Choice F; heifer.

Fia. 76. Selected Fs bull. Fia. 77, Selected F; cow.

Fra. 78. Rejected F; bull. Fro. 79. Rejected Fi heifer.

Results of croasing Jersey cows (Fig. 72) with an Angus bull (Fig. 73) in an effort to combine in one race
the dairy excellence of the former with the size, hardiness and good feeding qualities of the latter.
Figs. 74, 78 and 79 show the dominant black of the Angus, Figs. 75-77 show the recessive fawn of the
Jersey somewhat darkened. All show dominant hornlessness. (After Kuhlman.)






Fia. 80. A zebu bull, typical example of one of the humped cattle of India. (Photograph from Pro-
fessor Nabours, Kansas Agr. College.)

Fie. 80a. Fi calf from cross of zebu bull with Hereford cow. Notice imperfect domi of Hereford
pattern (Fig. 68). lndunmtﬂebangmoretolumto‘bntmdmorereslshntw'l‘cxnfever.themu
is made to combine these qualities with the beef il of the Heref (Phot. h from Na-

bours.)
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In horses it is a bay factor which the black variety has lost.
This factor appears to- inhibit the development of black in
regions where the bay variety shows red, just as an agouti
factor inhibits the development of black pigment in certain
regions of the coat of rodents which then are yellow. When
the bay factor is lacking, black pigment develops throughout
the entire coat. Whether this loss occurred originally as a
single sudden change (a sport) or whether it occurred gradually
is uncertain, but it seems clear that at present in crosses black
is a unit-character recessive to bay, and this makes it seem
probable that it arose as a discontinuous variation originally.

A unit-character difference has also been shown to exist
between black and chestnut horses, a difference comparable
to that which exists between black and brown varieties of
rodents. Chestnut is recessive to black, corresponding with
the “ chocolate ” varieties of rodents. ‘‘ Suffolk ” or “ Suf-
folk Punch ” horses are invariably chestnut in color. But
the term “ chestnut >’ as here used probably includes both
brown animals which, like black, lack the bay factor and those
which possess this factor. For the latter it would probably
be better to use a term in common use, sorrel. We should
then have parallel black and brown series with and without
the bay factor. Black pigmented horses with the bay factor
are ‘“‘ bays,” without it they are “blacks.” Brown pig-
mented horses with the bay factor should be called * sor-
rel ”; those without it, chestnut. Records compiled by
Wentworth and others indicate that such a factorial differ-
ence does exist among horses called “ chestnut” in the
records. For blacks mated inter se produce some chestnut
colts (which should be possible if the black parents are
heterozygous for chestnut) with a doubtful record of a few
bays, but black mated with “ chestnut ”’ produces more bays
than anything else, which shows clearly that some at least
of the chestnut parents do transmit the bay factor.

The gray (or white) color variation of horses corresponds
roughly with the white variation in cattle. It is a dominant
unit-character in crosses, but shows itself only in the second
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and later coats. For the colts are born with colored coats,
but at the first shedding of the hair, white hairs begin to
come in mingled with the colored ones. (See Fig. 84.) Later
white hair may almost completely replace the colored ones.
The eyes of gray horses are always colored. The term gray
as applied to horses has the same significance as when applied
to human beings. It means the occurrence of white hairs
among colored ones, more or less completely replacing them.
When among horses the original coat partially replaced by
white was a black one, an ordinary or “iron > gray coat
results; but when the original coat was bay or sorrel, then a
roan coat is produced. .

White spotting is of frequent occurrence among horses,
though it is usually less extensive than among cattle. In this
variation the loss of pigment from the body area affected is
complete and is present from birth on, so that its nature is
evidently very different from the gray variation already
described. (Figs. 81-85.) It corresponds physiologically
with white spotting in cattle and in rodents. The com-
monest form of white spotting is the occurrence of a white
spot in the forehead sometimes extending down over the nose,
or the possession of one or more white feet, or both. These
are regular features of the coloration of Clydesdale and Shire
horses. More extensive spotting takes the form of irregular
white areas extending across the neck or body. (Fig. 81a.)
It is less common than the former (often seen in childrens’
ponies) but probably not different genetically except in
degree. The pacing gait in American race horses is a char-
acter recessive to the trotting gait, according to information
collected by Bateson. In pacing the two legs of the same
side of the body move in unison or nearly so, while in trotting
the foreleg of one side moves almost simultaneously with the
hind leg of the other side. Some trotters may be made to
acquire the pacing gait and these, of course, may produce
trotters, but natural pacers, according to Bateson’s informa-
tion, produce only natural pacing colts when bred with each
other, whereas in crosses trotting dominates.




Fia. 81.  Prevalski horse in the New York Zotlogical Garden. (Photograph by courtesy of Director
W. T. Hornaday.) Notice large head, erect mane, absence of forelock and taillock, faint zebra-like
striping on front leg, and general pattern of * bay,” with light muzzle and darker mane, tail, and legs.

Fic. 8l1a. Pony of uncertain pedigree on farm of Simpson Bros., Palmer, Ill. (Photograph by courtesy
of Professor J. A. Detlefsen.) Notice g ] form like that of Prevalski borse, but with white spotting

extending up over front legs and entirely around body. Spotting of hind feet also extends up over body
on right side.







Fia. 82. A saddle borse (* hunter ") showing typical whit® markings, * white stockings ” and
* blaze ™" (face stripe). These are manifestations of white spotting fully developed at birth and not
changed subsequently.

Fic. 83.  Clydesdale, typical le of one of the breeds of heavy draft horses. White stockings and
blaze of white are regularly present in this breed.






FiG. 84. Gray Percheron mare and colt. Such colts, black at birth, become gray later in life. Notice,
however, that the colt’s face is already white. This is due to white spotting, as in the hunter and
Clydesdale, not to the gray factor. The two forms of white are genetically quite distinct.

Fic. 85. White mare and colt. (Photograph by courtesy of W. P. Newell, Washburn,
IIl)  An extreme condition of white spotting is here shown, in which the entire coat is
white from birth on.






CHAPTER XIV

UNIT-CHARACTERS IN SWINE, SHEEP, DOGS, AND CATS

Swine. In the wild boar of Europe, from which in part
domestic swine are descended, the coat is slaty black, the
individual bristles bearing a band of pale yellow like the
agouti marking of rodents. The young of the wild boar are
also marked with longitudinal body stripes, a character per-
haps correlated with the agouti-like banding of the bristles.
This banded character of both young and adult has appar-
ently been lost in all domestic breeds, which are either self
black, red, or white, or else black or red spotted with white.
In the white variety the entire coat is colorless but the eye
is colored. This is a dominant variation. White spotting
is possibly a distinct variation from the foregoing, and un-
certain as to dominance. But it may be that the two differ
only in degree,

TABLE 15
UNIT-CHARACTERS OF SWINE
Dominant Recessive

1. Wild color. Not wild color (black or red).
2. Black. Red.
8. Self white. Colored.
4. Mule-footed (syndactyl). Normal foot.

Dominance Uncertain or Wanting
5. Uniformly colored. Spotted with white.

Two forms of white spotting (which occur naturally and
are comparable with the two types of white spotting among
horses) are sought after by breeders and have become breed
characters, viz., (1) a condition in which a broad white belt
encircles the body (as in Hampshire hogs) and (2) a condition
in which white appears at the extremities, on the feet and
snout (as in Berkshires). It is probable that they are similar
in genetic character. Black among swine is dominant over
red, as in cattle, horses and rodents. (See Figs. 86—98.)

137
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A curious morphological variation, syndactylism, is a domi-
nant unit-character. In this variation the normal two hoofs
of each foot have completely fused together and the foet has
a single hoof like a “ mule.” Hence the variety is called
“ mule-footed.” A breed having this characteristic has been
established in the United States. Although the hoofs are
fused the bones proximal to the toe retain their original
paired character. (See Figs. 94 and 95.)

Sheep. In sheep ordinary white fleece is dominant over
black fleece, the latter occasionally cropping out in flocks as
a recessive, as indicated in the old saying ‘ every flock has
its black sheep.” Black sheep breed true inter se. Black is
probably not a reversionary variation but a loss variation of
a pattern factor found in wild sheep and similar to the bay
pattern of horses. Wild sheep are white or whitish except at
the extremities where the pigmentation is heavier. In some
breeds of sheep the skim and wool of the extremities is dark,
similar to the coat of Himalayan rabbits, and white spotting
may affect these pigmented regions just as it does the coat
of Himalayan rabbits. (See Figs. 96-100.) Hornlessness is
a variation from the original horned condition of wild sheep
which is dominant in females but recessive in males, a matter
deserving further consideration in connection with the
subject of heredity as affected by sex. (See Figs. 96-104.)

Dogs. Dogs are admittedly of poly-phyletic origin, <. e.,
they have descended from several different wild species. In
nearly every country the native wolf has been tamed and
reared in captivity as a dog for use either in hunting, in pro-
tecting the flocks, in guarding the home or merely for com-
panionship. In every country the dogs resemble more or less
closely the wolves native to that country. This is due in
some cases to direct descent from native species of wolf,
in other cases to crossing of domestic dogs with wolves of
the country. For dogs and wolves of all sorts and species
seem to be fully fertile with each other, a fact which has
led to extensive hybridization and endless variation among
dogs.




Fia. 86. Berkshire boar. Black with white points.

Fia. 87. Yorkshire boar. A self white breed.

Fia. 88, F, sow from cross, Berkshire X Yorkshire, and F; pigs. Note reappearance of recessive
blacks but with white spotting increased in amount, (After W. W, Smith.)






F10. 89. F) sow from cross, Berkshire X Yorkshire, and pigs produced by a back-cross with Berkshire
boar. Note 1:1 ratio and modified spotting. (After W. W. Smith.)

Fic. 90. Hampshire sow, typical exaruple of a belted black-and-white breed.

Fic. 91. Belted red sow. This breed produced by Q. I. Simpson by ing black belted (Hampshire)
with self red (Tamworth and Duroc) swine.







Fic. 92. A litter of pigs by two belted red parents. Evidently this form of white spotting is not fully
recessive, since part of the pigs are not belted. (By courtesy of Simpeon and Detlefsen.)

Fia. 98. A belted red sow and her litter by a belted red boar. Note variation in belt or ity total ab-
sence. The unit-character varies. (By courtesy of Simpson and Detlefsen.)

Fics. 94 and 95. Foot bones of mule-footed (syndactyl) swine. Only the hoof and nearest pair of bones
show complete fusion. (After Spillman.)
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Most wolves have a protectively colored coat like that of
North American wolves, in which black and yellow pigments
are intermingled on the same hair somewhat as in the agouti
pattern of rodents. This pattern is wanting in most dogs,
but has been retained in some examples of the Esquimo-dog
or *“ husky ” in which the blood of the North American gray
wolf predominates.

A more conspicuous pattern, seen in black-and-tan dogs,
occurs in many wild Canidae, notably in Canis simen-
518, chief ancestor of the hunting dogs, among which this
pattern is quite common. In a black-and-tan the general
body-color is yellow (tan) but with a blanket of black extend-
ing down from the back over the sides of the body and the
outer surfaces of the legs. A yellow spot is found also above
each eye. Fox hounds and beagles have this pattern regu-
larly. Airedale terriers are distinguished chiefly by this
pattern from Irish terriers. Some setters and pointers have
it while others do not. Although the white spotting in these
breeds often obscures it, the black-and-tan pattern can
readily be recognized in the light spot above the eye. It is
apparently a recessive pattern factor in various breeds of
dogs. Since the pattern seen in black-and-tan dogs may be
transferred in crosses as a unit-character to dogs which are .
brown or red pigmented, it is probably better to adopt for it
a term appropriate in different combinations. Bi-color has
been suggested by Barrows and Phillips as such a term. Bi-
color black dogs are ‘black-and-tan,” bi-color brown dogs
are ‘ liver-and-tan,” and bi-color red dogs are ‘ red-and-
lemon.” Self black breeds of dogs have probably originated
by a loss of an original pattern factor such as the bi-color
factor; and self yellow (or red) breeds by independent loss
(sudden or gradual) of black from the coat. Brown (“ liver »’)
varieties have originated by a unit-character variation from
black to brown, comparable with that of various rodents.
Self white occurs in dogs either as a sport from the colored
condition, or more probably as an extreme form of white
spotting. In this variety the eye pigmentation is never en-
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tirely lost as in albino rodents; it is largely retained, as is the
case also in white cattle, horses and swine. In crosses be-
tween the different colored breeds, black-and-tan (. e., bi-
color black) is dominated by self black and bi-color brown
by self brown; black is dominant over yellow (or red) and
also over brown. As yellow and brown are independent unit-
character variations they may be combined, a result seen in
brown-eyed yellow dogs. Thus among pointers (Little, 1914)
or cocker spaniels (Barrows and Phillips, 1915) a cross of
black-eyed yellow with brown produces in F; black dogs and
in F, blacks, browns, black-eyed yellows and brown-eyed
yellows. The same result in both F, and F; may be obtained
by crossing black with brown-eyed yellow. What appears to
be self white, but is more probably a very pale yellow, accord-
ing to Barrows and Phillips, has appeared in spaniels as a
sport and is recessive in heredity. Whether in other breeds
self white is recessive or dominant is not known at present.
It is probable that in some cases, as in bull terriers, it is only
an extreme form of white spotting, in which case we should
expect the dominance to be imperfect. Both spotting with
white and spotting with yellow are quite common in dogs
and probably Mendelize but whether as dominant or reces-
sive characters is not apparent from present information.
A short stumpy tail is probably a dominant unit-character
variation in dogs, as it is in cats.

TABLE 16
UNI1T-CHARACTERS OF Docs
Dominant Recessive

1. Gray. Black.

2. Self color. Bi-color (black-and-tan,
brown-and-tan, red-
and-tan).

8. Black. Yellow (or red).!

4. Black. Brown (liver).

Dominance Uncertain or Wanting

5. Colored all over. Spotted with white.

6. Black or brown. Black or brown spotted with yellow.

7. Stumpy tail. Normal tail.

! In Dachshunds red is not uniformly recessive; it apparently may be dominant.




Fic. 96. “ Black faced ” Highland ram. (After Plumb.)

Fig. 97. Black faced Highland ram and ewes. Note white spotting of pigmented face and legs,
also sexual difference in size of horns. (After Plumb.)

Fic. 98, Malitch sheep. An Asiatic flock containing self-black, spotted black-and-white and grayish
white sheep, the last probably the primitive condition. (After C. C. Young.)






F10. 99. Cheviot ram. This Scotch breed has long and coarse
wool with face and legs bare and white. Both sexes are hornless.

Fi6. 100. Hampshire Down ewe. Extremities pigmented.
Hornless in both sexes.

F16. 101. Delaine merino ram. This breed produces abundant, fine wool. Males have
well-developed horns, females are hornless. (Figs. 99-101 after Plumb.)
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Cats. Domestic cats are descended from a wild species
(Felis maniculata) still found in northern Africa. The do-
mestication was accomplished in ancient Egypt and the do-
mestic cat was introduced into Europe in the middle ages,
since Roman times. The wild species is similar in size and
color to the common tabby or tiger cat. This has a coat
consisting of agouti-like hairs, which contain both black and
yellow pigments, but the body is marked with stripes in
which black pigment predominates, and it is these black
stripes that produce the tiger pattern, which is a dominant
unit-character. In the self black variety the tiger pattern
and agouti marking of the hairs have been covered up by a
greatly increased amount of black. The black variety prob-
ably originated as a sport and it behaves as a recessive to
tabby. An all yellow variety represents another unit-char-
acter variation imperfectly dominant over black. Homozy-
gous individuals are all yellow but heterozygous females
usually show both yellow and black (tortoise shell), though
occasionally they may be all yellow. Its inheritance is sex-
linked and of the Drosophila type. (See Chapter XVIII.)
Yellow cats usually, if not always, show the tiger pattern,
which leads to the question whether this pattern is ever lost
even in the black variety. It may be only covered up with
black pigment. Darwin notes the fact that black kittens
often show the tiger pattern which is not visible in them later
in life. All-white varieties of cats exist having colored eyes,
(either ““ yellow ” or blue). The relation of this variation to
colored forms, as regards dominance, is uncertain, but it
probably represents an extreme form of white spotting. Blue

_(or Maltese) is a dilute form of black, recessive to the latter.
The dilution factor probably affects the appearance of tabby
and yellow also, but definite information on the point is not
available. White spotting is a character the behavior of which
as regards dominance is unknown. Yellow spotting occurs
only as a heterozygous character in the cross between yellow
and black and then chiefly in the female sex. Long (angora)
hair is a recessive variation from normal coat in cats as in
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rabbits and guinea-pigs. A short stumpy tail, seen in the
““Manx ” cat, represents an imperfectly dominant unit-char-
acter variation. Homozygous dominants are tailless; hetero-
zygotes are short-tailed; normal (long) tail is recessive. Poly-
dactylism (the possession of extra toes) is an imperfectly
dominant variation.

TABLE 17
UNir-CHARACTERS oF CATs
Dominant Recessive
1. Tabby. Not tabby (black or blue).
2. Black. Blue.
8. Short hair. Long hair (angora).
Dominance Imperfect or Uncertain
4. Colored all over. Spotted with white.
5. White (eyes only colored). Colored all over.
6. Yellow. Not yellow (tabby or black).
7. Tailless (Manx). Long-tailed.
8. Polydactyl. Toes normal.




Fic. 105. Pomeranian, self-colored, and having Fia. 106. Boston bull terrier. Pattern in white

long silkky hair. Toy variety. spotting like the Dutch marking of rabbits.
Fic. 107, Saint Bernard. F10.108. Beagle. Tri-color, black-and-tan
with white.

Fic. 109. Collie. Figs. 106-109 show white spotting of the same general character.






F16. 110, Dalmatian or coach dog. A peculiar form of white spotting, resembling that of
the English rabbit, is found in this breed.

Fic. 111. Great Dane. Brindled type, with Fia. 112. Irish setter. Color, dark red.
yellow spotting on a black background.
e
FiG. 118. Dachshund. Black-and-tan. Fic. 114.  Bull terrier. All white except nose
and eyes.

(Figs. 105-114, by courtesy of F. G. Carnochan, from Field und Fancy.)






CHAPTER XV

UNIT-CHARACTERS IN POULTRY AND IN PLANTS

Poultry. The production of varieties by unit-character
variation is nowhere more clearly seen than among domestic
fowls. The wild ancestor is supposed to be represented at
present in the jungle fowl of India (Gallus bankiva) a small
bird of bantam size having the color character of the breed
known as brown Leghorn, and producing fully fertile off-
spring in crosses with domestic breeds.

Under long centuries of domestication size in many breeds
has been increased, though certain breeds of bantams are no
larger than the jungle fowl. Punnett and Bailey (1914) have
maintained that several unit factors are concerned in size
differences between bantam and ordinary breeds, but there
is some doubt as to the correctness of their interpretation.
We have no information at present as to whether the bantam
represents the persistent small size of the wild ancestor or has
resulted from secondary variation in races of normal size.
The size changes from the wild jungle fowl to our large
breeds of poultry have undoubtedly been numerous and
probably gradual, involving long-continued selection.

Color variations are in fowls, as among mammals, the most
conspicuous unit-character changes. The plumage of the
jungle fowl contains both black and yellow pigments com-
bined in a pattern of some complexity. This pattern may
possibly be lost or suppressed as a unit-character variation,
but in most cases it is changes in the relative amounts of
black and yellow which give rise to self black or self yellow
(red or buff) breeds. White spotting may come in to produce
colorless patches in the plumage and if these become suffi-
ciently extensive an all-white breed results such as the white
Leghorn. The white of Leghorns is a dominant character
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but even pure bred birds may develop an occasional colored
feather, and in crosses with brown Leghorns, which have the
ancestral color, the heterozygotes produced may show traces
of color, as for example a reddish breast. A form of white
plumage genetically distinct from the foregoing is found in
white silky fowls and in some other breeds. In this the down
plumage is colored and the adult plumage is not as clear and
pure a white as that of white Leghorns. When such recessive
whites are crossed with white Leghorns, fully colored offspring
result in F; though not in F,. It is probable that recessive
white is not an extreme form of white spotting, as perhaps
the white of Leghorns is, but that it is due rather to some
change which produces fainter pigmentation; to a loss varia-
tion, rather than to an inhibition. It is accordingly com-
parable with the albino or the pink-eye variation of rodents,
whereas the white of Leghorns is comparable with the black-
eyed white variation of rodents, an extreme form of white
spotting. Bateson has shown that there are two or possibly
three distinct classes of recessive white varieties, probably of
independent origin, for when two of these (one being the
white silky) were crossed, fully colored F, offspring were ob-
tained similar in appearance to the wild Gallus bankiva.
This is a result comparable with that obtained when pink-
eyed rodents are crossed with albinos producing fully colored
young. It shows that white plumage in fowls, like pink eyes
and pale coats in rodents, may result from different genetic
changes. Pigment formation is a complex chemical process
in which several factors are concerned. Change in any one
of these may interfere with the normal pigmentation.

It seems doubtful whether the Gallus bankiva pattern is
lost in the ordinary black breeds of fowls; more probably it
is simply covered up by an excessive development of black
pigment. Indeed in some cases the pattern is faintly visible
in the black breed and can readily be brought out in crosses.
Such varieties are comparable with the blackened agouti va-
rieties of some rodents (black squirrels for example). In self
yellow (red or buff) breeds, the pattern fails to develop
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merely for lack of black pigment. Yellow varieties are im-
perfectly recessive to black in crosses, the ancestral pattern
usually resulting in F;. Blue is a heterozygote between black
and splashed white (an impure sooty strain of white). It is
unfixable.

A color pattern of fowls, not ancestral in origin, but domi-
nant in crosses is found in breeds with barred plumage, such
as the Dominique and the barred Plymouth Rock. Its
inheritance is sex-linked. It may be transmitted through
white breeds, as for example the white Leghorn.

A black pigmented skin associated with black bones is
found in certain strains of fowls, e. g., silkies. This is domi-
nant over normal (white or yellow) skin.

Several morphological variations of the plumage are in-
herited as unit-characters. Thus, the possession of a topknot
or crest (usually associated with cranial hernia) is an im-
perfectly dominant character; frizzled (twisted) feathers are
dominant over normal feathers; silky feathers (devoid of
barbules) are recessive to normal feathers (with barbules).
An extra or fifth toe (due to a divided hind toe) is an imper-
fectly dominant character found in Houdans and Dorkings.
The comb is also a highly variable character. Single comb is
the form found in Gallus bankiva and in the commoner breeds
of poultry. It consists of a high serrated ridge. Pea comb
is a dominant variation from this ancestral form in which the
comb is lower and broader, without distinct serrations but
with two low lateral ridges in addition to a chief central
ridge. It is found in Indian Games and the Brahma breeds.
Rose is another form of comb, likewise dominant over single.
It consists of a broad flat comb with numerous papillae not
arranged in distinct rows. A cross of rose with pea produces
a peculiar type of comb known as walnut, which is found in
the Malay breeds. When produced by crossing, it does not
breed true without fixation, but in F, gives rise to walnut,
rose, pea, and single comb in the ratio, 9:8:8:1. Evidently
walnut in such cases is due to the joint action of two domi-
nant factors (R and P) which act separately in pea-combed
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and rose-combed varieties respectively, and when both P and
R are lacking the original type of single comb is formed.

TABLE 18

UniT-CHARACTERS OF DomEstic FowLs
Dominant Recessive
1. Jungle-fowl color pattern. Self black or yellow.
. White (of white Leghorns).  Colored.

[

8. Colored. White (of “ silkies ”’ and some other white
: breeds).
4. Barred. Not barred.
5. Black plumage. Yellow plumage (heterozygote often like
jungle fowl).
6. Black skin. Normal skin.
7. Crest. No crest.
8. Frigsled. Not frizzled.
9. With extra toe. Without extra toe.
10. Walnut comb. Pea, rose, or single comb.
11. Pea comb. Single comb.
12. Rose comb. Single comb.

Plants. No attempt will be made at a detailed survey of
unit-character variations in plants but certain general cate-
gories of variations may be indicated and examples cited.
These will serve to show that the same sorts of changes are at
work among plants as among animals to produce striking
varieties.

1. Colors of flowers. Some of the clearest cases relate to the
colors of flowers. Wild species often exhibit in their flowers
a mixture of pigments associated in a definite pattern. Loss
or suppression of the pattern, or of one or more of its com-
ponent colors, leads to the formation of self-colored flowers,
or those which are white. Thus in the sweet pea the wild
plant has flowers of a purple bi-color, resulting from the asso-
ciation of red and blue pigments in a definite pattern. Red
flowers may arise by a suppression of a factor for blue. This
change alone produces a red flower with wings lighter than
the standard (a red bi-color). Another recessive factorial
change does away with the lightness of the wings, producing
a flower with both wings and standard full red. A corre-
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sponding change in pattern in purple (the original color), not
attended by suppression of blue, produces purple with both
wings and standard of full color. A quantitative change in
the color factor (a partial loss of color) produces faintly
colored varieties known as picotee, either purple or red. In

the flowers of many cultivated plants striping, mottling or
spotting with white or red comes in as a unit-character

variation, as in petunias, snapdragons, etc.

TABLE 19

UNIT-CHARACTERS OF PLANTS

1. Colors of Flowers
" (Example, unit-characters of the sweet pea flower.)

Dominaat Recessive

(1) Colored. White.

(2) Colored. Slightly colored (picotee).
(8) Purple. Red.

(4) Bi-color. Self.

2. Forms of Flowers
(1) Normal. Peloric.
(2) Single. Double.

8. Colors of Leaves and Stem

(1) Variegated with yellow.
(2) Containing much red.

Normal green (dominance imperfect).

‘With little red (Oenothera, Coleus, maize)

4. Colors of Fruits and Seeds

(Example, maize)
(1) Yellow endosperm. ‘White endosperm. *
{2) Aleurone black. Aleurone red or uncolored.
(8) Aleurone red. Aleurone uncolored.
{4) Endosperm starchy. Endosperm sugary.
(5) Endosperm starchy. Endosperm waxy.
(6) Seed-coat red. Seed-coat colorless.
(7) Seed-coat variegated. Seed-coat not variegated.

5. Forms of Leaves

(1) Serrate.
(2) Normal.
(8) Palmate.
(4) Hairy.

Entire (Urtica, Fig. 115).

Laciniate (Chelidonium).

Pinnatifid or fern-leaf (Primula).
Glabrous (dominance often imperfect).
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2. Forms of flowers. The forms of flowers, no less than
their colors, are subject to unit-character variation. In
sweet peas the ordinary form of flower with erect standard is
dominant over a variation in which the standard lops down
at either corner forming what is called a ““ hood.” Symmetri-
cal forms of flowers which appear as sports in species having
normally asymmetrical flowers are a unit-character variation.
Thus a peloric (symmetrical) variation in the snapdragon is
recessive to normal (asymmetrical) shape of flower (Baur).
Double flowers, those which have an increased number of
parts (commonly petals), are in general recessive to singles.
This is the case for example in primulas, poppies and lark-
spurs. But some cases occur in which the heterozygote is
intermediate, as for example in carnations. Here a good
commercial double type is found to be regularly heterozy-
gous, producing when selfed both singles and extremely
double types (““busters ”’), each of which sorts breeds true,
and in addition the unstable but more valuable heterozygous
type of the parent (Norton).

8. Colors of leaves and stem. The colors of leaf and stem
often vary abruptly in cultivated plants by unit-character
changes. Thus strains variegated with yellow arise from
local loss or inhibition of chlorophyl, a change which impairs
the assimilative power of the plant but adds to its ornamental
value in horticulture. Of course plants largely or completely
yellow because of deficiency of chlorophyl would be unable
to maintain themselves other than as parasites, such as
dodder; hence the yellow of variegated plants is usually
limited in amount. Some varieties of cultivated plants pos-
sess as a distinguishing character an unusual amount of red
coloring matter (anthocyan) in leaf or stem. Examples of
this are seen in purple beeches and maples, variations known
to have originated as sports and doubtless Mendelizing in
crosses. The cultivated celosias are good examples of plants
in which an excessive amount of anthocyan pigment pro-
duces brilliant red or yellow plants, the latter a probably
recessive sport from the former, just as the yellow fruit of
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the tomato is known to be recessive to red fruit. In Coleus
the red has a mosaic and highly variable distribution on the
green leaves, like that of yellow spotting in mammals.

4. Colors of fruits and seeds. The colors of fruits and seeds
vary discontinuously in the same way that the colors of
flowers, leaves and stems vary. As an example we may con-
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Fia. 115. A Mendelian cross between two varieties of nettle differing in shape of leaf. 1. Gen. = F;.
II. Gen. = Fs. IIl. Gen. = Fy. The diagram indicates that the serrated form is dominant, the re-
cessive form reappearing in Fy and breeding true in Fa.

sider some variations in the color and composition of the
seed of maize. The common varieties of corn are either
yellow or white seeded, the yellow grain containing a yellow
colored endosperm, a character dominant to white. A black
pigment which is present in the aleurone layer just under the
seed-coat is responsible for a dominant variation in some
varieties. Red aleurone color is a recessive allelomorph of
black. Both are dominant over colorless aleurone. Red
seed-coat is a character dominant over colorless seed-coat,
and a seed-coat striped with red is allelomorphic to unstriped
seed-coat. A highly starchy condition of the endosperm is
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found in ordinary varieties of field corn, which have rela-
tively plump seeds. A recessive allelomorphic condition is
found in sweet corn cultivated for table use, in which sugar
predominates in the seeds so that on drying it takes on a
shriveled, wrinkled appearance. A different recessive varia-
tion is found in a variety of corn recently imported from
China, in which the endosperm is waxy rather than sweet or
starchy. If the variety with waxy endosperm is crossed with
sweet corn, starchy corn is obtained by reversion in F,, and
in F; all three sorts are obtained in the ratio, nine starchy
to three waxy, and four sweet.

5. Forms of leaves. Leaf form in many cultivated plants
is known to vary by Mendelizing units. In the nettle
(Urtica) Correns has shown that the much-serrated leaves of
one natural variety possess a character dominant over the
nearly entire leaves of another variety (Fig.115). In Chel:-
dontum majus, a laciniate leaf form is known to be recessive
to the normal form of leaf. In Primula sinensis, normal pal-
mate leaves are dominant over fern-like pinnatifid leaves. In
a great number of plants hairy or spinous leaves, stems, or
fruits, are known to be dominant (more or less completely)
over smooth ones.

6. Form of stem. One of the seven discontinuous varia-
tions with which Mendel dealt in his original paper is in-
volved in the difference between tall and dwarf races of peas
and beans. The original and the dominant form of stem is
the tall form. Dwarf form, in which the internodes of the
plant are relatively short, segregates in regular recessive
fashion. Semi-dwarf races also exist, which indicate either
imperfect segregation or alternative forms of dwarfness.
Dwarfness occurs as a variation alternative to normal
tall form in snapdragons, nasturtiums, and many other
cultivated plants.

The original much-branched condition of the annual sun-
flower and of stocks and of many other cultivated plants is
dominant over the unbranched condition found in certain
cultivated races.
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These illustrations serve to show that practically all parts
and structures-of plants, as well as of animals, are likely to be
affected by unit-character variations and that combining of
such variations by means of crossing is a ready means of

producing new varieties.
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CHAPTER XVI

UNIT-CHARACTERS OF INSECTS

THe so-called “ silkworm ” is the larva of an Asiatic moth
which feeds principally on the leaves of the mulberry tree.
The “ worms >’ when full grown spin a silken cocoon (which
furnishes the silk of commerce) within which they complete
their metamorphosis into the moth stage. As moths they
mate and the females lay eggs. In some races there is only
one generation a year, the eggs laid one summer hatching the
next spring. These are said to be univoltine, having one
flight or mating period annually. In other races there are
two or more broods a year depending on temperature condi-
tions. These are said to be bivoltine or muliivoltine. In
crosses between univoltine and bivolline races the eggs laid
have the character of the mother’s race, being purely ma-
ternal structures. Thus, eggs laid by a univoltine mother
refuse to hatch before the following season, whatever the
racial character of the male that fertilized the eggs. And
eggs laid by a bivoltine mother are regularly bivoltine regard-
less of the father’s racial character. But the females which
hatch from cross-bred eggs are really heterozygous as regards
voltinism. Their eggs show the dominant (univoltine) char-
acter but their daughters, the F; females, are some univol-
tine, others bivoltine, in the ratio, 3:1.

Races of silkmoths differ by numerous characters, many
of which are Mendelian. Toyama has enumerated more
than a dozen such Mendelizing characters found in the larva
alone. Some races differ in the number of larval moults,
which may be either three or four. Tri-moulting is dominant
over tetra-moulting in crosses. The blood of the larva may
or may not be yellow colored, yellow blood being dominant.
Yellow-blooded larvae spin yellow cocoons so that there is a
correlation between blood-color of the larva and the cocoon-
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color. Presence of pigments in the larval skin is dominant
over uncolored skin. Various patterns of the larval pigmen-
tation (spotting, striping, etc.) are dominant over their
absence. Reddish-brown color of the larva is recessive to
black. The possession of knob-like outgrowths of the larval
skin is dominant over smooth skin.

TABLE 20

UNIT-CHARACTERS OF SILKWORMB

1. Egg C’hcracten, all Maternal in Origin

Dominant Recessive
(1) Univoltine. Bivoltine.
(2) Eggsoval. Eggs spindle-shape.
(3) Eggs normal slate color. Eggs light brown or gray.

2. Characters of the Laroa or its Cocoon, of Biparental Origin

(1) Tri-moulting. Tetra-moulting.

(2) Blood (and silk) yellow. Blood (and silk) white.

(8) Silk white (European races). Silk yellow.

(4) Larval skin pigmented. Larval skin unpigmented.

(5) Larva spotted or striped. Larva not spotted or striped.

(6) Larva black. Larva reddish brown.

(7) Larval skin with knob-like  Larva not knobby.
outgrowths.

‘White cocoon-color (silk) has been found in some races to
be a recessive character and in others to be dominant. The
two kinds of white have been shown to be genetically distinct.
One is probably a loss variation like albinism in rodents, the
other a white variation due to inhibition of color, like some
forms of white spotting in mammals. Certain variations in
the color and shape of the egg have been found to Mendelize,
but with the same complication as in the variation from
univoltinism to bivoltinism. Egg characters being deter-
mined entirely by the mother, the influence of the father does
not show in the F; generation. Which of the contrasted
characters is dominant does not become evident until eggs
are laid by the F, females and segregation is seen first in the
eggs laid by F; females. Spindle-shape of egg is a recessive
variant from normal, oval shape, and light brown egg-color
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and gray egg-color are recessive variations from normal
slate-color.

Bateson (1913) has brought together records for numerous
cases of unit-character color variation in moths and beetles
occurring in the wild state. These cases present nothing in
principle different from the variations of silkworms, but
show that Mendelian sports occur among insects “ in nature
as well as under artificial conditions.

The most complete and in many respects the most instruc-
tive series of unit-character variations recorded in any insect
has taken place within a very few years in a small fruit fly,
Drosophila, while it was under observation in the Zodlogical
Laboratory of Columbia University. For this discovery we
are indebted to Professor T. H. Morgan and his pupils.
Drosophila ampelophila is a small fly with grayish brown
body and red eyes, which lays its eggs in fermenting fruits.
Apples, peaches, grapes or bananas with broken skin afford
good conditions for its multiplication. It is sometimes known
as the vinegar or pomace fly because the alcoholic fermenta-
. tion of apple juice attracts it to vinegar jugs, pickle jars, and
cider mills. This fly while breeding in Professor Morgan’s
laboratory produced a white-eyed sport, which lacked en-
tirely the normal red eye-color. The sport was first observed
in a male individual, which bred to normal mates produged
only normal offspring. But when these F, offspring were
bred together they produced white-eyed offspring as reces-
sives in the expected proportion, one-fourth. Curiously
enough, however, all were males. Nevertheless, when these
obviously recessive white-eyed males were mated with Fy
females (heterozygotes) a generation was produced consisting
of white-eyed individuals and red-eyed individuals in equal
numbers, and among both sorts the sexes were approximately
equal. White-eyed individuals bred together breed true, but
in crosses the white-eyed character seems to have a prefer-
ence for male individuals, which has led to its being called a
sex-linked character. White-eye has proved to be only the
first of a long series of unit-character variations, which have
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appeared in Professor Morgan’s cultures of Drosophila,
which have this same curious sex-linked character. Among
these may be mentioned a variation in which the entire body
is yellow, another in which the eye-color instead of being an
ordinary red, is a brilliant vermalion, and several variations in
the form of the wing known as rudimentary, miniature,
forked, ete. It is found that when a race possessing two of
these recessive sex-linked characters (as white eye and yellow
body) is crossed with another race which lacks them, there is
a tendency for the two sex-linked characters to go together
in heredity, so that whatever F; individuals possess one of
them possess also the other. This suggests that the material
basis or ““ gene ”’ of each lies in the germ-cell near that of the
other; that their genes are either connected directly with each
other or with a common third structure. Since there are
several of these variations which show “ linkage > with each
other and a peculiar relationship to sex, the pertinent sug-
gestion was made by Morgan that they had as-a common
connecting element a structure concerned in the determina-
tion of sex, commonly known as the sex-chromose or X-chro-
mosome. The “ genes ” of sex-linked characters, according
to Morgan, lie in the X-chromosome and the peculiar features
of the inheritance are due to the fact that the X-chromosome
is paired in females but unpaired in males. Strong support
is given to this idea by the result of crosses in which each
parent introduces a different sex-linked character, as in the
cross between a white-eyed race and a yellow-bodied race,
each being otherwise normal. The two characters in this
case keep apart as strongly as they keep together when in-
troduced into a cross by the same parent. This is exactly
what we should expect if, as Morgan supposes, sex-linked
characters have their genes in a common cell structure (for
example an X-chromosome). For when two genes lie in the
same X-chromosome, they will go together (show linkage),
but when they lie in different X-chromosomes, as for example,
in those furnished by the father and mother respectively,
then each will go with a different X, when the paired chromo-
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somes separate from each other, as they do when gametes are
formed.

But we are forced to suppose that occasionally in the eggs
of Drosophila a gene may detach itself from one X-chromo-
some and pass over into the other, for once in a while we find
that two sex-linked characters which were repelling each
other have in some way got into the same gamete and are
now coupled, and vice versa two which were coupled may later-
show repulsion. Morgan’s hypothesis offers a simple expla- .
nation of such occurrences. The supposed changing of a gene
from one X-chromosome to another, when repulsion gives
place to coupling or vice versa, Morgan calls a “ crossing
over.” It occurs only in female individuals, or more properly
in their eggs, for it has not been observed to occur in the
sperms of Drosophila.



CHAPTER XVII

SEX-LINKED AND OTHER KINDS OF LINKED INHERITANCE
IN DROSOPHILA )

A1l the facts of sex-linked inheritance in Drosophila har-
monize with Morgan’s hypothesis that the genes of sex-linked
characters lie in a common cell structure (X-chromosome)
which is duplex in females, simplex in males. Accordingly,
in a race which breeds true for a sex-linked character, that
character may be transmitted by every egg, but by only half
the sperms, namely by such as possess an X-chromosome and
by virtue of that fact determine as female all zygotes into
which they enter. To male zygotes the sperm will not trans-
mit sex-linked characters. This hypothesis is supported by
some curious facts already alluded to but deserving of fuller
consideration in this connection, viz., facts observed in re-
ciprocal crosses involving a sex-linked character, as for
example white eye in Drosophila.

TABLE 21

Recrerocar Crosaes or WHITE-EYED wiTH REp-EYEp DROSOPHILA
Male Female Male Female
P White X Red Red X White
F Red Red White Red
F: 1Red:1 White Red 1 Red:1 White 1 Red:1 White

It has already been stated that a white-eyed male Droso-
phila crossed with normal females has only normal children
of both sexes, while the white-eyed grandchildren are all of
the male sex. In the reciprocal cross, between a white-eyed
female and a normal male all the daughters are normal, but
the sons are white-eyed, and among the grandchildren white-
eyed individuals occur in both sexes. Diagrams will best
explain these facts on the basis of Morgan’s hypothesis.
(See Figs. 116 and 117 and Table 21.)

157
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To state the foregoing facts in another way, it will be ob-
served that the recessive sex-linked character in Drosophila,
when introduced in a cross by the male parent, disappears
entirely in F, and reappears in F; only in male individuals.

Chromosomes

X@ XX Parents

3
N o }Gametcs

2X0: 2 XX F1

é Q

X g

*><;?( o } Gametes
XX XX X0 X0 re

Q ? d 4

F16. 116, Sex-linked inheritance of white and of red eyes in Dro-ophill Parents, white-eyed male and
red-eyed female; Fi, red-eyed males nnd females; Fz red-eyed femal lnd equal bers of red-eyed
and white-eyed males. A black X i an X-ch b g the gene for red eye, a white
X bears white eye. O indicates that an X is wanting; in recent p \tions Morgan repl itby Y.
(From Conklin, after Morgan.)

But if the recessive sex-linked character is introduced by the
female parent, it appears in F, in male individuals but in F,
in both sexes.

Suppose now a cross is made between two races, each of
which possesses a different sex-linked recessive character, as
for example white eye and yellow body. (See Table 22.) If
the white-eyed parent is a female, there will be produced
white-eyed males in F, and white-eyed flies of both sexes in
F;. But the male parent being yellow, there will be no yellow
flies produced in F, and only yellow males in F,. In the re-
ciprocal cross (yellow female X white-eyed male) yellow
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males will be produced in F, and yellow flies of both sexes in
F,;, while white-eyed flies will not appear until F; and then
only in the male sex. In either of the reciprocal crosses we
expect the production in F; both of yellow-bodied males and

Chromosomes

X@ XX  Parents
é ?

3
e Gametes
>0 o)

2X0 :2XX F1

?

Fia. 117. Reapmcnlm-totlnt-honml’ig 116, Pu-ents, md-eyedm-leudvhme-eyedlemlle
Fi1, white-eyed males and red-eyed females (* criss-cross inh Fn.equnlnumben
of red-eyed and white-eyed individuals in both sexes. Thedlstnbutmdthem—chmmonmu is
shown at the right, as in Fig. 116.

of white-eyed males. Usually no other sort of male is pro-
duced throughout the experiment except these two, but occa-
sionally there is produced a male both yellow-bodied and
white-eyed, or one which is gray-bodied. and red-eyed, like
wild flies. How do these arise ? If in F, females the paired
X’s were to exchange loads in part, so that G and R came
to be attached to the same X and g and r to the other X,
and if each of the eggs having such a constitution were to be
fertilized with a sperm which lacked X (male determining
sperm), this would make possible the production of F; males
possessing both dominant characters and others possessing.
both recessive characters or gray-red and yellow-white
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respectively, as actually observed in about one case in a hun-
dred by Morgan.

It may add interest to the case to state parenthetically that
in man occur a number of sex-linked variations which are in-
herited in this same curious fashion. Among them may be
mentioned color blindness and bleeding (haemophilia), which

TABLE 22
REectProcAL Crosses or WHITE-EYEp axp YELLow-Boboiep FLies
Male Female Male Female
P Yellow-red X Gray-white Gray-white X Yellow-red
Fi  Gray-white Gray-red Yellow-red Gray-red

Fas 1Gray-white: 1 Gray-red: 1 Gray-white: 1 Gray-red:
1 Yellow-red 1 Gray-white 1 Yellow-red 1 Yellow-red

occur chiefly in males, but are never transmitted by males to
their sons but only through their daughters to their grand-
sons.

Morgan and his pupils have described between forty and
fifty characters in Drosophila which are sex-linked in hered-
ity; they also have discovered a large number of other
Mendelizing characters in Drosophila which are nof sex-
linked but which nevertheless are inherited in groups, char-

M) ..‘(Q

Fic. 118. Drawing showing the four pairs of chromosomes seen in the
dividing egg-cell of Drosophila. (After Dr. C. W. Mets.)

~ acters in the same group showing coupling when introduced

in a cross from the same parent, and repulsion when intro-
duced from different parents. The number of these groups
exactly corresponds with the number of the chromosomes and
Morgan believes that their genes are located in the chromo-
somes, an hypothesis which seems reasonable but which
would be severely strained if an additional group of characters
should be discovered. There are three groups of the non-sex-
linked characters. (See Fig. 119.) In one of these referred
to as Group II (the sex-linked group being called Group I),
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are found variations known as black body and vestigial wings
respectively, together with some twenty-five other variations.
In Group III are found the variations known as pink eye,
spread wings, and ebony body, together with some twenty
other variations. In Group IV are included as yet only
two characters, bent wings and eyeless, which however show
linkage with each other.

Morgan has attempted to measure the strength of the
linkage which exists between two characters lying in the same
group, using for this purpose the number of cases in which
the two characters go together in gamete formation as com-
pared with the number of cases in which they separate from
each other, one presumably * crossing over >’ to a different
chromosome. The percentage of cases in which the charac-,
ters remain together is taken to indicate the strength of the
coupling between the characters. Thus when a cross is made
between a white-eyed yellow-bodied fly and flies of a wild
race, the F, females are like the wild parent in appearance
but are heterozygous both for white eye and for yellow body.
Their gametes should be of four sorts equally numerous, if
no coupling occurs, transmitting the characters yellow-white,
yellow-red, gray-white, and gray-red respectively. Mating
of such F, females with a double recessive male (yellow-white)
should produce flies of these four sorts, all equally numerous.
But according to Morgan’s observations what is actually pro-
duced is:

Non-crossovers Crossovers
Yellow-white. Gray-red. Yellow-red. Gray-white.
49.5% 49.5% 05% 0.5%-
9% 1%

Since crossovers occur in only about 1 per cent of all cases,
the linkage is said to have a strength of 99 per cent.

In a cross in which white and yellow enter from different
parents the repulsion is found to be of the same miagnitude
as the coupling in the foregoing case, viz., 99 per cent. The
classes obtained in that case upon back-crossing F, females -
with double recessive males are as follows:
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Noi Crossovers
Yellow-red.  Gray-white. Yellow-white.  Gray-red.
49.5% 49.5% 0.5% 05%
9% 1%

In this case those classes are largest which were smallest in
the previous cross. Evidently no particular combination of
these characters is more easily formed than another. The
relationship of the characters in the gametes entering the
cross determines in ninety-nine cases out of a hundred their
relationship in the gametes emerging from the cross. Hence
we may call the strength of the linkage between these char-
acters 99 per cent.

Morgan finds that when two characters which are closely

.coupled with each other belong to the same group as a third
character, each of them has about the same amount of
coupling with that third character as the other does. He
assumes that the genes for a group of characters among which
coupling exists are scattered along the length of the same
chromosome and that the closer two genes are to each other,
the stronger will be the coupling between them. On this
basis he has made diagrams of the relative positions of certain
characters in the four pairs of chromosomes of Drosophila.
From these it is possible to predict what the strength of the
coupling of each character will be with every other character
in the group, and Morgan states that these predictions are so
far realized in specific cases that he feels great confidence in
the correctness of the hypothesis.

From an inspection of Morgan’s chart of the X-chromosome
(Fig. 119 left), it may be predicted that the coupling between
white and any of the characters, vermilion, miniature, and
rudimentary, will be in the long run about one per cent
greater than the coupling of the same characters with yellow,
since white lies nearer to them; further that miniature will
show a stronger coupling with vermilion than with rudimen-
tary, while its coupling with white and with yellow will be
less than with either of the two others. If predictions such
as these are justified by further experiments, the theory of
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linear arrangement of the genes may be considered very
firmly grounded. It is, however, clear from Morgan’s own
writings that he has not found these linkage strengths en-
tirely devoid of variation, since he has found it necessary to
hypothecate factors affecting the strength of linkage (as for
example “ little crossover ”’ in Group II), in order to explain
such variations. It is entirely conceivable that the arrange-
ment of the genes as well as their linkage strengths may
prove to be variable, and that arrangements not linear may
be compatible with observed inheritance ratios.



CHAPTER XVIII

DROSOPHILA TYPE AND POULTRY TYPE OF SEX-LINKED
INHERITANCE. OTHER CASES OF LINKAGE AND
THEIR EXPLANATION

1. Drosophila type. The same type of sex-linked inheri-
tance which is found in Drosophila is found also in man, in
cats (inheritance of yellow color), and in the plants, Lychnis

F1G. 120, Sex-linked inheritance of barred and of unbarred (black) plumage in poultry. P, parents,
barred male, unbarred female; Fy, barred males and females; Fi, males all barred, females in equal
numbers barred and unbarred. (After Morgan.)

and Bryonia. The essential feature of this ‘ Drosophila
type ” of inheritance is this. In a race breeding true for a
sex-linked character, the female is homozygous for the

character in question while the male is heterozygous and in-
164
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capable of becoming homozygous. Reciprocal crosses with
such a race give unlike results, because the female transmits
the character to all her offspring, but the male transmits it
to only half his offspring, viz., the females.

2. Poultry type. Another type of sex-linked inheritance
exists in which the sex relations are exactly reversed. This
was first observed in the moth, Abrazas, but more familiar
cases occur in poultry, for which reason it may be called the
poultry type of sex-linked inheritance. Here the male is the

L 4
b 4
.4

F1a. 121. Reciprocal cross to that shown in Fig. 120. P, parents, unbarred male, barred female; Fi,
barred males, unbarred females (criss-cross inheritance); Fs, barred and unbarred birds equally nu-
merous in both sexes.

J

Fa

homozygous sex, the female being heterozygous. This condi-
tion is found in moths and in certain birds, viz., in domestic
fowls, pigeons, ducks and canaries. As an example we may
take the inheritance of the color pattern, barring, in crosses of
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barred Plymouth Rock fowls. In reciprocal crosses between
pure-bred barred Plymouth Rocks and black Langshans
(or any other unbarred breed), the results are not identical. If

TABLE 23
RecrprocAL Crosses OoF BARRED AND Brack Breens oF Fowis
Male Female Male Female
P Barred X Black Black "X . Barred
F: Barred Barred Barred Black
F; Barred 1 Barred: 1 black 1 Barred: 1black 1 Barred: 1 black
See Fig. 120. See Fig. 121.

the barred parent is the male (Fig. 120 and Table 23), all F,,
offspring are barred and in F, all males are barred, but half the
females are black and half are barred. If, however, the barred
parent is the female (Fig. 121 and Table 28), all F, males are
barred, but all F; females are black. In F; barred birds and
black birds occur in both sexes. These curious facts, which
have been repeatedly verified, suggest the occurrence of a
vehicle of inheritance which is duplex in males but simplex in
females. What this is we do not know. No chromosome has
been found which has a distribution of this sort in fowls, but
it is possible that some chromosome component, or other cell
constituent, has such a distribution and may be the actual
vehicle of inheritance in such cases. The most important
character economically, which appears to be affected by some
sex-linked factor in poultry, is fecundity. Pearl has shown
that when reciprocal crosses are made between Cornish
Indian games, a poor breed for winter egg production, and
barred Plymouth Rocks, a fairly good breed for winter egg
production, the F, females in each case resemble the father’s
race more strongly than the mother’s race as regards egg-
production. Pearl did not maintain, however, nor do his
experiments suggest, that the inheritance of fecundity de-
pends exclusively upon a sex-linked factor.

8. Other cases of linkage. The fact has been pointed out
that in Drosophila there are four groups of linked characters,
that is characters which have a tendency to go together in
heredity, when they are introduced in the same gamete, or
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to show repulsion for each other when introduced by differ-
ent gametes. In the case of one only of these groups the
inheritance is unequal through the two sexes, viz., in Group
1, the group of so-called sex-linked characters. In the other
three groups of -characters both sexes are alike in ability to
transmit. The phenomenon of linkage of characters is a
much commoner one than that of sex-linkage. Indeed the
latter is only a special case of the former, one in which the
material basis of heredity is unequally represented in the
two sexes. '

The first recorded cases of linkage were observed by Bate-
son and his associates in sweet peas, in which two groups of
linked characters occur. In one of these, the following char-
acters are linked: (1) shape of pollen grains (long or round),
(2) color of flower (purple or red), and (8) form of standard
(erect or hooded). The other group of linked characters in-
cludes: (1) color of axil (dark or light), (2) character of an-
thers (fertile or sterile), and (8) character of flower (normal or
“cretin ’). The phenomena were at first described under
the names of “ coupling >’ when the characters were intro-
duced together, and of “ repulsion > when introduced sepa-
rately, but Morgan’s interpretation gives a single explanation
which accounts sufficiently for both. In the first observed
cases the linkage seemed to be of such strengths as to give
one of the following dihybrid gametic series:

AB Ab aB ab
s : 1 : 1 : 8,
7 : 1 : 1 H 7, or
15 : 1 1 15!

But other ratios have since been described, such as 2:1,
8:1, 4:1, 5:1, 13:8, 63:1, 127:1, etc. Bateson and his col-
leagues have sought to explain the inequality of the several
gametic classes as the result of unequally rapid cell-divisions
following segregation, so that more gametes of one sort than
of another would result. This affords a satisfactory formal

1 In Morgan’s system the linkage would be expreased in these cases respectively
as 75 %, 87.6% and 98.75%. If no linkage existed, all four classes would be equal.
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explanation, but runs counter to the fact that in animals
at least, segregation occurs at cell divisions which immedi-
ately precede gamete formation.

Cases of linkage (not sex-linkage) have been demonstrated
also in garden peas, primroses, snapdragens and stocks
among plants, and in silkworms and rats among animals.
The cases observed among silkworms (between cocoon-color
and color markings of the larva) are interesting because here
crossing-over occurs only in males, notwithstanding the fact
that the inheritance is not sex-linked, whereas in Drosophila
crossing-over occurs only in females, whether the characters
are sex-linked or not. In the single case of linkage demon-
strated for the rat (between red-eyed yellow and pink-eyed
yellow), crossing-over occurs in both sexes, that is both in
maturation of the egg and in the formation of sperms. The
same is true in sweet peas and probably in other plants
(Punnett, 1913).



CHAPTER XIX

SEX DETERMINATION

CERTAIN facts presented in an earlier chapter show that there
is a close connection between sex-linked inheritance and sex
determination, since only male-determining gametes or only
female-determining gametes are able to transmit sex-linked
characters in particular crosses. We must now consider more
fully the facts and theories of sex determination. In all the
higher animals and plants a discontinuous variation occurs
as regards sex, every individual being either male or female.
The distribution of males and females in successive genera-
tions presents many analogies with Mendelian inheritance.
This idea occurred to Mendel himself, as is shown in his post-
humously published letters. Bateson suggested it independ-
ently in 1902, and this idea was more fully elaborated by
Castle (1903). The view is now generally accepted that a
factor concerned in sex determination is in all the higher
animals and plants inherited in accordance with Mendel’s
law. What in such cases is the distinction between male and
female individuals ?

The essential difference between a female and a male indi-
vidual is that one produces eggs, the other sperm. All other
differences are secondary and dependent largely upon the
differences mentioned. If in the higher animals (birds and
mammals) the sex glands (2. e., the egg-producing and sperm-
producing tissues) are removed from the body, the superficial
differences between the sexes largely disappear. In insects,
however, the secondary sex characters seem to be for the
most part uninfluenced by presence or absence of the sex
glands. Their differentiation occurs independently, though
simultaneously, with that of the sex glands.

The dependence of secondary sex differences upon the
presence of the gonads acting through secretions (hormones)

169
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is clearly shown in mammals and birds by the experimental
work of Steinach and Goodale. The former castrated imma-
ture male rats and guinea-pigs and then introduced into the
bodies of the castrated males ovaries of the female of the
same species. These became established and caused remark-
able changes in the castrated animals. Their mammary
glands, which are rudimentary in the male, became greatly
enlarged. The body remained small as in females and the
fur soft. Their behavior too was more like that of females
than of males.

Goodale (1916) performed a similar experiment on male
brown Leghorn chicks with like results. (See Fig. 122.)
Goodale (1911%, 1918) found also that mere removal of the
ovaries from female birds (hens and ducks) causes them to
assume, to a considerable extent, the quite different appear-
ance of males and that castrated males fail to develop many
of the normal male characteristics. It is accordingly clear
that some secretion of the ovary normally acts as an inhibitor
against the development of male plumage in birds, and that
in males a secretion of the testis is necessary for full develop-
ment of the secondary sex characters.

In male sheep a secretion of the testis seems to act as
a stimulant to horn development, for male sheep regularly
have larger horns than females (Fig. 97) and in some breeds,
for example the merino, males only have horns. (See Figs.
101 and 108.) Castration of the male in such breeds results
in hornlessness.

Finally Lillie (1916) has shown that in cattle hormones
in the blood of the developing male, if allowed to enter the
circulation of the developing female, so interfere with the
growth of the ovary as to render its possessor sterile. This
is the explanation of the * free martin,” a sterile female calf
born as a twin to & male calf. The twins in this case begin
their development, each from a separate fertilized egg, but
become later so closely crowded together in the uterus of the
mother that their foetal blood vessels unite, allowing the
blood from one embryo to pass freely over into the other.



Fio. 122. Effectsof ] or t 1 ion of sex glands in Brown Leghorn fowls. 1and 2. Normal
male and female respectively. 8. Feminized male. At an early age the testes were removed and re-
placed by ovaries. 4. Castrated male, three years old. Notice undeveloped comb and wattles, but
characteristic male backle feathers, tail fulhzra and spurs. 5. Castrated female. Notice well-developed
«comb and wattles but ch. ristic f p (After Dr. H. D. Goodale.)
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A sterilizing influence on the female results, the ova in the
body of the female embyro failing to grow, but no reciprocal
influence on the male has been noted, nor is the sex of the
female changed but merely her sexual development repressed.

The egg or larger gamete (the so-called macro-gamete) in
all ‘animals is non-motile and contains a relatively large
amount of reserve food material for the maintenance of the
developing embryo. This reserve food material it is the func-
tion of the mother to supply. In the case of some animals,
for example flatworms and mollusks, the food supply of the -
embryo is not stored in the egg-cell itself, but in other cells
associated with it, which break down and supply nourish-
ment to the developing embryo derived from the fertilized
egg. Again, as in the mammals, the embryo may derive its
nourishment largely from the maternal tissues, the embryo
remaining like a parasite within the maternal body during
its growth, feeding by osmosis. But in all cases alike the
mother supplies the larger gamete and the food material
necessary to carry the zygote through its embryonic stages.
The father, on the other hand, furnishes the bare hereditary
equipment of a gamete, with the motor apparatus necessary
to bring it into contact with the egg-cell, but without food for
the developing embryo produced by fertilization. The
gamete furnished by the father is therefore the smaller
gamete, the so-called micro-gamete.

From the standpoint of metabolism, the female is the more
advanced condition; the female performs the larger function,
doing all that the male does in furnishing the material basis
of heredity (a gamete), and in addition supplying food for the
embryo. As regards the reproductive function, the female is
the equivalent of the male organism, plus an additional func-
tion, — that of supplying the embryo with food. When we
come to consider the structural basis of sex, we find, often in
differences in chromosome number, reasons for thinking that
here, too, the female individual is the equivalent of the male
plus an additional element. The conclusion has very nat-
urally been drawn that if a means could be devised for
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increasing the nourishment of the egg or embryo, its develop-
ment into a female should be thereby insured, while the
reverse treatment should lead to the production of a male.

In a few cases it has been found possible by indirect means
to control the state of nutrition of the egg and so to control
the sex of the individual which develops from it. Thus in the
rotifer, Hydatina senta, parthenogenetic eggs of two sorts
are produced, which are either male-producing or female-
producing, the former being smaller. Whitney has shown
that when a colony of Hydatina is fed for a generation exclu-
sively on the green flagellete, Dunaliella, practically all the
mothers lay male-producing eggs, but a continuous diet of
the colorless flagellate, Polytoma, leads to the production of
female eggs. The effect in each case is seen not in the first
generation, but in the second generation of offspring. The

_female fed on Dunaliella has grandsons; the female fed on
Polytoma has granddaughters. The diet of the mother is
immaterial.

In pigeons, eggs are produced in clutches of two each, and
in wild species these commonly develop, one into a male, the
other into a female. Riddle has shown that the female-pro-
ducing egg is the larger of the two and contains the larger
amount of potential chemical energy. If the eggs are re-
moved from the nest as fast as laid, the female is induced to
lay a larger number of eggs than she would otherwise have
laid and the majority of these are female-producing. Toward
the end of the season nothing but females may come from
eggs the production of which is forced in this way.

In such cases sex is subject to a certain amount of control
through the state of nutrition of the egg itself. But, neither
in this case nor in that of most other animals is the state
of nourishment of the single eggs directly affected by nourish-
ment of the mother.

In certain cases (Daphnia) poor nutrition of the mother
may diminish the number of eggs which she liberates, without
increasing the proportion of males among the offspring pro-
duced, since nourishment of the individual egg is not lessened,
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for the eggs under such circumstances resort to cannibalism,
devouring one another, and those which survive are fully
nourished.

Attempts to influence the sex of an embryo or larva by
altered nutrition of the embryo or larva itself have proved
equally futile. Practically the only experimental evidence of
value in favor of this idea has been derived from the study of
insects, and this is capable of explanation on quite different
grounds from those which first suggest themselves. It has
" sometimes been observed, as by Mary Treat for example, that

a lot of insects poorly fed produce an excess of males. In
such lots, however, the mortality is commonly high, and more
females die than males, because the female is usually larger
and requires more food to complete her development.

A delayed fertilization of the egg has in certain cases,
notably frog’s eggs, been shown to increase the percentage of
male offspring. This is not due to any change in the sper-
matozoa, as experiment clearly shows, but merely to the rela-
tive staleness of the egg. If the fertilization of the frog’s egg
is delayed three or four days after its passage into the uterus,
‘more male offspring occur. It is probable that in such cases
a tendency of the egg to develop parthenogenetically (known
to characterize frog’s eggs) has gone so far that the sperm
merely causes parthenogenetic development of the egg, in
which case we might expect only males to be produced, the
egg being simplex in chromosome number, in consequence of
a reduction division. Loeb has actually produced meta-
morphosed frogs from unfertilized eggs which had been
stimulated to development by the prick of a needle, and in

two cases studied histologically the animals were found to
be males.

In a great many animals, possibly in all, the chromosome
composition of the individual’s cell-nuclei bears an interest-
ing relation to its sex. Thus in bees, ants, wasps, and related
insects, as well as in small crustacea and rotifers, only females
develop from fertilized eggs, ¢. e., from zygotes, whereas males
develop from unfertilized eggs which have the nuclear con-
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stitution of gametes, and which, in some cases at least, are
capable of actually functioning as gametes. It would seem
that in such cases the female must have a duplex chromosome
composition, since two gametes have united to produce it,
whereas the male can be only simplez, since he represents
a developed gamete.

The case of the honeybee affords a familiar example. The
mother bee, or “queen” of the hive, lays eggs which are
capable of development either with or without fertilization.
The mother is able to produce or to withhold fertilization
according to circumstances, for she has in a sac connected
with the oviduct a supply of sperm received at mating. The
eggs pass the outlet of this sac as they are laid. The outlet
of the sac is controlled by muscles which relax when an egg
is to be fertilized, permitting sperm to come in contact with
the egg, but closing the outlet tightly when the egg is not to
be fertilized. Fertilized eggs are laid in cells of the regular
size in the wax comb, but unfertilized eggs are laid only in
cells of a larger size known as drone cells. The fertilized eggs
develop into females, even if they are moved from ordinary
cells to drone cells; but the unfertilized eggs produce males,
even if they are transferred to cells of ordinary size, in which
case, however, they will become small-sized drones because
of the limited amount of space in which they complete their
growth. Fertilized eggs developing in cells of ordinary honey-
comb size produce female bees with imperfectly-developed
sex organs, known as workers. They are the individuals that
gather honey and pollen and feed the young of the colony.
A fertilized egg, which produces a larva that receives special
care and nourishment and develops in a cell of unusual size,
gives rise to a queen, a fully developed female capable of mat-
ing and laying great numbers of eggs, but without the struc-
tural peculiarities or instincts of workers. From these facts
it will be clear that, in the bee, fertilization determines sex,
though environment (size of cell, food of the larva) may de-
termine many other characteristics of the individual. As
regards their origin, the female is a zygote produced by the
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union of two gametes, the male is derived from ‘a gamete
developing by itself. So far as chromosome constitution is
concerned, the female is duplex, the male simplex.

In small crustacea, and rotifers, the case is slightly differ-
ent. The female here, too, is duplex and the male simplex,
but the conditions of their origin are less simple, for the
mother here produces three different kinds of eggs. The first
kind never passes into the simplex state of ordinary gametes,
but retains the duplex number of chromosomes, omits the
reducing cell-division, and begins development at once un-
fertilized and duplex. It forms a female, like the mother in
all respects. The other two types of eggs undergo reduction
and pass into the condition of gametes, with the simplex chro-
mosome number. They differ in size. The smaller-sized egg
develops unfertilized into a male (simplex) individual, which
forms simplex sperm just as the male bee does, by omitting
a reduction division in spermatogenesis. The larger-sized egg
(winter egg) is incapable of further development without the
stimulus of fertilization. When fertilized, it develops into a
female individual, since in consequence of fertilization it con-
tains the duplex chromosome number.

The cases of bee and rotifer agree in this, that the female
regularly has the duplex chromosome condition, the male the
simplex condition, a difference completely parallel with that
between Oenothera Lamarckiana (which has fourteen chro-
mosomes) and its mutant gigas (which has twenty-eight).

In plant lice the difference between the sexes as regards
chromosome number is not so great. Here the female merely
has one or two chromosomes more than the male, recalling
the mutant Oenothera lata, which has one more chromosome
than the parent species, Lamarckiana. The male however
in plant lice develops from an unfertilized egg, partially re-
duced in chromosome number. The female arises either from
an egg unreduced and so with the full duplex number of
chromosomes, and which develops without fertilization into
a female, or from a reduced egg (a true gamete) which has
been fertilized and thus brought back to the duplex condition.
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If one were inclined to be facetious, he might say that in all
these lower animals, duplicity is synonomous with femaleness,
stmplicity with maleness!

It should be noted in passing that among plants as well as
among animals, an unfertilized gamete may undergo multi-
phcation and growth while in the simplex, reduced condition.
The ordinary fern plant is a zygote with a duplex chromo-
some number. But it produces reproductive cells (spores)
containing the reduced (simplex) chromosome number, and
these after growing into a small inconspicuous little plant,
known as a prothallus, produce the functional gametes (egg
and sperm-cells) without further reduction. "Union of these,
egg with sperm, produces duplex zygotes again, which
develop into the ordinary fern plant.

In many animals in which males and females alike arise
from fertilized eggs, there occurs nevertheless a difference in
chromosome number between males and females, the female
always containing the higher number, as in the partheno-
genetic plant lice. One of the best-known cases is that of
the common squash bug, Anasa tristis, first worked out by
E. B. Wilson, but since fully confirmed by the observations
of others. In this animal the body-cells of the female contain
twenty-two chromosomes, those of the male twenty-one.
Historically this is a famous case, the first one in which the
mechanism of sex determination was definitely ascertained.
The egg, according to Wilson, always undergoes reduction to
the simplex chromosome number, eleven. But reduction in
the male is less simple because the male contains an odd
number of chromosomes, viz., twenty-one. All the sperm
cells cannot receive the same number of chromosomes at the
reduction division, unless the odd chromosome splits, but this
it refuses to do. The division occurs into cells with eleven
chromosomes, and those with ten. Both metamorphose into
sperm cells. The 10-chromosome sperm cells, if they ferti-
lize an egg, cause it to develop into a male, since Egg 11 +
Sperm 10 = 21, the number characteristic of the male. But
the 11-chromosome sperm fertilizing an egg causes it to
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develop into a female, since Egg 11 4 Sperm 11 = 22, the
female number. The first man to suggest a relation between
the odd chromosome and sex determination (McClung) sup-
posed of course that the extra chromosome must go to pro-
duce a male, the more important sex, and he called it a male
sex-determining chromosome, but it turned out otherwise. The
extra chromosome is really a female sex determinant. When
_ a difference exists between the sexes in chromatin content,

it is regularly the female that has the larger supply. The
significance of this we may inquire into further.

In some cases, several of which are described by Morgan,
the number of chromosomes is found to be the same in both
sexes, but one of the chromosomes in the female is regularly
larger than the corresponding chromosome in the male. This
indicates that the female, in this case also, contains some
chromosome element not found in the other sex.

But Wilson and his pupils have shown that in species in
which the female contains two X-chromosomes and the male
one such chromosome, a new chromosome may appear in the
male, a so-called Y-chromosome, which the female does not
normally possess. What its precise function is has not yet
been ascertained.

Finally, in many animals no difference has been detected
between the chromosome composition of the two sexes, but
this does not preclude the existence of such a difference, even
though it has not yet been discovered.

To summarize the foregoing, there are many known facts
which support and none which contradict the idea that the
female has a greater chromatin content than the male and,
either by reason of this fact or independently of it, has
greater anabolic activity in reproduction, producing macro-
gametes, gametes stored with food. Micro-gametes, those
not stored with food but generally possessed of locomotive
ability, are the distinctive product of males.

Morgan (1918) assumes that the chromatin element, which
occurs in the female but not in the male, is the specific cause
of femaleness, that is, of egg production, and so speaks of the
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odd chromosome (when this occurs) as a sex-chromosome, or
an X-chromosome. But a moment’s reflection will show (as
Morgan himself once suggested) that quantity of such sub-
stance may be quite as influential as quality in determining
sex, since by hypothesis one X-chromosome produces a male
and two X-chromosomes a female, in species such as the
squash bug. The essential thing in sex determination is
probably not so much the possession of some particular sort
of material as the attainment of a particular grade of ana-
bolic capacity, femaleness implying a higher grade than male-
ness, since in the former condition macro-gametes are pro-
duced, whereas in the latter micro-gametes are produced.

That maleness and femaleness are only different grades of
reproductive capacity is indicated by a study of organisms
in which the two functions are combined. In many of the
lower animals and in most of the higher plants, the same in-
dividual is capable of producing both macro-gametes and
micro-gametes. Sometimes these are produced simultane-
ously but in separate gonads, as in flatworms and leeches
among animals, and in “ perfect ” flowering plants. Such.
parents are true and simultaneous hermaphrodites. Some-
times the individual may function at first as a male and later
as a female, a condition known as successive hermaphro-
ditism. This is found in certain worms and mollusks and in
the prothallia of certain ferns and mosses. This condition is
also approached in flowering plants such as cucumbers,
melons, and squashes, which at first produce only male blos-
soms but later produce those of both sexes. In other cases
the individual may function chiefly as of one sex but partially
as of the other sex. This condition is found in polygamo-
dioecious plants and exceptionally in such animals as cray-
fish, mollusks, worms, and even frogs and fishes, which, in a
particular part of an ovary may develop sperms, or in a
particular part of a testis may develop eggs.

Such facts as these indicate that maleness and femaleness
are merely different grades of one and the same form of repro-
ductive activity. This is not inconsistent with their behavior
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as Mendelian alternatives in heredity, for in color inheritance
different grades of pigmentation, of spotting, ete., frequently
behave as Mendelian allelomorphs. So probably different
degrees of sexual distinctness behave in heredity, for in the
plant, Lychnis, Shull has shown that femaleness is allelo-
morphic not only with maleness but also with hermaphro-
ditism, the three conditions being triple allelomorphs.

In certain bryophytes it has been shown by the Marchals
that differentiation, as regards sex, occurs at the formation of
the sexual spores, some of which produce male prothallia,
others female prothallia, ynder the same environmental con-
ditions. It is certain that in this case, as in so many animals,
differentiation as regards sex occurs with a reduction division
of the nucleus. In a liverworth, Thallocarpus curtisii, it has
been shown by F. McAllister (Science, December 17, 1915,
p. 879) that the four spores of a tetrad, . e., the four spores
derived from a single sporogenous mother-cell, produce, on
germinating, two male and two female plants. The same
mother-cell in this case clearly contained both sex potentiali-
ties, which in the following cell divisions segregated from each
other, a perfect analogy with Mendelian inheritance.



CHAPTER XX

ARE UNIT-CHARACTERS CONSTANT OR VARIABLE ?

IN some of the preceding chapters we have considered facts
which show to what a large extent the varieties of animals and
plants formed under domestication owe their origin to dis-
continuous variations or sports, which, by reason of their
Mendelian behavior in heredity, may be combined in various
ways through the agency of hybridization. It is a question of
much interest, both theoretical and practical, whether these
sports or unit-character variations, are entirely stable or
whether they themselves are subject to variation. For if a
unit-character is not variable, we can only vary the combi-
nations into which it enters, the character itself being un-
affected. But if a unit-character is variable, it is important
to know whether its variation is continuous or discontinuous.
For if it varies by distinct steps only, that is discontinuously,
it would be a waste of time to try by selection to establish
any other conditions than those which arise spontaneously,
by ““ mutation ”’ as De Vries would say.

The mutation idea has greatly weakened the faith of biolo-
gists in selection. Darwin had great confidence in the power
of selection gradually to modify the characteristics of races.
Practical breeders of animals and plants have always worked
by this means, and Darwin based his views concerning the
efficacy of selection largely on the results of their experience.
But breeders do not confine their attention to the propaga-
tion of variations which they have seen arise spontaneously.
They often form ideals of uncreated varieties and then work
zealously for the production of these. Some of these ideals
may be unattainable, but too many of them have been real-
ized to make us think that all work of this sort is fruitless.
Today animal breeders hold among their unrealized ideals,
a tri-color variety of mouse; a blue variety of fowl which will

180
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breed true, as blue pigeons do; a race of barred Plymouth
Rock fowls of the same color in both sexes. These ideals the
student of genetics says are unattainable and he can give good
reasons for so regarding them. Nevertheless breeders will
doubtless continue to try for them and it is hardly safe to say
that success is impossible. Most advances in practical affairs
are made by those who have the courage to attempt what
others with good reason think unattainable. 'When such
attempts have succeeded, the world simply revises its classifi-
cation of things attainable and unattainable, and makes a
fresh start.

Many students of genetics at present regard unit-characters
as unchangeable. They consider them as impossible of modi-
fication as are the atoms. To recall Bateson’s comparison,
the carbon and oxygen of carbon monoxide, CO, are each
unchangeable. Adding another atom of oxygen does not
alter them, though it changes radically the compound formed
which becomes carbon dioxide, CO;, possessed of very differ-
ent properties. But the carbon and the oxygen are still there,
unaltered and recoverable. This question is one of great
practical importance, — are unit-characters.as constant as
atoms, so that we can merely recombine them, or are they
different in nature from atoms so that we can modify as well
as recombine them. A priort we should expect them to be
less stable, because more complex; nevertheless the proof of
the pudding is in the eating and we can only learn by experi-
ment whether they are stable or not. For several years I have
been investigating this question, and the general conclusion
at which I have arrived is this, that unit-characters are modi-
fiable as well as recombinable. Many Mendelians think
otherwise, but this is, I believe, because they have not

_studied the question closely enough. The fact is unmistak-
able that unit-characters are subject to quantitative variation.
The unit-character difference between black guinea-pigs and
white ones is very clear, yet some black guinea-pigs are
blacker than others, and some white guinea-pigs are whiter
than others. A wild guinea-pig which has simply lost the
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agouti factor is nowhere near as black as our best varieties of
tame black guinea-pig, yet both represent black mutations
arrived at by the same factorial process, loss of the agouti
factor. The tame blacks, I think, have been further greatly
intensified in some way. Yellow races also occur among
guinea-pigs in domestication, some of which are much darker
and others much lighter than the yellow pigment found in
any wild species of cavy. Have we in these dark and light
races the result of mutation or of selection ? I think these
extremes are the result of selection, that a coal-black guinea-
pig did not arise originally as a sport, but was only secured
after much patient selection, which began when the breeder
observed that his blacks varied in intensity and he com-
menced selecting those which were blackest. Selection in the
reverse direction, for paler blacks, 1 have found quite
effective. '

Albinism was the first discovered Mendelizing character in
animals and it has usually been considered to be without
variation, but a more careful study of albinos shows that this
is not true. Among rabbits we can recognize two kinds of
albinos, those with some color (Himalayans), and those with-
out any color (pure white). The two Mendelize with each
other in crosses, but do not give reversion to colored forms.
They differ from colored races by the same factor, but in
different degrees of that factor. Professor Punnett assumes
that a factor is always one thing in degree as well as in kind,
and so considers it necessary to assume that a modifier has
become coupled with the albino factor in the Himalayan race,
that is, has become inseparably united with it. But we have
no evidence that such is the case and so the suggestion may
safely be disregarded until such time as the modifier can be
uncoupled from the albino character and re-introduced from a
colored race, thus making the Himalayan by synthesis from
the pure white race.

In guinea-pigs we find albinos never entirely white but
always showing traces of pigmentation, particularly at the
extremities, varying from this condition to one in which the




Fia. 123. Fluctuations of a dominant form of white q)ottmg found in English rabbits. 'l‘bepletmnt the left in
the middle row shows the hnﬂu- s |dul The plus md minus variations of pigmentation are in part bereditary
and are ble of ion upo d sel The upper four figures show black pigmented animals;
the lower left figure shows s dllute bhck (blue) animal; the lower right, a gray (agouti-marked black). (After
Castle and Hadley.)
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fur is very dark and the eye colored, though in both cases
only black or brown pigments are produced, never yellow.
This extreme condition (known as red eye) behaves in crosses
merely as a different formor gradeof albinism, alternative (like
ordinary albinism) to full pigmentation. A pale condition of
the fur, in which pale pigments are formed of all the funda-
mental colors, black, brown and yellow, is a fourth alternative
condition of the color factor in guinea-pigs. In crosses it be-
haves as the Mendelian alternative or allelomorph of any one
of the other three conditions, intense coloration, red eye, and
ordinary albinism. Since each of the four allelomorphic
conditions itself varies quantitatively, it seems likely that
other conditions intermediate between those mentioned
could be established by careful selection, and that by this
means any desired shade of pigmentation between the deep-
est black and the purest white could be secured.

The agouti factor of rodents is a clearly defined unit-
character which nevertheless shows considerable variation.
In mice, the following forms are simple allelomorphs of each
other with dominance in the order given, as shown by
Cuénot and confirmed by Morgan: yellow, light-bellied
agouti, ordinary agouti, non-agouti. Variations comparable
with the last three of these and with the same order of domi-
nance occur among guinea-pigs (Detlefsen). In rabbits,
ordinary gray and black-and-tan are alternative forms of
agouti, while each is the allelomorph of non-agouti. Inter-
mediate conditions occur as fluctuations, which are discrimi-
nated against in the standards of fanciers and so are rarely
seen at shows, but if the standards called for these inter-
mediates, no doubt selection would soon increase their fre-
quency and range. '

In Mendelizing color patterns produced by white spotting,
the variability of unit-characters is particularly well shown.
The English pattern (Fig. 123) and the Dutch pattern of
rabbits are quantitatively quite variable. It is hard to breed
a prize winner in one of these varieties, t. e., an individual
which has just the right amount of white. The same is true
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of white spotting patterns in guinea-pigs and mice. In rats
a very definite pattern results from white spotting, which
forms one of the clearest of known examples of a sharply
segregating unit-character. (See Fig. 124.) Thisis the pattern
found in ‘“ hooded ” rats, which have head and shoulders
covered with a pigmented hood sometimes extending as a
narrow stripe along the middle of the back. In crosses with
entirely pigmented races, such as wild rats, the hooded pat-
tern is recessive. An F, generation of one thousand four

F1o. 124. TInheritance of a recessive pattern of white spotting seen in * hooded " rats. The parents
(at the left) are a homozygous hooded mother and a heterozygous * Irish ”* father (black with white
belly). An entire litter of their young is shown at the right. Four are homozygous hooded like the
mother, five are heterozygotes like the father. Note fluctuation in both classes. Such fluctuations
are found to be in part heritable.

hundred and eighty-three individuals derived from such a
cross contained four hundred and ninety-three, or 24.9 per
cent of hooded individuals.

The extracted recessives frequently have either more or
less extensively pigmented bodies than their hooded grand-
parent and are not entirely uniform among themselves. In
fact a family of hooded rats is never entirely uniform, no
matter how closely selected and inbred. They produce only
hooded young, when mated with each other, but some possess
relatively more white than others. In order to learn whether
these quantitative differences in the hooded character are
hereditary, selection experiments were begun in 1907 upon
a small colony of hooded rats derived originally from less
than a dozen individuals. The blackest rats (<. e., those with
most extensive black areas) were chosen to start a plus
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selection series, and the whitest rats (2. e., those with least
extensive black areas) were chosen to start a minus selection
series. From the offspring of the plus selected parents the
blackest were again chosen, and from the offspring of the
minus selected parents the whitest were chosen, and this
process was repeated in each generation. Sixteen successive
selections have thus far been made in the plus series, and
seventeen in the minus series. The plus series has become
steadily darker, the minus series lighter, until two very dis-
tinct races have resulted. In order to classify the young

F16. 126, A series of grades for classifying the plus and minus variations of the white

spotting pattern of hooded rats. .
more accurately and to express in more definite terms the
quantitative changes which have taken place in the hooded
character, each rat has been graded in terms of an arbitrary
scale of increased (plus) or decreased (minus) pigmentation
as compared with the original modal condition of the race
(zero condition). See Fig. 125.

The first plus selected parents were of mean grade + 2.51.
They produced one hundred and fifty young of somewhat
lower average grade than themselves, viz., + 2.05. (See
Table 24.) A second selection gave a similar result, but with
young of slightly lower mean grade, viz., + 1.92. With
each subsequent selection it was possible to raise the standard
of the selected parents, and in each case the grade of the
offspring has increased correspondingly. As a result of the
sixteenth selection, one thousand six hundred and ninety
young have been obtained every one of which is darker than
any hooded rat born in the series previous to the second
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selection. Accordingly the character of the entire race has
changed under selection. This change has come about gradu-
ally. Generation by generation, as the mean grade of the
parents has advanced, that of the offspring has advanced
in like measure but always lagging behind the grade of the
parents. With advance in the mean grade of the offspring
has gone advance in both the upper and the lower limits of
their variation. The amount of variability of each generation
of offspring as measured by its standard deviation has de-
creased to about three-fifths of its original extent but has
not changed materially in the last eight or ten generations
and there is no prospect of its declining further. The rate of
racial change has also not become less. Reversed selection
returns the race toward its previous condition at about the
same rate as the departure has taken place.

It seems clear from these observations that the hooded
character, though itself a simple Mendelian unit in heredity,
is subject constantly to slight quantitative variations which
are themselves to some extent hereditary. These quantita-
tive variations are grouped like continuous variations round
a mean the position of which may be altered gradually but
permanently by repeated selection.

A series of seventeen minus selections yielded results simi-
lar to those obtained in the plus selection series, but with a
movement of the mean and of the upper and lower limits of
variation in the opposite direction. (See Table 25.) In this
case a race has been secured whiter in nearly every individual
than any rats contained within the original race. The whitest
rats have only a few pigmented spots left on the body,
chiefly located on either side of the head close about the
eyes, ears and nose. In the plus selected series the blackest
rat obtained (grade + 5.87) was black all over except for the
presence of a few white hairs on the chest between the front
legs. No fancier would have thought of including it among
““ hooded ” rats, or even among “‘ Irish ” (white-bellied) rats;
fanciers would undoubtedly have classed it among * self ”
rats. There is apparently no limit to the quantitative change
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which can be produced in the hooded pattern by selection,
short of its complete extinction in the all white or all black
condition toward which our minus and plus selections respec-
tively are steadily tending. Yet there can be no doubt that
only a single genetic factor is here involved. A tentatively
adopted hypothesis that modifying factors were concerned in

TABLE 24

Resuvrs ofF THE PLus SeELEcTiION OF HOODED RAT8 CONTINUED THROUGH
SIXTEEN SUCCESSIVE GENERATIONS

Lowest Highest Standard
Generation | CPPLEoS” | S Otprng | o Gmade, . | of S | Demition of | "GEmnct

1 .51 2.05 + 1.00 + 8.00 54 150
2 2.52 1.92 - 1.00 + 8.756 a8 471
S .78 2.51 + .75 + 4.00 538 841
4 8.09 278 + .15 + 875 A7 444
5 3.33 2.90 + .75 +4.25 50 610
6 8.52 38.11 + 1.50 + 4.50 49 861
7 8.56 8.20 + 1.50 +4.75 55 1,077
8 8.75 8.48 + 1.75 + 4.50 44 1,408
9 8.78 8.54 + 1.75 + 4.50 85 1,322
10 8.88 8.73 +2.25 + 5.00 .36 776
11 8.98 38.78 + 275 + 5.00 29 697
12 4.10 3.02 + 2.25 + 5.25 81 682
18 4.18 8.94 + 275 + 5.25 34 529
14 4.14 4.01 + 2.75 + 5.50 34 1,359
16 4.8 4.07 + 2.50 + 5.50 .29 8,690
16 4.45 4.18 + 8.25 + 5.87 .29 1,690
16,107

it has been definitely disproved. Any finite number of such
modifiers would have been greatly reduced or eliminated
altogether by seventeen successive selections, yet no slowing
up is observable in the rate of change of the racial character
under selection either plus or minus. The changes effected
by selection show permanency under crosses with wild rats.
The selected races are changed by a wild cross no more than
an unselected hooded race is. A first cross of the selected
races seemed to show a partial undoing of the changes



188 GENETICS AND EUGENICS

produced by selection but a second cross made on a still
larger scale, involving over one thousand second generation
individuals, showed no further change of this sort, but in-
stead a return to about what the selected race would have
been had no crossing at all occurred.

The conclusion seems unavoidable that the single genetic
factor involved in this case has undergone quantitative

TABLE 25

Resurrs oF THE MiNUs SeLEcTION OF HoODED RaTs CONTINUED THROUGH
SEVENTEEN SUCCESSIVE GENERATIONS

Generation h:r;.g;‘de rfa‘km olxé'ﬂ%n‘ oll:()slg;?;:ng D?)!:‘}:’t}z“?; of N(;‘;::;nﬂn:'
1 — 1.46 - 1.00 + 25 — 2.00 51 85
2 — 141 —1.07 + .50 — 2.00 49 182
] — 1.56 — 118 0. — 2.00 48 195
4 — 1.69 —1.28 + .50 — 225 46 329
5 —1.73 — 141 0. - 2.50 .50 701
6 — 1.86 - 1.56 0. — 2.50 44 1,252
7 — 201 - 1.78 0. —R75 35 1,880
8 — 205 — 1.80 0. —2.75 28 1,726
9 —2.11 —1.92 - .50 — 275 28 1,591

10 —2.18 — 201 — 1.00 — 8.2 24 1,451
11 —2.30 — 215 — 1.00 — 8.50 .85 984
12 — 244 — 223 - 1.00 — 8.50 87 1,087
18 — 248 —2.39 - 176 — 8.50 34 1,006
14 — 2.64 — 248 - 1.00 — 8.50 .30 7
15 —2.65 — 2.54 - 175 — 8.50 .29 1,488
16 —2.79 — 2.63 — 1.00 — 4.00 27 1,980
17 — 286 — .70 - 175 —4.25 28 868

17,142

change under the influence of selection. If so, two founda-
tion postulates of the mutation theory are false, viz., (1)
that continuous or graded variations are not concerned in
evolution, and (2) that selection of such variations, no matter
how long continued, can effect no permanent or progressive
racial changes. Selection, as an agency in evolution, must
then be restored to the important place which it held in
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Darwin’s estimation, an agency capable of producing con-
tinuous and progressive racial changes.

One of the most notable scientific selection experiments
ever made has been in progress at the University of Illinois
for the past twenty years. Professor C. G. Hopkins in 1896
began selecting a variety of maize for modification of the
protein content and oil content of its grain. Chemical
analysis of the variety of maize chosen for experiment
showed that its mean protein content was 10.92 per cent,
and its mean oil content 4.70 per cent, but that individual
ears differed considerably from each other in these partic-
ulars. From 163 different ears certain rows of kernels were
removed and subjected to chemical analysis. The remaining
portions of those ears which proved highest or lowest in
protein or in oil content were planted and from the crop thus
reared similar selections were made the following year. In
this way four strains of maize have been produced which
differ greatly from each other in the chemical composition of
their grain. The average protein content of the high protein
strain during the last five years has been 14.53 per cent, in
the low protein strain it has been 7.74 per cent.. The average
oil content of the high oil strain during the same period has
been 8.02 per cent; in the low oil strain it has been 2.03 per
cent. As regards protein, the plus selected strain is nearly
twice as rich as the minus selected strain; and as regards oil,
the plus selected strain is nearly four times as rich as the
other. A glance at Tables 26 and 27 will show that these
changes have not come about suddenly, but very gradually.
Seasonal conditions have produced their ups and downs simul-
taneously in plus and minus strains but if we eliminate these
by dividing the experiment as nearly as possible into five-year
periods, we see that each shows a marked advance over its
predecessor. This remarkable series of experiments has been
carried out largely by Professor L. H. Smith working in
collaboration with Professor Hopkins who planned and
initiated the experiments. I am greatly indebted to these
gentlemen for supplying me with data concerning the later



190 GENETICS AND EUGENICS

years of the experiment, which are of crucial value, since
devotees of the pure line theory have been freely predicting
for nearly a decade that no further progress would result
from further selection. These predictions have been based

TABLE 26

Resurrs oF SELECTING MA1ze ror HigH aND ror Low ProrEmN CONTENT
RESPECTIVELY

Average Per cent Protein in Crop each Generation

Year | HighStrain | (AVE™8%, | LowStrain | (A'S/6% | Difference | pidercd%s
1896 10.92 10.92

1897 11.10 10.55 0.55

1898 11.05 10.55 0.50

1899 11.46 9.86 1.60
1900 12.32 11.87 9.34 10.24 2.98 112
1901 14.12 10.04 4.08

1902 12.34 8.22 412

1903 1.04 8.62 442

1904 15.08 9.27 5.76
1905 14.72 18.85 8.57 8.94 6.15 491
1906 14.26 8.64 5.62

1907 18.89 7.32 6.57

1908 13.94 8.96 4.98 .
1909 18.41 7.65 5.76
1910 14.87 14.07 8.25 816 | 6.62 591
1911 13.78 7.89 5.89

1912 14.48 8.15 6.23

1918 14.83 m | ... 7.12

1914 15.04 7.68 7.36
1915 14.58 14.58 7.26 7.74 7.1 677

largely on the theoretical interpretations given by Johannsen
and De Vries to the plant breeding work of the Swedish
experiment station at Svalof. The results obtained in
Illinois lend no support to such interpretations. They show
that valuable new varieties are not simply discovered, as the
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mutation theory holds, but may be created by a process of
systematic selection.

We have no evidence that unit-characters are involved in
the changes which have occurred in the Illinois corn. The

TABLE 27

Resurrs or SerecTiNG Maze ror HigH AND For Low O1L CoNTENT

RESPECTIVELY

Average Per Cent Oil in Crop Each Generation

Year | HighStrain | (A'SofS; | LowStrain | (AFOHS | Difference | pigenss |
1896 4.70 470

1807 478 4.06 0.67

1898 5.15 3.99 1.16

1899 5.64 3.82 1.82
1900 6.12 5.41 8.57 8.86 2.55 1.24
1901 6.00 3.43 2.66

1902 6.41 8.02 3.39

1003 6.50 2.97 3.58

1904 6.97 2.89 4.08
1905 7.29 6.65 2.58 2.98 471 3.67
1906 7.87 2.66 471

1907 7.48 2.59 484

1908 7.19 2.39 4.80

1909 7.05 2.5 470
1910 772 7.85 2.11 2.42 5.61 4.93
1911 7.51 2.05 5.46

1912 770 2.17 5.58

1918 8.15 1.90 6.25

1914 8.29 1.98 6.1
1915 8.46 8.02 2.07 2.03 6.39 5.99

experiments with rats show that selection may be effective
in changing racial characters gradually even when unit-
characters are involved; the experiments with corn show
that selection may be similarly effective when no unit-
characters are in evidence.



CHAPTER XXI

SIZE INHERITANCE AND THE HYPOTHESIS OF MULTIPLE
MENDELIAN FACTORS AND OF PURE LINES

HaviNnG observed how wide-spread unit-character variations
are and what an important part they play in the formation of
varieties of domesticated animals and cultivated plants, it is
natural to inquire whether any other sort of heritable varia-
tions occur, whether in the last analysis all inheritance is
Mendelian inheritance. This view is held by many students
of genetics at the present time.

Size tnheritance. The cases of doubtful interpretation
relate chiefly to variations in size or shape of the organism
or of its parts, cases in which the characters under observa-
tion vary continuously.

That a Mendelizing factor may affect the size of an organ-
ism is beyond question. In plants, tall and dwarf are Men-
delian alternatives of size; in man, two-jointed and three-
jointed fingers behave in a similar way, the two-jointed
condition of the fingers being accompanied by shortness of
all parts of the skeleton. This condition, known as brachy-
dactyly was traced through five generations of a Pennsyl-
vania family by Dr. W. C. Farabee and found to be a uni--
formly dominant character. These observations have been
confirmed and extended by Drinkwater in the case of three
English families.

A similar variation in cattle apparently inherited in the
same way is found in the Dexter breed, a sport from the
Kerry cattle of Ireland according to Professor James Wilson.
The Ancon breed of sheep described by Darwin represented
a parallel variation in a third species of animal.

But such variations in size as these are extremely rare.
Their unit-character behavior indicates that they are due to
some single germinal change which affects growth through-
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Fia. 126.  Angora male, Fia. 127. Lop-eared female.

Fia. 128. Fi black half-lop. Fia. 120. F; albino halfop.

Fra. 130. Skulls of mother (at left), of father (at right) and of son (between).
Compare Figs. 126-128.
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out the life of the organism. Ordinary differences among
individuals as regards size are inherited in a very different
way. Such differences undoubtedly exist even among
brachydactylous individuals, but they are quite independent
of the brachydactyl variation, and they do not Mendelize.

One of the first cases of a size-cross studied with reference
to the Mendelian laws related to the body-size and ear-length
of rabbits.

If a large rabbit is crossed with a small one, the young are
of intermediate size and the F; offspring show no such segre-
gation into large, small, and intermediate-sized individuals
as a simple Mendelian system would demand. For if the
size difference between a large and a small rabbit depended
upon one unit-character, then the F, animals should be as
regards size in the proportions, one large, two intermediate,
one small. But in the cases thus far studied all F; individ-
uals are intermediate in size. A specific case illustrating the
point is the following: A cross was made between a large lop-
eared rabbit and a small short-eared one. The former was
also a sooty yellow animal and short-haired (Fig. 127); the
latter an albino and long-haired (angora). See Fig.126. The
character of F, is shown in Fig. 128. Notice first the simple
Mendelian behavior of the color characters and the hair-
length. Albinism disappeared in F,, for all the F; animals
were black. But it reappeared in F; one F; albino is shown
in Fig. 129. Long hair also behaved as a Mendelian recessive
(as in guinea-pigs), disappearing in F, but reappearing in F,
as expected, sometimes in colored individuals, sometimes in
albinos, thus showing its independent inheritance. The
black character seen in the F, individuals was received from
the albino (angora) parent, which had black ears. The black
character (dominant in F;) was found in a majority of the
F: colored individuals also, as we should expect, but the
yellow character of the other grandparent reappeared as a
recessive in F; in certain of the individuals. Three inde-
pendent coat characters were thus Mendelizing in the cross,
viz.,
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Color dominant over albinism.
Black dominant over yellow.
Short hair dominant over long hair.

As regards ear-length, neither dominance nor segregation
of the difference between the parents is observable. All the
F. as well as the F; individuals have ears of intermediate
length. The inheritance is what has been called blending.
The same is true as regards size of the body.

In Fig. 180 the skulls of the parents are shown with the skull
of the F, individual between them. In absolute dimensions,
as well as in the proportions of its parts the F, skull is strictly
intermediate. The same blending effect was observed in all
other parts of the skeleton. o

The multiple factor hypothesis. It is clear that in blending
inheritance there is no dominance, but the suggestion has
been made that nevertheless segregation may occur, and so
the inheritance may have a Mendelian basis. This suggestion
was first made by a Swedish plant breeder, Nilsson-Ehle
(1909) who obtained some very peculiar inheritance ratios in
crosses of wheat differing in color of seed or of chaff.

When a variety having brown chaff is crossed with one
which has white chaff, the hybrid plants are regularly brown
in F, and three brown to one white in F;, but a particular
variety of brown-chaffed wheat gave a different result. In
fifteen different crosses it gave uniformly a close approxima-
tion to the ratio 15:1 instead of 3:1. The totals are suffi-
ciently large to leave no doubt of this. They are one thou-
sand four hundred and ten brown to ninety-four white,
exactly 15:1. This is clearly a dihybrid Mendelian ratio, and
Nilsson-Ehle interprets it to mean that there exist in this
case two independent factors, each of which is able by itself
to produce the brown coloration, though no qualitative
difference can be detected between them.

A still more remarkable case was observed in crosses be-
tween varieties of wheat of different grain-color. Red crossed
with white gave ordinarily all red in F, and three red to one
white in F, but a certain native Swedish sort gave only red
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(several hundred seeds) in F;. This result was so surprising
that one cross which had yielded seventy-eight grains of
wheat in F; was followed into F;, with the following result:

Expected
50 plants gave only red seed (being homozygous).................. 87
5 ¢ “ appmxxmately 63 R : 1 W (being trihybrid)......... 8
15 ¢ “ 15 R : 1 W (being dihybrid) ......... 12
8 “ “ “ 8 R : 1 W (being monohybrid) ...... 6
0 “ “ allwhite. ....................... 1

The interpretation given by Nilsson-Ehle is this. The red
variety used in this cross bears three independent factors,
each of which by itself is able to produce the red character.
Their joint action is not different in kind from their action
separately, though possibly quantitatively greater. The F;
generation should contain one white seed in sixty-four. It
happens that none was obtained in this generation. The
next generation should contain, in a total of sixty-four indi-
viduals, the sorts actually observed as well as a sort which
would produce only whijte seed, the progeny namely of the
expected white seed of F., but as that was not obtained, the
all-white plant of F; could not be obtained either. The ex-
pected proportions of the several classes in F; are given for
comparison with those actually obtained. The agreement
between expected and observed is so good as to make it seem -
highly probable that Nilsson-Ehle’s explanation is correct.
Corroborative evidence in the case of maize has been obtained
by East, and in shepherd’s-purse by Shull.

This work introduces us to a new principle which has im-
portant theoretical consequences. If a character ordinarily
represented by a single unit in the germ-plasm may become
represented by two or more such units identical in character,
then we may expect it to dominate more persistently in
crosses, fewer recessives being formed in F; and subsequent
generations. Further, if duplication of a unit tends to in-
crease its intensity, as seems probable, then we have in this
process ‘a possible explanation of quantitative variation in
characters which are non-Mendelian, or at any rate do not
conform with a simple Mendelian system. Consider, for
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example, the matter of size and skeletal proportions in rab-
bits. It is perfectly clear from the experiments described
that in such cases no dominance occurs, and also that no
segregation of a simple Mendelian character takes place, but
it is possible to explain the observed facts by the combined
action of several similar but independent factors, the new
principle which' Nilsson-Ehle has brought forward. This is
known as the principle of mulliple factors. Let us apply such
an hypothesis to the case in hand.

Suppose a cross be made involving ear-lengths of approxi-
mately four and eight inches respectively, as in one of the
crosses made. The F, young are found to have ears about
six inches long, the mean of the parental conditions, and the
F, young vary about the same mean condition. If a single
Mendelian unit-character made the difference between a
four-inch and an eight-inch ear, the F; young should be of
three classes as follows:

Classes 4in. 6 in. 8in.
Frequencies 1 2 1

" (Compare Fig. 181, bottom left, and Table 28.) The grand-
parental conditions should in this case reappear in half the
young. This clearly does not occur in the rabbit experiment.
But if two unit-characters were involved, F, would be un-
changed, all six inches, yet the F; classes would be more
numerous, viz., four, five, six, seven, and eight inches, and
their relative frequencies as shown by the height of the
columns in Fig. 131, middle left, one, four, six, four, one.
The grandparental states would now reappear in one-eighth
of the F; young, while three-eights would be intermediate.
It is certain, however, that in rabbits the grandparental con-
ditions, if they reappear at all, do not reappear with any such
frequency as this.

If three independent size-factors were involved in the cross,
the F, individuals should all fall in the same middle group,
as before, viz., six inches, but the F; classes should number
seven, and their relative frequencies would be as shown in
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Fig. 131, top left. For four independent size-factors, the F,
classes would be more numerous still, viz., nine (Fig. 181,
right), and the extreme ear-size of either grandparent would
be expected to reappear in only one out of two hundred and
fifty-six offspring, while considerably more than half of them
would fall within the closely intermediate classes included
between five and one-half and six and one-half inches, the

Fia. 181, — Diagrams to show the number nd size of '.he chua of mdlv»dud.l to
be expected from a cross involving M ti

Mendelian unit involved, bottom left; two nmu, middle lelt three units, top leﬂ.
four units, right.

three middle classes of the diagram. With six size-characters,
the extreme size of a grandparent would reappear no oftener
than once in four thousand times, while with a dozen such
independent characters it would recur only once in some
seventeen million times. It would be remarkable if under
such conditions the extreme size were ever recovered from
an ordinary cross.
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From Table 28 it will be seen that when three like factors
are concerned, fifty to one hundred individuals must be pro-
duced to insure the recovery of the parental condition in F,;

with 4 like factors, 200-800 individuals must be produced;

“« 5« “  over 1000 “ * ; and
“« 6« “ Km “« “ “ “

An alternative explanation of size inheritance. From the
foregoing it will be seen that a formal explanation of blend-
ing inheritance is possible on the basis of the principle of

TABLE 28

THEORETICAL FACTORIAL COMPOSITION OF A POPULATION PRODUCED BY A
Cross INVOLVING MORB THAN A SINGLE MENDELIAN FactoR,
DOMINANCE BEING WANTING

Number | per Cent
Factors Frequencies of Fs Classes .| Total lof Homo- o Homo-
(= 40) Q(-W’m) zygotes
1 RS U R { AR U IR P IS 4 ] 5§0.0
2 o 1 4] 6 4 1..f..]..|. 16 4 25.0
b ] 1| 6] 15/ 20 15| 6 1|..]..]. 64 8 12.5
4 .| 1f 8] 28| 56| 70| 56| 28 8| 1{..|. 256 16 6.2
5 .| 1] 10| 45(120|210|252(210({120| 45| 10 1|.| 1024 32 8.1
6 1| 12| 66/220(495 792|994 792(495(220| 66/ 12| 1| 4096 64 1.5

multiple Mendelian factors alone, but against this inter-
pretation it may be urged that it is not the only explanation,
or the simplest explanation, of which the facts of blending
inheritance are capable and that we have no direct evidence
of -its correctness. For the evidence for the existence of
multiple factors brought forward by Nilsson-Ehle and East
does not relate to cases of blending inheritance but only to
typical cases of color inheritance in which regular Mendelian
dominance occurs, the only peculiarities of the cases consist-
ing in the unusual ratios obtained in F;. The multiple factor
hypothesis, which has been offered to explain these peculiar
ratios, may be accepted for such cases without necessitating
the conclusion that this same principle applies to a wholly
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different set of phenomena involved in ordinary blending
inheritance.

A considerable number of cases of size inheritance has now
been studied in both animals and plants. Their results may
be summarized thus: (1) When animals or plants are crossed
which have racial differences in size or other characters, in
respect to which each race shows continuous variation about
a different mean, the F, progeny are of intermediate size.?!
They may or may not be more variable than the races
crossed, but quite commonly are not. (2) The F generation
as a whole commonly varies about the same intermediate
mean as the F, generation, but its variability as measured by
the standard deviation or the coefficient of variation is usu-
ally greater than that of the F; generation. (The greater
variability of the F. generation was not indicated in our
earlier observations on rabbits, but comes out in many of the
observations made later, as it does unmistakably in most of
the observations made on plants.) The increased variability
of F, as compared with F; may in extreme cases include
forms as large as the larger parental race or as small as the
smaller race, and which show a tendency to vary in F; about
the same size as characterized the F; parent.

Some illustrative cases may be cited. Phillips (1912, 1914)
crossed two breeds of ducks which differed markedly in size,
namely Rouens and Mallards. The average adult weight of
the Rouen race used was, for males, two thousand three hun-
dred grams, and for females two thousand two hundred and
thirty-seven grams. Corresponding weights for the Mallard
race were one thousand sixty-eight and nine hundred and
twenty-eight grams respectively. The Rouens accordingly
were more than twice as large as the Mallards. The two
races did not overlap in weight, as appears from Table 29,

1 Jleave out of consideration here such differences as exist between tall and dwarf
peas, and between brachydactylous and normal men. In such cases a simple
Mendelizing difference exists, which shows both dominance and segrega.tion in

typical fashion. Aside from this simple difference, however, ordinary size differ-

ences exist in such cases, which I doubt not follow the ordinary rules of size in-
heritance.
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where the animals are classified by weight. In this table the
mean weight of the Mallards is taken as the center of class
2 and the mean weight of the Rouens as the center of class 10.
The seventy F, offspring have their mode in the intermediate
class 6, though they range all the way from class 2 to class 9.
The sixty-three F: offspring likewise have their mode in
class 6, and are slightly more variable than F,, though only
one aberrant individual falls beyond the range of F,.

The results of MacDowell on the bone dimensions of rab-
bits are similar to those just described for ducks. F,isin all
cases intermediate and F; usually but not always shows in-
creased variability. The rabbit material was, however,
scarcely as favorable as the ducks because the races employed
were less pure.

The extensive and carefully executed studies of Emerson

. and East (1913) upon crosses of maize involving differences in

size and other quantitative characters afford excellent illus-
trations of the usual consequences of size crosses. The sim-
plest and clearest cut cases relate to the size of the ear or of
the seeds borne upon it. The behavior of ear-diameter in
crosses is shown in Table 80 (Emerson and East, p. 56).
Both F, and F; are intermediate in character in comparison

¥ with the parent races, but F, is slightly more variable.
- Different lots of F, progeny (combined in Table 80) give co-

efficients of variability of 8.29 and 6.88 respectively, whereas
F, progeny have coefficients ranging from 9.66 to 11.77.
The extreme ranges of the parent races are not attained in F;.

Table 31 shows the result of crossing two races of corn (A
and B) differing in seed width. In this cross also, F, and Fa
were alike intermediate, but the latter was slightly more
variable. It was found that the F; plants differed in genetic
character as to seed width. An F, with low seed width (143
mm.) produced an F; likewise low (mean 141.3 mm.); and
F, with seed width above the average (178 mm.) produced
an F; of like character (mean 172.9 mm.). In interpreting
this case it must be borne in mind that among the F, in-
dividuals differences of the same sort occurred ‘as were thus
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shown to exist among the F, individuals. For a high F,
individual (198 mm.) produced F; offspring likewise high
(mean 178.7 mm.) but an F, individual of seed width 178
mm. produced F; offspring close to the general average (162.2

TABLE 29
Weigur DisTRIBUTION OF DUCKs
After Phillips (1912 and 191}4)

Class Number 1 -2 ] 4 | ] ‘ [ 7 8 9 10|11 (12 | 18

Rouen. ...... P O I R U e I - 2 O 2 2 O 2 I O S O
Mallard. ... ... 23 (54 (28| 2 |... R R
Foo.ooooooo... .. 1 1| 47|21 |85 6|1 1 .
) 1 6 |10 )| 22| 18 1 1
TABLE 80
EaAR-DIAMETER IN Crosses oF Manzg
After Emerson and East (1913, p. 66)
,,,,C"; 22.524.5(26.5 28.5 so.u'sz.s u.also.slss.a w.alu.a 44.5,46.5(48.550.5/52.5(54.556.5
£ |
RaceA..|..|..|..|..[..]..].. 2 2/ 2|4 |2|4]6]|2-
RaceB..|15(82|14( 8 | 1|..|..|..|..|..|..|..{-.]..|-.
Fi...... el oo 1] 2 4 81121126 |1
Fooooo.. .of..] 2/ 6[28(85(38(69|50 43130 17| 8

TABLE 81
Wintr orF SEED IN Croeses oF Maize

After Emerson and East (1913, p. 63).
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mm.). Between the F, parents in the two cases there was a
difference of 20 mm.; between their progeny there was a
corresponding difference of 16.5 mm. This shows that
genetic differences in seed width existed among the F; as well
as among the F; individuals. It seems probable therefore
that similar genetic differences might have been found in the

8 P00 x

a

D

.

Fra. 132. A cross of two varieties of peppers differing greatly in size and shape of fruits. Fruits of
the parent varieties are shown at P and P, of Fi between them, and of F; in the four lower rows.
Each fruit is taken from a different plant and is typical for the plant. (After Gross.)
uncrossed races had they been looked for, and it becomes at
least an open question whether such a thing as a race pure
genetically for any particular seed width is obtainable.

Cases possibly involving one or more Mendelian factors
influencing size and shape, as well as ordinary size variations,
have been studied by Gross in crosses of peppers. (See Fig.
132.) It is possible that crosses of Nicotiana made by East
involving differences in corolla size and shape belong in this
same category. Goodspeed, however, has pointed out the
need of carefully controlled study of non-genetic factors in
such cases.
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The explanation which has been adopted by most of those
who have given attention to size inheritance is substantially
that outlined by Bateson in 1902 and elaborated by Nilsson-
Ehle in 1909, and is regarded by those who adhere to it as
an ““ extension ” of Mendelism.

On this view: (1) Size differences not of environmental
origin are due to Mendelizing unit-factors or “ genes.” (2)
These lack dominance, so that crosses produce intermediates,
but they segregate when gametes are produced precisely as
ordinary Mendelian unit-characters do. (8) The unit-factors
which are responsible for size differences clearly distinguish-
able are numerous so that segregation does not occur in
simple 1:2:1 ratios but in those which are so complex that
they produce seemingly smooth continuous variation curves.
(4) The more numerous such factors are, the more nearly
will F; resemble F, in its variability. If their number were
unlimited, it is possible that we should be unable to dis-
tinguish the variability of F; from that of Fy, in a limited
number of observations.

This explanation, it seems to me, has arisen from the idea
that Mendelian gametes are * pure ” (without variation),
the idea advanced but not adopted by Bateson in 1902, but
accepted without question by most of those who have since
concerned themselves with the study of Mendelism. The
idea of gametic purity, however, has not received any ade-
quate support from the few observations and experiments
which have been made with a view to test its validity, and
if we discard this idea, the several assumptions involved in the
so-called Mendelian explanation of size inheritance become
quite superfluous.

By “ gametic purity ”’ in Mendelian crosses, we understand
the idea that a particular unit-character is ever and always
the same and cannot be modified by crosses; that it emerges
from a cross in the gametes formed by a cross-bred individual
exactly the same as it existed in the pure-bred ancestor of
the cross-bred.
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In justice to Bateson, it should be said that when in 1802
he discussed the subject of gametic purity, he scarcely had in
mind absolute identity of a unit-character at all times, as the
foregoing definition implies. He expressly disclaims this
idea, as the following passage (p. 128) shows:

From analogy — an unsafe guide in these fields — and from what is
known of discontinuous variation in general, we incline to the view that
even though the figures point to a sharp discontinuity between dominant
and recessive elements, we shall ultimately recognize that the discontinu-
ity between these elements need not be universally absolute. We may
expect to find individuals, and perhaps breeds or strains, and even indi-
vidual gonads or groups of gonads, in which the discontinuity is less sharp
even in respect of these very characters; similarly, for such units definite
departures from statistical equality between D and R germs may be
expected. In Pisum, for instance, we cannot be far out in considering an
average of 50 per cent D and 50 per cent R as a close approximation to the
truth for both male and female cells, but there is nothing yet which proves
even here that the discontinuity must be always-and absolutely complete.

To show further that this idea was not an original part of
Mendelism Bateson says, p. 129:

Readers of Mendel’s paper will be aware that he laid down no universal
rule as to the absolute purity of gametes, but merely pointed out that his
results were explicable on the hypothesis of such purity.

Bateson also admits (p. 127) that there may be types of
inheritance not entirely Mendelian:

But besides the strictly allelomorphic or Mendelian distribution of
characters among the gametes, we can imagine three other possible
arrangements. (1) There may be a substantial discontinuity, the two
types of gamete being connected by a certain proportion of intermediates,
such as are often met with in cases even of almost complete discontinuity
among zygotes. (2) There may be continuous variation among the ga-
metes, shading from gametes pure to the one type, to gametes pure to
the other type, the intermediates being the most frequent. (3) There
may be no differentiation among the gametes in respect of parental char-
acters at all, each representing the heterozygote characters unresolved.
By a sufficiently wide survey, illustrations of each of these systems and of
intermediates between them, will doubtless be found, and the classification
of gametic differentiation according to these several types, in respect of
various characters, in various species, will be a first step towards the
construction of a general scheme of heredity.

The possibilities here outlined afford a sufficient basis for
explaining size inheritance without invoking the pure-line
idea of Johannsen and the multiple factor hypothesis of
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Nilsson-Ehle, on which the *“ Mendelian >’ explanation of size
inheritance rest. The facts which are supposed to warrant
that explanation are (1) the increased variability of F. as
compared with F, and (2) the fact that the variability again
decreases in F; if the F. individuals are self-fertilized. But
these same facts should be observable on one of the hypothe-
ses stated by Bateson in the passage last quoted.

No one will, I think, question the view that size differences
involve many distinct physiological processes within the
organism, which are to a greater or less extent independent
of each other, or at least independently variable, but this is
very different from assuming that each of these processes
constitutes a Mendelizing unit or factor, yet the current
explanation of size inheritance assumes that only such units
or factors are concerned in size inheritance, a wholly un-
warranted supposition, it seems to me. For suppose that
instead of regarding Mendelian gametes as pure, we regard
them as capable of contamination in crosses, an hypothesis
supported by a large amount of experimental evidence. Sup-
pose further that we cross two races of animals one of which
has twice the average size of the other, as Phillips did when
he crossed Rouen and Mallard ducks. We may for simplicity
call the mean size of one race 3 and that of the other 6.
If F, is strictly intermediate, it will have a size value of 4.5.
The experimental evidence shows unmistakably that in such
cases the gametes formed by the F; individuals transmit this
same size value, though with slight plus and minus variations,
so that the F; generation formed by combinations of such
gametes among themselves is somewhat more variable than
Fi. It is conceivable that these plus and minus variants arise
by contamination, the 3 and 6 gametes which united to
form F; mutually influencing each other so that the original
8 gamete emerges from the cross with an increased value of
4, and the original 6 gamete emerges with a decreased value
of 5. Gametes of such modified values (4 and 5) uniting
inter se would produce the following array:

Values 4 45 5
Frequencies 1 2 1
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Such an F, distribution would show greater variation than
that of Fi (assumed to be all 4.5). The variation would be
about the same mean and might well be characterized as a
blend with increased variability. Selection of extreme vari-
ates from the F; array would also be effective, since those of
value 4 might be expected to produce an F; population of
lower mean value and on the whole less variable than the
population produced by an F of value 4.5, itself produced by
the dissimilar gametes 4 and 5.

Now I do not mean to assert that modifications induced by
crossing are as definite and regular in occurrence as those
assumed in the imaginary case just described. Such an
assumption would accord better with the idea of definite
modifiers or factors of uniform value assumed in the current
interpretation of size inheritance. What I mean to suggest
is this, that it is unnecessary to invoke a multiplicity of size-
factors in order to explain the increased variability of F.,
since a single factor, if it is subject to quantitative modifica-
tion in the F, zygote, would account for it equally well.

But, it may be asked, how can we on such an hypothesis
account for the occasional case in which an F; individual is as
extreme in size as the uncrossed grandparent, say as extreme
as 3 or 6 in the illustration given. We have only to suppose
that in such a case no modification occurs by contamination
in the F; zygote, so that gametes are formed, not 4 and 5,
but 8 and 6 respectively.

But it may be objected further, occasionally in F; an indi-
vidual is obtained smaller than the small grandparent or
larger than the large one; how can such occurrences be ex-
plained ? Before requiring an explanation of such cases, it
should first be established whether they really fall beyond
the actual range of the grandparental race, or whether they
merely fall beyond the empirical range as determined by an
insufficient number of observations. For example in Table 81,
it will be observed that in one of the F, families a variate is
recorded (class 113) smaller than the smallest individual
observed in the grandparental race, B. Emerson and East
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suggest that in view of such variation it seems possible that
from this F; family selection might isolate * a stable type
with seeds even smaller ” than those of race B. But it
should be observed that the empirical range of race B rests
on eighteen observations only, while that of the F; family
includes eighty such observations, a number sufficient to
more than double the accuracy.of the determination. It is,
therefore, not certain that the range of the F; family actu-
ally extends below that of race B; and if it does not, it would
seem to afford much poorer material for selection in the direc-
tion of small seed size than the uncrossed race B, which has
a much lower mean, and a variability nearly three-fourths as
great as that of the F; family. (The coeficients of variation
are given as 6.05 = .68 and 8.70 = .46 respectively; the
means are 134.39 and 141.81 respectively.) It is scarcely safe
to assume that genetic variation is wholly wanting in race B,
though present in F;, which is only a little more variable.

The pure line hypothesis. 1s there any reason to think
that a race of animals exists not variable genetically as to
size 7 Jennings alone on the basis of direct observation at
one time answered this question in the affirmative. He be-
lieved that he had isolated eight ““ pure lines ” of parame-
cium each characterized by a different mean size. Within
each “ line ” he was unable by selection to change the mean
size. He concluded that the asexually produced descendants
of a single paramecium constitute a pure line of constant
mean size, aside from environmental influences; and that
races characterized by a different mean size arise only in
consequence of conjugation.

But these conclusions were seriously put in question by the
work of Calkins and Gregory (1918) who isolated from the
asexually produced offspring of a single paramecium strains
differing from each other in mean size more widely than the
supposed “ pure lines >’ of Jennings. And Jennings himself,
repeating upon more favorable material his experiments in
size selection within an asexually produced line of organisms,
has been led to adopt conclusions completely contradictory
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to those which he formerly held. He finds that in Difflugia,
a shelled protozoan, the descendants of a single individual
produced by asexual means show variation among them-
selves as regards size, shape, and number of spines, and that
these variations are hereditary, since they are capable of in-
crease and summation upon repeated selection. One of
Jennings’ pupils also (Middleton) has shown that a physio-
logical character, fission rate, in the protozoan, Stylonychia,
varies within asexually produced lines and that racial differ-
ences may thus be produced by selection. From these obser-
vations we must conclude that genetic variations may arise
in asexual as well as in sexual reproduction, and that they
afford material for effective selection as to size. Horticul-
tural experience with asexual methods of plant propagation
supports this theoretical conclusion. Valuable horticultural
varieties have repeatedly arisen in the course of the asexual
propagation of plants. See Stout (1915) and Kraus (1916).

So far as animals are concerned, “ pure lines ” have not
been shown to exist; so far as plants are concerned, we have
only the beans of Johannsen said to be * pure ”’ (that is de-
void of genetic variation) for size of seed. The evidence that
genetic variation is wanting in this isolated case is similar to
that on which Jennings relied to distinguish pure lines of
paramecium, namely his inability to modify the racial mean
by selection. Whenever Johannsen was able by selection to
modify the racial mean, he assumed that he was dealing with
a mixed “ population ”’; whenever he was unable to modify
the mean, he assumed that he was dealing with a “ pure line.”
But the failure of Johannsen in certain cases to detect a
change in the racial mean in consequence of selection does
not prove the non-existence of genetic variation in the race,
any more than my own failure to discover a pure line of
animals proves that such cannot exist. Among Johannsen’s
beans somatic variations may have been so much more nu-
merous than genetic ones, that his methods failed to demon-
strate the genetic variations. The pure line work with beans
is accordingly at present in the same position as that with
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paramecium before Calkins and Gregory undertook to verify
it. It is quite possible that another observer repeating it
might reach very different conclusions.

Since there exists a general agreement concerning the facts
of size inheritance in animals and plants, it has been necessary
to consider only their theoretical significance. The currently
accepted explanation, which its supporters choose to call
* Mendelian,” rests upon the idea of gametic purity in Men-
delian crosses. It assumes that Mendelian unit-characters
are unchangeable and unvarying, and that when they seem
to vary this is due to a modifying action of other unit-
characters (or factors). It assumes further that genetic

variation can occur in no other way than by the gain or loss of

unit-characters (or factors) by the germ-cells. These assump-
tions are not an original part of Mendelism; they are not
found in Mendel’s original papers or in the early “ Reports
of Bateson. They are an after-growth and if they deserve
the name Mendelian, it is only in the qualified form neo-
Mendelian. But what is more important, these basic assump-
tions lack any adequate experimental support. The idea of
unit-character constancy is a pure assumption. In numerous
cases unit-character inconstancy has been clearly shown, as
in the plumage and toe characters of poultry according to
the observations of Bateson and Davenport, and the coat
characters and toe characters of guinea-pigs in my own obser-
vations. Unit-character inconstancy is the rule rather than
the exception. How then can this observational fact be
reconciled with the idea of unit-character constancy ? Only
by supposing that in cases of observed modification some-
thing has become associated with the unit-character which
modifies its somatic appearance. In a few cases such asso-
ciated modifying factors have been demonstrated. They are
demonstrable because detachable. But does it follow that all
modified unit-characters result from detachable modifiers ?
We are not warranted in thinking so unless the supposed
modifiers can actually be detached and the modifications
synthesized anew. But this is possible in a very small per-
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centage of cases. As Mendelian characters are being sub-
jected to more careful and critical study, it is found that the
same unit-character may assume a variety of forms. These
are now called multiple allelomorphs. One way of looking at
these is to consider them simple variants of a single genetic
unit-character. But such a view is incompatible with the
idea of unit-character constancy, and so we find such workers
as Punnett (an uncompromising advocate of gametic purity)
assuming whenever a modification has been observed that a
distinct modifier has become * coupled ’ with the ordinary
condition of the unit. Thus the Himalayan rabbit is on his
view an ordinary albino plus a Himalayan modifier (not as
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Fia. 183. Growth curves of race B guinea-pigs and of Caria cutlers.

yet, however, detachable under experimental conditions);
and a peculiar strain of dark black rabbits is to him a race of
ordinary blacks plus a coupled darkening factor. This as-
sumed darkening factor is, however, demonstrable only in a
changed condition of the black (extension factor) itself.
No proof exists that it has a separate existence, as would be
shown for example if it were capable of being detached from
the black and introduced into a yellow race and then put
back on black again. To assume the existence of a distinct
modifying factor whenever a unit-character is observed to
change is scarcely justified by present knowledge. It affords,
it is true, a workable terminology, though it seems needlessly
cumbersome and voices constantly a theory which may be




NON-GENETIC FACTORS 211

false and at any rate is certainly unproved. Besides its ob-
jectionableness on theoretical grounds such a terminology is
likely to mislead practical men who desire to apply the con-
clusions of genetic investigation to the breeding of farm
animals and cultivated plants. Already we see its conse-
quences becoming evident in the work of agricultural experi-
ment stations. The current talk about “ pure lines >’ and the
‘ ineffectiveness of selection ” is leading some to abandon
hill selection of potatoes as useless and leading others to
look to crossing dairy breeds of cattle for their further im-
provement rather than to selecting within the pure breed.
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Before such radical departures are made from earlier and
certainly successful methods of breeding it is important that
we know for certain what the correct underlying principles
are.
The point that non-genetic agencies are often concerned in
the apparent inheritance of size merits further consideration.

The pioneer experiments in plant hybridization made by
Kélreuter showed that Fy hybrids often surpass either parent
in size and vigor. This observation has been repeatedly veri-
fied since and was recognized by Focke as one of the general
“laws of hybridization.” It is well illustrated in crosses
which have recently been made between Cavia Cutler: from
Peru and races of guinea-pigs which we will call B and C.
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The growth curve of each of the parent stocks is shown in
Fig. 133. In each case males are heavier than females except
for the first few weeks of life when the females are heavier.
Races B and C are nearly twice as heavy in adult weight as
Cavia Cutlere.

Growth curves of the F; and F; hybrids are shown in Figs.
134 and 135, where they can be compared with the growth
curves of the respective parent races. In each case F,
surpasses either parent race in size, but F; is intermediate be-
tween them. So far as heredity is concerned, the inheritance
is blending, but F; shows an increase in size due to hybridi-
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Fia. 185. Growth curves of race B and Cavia cutleri females and of their Fi and F; female hybrids.

zation. This increased size, however, does not persist into
F;. It seems to be due not to heredity at all. Size, so far as
genetic agencies are concerned, is blending or intermediate.
But if the increased size of F; persists at all in F; (and there
are some reasons to think it does), and if its persistence is
not uniformm among all the gametes, it may be a cause of in-
creasing the variability of F;. This is a point to be borne in
mind in explaining the commonly observed greater variabil-
ity of Fs.

That F; hybrids possess superior size and vigor from the
fact that they are crossbred is well understood by skillful
and experienced breeders of animals and plants. It is utilized
for the production of * cross-breds ” and ‘‘ grades >’ among
animals by the use of thorough-bred sires on common stock.
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Both experience and theory indicate that the cross should not
ordinarily be carried beyond the F: generation, since a
second generation will not retain the increased size and vigor
of F; to any great extent.

Mendelian characters which slowly blend. A clear illustra-
tion has recently come to light of a Mendelizing character
which is so modified in crosses that it may be said actually
to blend. (See Table 82.) Hoshino crossed two varieties of
garden peas which had been found to breed very true as to
flowering time and flower color. One variety was early and
white flowered, the other was late and red flowered. F, was
very uniform also, being red in flower color and nearly as late
in flowering as the late parent. F;showed regular Mendelian
segregation as to flower color into three reds to one white.
As regards time of flowering, F; was intermediate but highly
variable, covering practically the entire range from the flower-
ing time of the early to that of the late parent. F, was also
highly variable but a few families were found to be as “ con-
stant > in flowering time as the parent varieties, and in F,
the proportion of constant families had increased further.
Two hundred and thirty of the four hundred and twenty-one
F, families studied by Hoshino were found to be as * con-
stant ” in flowering time as the parent varieties. The mean
flowering time in days from sprouting as observed by Hoshino
is given in Table 82. It will be observed that the white-
flowered F, constant families were all early or intermediate
in flowering time whereas the red-flowered families were
chiefly late. This clearly indicates linkage, or coupling, be-
tween flower color and time of flowering. But flower color
clearly Mendelizes, hence flowering time must also depend
upon a Mendelizing gene. Yet this gene evidently fluctuates
and also blends to some extent in crosses, since the F,
‘ constant >’ families cover the entire range between the re-
spective modes of the early and late parent varieties and yet
fall into three natural groups, (1) a modified early group
differing little in flowering time from the early parent
variety and in all but four cases identical with it in flower
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color, (2) a modified late group, a few days earlier in flower-
ing time than the parental late variety and in all but four
cases identical with it in flower color (pure red), (3) an inter-
mediate or “ constant > hybrid group occupying a middle

TABLE 382

Variation in flowering time of two pure varieties of garden peas, one Early
White, the other Late Red; and a classification, both as to color and as to flowering
time, of two hundred and thirty F, families produced by crossing the two varieties,
these F; families being all regarded as * constant ” in flowering time because of
their low variability, as low as that of the parent varieties. Only the position of
the mean of each F, family is given in the table, notlt.sra.ngeasmthem.se of the
parent varieties.

Days to Flowering 323334353637388940414%48“46464748
Early White Parent ...| 1 211 7 918 7 .. 1 .. .. ............
Late Red Parent ...... e et e e et e e e e e e e e e e e e
F WhiteFamilies ....[| .. .. 113 § 2 .. 8181215141312 8 .. ..
F,: Mixed Families, .

Whiteor Red ...... ....... 11T 1..11.. 114 ¢2......
Fi: Red Families ...... 1 11 81213 4 6 2 ..
Total “ Constant” F,

Families............ .. .. 116 6 8 42 1319273018 9 2

225 142

Days to Flowering 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64
Early White Parent . ..... e e e e e e e e e e e e e e e e
Late Red Parent......... e v .. .. 8511101110 710 1.. 8$ 2 1
F; White Families. . ...... e e e e e e e e e e e e e e
F: Mixed Families, Whitel

orRed................ e o 18 L L.
FiRed Families. ......... 633 210 13 8108 1 l.... e e e
Total *“ Constant ” F

Families............... 5 33 21116 8310 8 1 1 .. ........

63 = 230

position between the other two groups, considered family by
family not more variable than those groups in flowering time,
vet evidently of hybrid origin since it consists in part of
white-flowering families, in part of red-flowering families and
in part of families mixed as to flower color.
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The formation of these three groups, it would seem, can be
interpreted in only one way, viz., as showing a progressive
blending of alternative genes for lowering time. The extreme
groups show the consequence of prompt segregation of the
alternative genes which had been brought together in F;; the
amount of modification is not extensive. The middle group
shows the consequence of heterozygosis continued through
two or three generations until the conjugating genes have
become practically identical in character.

What other interpretation is possible ? That one or more
separable modifying factors cause the difference between
early and late flowering time. Let us suppose, as Hoshino
has done, that one and only one such modifying factor exists.
Then we shall expect the production of four F, groups, not
three as observed, corresponding with the four possible two-
factor combinations, AB, Ab, aB and ab. The evidence of
Table 82 is very strong against the occurrence of such a condi-
tion. The F, distribution is very clearly tri-modal not tetra-
‘modal. To suppose that more than one separable modifying
factor exists would call for additional modes, which evidently
would be still more at variance with the observed facts.

Accordingly we seem limited to the conclusion that a
slowly blending gene is involved in the cross between early
flowering and late flowering peas, that the blending after one
generation of heterozygosis may be small in amount, but after
three generations it is in the majority of cases practically
complete so that the commonest “ constant > class in the
entire hybrid population is one strictly intermediate between
the modes of the parental varieties. This interpretation is-
entirely in harmony with the observed modification through
crossing of many Mendelizing characters as observed by
Davenport, Bateson, and many others in poultry, guinea-
pigs, swine, and other animals, as well as in plants.




CHAPTER XXII

GALTON’S LAW OF ANCESTRAL HEREDITY AND HIS
PRINCIPLE OF REGRESSION

GaLTON (1889) was the first to recognize the distinction be-
tween alternative and blending inheritance. But he sought
nevertheless to unify the two categories of cases and finally
formulated in 1897 a generalized “law of ancestral heredity”’
which he believed would include both. In seeking such a
general law of heredity he had studied a representative case
each of blending and of alternative inheritance. The former
was found in family statistics of human stature, the latter in
the coat color of Basset hounds. The latter we should now
describe as a case of Mendelian inheritance involving simul-
taneously white spotting, yellow spotting, and a color pattern
(bi-color). The former we cannot better describe than by
Galton’s term “‘ blending.”

In either case, Galton would have admitted that the entire
inheritance is from the parents through the two gametes
which unite to form the zygote, so that strictly speaking
there is no inheritance from generations more remote than
the parents. But he would have maintained quite correctly
that a better idea can be had of what the gametes on the
average will transmit, if one knows the character of several
generations of ancestors than if one knows the character of

* the parents alone, and in this sense we may be said to inherit
from ancestors more remote than our parents. Galton be-
lieved that the apparent influence of each generation of
ancestors diminished as its remoteness increased, each more
remote generation having only half the influence of the next-
later one. In his own words: “ The two parents contribute
between them, on the average, one-half, or (0.5); the four
grandparents, one-quarter, or (0.5)?; the eight great-grand-
parents, one-eighth, or (0.5)3, and so on. Thus the sum of
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the ancestral contributions is expressed by the series [(0.5) 4+
(0.5)* + (0.5)3, etc.] which bemg equal to 1, accounts for
the whole heritage.”

If one attempts to make use of this law by basing upon it
predictions as to the character of the offspring in particular
kinds of matings, it works fairly well when blending charac-
ters are under consideration, but fails completely when Men-
delizing characters are under consideration. See Castle
(1903). As a useful generalization it is now pretty generally
discredited. The reason is fairly obvious. It was an attempt
to unify in classification things of unlike character, viz.,
blending and Mendelian inheritance. To classify Mendelian
inheritance under a generalized statement of blending in-
heritance s impossible, yet this in effect is what Galton’s
law of ancestral heredity did.

Attempts to bring blending inheritance under a generalized
statement of Mendel’s law are equally futile. This is the
undertaking of the ‘ pure line theory ”’ developed in Jo-
hannsen’s (1909) ‘ Elements of an Exact Science of Hered-
ity.” On this theory it is supposed that all variation due
to genetic causes is discontinuous in nature, and that seem-
ingly blending inheritance is due to the joint action of many
independent genes. On this theory ancestry does not count
at all in heredity since regression in the sense of Galton does
not exist. Nothing counts except the presence or absence of
discontinuous *‘ genes.”

Regresam was a name given by Galton to the apparent
gotng back of offspring from the condition of their parents
toward that of more remote ancestors, or more correctly
toward the general average of the race. Thus he observed that
very tall parents have children less tall than themselves,
while very short parents have children faller than themselves.
In either case the children regress toward the general average
of the race, and the regression is greater the more pronounced
the deviation of the parents from the general average of the
race. Also in sweet peas, Galton observed that when very
large seeds are planted, the crop harvested averages smaller
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in size than the seeds planted; and that when small seeds
are planted, the crop averages larger in size. Regression
occurs in both cases toward the mean of the race. Galton
regarded regression as a feature of ancestral heredity; to us
it is rather an evidence of imperfect blending in heredity.
Johannsen, on the basis of his selection experiments dealing
with size in beans, denied the existence of regression. He
maintained that it was apparent, not real; that it never
occurred when one dealt with the descendants of a single
homozygous individual, but only when a mixed population
was subjected to selection. But, in dealing with the hooded
character of rats, I have found regression as regards quanti-
tative variations in a Mendelian character to be a reality, in
a race as pure as it is possible to obtain in bi-sexual reproduc-
tion, and Jennings and his pupils have recently found the
same to be true as regards various quantitative characters of
protozoa, even in asexual repreduction. For this reason re-
gression is a phenomenon which cannot be neglected but
which makes possible progressive racial change through re-
peated selection, to an extent quite impossible uader single
selections.

It seems best, accordingly, to attempt neither with Galton
to generalize all inheritance as blending nor with Johannsen
to treat all inheritance as alternative, but frankly to recognize
the existence of two categories of cases distinct in their
inheritance behavior.

,




CHAPTER XXIII

INBREEDING AND CROSSBREEDING

It is the opinion of most experienced animal breeders that
close inbreeding should be avoided because it has a tendency
to decrease the size, vigor and fecundity of the race in which
it is practiced. Many even believe that it leads to the pro-
duction of abnormal individuals or monstrosities. On the
other hand some of those who have had greatest success in
producing new or improved breeds of domesticated animals
" have practiced the closest kind of inbreeding and attribute
their success in part to this fact.

In human soclety we find a nearly unanimous condemna-
tion of the marriage of near-of-kin. Nearly all peoples,
civilized or uncivilized, forbid it. Only exceptionally, as in
the case of the royal families of ancient Egypt and ancient
Peru, has the marriage of brother and sister been sanctioned.
‘The underlying reason in such cases was a belief that the
family in question constituted a superior race whose members
could find no fit mates outside their own number. There was
probably no thought that inbreeding itself was beneficial but
only a desire to conserve the superior excellence believed to
reside in certain individuals. The same considerations, prob-
ably have led to the occasional practice of inbreeding in
animal husbandry, viz., the desire to conserve and perpetu-
ate the superiority of particular individuals.

If we inquire into the biological foundation of the idea that
inbreeding is harmful, we come upon seemingly conflicting
evidence. No generalization can be drawn which is applic-
able to all organisms.

By inbreeding we mean the mating of closely related in-

- dividuals. As there are different degrees of relationship be-

tween individuals, so there are different degrees of inbreeding.

The closest possible inbreeding occurs among plants in what
219
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we call self-pollination, in which the egg-cells of the plant are
fertilized by pollen-cells produced by the same individual. A
similar phenonmenon occurs among some of the lower animals,
notably among parasites. But in all the higher animals,
including the domesticated ones, such a thing is impossible
because of the separateness of the sexes. For here no indi-
vidual produces botk eggs and sperm. The nearest possible
approach to self-pollination is in such cases the mating of
brother with sister, or of parent with child. But this is less
close inbreeding than occurs in self-pollination, for the
individuals mated are not in this case identical zygotes,
though they may be stmilar ones.

It has long been known that in many plants self-pollina-
tion is habitual and is attended by no recognizable ill effects.
This fortunate circumstance allowed Mendel to make his
remarkable discovery by studies of garden peas, in which the
flower is regularly self-fertilized, and never opens at all unless
made to do so by some outside agency. Self-pollination is
also the rule in wheat, oats, and the majority of the other
cereal crops, the most important economically of cultivated
plants. Crossing can in such plants be brought about only
by a difficult technical process, so completely adapted is the
plant to self-pollination. And crossing, too, in such plants is
of no particular benefit, unless by it one desires to secure
new combinations of unit-characters.

In maize, or Indian corn, however, among the cereals, the
case is quite different. Here enforced self-pollination results
in small unproductive plants, lacking in vigor. But racial
vigor is fully restored by a cross between two depauperate,
unproductive individuals obtained by self-fertilization, as has
been shown by Shull. This result is entirely in harmony
with those obtained by Darwin, who showed by long-con-
tinued and elaborate experiments that while some plants do
not habitually cross and are not even benefited by crossing,
yet in many other plants crossing results in more vigorous
and more productive offspring; that further, the advantage
of crossing in such cases has resulted in the evolution in
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many plants of floral structures, which insure crossing
through the agency of insects or of the wind.

In animals the facts as regards close fertilization are similar
to those just described for plants. Some animals seem to be
indifferent to close breeding, others will not tolerate it. Some
hermaphroditic animals (those which produce both eggs and
sperm) are regularly self-fertilized. Such is the case, for
example, with many parasitic flatworms. In other cases
self-fertilization is disadvantageous. Ome such case I was
able to point out some twenty years ago, in the case of a sea-
squirt or tunicate, Ciona. The same individual of Ciona
produces and discharges simultaneously both eggs and sperm,
yet the eggs are rarely self-fertilized, for if self-fertilization is
enforced by isolation of an individual, or if self-fertilization is
brought about artificially by removing the eggs and sperm
from the body of the parent and mixing them in sea water,
very few of the eggs develop, — less than 10 per cent. But if
the eggs of one individual be mingled with the sperm of any
other individual whatever, practically all of the eggs
are fertilized and develop.

In the great majority of animals, as in many plants, self-
fertilization is rendered wholly impossible by separation of
the sexes. The same individual does not produce botk eggs
and sperm, but only one sort of sexual product. But among
sexually separate animals the same degree of inbreeding
varies in its effects. The closest degree, mating of brother
with sister, has in some cases no observable ill effects. Thus,
in the case of a small fly, Drosophila, my pupils and I bred
brother with sister for fifty-nine generations in succession
without obtaining a diminution in either the vigor or the
fecundity of the race, which could with certainty be attri-
buted to that cause. A slight diminution was observed in
some cases, but this was wholly obviated when parents were
chosen from the more vigorous broods in each generation.
Nevertheless crossing of two inbred strains of Drosophila,
both of which were doing well under inbreeding, produced off-
spring superior in productiveness to either inbred strain.
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Even in this case, therefore, though inbreeding is tolerated,
crossbreeding has advantages.

In the case of many domesticated animals, it is the opinion
of experienced breeders, supported by such scientific obser-
vations as we possess, that decidedly bad effects follow con-
tinuous inbreeding. Bos (1894) practiced continuous in-
breeding with a family of rats for six years. No ill effects
were observed during the first half of the experiment, but
after that a rapid decline occurred in the vigor and fertility
of the race. The average size of litter in the first half of the
experiment was about 7.5, but in the last year of the experi-
ment it had fallen to 8.2, and many pairs were found to be
completely sterile. Diminution in size of body also attended
the inbreeding, at the end amounting in the case of males
to between 8 and 20 per cent.

Experiments made by Weismann confirm those of Bos as
regards the falling off in fertility due to inbreeding. For

_eight years Weismann bred a colony of mice started from
nine individuals, — six females and three males. The experi-
ment covered twenty-nine generations. In the first ten
generations the average number of young to a litter was 6.1;
in the next ten generations, it was 5.6; and in the last nine
generations, it had fallen to 4.2.

But recent inbreeding experiments with rats carried on at
the Wistar Institute by Dr. Helen King give results quite at
variance with those of Bos and Weismann. She finds, as

rwas found to be the case in Drosophila, that races of large
size and vigor and of complete fertility may be maintained
under the closest inbreeding, if the more vigorous individuals
are selected as parents. By this means she seems to have
secured races of rats which are relatively immune to injurious
effects from inbreeding. My own experience with rats inbred
within lines of narrow selection for seventeen generations is
that races of fair vigor and fecundity can be maintained under
these conditions, but that when two of these inbred races are
crossed with each other, even though they had their origin
in a small common stock many generations earlier, an im-
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mediate and striking increase of vigor and fecundity occurs.
This is quite similar to the result observed in the case of
Drosophila, and is quite in harmony with the results obtained
by Shull in maize; it indicates that by careful selection races
may be secured which are vigorous in spite of inbreeding, but
that nevertheless an added stimulus to growth and repro-
duction may be secured in such cases by crossbreeding.

In the production of pure breeds of sheep, cattle, hogs, and
horses inbreeding has frequently been practiced extensively,
and where in such cases selection has been made of the more
vigorous offspring as parents, it is doubtful whether any
diminution in size, vigor, or fertility has resulted. Never-
theless it very frequently happens that when two pure breeds
are crossed, the offspring surpass either pure race in size and
vigor. This is the reason for much crossbreeding in eco-
nomic practice, the object of which is not the production of a
new breed, but the production for the market of an animal
maturing quickly or of superior size and vigor. The inbreed-
ing practiced in forming a pure breed has not of necessity
dimanished vigor, but a cross does temporarily (that is in the
F, generation) tncrease vigor above the normal. Now why
should inbreeding unattended by selection decrease vigor,
and crossbreeding increase it ? We know that inbreeding
tends to the production of homozygous conditions, whereas
crossbreeding tends to produce heterozygous conditions.
Under self-pollination for one generation following a cross
(involving one unit-character only), kalf the offspring become
homozygous; after two generations, three-quarters of the
offspring are homozygous; after three generations seven-
eighths are homozygous, and so on. So if the closest inbreed-
ing is practiced there is a speedy return to homozygous, pure
racial conditions. We know further that in some cases at
least heterozygotes are more vigorous than homozygotes.
The heterozygous yellow mouse is a vigorous lively animal;
the homozygous yellow mouse is so feeble that it perishes as
soon as produced, never attaining maturity. Crossbreeding
has, then, the same advantage over close breeding that fer-




224 GENETICS AND EUGENICS

tilization has over parthenogenesis. It brings together differ-
entiated gametes, which, reacting on each other, produce
greater metabolic activity. Whether or not the uniting
gametes differ by Mendelian unit-characters is probably of
no consequence. That they differ chemically is doubtless the
essential thing in producing added vigor. Heterozygsis is
mentioned merely as an evidence of such chemical difference.

Inbreeding, also, by its tendency to secure homozygous
combinations, tends to bring to the surface latent or hidden
recessive characters. If these are in nature defects or weak-
nesses of the organism, such as albinism and feeble-minded-
ness in man, then inbreeding is distinctly bad. Existing
legislation against the marriage of near-of-kin is, therefore,
on the whole, biologically justified. On the other hand,
continual crossing only tends to hide inherent defects, not to
exterminate them; and inbreeding only tends to bring them
to the surface, not to create them. We may not, therefore,
lightly ascribe to inbreeding or intermarriage the creation of
bad racial traits, but only their manifestation. Further, any
racial stock which maintains a high standard of excellence
under inbreeding is certainly one of great vigor, and free from
inherent defects.

The animal breeder is therefore amply justified in doing
what human society at present is probably not warranted in
doing, — viz., in practicing close inbreeding in building up
families of superior excellence and then keeping these pure,
while using them in crosses with other stocks. For an animal
of such a superior race should have only vigorous, strong off-
spring if mated with a healthy individual of any family what-
ever, within the same species. For this reason the production
of “ thoroughbred >’ animals and their use in crosses is both
scientifically correct and commercially remunerative.

The early plant hybridizers found that frequently (but not
always) hybrids produced by the crossing of distinct species
or genera are characterized by remarkably vigorous growth
and large size, superior to that of either parent. But these
same large vigorous hybrids produced little or no seed.
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Vegetative and reproductive activity are to some extent
complementary and opposed activities of the plant. A
vigorously growing young fruit tree may be brought into
bearing early if it is cut partly in two, or a ring of bark is
removed from it in the growing season, thus checking its
growth. Under such circumstances fruit buds are formed.
In many hybrid plants, in which the vegetative vigor is great,
partial or complete sterility exists. - This, however, is not
invariably the case. The offspring of a cross between geo-
graphic varieties of the same species are usually both vigorous
and fertile, but the offspring of widely separated species or
genera may be lacking in vigor as well as fertility. With
increasing diversity of the parents the following series of
conditions obtains:

1. The mating of parents belonging to the same pure race
and closely related to each other has on the whole the same
effect as self-fertilization. It brings together gametes which
transmit the same characters, which are doubtless chemi-
cally alike, and no particular increase of vigor results when
they unite. It is on a par with asexual reproduction by par-
thenogenesis, fission, budding, or vegetative multiplication.
There is in consequence no change in the germinal constitu-
tion, or relatively little. There is neither increase of vigor
nor loss of vigor.

2. The mating of closely related individuals within a nor-
mally intercrossing population such as a breed of domesti-
cated animals, or a human population, is apt to cause some
loss of vigor. So much of the vigor of the population as is
due to its crossed (or heterozygous) character, will tend
gradually to disappear, as homozygous conditions are ob-
tained in consequence of inbreeding. The greater the num-
ber of characters in which a population varies, the slower will
be the attainment of a fully homozygous state in consequence
of inbreeding. If sufficient vigor is retained after a fully
homozygous state has been reached, then the closest inbreed-
ing (or even self-fertilization, when this is possible) should
cause no further loss of vigor. There is no reason to think
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that monstrosities are produced by inbreeding (as for
example deformities, feeble-mindedness, insanity) except in
so far as such maladies may be due (1) to the lack of suffi-
cient vigor on the part of the organism to complete its normal
development, or (2) to the appearance in a homozygous state
of a recessive condition unseen in the heterozygous parents.
8. The mating of individuals belonging to distinct geo-
graphical races of the same species of animal or plant usually
produces offspring larger or more vigorous than either parent
and fully fertile. The same result follows when distinct
breeds of domesticated animals or distinct varieties of culti-
vated plants are crossed. The offspring are equal to or
superior to the parents in vigor and not less uniform in
character. But the F; generation from such a cross does not
retain the superiority of the F, generation, for it shows great
variability in all respects, which in economic animals or
plants is very undesirable. For the characters in which the
two pure breeds differed undergo recombination in all pos-
sible ways in the F; offspring. Even a back-cross of an F,
individual with one of the pure races would produce offspring
quite variable and including undesirable combinations, since
each F, individual would form the maximum number of
_different kinds of gametes. Hence crossing of pure breeds of
domesticated animals may in special cases be advantageous
but should never be carried beyond the F; generation unless
the breeder is setting out on the slow and tedious process of
producing and fixing a wholly new breed. In that case he
must be prepared to produce and sacrifice many worthless
animals for the sake of obtaining in the end a few of possibly
superior value. For such an undertaking the imagination
and the patience of an inventor are required.

4. When animals or plants of widely separated species or
genera are crossed, one of two results follows: Either the
offspring are of remarkable vigor but of impaired fertility,
or the offspring lack both vigor and reproductive capacity.
In the former category comes one very important economic
cross, that of the horse with the ass, producing a very valu-
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able animal, the mule. The economic importance of mules
is indicated by the large numbers produced in the United
States, South America, Europe and Africa, and by the fact
that the market price of a mule averages higher than the
price of either a horse or an ass. Nevertheless a mule is
absolutely incapable of reproduction. It has well developed
sexual glands and sexual instincts, but the sexual cells de-
generate before reaching full maturity. If mules were capable
of reproduction, they would probably be less valued than
they now are, for F; and F; individuals would doubtless then
be produced, and these would lack the uniformity and vigor
* of the F; individuals which alone exist at present.

Crosses of cattle with the American bison produce hybrids

which are sterile in the male sex only, the females being fertile
with either parent species. By use of these fertile female
hybrids, three-fourths bloods may be produced which are
almost as variable as a true F; generation. If the products
of this cross are shown to possess economic advantages over
domestic cattle (which seems very doubtful) a fertile hybrid
race will doubtless be established in the near future. How
this can be done is shown in experiments made by Dr. Det-
lefsen and myself in crossing the guinea-pig with a wild
Brazilian species of cavy, Cavia rufescens. The F, individuals
surpass either parent species in size and vigor, but the males
are fully sterile, the females, however, being fertile. After
two back-crosses of female hybrids with the guinea-pig a
few fertile males were obtained, whose désc;endants were also
fertile. But they possess certain Mendelizing characters de-
rived from the wild parent, Cavia rufescens. The skeletal char-
acters of the hybrids are a blend. The great vigor of the F;
hybrids is not shown in the fertile hybrids obtained by back-
crossing. As regards size and vigor they are not superior to
guinea-pigs. If the Mendelizing color characters possessed
_economic value, the hybrid race could now be easily con-
tinued. As in the case of the cattle-bison cross, the economic
value of the F; generation is not sufficient to warrant the
expense of its continued production.
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Hybrids which are feeble as well as sterile have, of course,
no economic value. They are scientifically interesting as
showing how, when the difference between gametes becomes
too great, they can no longer form a vigorous zygote. Few,
if any, animal hybrids of this sort are known, but many
plant hybrids of this sort have been produced, among them
being some of the first produced hybrids obtained by crossing
different species of Nicotiana (tobacco). !

5. When orga.msms are crossed which differ more w1dely
than do ordinary species, so that they are referable to differ-
ent genera or families, the production of a hybrid organism
does not follow, apparently because the uniting gametes are
too unlike to be capable of continued existence together in the
same cell. Nevertheless a parthenogenetic development of the
egg-cell may result from its fertilization by the foreign sperm.
Thus when the egg of a sea urchin is fertilized with the sperm
of a sea lily, an animal of a wholly different family of echino-
derms, the egg begins development following a fusion of the
sperm and egg nuclei, but the nuclear substance introduced
by the sperm soon degenerates and disappears. The egg,
however, having once started to develop, continues to do so,
producing an organism showing only characters of the ma-
ternal species. Its development is as truly parthenogenetic
as when induced by chemical or osmotic means, as is now
known to be possible in the case of the eggs of many marine
and of some fresh-water animals. Thus the unfertilized egg
of a frog may be made to develop by chemical means (or
even by puncturing the superficial layer of the egg with a
needle), a process we may call artificial or induced partheno-
genesis. Now in crosses of species too widely separated to
produce a hybrid individual, the sperm may merely induce
parthenogenesis. This method of inducing parthenogenesis
is being used by plant breeders of the United States Depart-
ment of Agriculture to obtain orange seedlings which it is
hoped may be superior to the mother plant in certain re-
spects, though the progeny will inherit none of the qualities

1 See East and Hayes, 1912, Bull. 248, Bureau of Plant Industry, page 28.
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of the pollen plant. It is hoped merely that there may occur
in the parthenogenetic offspring some segregations or vari-
ations of the characters found in the mother plant.

What might be called male parthenogenesis has been re-
ported in crosses of strawberries made many years ago by
Millardet and also in a cross between Mexican teosinte, a
plant related to maize, and a coarse grass of the southern
United States. In these cases a cross-fertilized seed produces
a plant which shows only characters of the pollen parent. It
is supposed that in such cases the egg nucleus has taken no
part in the production of an embryo, but that this has arisen
wholly from nuclear material of the pollen tube.

Considering all the facts, changes in heterozygosity alone
seem an insufficient explanation of the effects of crossing and
inbreeding respectively. It is necessary to suppose further
that gametes as well as zygotes vary in vigor. Some can
exist as gametes alone, so great is their natural vigor. Here
there can be no heterozygosity. Examples are found both
in animals and in plants (honeybee drone, fern gameto-
phyte). Others can exist only as zygotes, so feeble are they
(the majority of the higher animals and plants). Still others
cannot exist as homozygotes, but only as heterozygotes, be-
cause they are still feebler (the yellow mouse, the aurea snap-
dragon).

Pearl (1915) has attempted to devise a precise meas-
ure of inbreeding based on the number of times that the
same individual or individuals appear in the pedigree of a

particular animal. Thus, in bi-parental reproduction each

individual has two parents, each of these also had two
parents, which may or may not be the same pairs. If the
parents were brother and sister, then their parents were one
pair, not two. Thus the maximum number of different an-
cestors would be two parents, four grandparents, eight great-
grandparents, etc. Such would be the condition when no
inbreeding had occurred. But occurrence of the same indi-
vidual more than once in a pedigree would show a certain
amount of inbreeding, and the extent of the inbreeding would
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increase with every repetition of an individual in the pedi-
gree. Pearl makes this the basis of his “ coefficient of in-
breeding,” which is intended to express the relation between
the possible (maximum) number of different ancestors and
the actual number of different ancestors, each individual
being counted only once, no matter how many times it is
mentioned in the pedigree.

If such a coefficient has any utility, it should express either
the probable extent of the loss of vigor and fecundity to be
expected in a particular case, or the degree of uniformity
(homozygosity) to be expected among the offspring of a
particular individual or individuals. But it is doubtful
whether it has any significance in either of these respects.
For if an individual is a heterozygote, it might appear the
maximum number of times in the pedigree (e. g., as sire in
every generation) without lessening in the least the hetero-
zygosity of the descendants, since in every generation the
maximum number of different kinds of gametes would be
introduced. And if decline in vigor and fecundity is depend-
ent upon decreasing heterozygosity (or increasing likeness in
constitution of the gametes uniting to form a zygote), then
the proposed coefficient of inbreeding will be no measure of
probable vigor and fecundity. Moreover, the experimental
evidence indicates that decline in vigor and fecundity has no
necessary relation to the amount of inbreeding which has
occurred in the ancestry. The important question with the
breeder is not what amount of inbreeding has occurred in an
animal’s pedigree, but whether or not the animal is vigorous
and fertile, and of this direct observation is the best and only
safe criterion. To count the number of times that a particu-
lar individual is named in a pedigree, in order to form an
estimate of the probable character and behavior of an
animal’s descendants, is to fall back on a wholly discredited
line of biological reasoning adopted in Galton’s ““law of
ancestral heredity.”



PART II
EUGENICS






CHAPTER XXIV

HUMAN CROSSES

MANKIND consists of a single species; at least no races exist
so distinct that when they are crossed sterile progeny are pro-
duced. The widest possible human crosses are comparable
with the crossing of geographical varieties of a wild species
of animal, or with the crossing of distinct breeds of domesti-
cated animals. The race horse and the draft horse differ as
much in bodily conformation and temperament as do the
most diverse races of mankind.

Offspring produced by crossing such races do not lack in
vigor, size or reproductive capacity. But these are not the
only qualities which we desire either our horses or our citi-
zens to possess. It is a particular combination of qualities
which makes a race horse useful, and a different combination
which makes a draft horse useful. Crossing the two will
produce neither one type nor the other. The progeny will
be useless as race horses and they will not make good draft
horses. A second generation of offspring will be more vari-
able but will rarely approach the specialized type of either
the race horse or the draft horse, and will be too heterogene-
ous in character to serve any single purpose well. For such
reasons as these, pure breeds of domesticated animals are -
rarely crossed unless a new type of animal is desired to meet
special needs and conditions. Even then many animals of
small value must be produced and discarded and this process
must be continued for generations before the new type can

“be established. For such reasons wide racial crosses among
men seem on the whole undesirable. There is no question
about the physical vigor of the offspring, provided the
parents are free from disease. The statement is often made
that mixed races are feeble, but if this is ever true it is not
because they are mixed, but because the specimens that mix
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are feeble. Mating out of the race, when mates within the
race are available, is prima facie evidence that the individual
so mating is a social outcast. It is not surprising that the
progeny of such individuals are sometimes feeble. If the
parents were diseased, licentious, or feeble-minded, it is
natural that the children should be of like character.

Of course not all racial crossing implies such conditions.
Frequently Europeans, when pioneers in a new country and
without mates of their own race, have married native women.
Such men have not always been social outcasts; frequently
they have been men of great energy, ability, and courage
both physical and moral, and free from disease. When, in
such cases, the mothers belonged to a race with capacity for
civilization, the results have been good. Examples may be
found among the Indian citizens of our southwest states.
But human racial crossing in general is a risky experiment,
because it interferes with social inheritance, which after all
is the chief asset of civilization. Physically and also intel-
lectually, according to Professor Osborn, we are no whit
superior to the men of twenty-five thousand years ago. All
the advantage which we have over them lies in the accumu-
lated experience of the human race since then.

All this we as individuals learn from our mothers and
fathers, or in the schools, the churches, the markets, or the
courts of justice. Wide racial crosses unsettle the founda-
tions of these agencies of enlightenment. At times it is
" necessary that some of these agencies be disturbed in order
that we may lay their foundations deeper and broader, but
racial crossing leads rather toward the discarding of all
foundations of civilization than to improving them.

Such crosses, therefore, as of Europeans with Asiatics or
Africans can not be recommended as agencies for the improve-
ment of the human race. Physically Europeans on one hand
and Asiatics or Africans on the other, are sufficiently diversi-
fied among themselves to allow the maximum benefit from
intercrossing, without resorting to crosses with a distinct
branch of the human family. Socially the effects of such
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crosses on a large scale are too disturbing to be recommended.
This country has seen a sufficiently extensive experiment of
that sort in its southern states, the outcome of which we
shall not know fully for several generations yet. It is desir-
able that each nation should have the fullest intercourse with
every other in commerce and in the exchange of ideas. This is
mutually beneficial to all, but the obliteration of all racial
differences within the human family is not to be expected or
desired.

What has been said thus far refers only to crosses between
the widely separated branches of the human family and even
as regards such cases may be accepted with reservation, since
there is room for a difference of opinion concerning such
matters, which are not primarily biological, but sociological.

What opinion one holds will also depend upon his point of
view. From the viewpoint of a superior race there is nothing
to be gained by crossing with an inferior race. From the
viewpoint of the inferior race also the cross is undesirable if
the two races live side by side, because each race will despise
individuals of mixed race and this will lead to endless friction.
About the only conditions under which a racial cross of this
sort could be fairly tested would be those under which Pit-
cairn Island was populated. Here more than a century ago
a few English sailors and a few Polynesian women founded a
population still in existence and flourishing. Neither pure
race was present to create social distinctions or racial anti-
-pathy. The story of this hybrid human race is a romantic one.

In the year 1788 the Englishman, John Bligh, who as
sailing master had been round the world with Captain Cook
on his second voyage, was commissioned by the British
Government to go to Tahiti, secure plants of the bread-fruit
tree and introduce them into the West Indies. To this end
he was given command of the ship Bounty. Bligh proved a
harsh and oppressive captain, and on his way from Tahiti to
Jamaica the crew mutinied. They put the captain with
eighteen of his crew into the ship’s launch and themselves
turned back to Tahiti. The captain and his companions after
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three months of hardship all reached land (Timor, three
thousand six hundred miles from where they started) safely,
and were taken back to England. The British Government
sent out a warship to punish the mutineers and part of them
were captured on Tahiti. But their leader and nine other
sailors had already escaped to Pitcairn Island in company
with eighteen natives, six men and twelve women. Their
place of refuge remained a secret for twenty years, when it
was accidentally discovered by an American sealing ship
which visited the island in 1808. Pitcairn Island is the
southernmost island of the Low Archipelago in latitude 25°
S. and longitude 180° W. It is about two miles long and one
mile wide, and consists of a mountain surrounded by coral
reefs. For ten years after the landing of the refugees, dis-
order and lawlessness prevailed. In 1808 the sole survivors
were one Englishman by the name of John Adams (formerly
Alexander Smith), eight or nine women, and several children.
It is related that the elements of disorder being removed
Adams instilled ideas of morality and religion into the others,
with the result that the settlement prospered. In 1815 when
the ship Britain visited the island, the captain was impressed
with the peace and good order prevailing. In 1839 the island
became a British dependency. In 1855 the number of in-
habitants had increased to two hundred and the island was
becoming too small for them. They therefore petitioned the
British government to be removed to Norfolk Island, which
was done the following year. Since then some of them have
returned to Pitcairn Island whose present population is about
one hundred and twenty-five. The population of Norfolk
Island in 1901 was eight hundred and seventy, mostly
descendants of the Pitcairn Islanders.

Here then on these two islands is a race of probably one
thousand persons at the present time, originated more than
a century ago by a cross between English men and women of
Tahiti. The experiment has gone far beyond the F, genera-
tion and would afford unique material for a study of the
effects of race-crosses uncomplicated by race-antipathies. So
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far as present information goes the results have been excellent
both biologically and sociologically. It is to be hoped that
some student of eugenics will give the case careful and
critical study.

Another successful experiment in human racial crossing has
been recently studied and described by a German, Fischer,!
who chronicles the origin of a tribe in German Southwest
Africa of mixed Boer and Hottentot blood. This arose from
the intermarriage with native Hottentots of a few Boers dis-
satisfied with British rule in South Africa, who penetrated
far northward among hostile tribes, and were thus forced to
combine with each other against a common enemy. Their
descendants, intermarrying, formed a distinct cultural group
entirely surrounded by pure native stocks and wholly isolated
from contact with Europeans. Pride in their ancestry and
cultural inheritance held them together and prevented mix-
ing with neighboring tribes. After this had gone on for
several generations they came within the German zone of
colonial influence (again British at present under the fortune
of war). Very likely the group as such will presently dis-
appear, but the experiment has progressed far enough to
show that under conditions which do not interfere with
" cultural inheritance crossing of racial stocks as widely sepa-
rated as Europeans and Africans has no evil consequences,
but produces a vigorous, sound race. Fischer finds evidence
of Mendelian inheritance of physical characters among these
people, but critically examined, this evidence is substantially
like that available from other sources. Some characters,
such as hair and eye-colors show fairly good segregation. As
regards skin-color, proportions of the skeleton, features, etc.,.
the hybrids are intermediate between the parent races, but
more variable. It is probable that intelligence and other
psychic traits are inherited in this way.

Racial crosses, if so conducted as not to interfere with
social inheritance, may be expected to produce on the whole
intermediates as regards physical and psychic characters.

1 “ Die Rhehobothen Bastarden,” 1911.
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This seems to have been the result in Central and South
America and in the West Indies, where racial crossing has
taken place to a very great extent. A similar outcome seems
likely to occur in Africa, as that continent is further overrun
by European races. The leading racial stocks of Asia seem
at the present moment to have such physical, mental, and
cultural vigor that they are not likely to amalgamate with
European races.



CHAPTER XXV

PHYSICAL AND MENTAL INHERITANCE IN MAN

THE same laws govern inheritance in man as in other animals
and in plants, but our knowledge of human heredity is less
accurate than that of animals and plants, because we are in
the human field debarred from experiment. The best we
can do is to observe and compare the traits of individuals in
successive generations and thus to ascertain with what known
laws of heredity these cases best agree. For the discovery of
new laws of heredity, human data can have little value be-
cause of our inability to experiment. Nevertheless the inter-
est in human heredity is so general and the number of
competent observers so large, including as it does a great
many physicians and other men of science, that we may look
forward to a very complete cataloguing of human heredity
as fast as general categories of inheritance phenomena are
established by the experimental study of other organisms.
Already we have in hand a great amount of material bearing
on human heredity, gathered chiefly by medical men, much
of it within the last fifteen years. A considerable part of this
is unreliable because of the careless or biased way in which it °
has been gathered, or the uncritical treatment which it has
received in publication. But still there remains a consider-
able body of valuable information, which shows that man is
subject to heredity in every aspect of his physical and
mental make-up. '
Two comprehensive attempts have been made to gather
and analyze data concerning human inheritance, one in Eng-
land at the Eugenics Laboratory of the University of London,
founded by Galton and presided over by Karl Pearson, the
other and more recent one at the Eugenics Record Office,
Cold Spring Harbor, New York, directed by Dr. C. B.
Davenport. Pearson’s data are recorded in the * Treasury



240

GENETICS AND EUGENICS

TABLE 83

INBERITED CHARACTERS IN MAN

1. Blending

General body size, stature, weight, skin-color, hair-form (in croes-section, corre-
lated with straightness, curliness, etc.) shape of head and proportions of its parts

(features).
2. Mendelian
Dominant
( Dark.
Spotted with white.
Tylosis and ichthyosis (thickened
Skin and hair {  or scaly skin).
Epidermolysis (excessive forma-
tion of blisters).
Hair beaded (diameter not uni-
|- form).
( Front of iris pigmented (eye
black, brown, ete.).
Hereditary cataract.
Eyes { Night blindness (when not sex
limited). _
Normal.
Brachydactyly (short digits and
limbs).
Polydactyly (extra digits).
Syndactyly (fused, webbed, or
reduced number of digits).
Skeleton | g phalangy (fused joints of
digits, stiff digits).
Exostoses (abnormal outgrowths
of long bones).
Hereditary fragility of bones.
Diabetes insipidus (excessive pro-
. duction of urine).
Kidneys Normal.
Nervous Huntington’s chorea.
System Normal.

Recessive
Blonde or albino (probably
multiple allelomorphs).

Uniformly colored.

Normal skin.

Normal skin.

Normal hair.

Only back of iris pigmented
(eye blue).

Normal.

Normal.

Pigmentary degeneration of

Normal. -

Normal.
Normal.

Normal.

Normal.

Normal.

Alkaptonuria (urine black on
oxidation).

Normal.
Hereditary feeble-mindedness.
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8. Mendelian and Sex-Linked
(Appearing in males when simplex, but in females only when duplex.)

Dominant Recessive
Normal. Gower’s muscular atrophy.
Normal. Haemophilia (bleeding).
Normal. Color blindness (inability to
’ distinguish red from green).
Normal. " Night blindness (inability to
see in faint light).

4. Probably Mendelian but Dominance Uncertain or Imperfect

Defective hair and teeth or teeth alone, extra teeth, a double set of permanent
teeth, hare-lip, cryptorchism and hypospadias (imperfectly developed male organs),
tendency to produce twins (in some families determined by the father, in others by
the mother), left-handedness, otosclerosis (hardness of hearing owing to thickened
tympanum).

5. Subject to Heredity, but to what Eztent or how Inherited Uncertain
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