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PREFACE

TIII: personalities exhibited by our friends and aequaint-

ances are various, no two of them are quite the same,
although one may frequently show traits that remind us of
another and thus some are more alike than others. Some of
these personalities are agreeable to us and some are not.
If it were possible to determine from appearance those
persons who in the long run would be generally congenial,
many unpleasant experiences could be aveided. For this
renson there is a very useful purpose in understanding per-
sons on the basis of their individual characteristics. Al-
though such an accomplishment may not be widely nor
readily attained yet it leads towards an appreciation of the
relationship between a definite physical constitution and its
characteristic functions and behavior. The ways in which
individuals react in the community, some arriving at suc-
cess and many failing, their dilferent susceplibilities to
ordinary disease, many succumbing during early life and
some surviving to old age—all indicate significant differ-
ences in physieal constitution which result from variations
in inheritance and development among human personal-
ilies,

The present volume is an atlempt to give a general con-
ception of the recent state of our knowledge concerning the
physical determination of individual personalities. This, of
course, is a somewhat complex subject not altogether ensy
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to present in a simple and engaging fashion, However, an
endeavor has been made to discuss the matter in not too
technical language which should be teadily intelligible to
all interested readers. The special sciences have a consider-
able langurge of their own often not fully understood even
in other scientific fields; nevertheless, many of the useful
lerms in connection with the subjects of inheritance and
development are becoming familiar in the general language
of today.

During the spring of 1930 the writer delivered the series
of Lane Medical Lectures at Stanford University in Cali-
fornia. The problems of inheritance and development as
related to perzonality were discussed and this book is pri-
marily an outcome of those lectures. The lecture audience
was familiar with the technicalities of the subject and the
matier was presented in a more specialized way than is
given here. As a matter of faet, it has been necessary lo re-
write and rearrange the entire text in order to adapt it for
presentation to the more general reader.

The trestment adopted is gomewhat comprehensive in so
far as the various aspects of the subject are concerned, yet
no attempt is made to enter into a complete or demiled con-
sideration of all its phases nor to give specific references in
the discussion of minor points—the limits of a single vol-
ume necessarily prohibit this. My aim has been to make
clear the physical {actors underlying the origin of person-
ality, and from this origin to carry the individual through
the processes of development producing finally the finished
person. The work and experiments of many investigalors
have been drawn upon freely. The literature is as volumi-
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nous, however, as the subject is broad and it has been only
possible to mention certain important discoveries connected
with particular facts while other equally important works
have been necessarily ‘omitted. Much of the discussion is
concerned with the author's own investigations; this is not
due to an exappgerated sense of their value but rather to
familiarity with their place in the field as a whole.

Many of the considerations are based on experiments
which are no longer new to those acquainted with the sub-
ject. Yet most of the work discussed is quite recent, and the
breeding experiments on the structural types among dogs
as reviewed in the last few chapters are published here for
the first time. There is no example among higher animals
of such great diversity in size, shape, general behavior and,
therefore, in personality, as that exhibited by the well-
known breeds of dogs; and it is of great signibicance that
certain human freaks practically parallel in their growth
and form these diversified canine types. The growth of such
distorted types and freaks is associated with modifications
in the structure and function of their internally secreting
glands. Investigations of these problems are being con-
ducted op the Cornell University Experimental Marphology.
Farm, the first of its kind to be established.

It is a pleasure to acknowledge my gratitude for the effi-
cient cobperation of my associates in this work and particu-
larly to Miss Emilia M. Vicari, scientific associate, and Mr.
Norman R. Speiden, manager of the experimental farm,
whose help with the experiments has been invaluable.

Finally, my thanks are due the publishers, W. W, Norton
and Company, Ine., for their personal interest and for their
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many kindnesses and great assistance in the preparation
and presentation of this book.

Cynobia Farm
January, 1931

C. R. Stockanp
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I

THE ASPECTS OF PERSONALITY

TIIE personality of an amimal or thing depends prima-
rily upon its nature or constitution. What is meant
by constitution? The answers differ. One may say, the
make-up or compoesition of a thing. Or again, its chemical
composition under the existing physical conditions. Con-
stitution depends not only upon the composing elements,
but also upon the physical states under which the composi-
tion exists.

The physical state of existence is frequently as impor-
tant in determining the nature of non-living things as are
the clements of which they are composed. Common iren
ore has no peculiar magnetic qualities, but when its mole-
cules assume a certain arrangement it becomes a lodestone
—ithe earliest magnetic instrument found by man. Not
every piece of iron would be useflul as a magnetic needle;
for this it must assume a definite constitution, which results
in a peculiar behavior expressive of a new personality.

Free water in nature is a very different physical stuff
from the fixed water of erystallization. It is well known,
for instance, that erystalline copper sulphate contains a
number of molecules of water to which it owes its erystal-

line character and its blue color. Yet water in such a crystal
£l
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fails to show its fluid properties—it is neither wet nor
soft; no one knows exactly its condition. We simply know
that when crystals of copper sulphate are heated free water
is given off and the copper sulphate loses its blue erystal-
line appearance and is left a non-crystalline white powder.
If this while powder be put into water the blue color ap-
pears in the solution.

The living stuff of which our cells are composed con-
tains fixed or combined water and, in some cases, also {ree
water. But here again the way in which the water is held
or combined is a mystery, and we simply know that if water
be driven out and the protoplasm dried, it usually dies,
though this does not always or necessarily follow. The
physical state of the contained water affects the constitution
of a thing, just as the presence of combined water differen-
tiates the erystal from the amorphous powder. These well-
known elementary facts nced to be kept in mind and ap-
plied in thinking of the more complex problems of organic
or living constilutions.

What have these facts to do with biological constitutions
or with human personalities? We may think of an organic
or a living constitution as comprising definite chemical
substances existing under peculiar physical states and in
definite quantitative proportions and arrangements. Life
is a property of certain peculierly arranged composilions.
But even in such a complexity the constitution may be
somewhat modified by varying the chemical proportions,
changing the physical conditions under which they exist,
or by disturbing the given qualitative arrangement. Any
one or all of these types of alteration are frequently occur-
ring.
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The Revival of Interest in Investigations of Personality

A century or more ago a great deal was written regard-
ing animal and human constitution as related to personal-
ity, but very few facts bearing on the subject were accu-
rately applied, although some were available. The paucity
of facts and their inexact application no doubt had much
to do with the gradual breakdown of the discussion and the
diversion of attention to other equally obscure questions.
After a certain imerval the subject of individual constitu-
tion and personality has again become a popular one.
What has awakened this renewed interest in individual
differences or human constitutional variations? Has a new
sel of facts fallen into our hands which makes the riddle of
personality more readily soluble than it was during the
earlier agilation? If so, what are these facts newly at the
command of biological knowledge? I venture to assume
that the new so-called facts have been largely gathered
from studies on the glands of internal secretion, which
have been in progress on the modem basis for almost hali
a century. The juices from these internally secreting organs
often excrt a marked effect on the structure and function
of the hodily organs, and at times on the body as a whole.

These secretions seem 1d initiate the change in nature of
the individual from a child into a man, and, later, they
may modify the health and happiness of the man. With
little knowledgze many have exclaimed: “Surely the glands
of imernal sccretion are the keys to human constitutional
differences!"” Thus many persong have rushed in to explain
the good constitution, the bad constitution, the strong con-
stitution, the weak constitution, and susceptibility to dis-
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ease, insanity and crime, on the basis of thiz one grand
underlying mechanism of control—the internal secretions.

Where in the animal kingdom did endocrine secretions
come from? When during the individual's evolution do
they begin 10 exert control? And, above all, what deter-
mines their constitution? These are the questions which
few of the interpreters of the constitutional personality
have asked themselves. Yot they are fundamental questions
in an analysis of constitution, particularly in constitutions
modifiable by internal secretions. With these questions
unanswered, how can we expect 1o know the relations of
internal secretions to human personalitica? How, for ex-
ample, does growth depend upon certain of these specific
secretions, as is generally claimed, when we see growth
oceurring in splendid fashion among plants and lower ani-
mal forms where such specific secretions are not known to
exist?

Where are the answers to such questions to be found?
Are they evident in complex adult human individuals on
which nearly all the personality studies are now being
made? This scarcely seems probable. A comparative anal-
ysis of simple constitutions might be a logical method of
approach; the origin and development of individual per-
sonalities would certainly be a mecessary study in the solu-
tion and final understanding of any such intricate problem.
These approaches, however, have searcely been suggested
and certainly have not been seriously used in any of the
present-day treatises on human personality.

The constitution of & man should at least deserve as
careful and as comprehensive a study as the constitution of
any lower form of animal life. Yet I venture to think that
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a zoblogist would not seriously impress his fellows by an
atiempled analysis of the constitutional differences among
the adult population of a given animal species without hav-
ing considered the ancestral or germinal history and the
individual development of these animals. It is equally nec-
essary for an understanding of human constitution that we
consider the nature of human germ cells and the develop-
ment and growth of the embryo, foetus, and child. Without
such considerations we cannot be cerfain of conclusions
based alone on adult constitutional changes. This develop-
mental analysis may not be possible or practicable to doj
il not, then we must resort to comparative studies on other
mammalizn species and to that most productive of scien-
tific methods, comrolled experimentation, which alse is
usually impossible on human beings,

The Limits of Personal Existence

The medical consideration of constitution and person-
ality has largely centered around the adult as a single
peculiar or disessed individual; there has been some
thought of the family in a general way, but with very few
actual examinations of parents, grandparents, and collat-
eral lines, and with only slight comprehension of the group
or race 1o which the person belongs. Adult individuals
have been subjected to various physical measurements in
order to determine whether those suffering from a given
disease would exhibit similar measurements. A little light
and some confusion has been derived in this way. The light
consists mainly in the repeated rediscovery ol the existence
of two well recognized physical types among human be-
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ings: in simple designation the linear or longheaded type
and the lateral or broad-headed type.

But physicians, like most other people, are inclined to
think of the existence of the individual as extending from
birth to death; that is, only the period of visible life and
common acquaintance from birthday to the deathday of
the ordinary man. And further, within this arbitrary span,
childhood is often thought of as a leas: impoenant period.
History is wrilten on such & basis, the dates of birth and
death are the limiting marks. But the heroes of history were
hiologically superior individuals long before they were
born or named. The biologist very well knows that the most
important part of individual existence for man is passed
and over hefore birth, The maturation of the germ cells,
the gametes, in the two foture parents—the union of a par-
ticular two of these gametes, a male cell or spermatozoon
from the father and an ovum or egg from the mother, lo
form the new person—is the supreme consequence in in-
dividual existence. No other two germ cells from the same
two parents would, as they unite on the bazis of chanee,
make quite this individual person, but rather a brother or
sister. .

We must further understand the evolution of the new
individual through the various embryonic stoges, to the
foetal condition with its development and growth, and
finally to that sudden physical metamorphosis—the event
we call birth, a change from endoparasitic to {ree existence.
By mecans of these stages which have been attained within
a short period of only a few months, the individual has
passed from a eingle spherical cell of microscopic size to
a fully formed human baby of seven pounds weight and
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the complexity of millions of cells, Comparatively little re-
mains to be accomplished during the following twenty years
of the person’s developmental history. The chief events,

Fig. 1. The single-cell ovum of microseopic size undergoes an
enarmous evolution in producing the seven pound baby com posed
of millions of cells while a camparatively small change is yet to

take place increasing the baby into the only twenty times heavier
adult men.

probably more than ninety-five per cent of the entire de-
velopment, and the dangerous sieps when any mishap may
cause organic deformity and future malexistence, are
passed before the day of birth.

The individual as & member of a species, its relation
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ships, its method of origin, and its developmental proc-
esses—these are what we need portray! Therefore, a con-
siderable portion of this book will be devoted to a very
general discussion of this ordinarily neglected period
which so shortly precedes the freeliving existence com-
monly recorded as all of life. Let us think for a little of the
life of people before they were born, What are their phys-
ical requirements during this prenatal lifetime? They are
much the same as during postnatal existence; but the re-
sponses of the individual to variations in these requirements
are quile different, and usually much more pronounced in
their modification of personality.

The Personal Demands on the Environment
Before and After Birth

What are the common things in our external environ-
ment upon which we, adult individuals, most eritically
depend? The four best known to be of vital importance
are oxygen from the air, temperature limitations, water,
and foodstuffs. None of us could survive a temporary cut-
off of oxygen for longer than a small number of minotes,
Free oxygen is critically essential for our existence, If,
however, one of us was deprived of oxygen for a short time
and was practically dead, as in the case of drowning, he
might with the aid of artificial respiration and heart stimu-
lation be guceessfully revived. After revival the individual
would be constitutionally much the same as before this
experience. The egg and embryo are as fully dependent
for their development upon a {ree oxygen supply as are
postnatal persons, Let us, then, suppose that the oxygen
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supply be cut off from the embryo; it also will die. But if
the supply be merely temporarily stopped and then re-
stored with suficient prompiness, Lthe embryo may revive
and continue development. In this case it frequently hap-
pens that the constitution of the individual is decidedly
altered. Not only is this true, but the alteration differs in
quality depending upon the developmental stage or time
at which the interruption in oxygen supply occurred. In
general, the earlier the accident the more severe the con-
stitutional modification. Figure 2 illustrates marked al-
teration in form and abnormal eye development in the
embryo which may result from early lack of oxygen. We
find that an accident from which the postnatal individual
may recover without lasting effect may in the embryo in-
troduce radical and permanent disturbance. In order to
insure normal development the embryonic environment
must continually supply free oxygen. Has nature made
provision by which this oxygen supply may be guaranteed?
To this question we shall return later.

The zecond necessity from our environment is tempera-
ture limitation. Human life or personal existence is con-
ﬁtituliunalhl: adaptr:d toa very narrow range of temperalure
variation. Without provision of clothes or shelter it is
doubtful whether human beings could long survive in a
temperature only so low as 50°F. Without artificial pro-
tection we are uncomfortable even ar 60°F, and would
probably be happiest only in the short range between 70°
and 80°F. As the temperature rises above B0°F and
reaches the limit of slighily above 100°F, we become de-
pressed, unfit for strenuous effort, and finally feverizh and
sick. Our normal behavior and life functions are definitely



Fig. 2. Modifications in the development of the eyes and body
form in unkatched fish embryos; these may result from iemporary
deprivation of oxygen supply, Specimens number 3, 6 and 9 are
normal embryos of different ages for comparisen; ap. c. the em-
bryonic eye,
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designed to play their role within only a short range of
temperature variation.

These necessary limitations in temperature are also
sirongly demanded by the developing embryo. Here again,
as in the case of variations in oxygen supply, the response
to temperature change on the part of the embryo may be
most hazardous for normal constitution. When the tem-
perature is lowered below the normal limit the internal
chemical reactions, or metabolism, of the developing em-
bryo are slowed, and development moves at a less rapid
rate. This modified rate tends to disturb the usual balance
and codrdination of the growing parts, and abnormal re-
sponses result, Even though the proper temperature be
again restored, the constitutional modifications may per-
sist and a defective or deformed individual is produced.
Altering the temperature is one of the readiest and most
commonly emploved methods of experimentally modifying
embryonic development and thereby artifically producing
varions monsirous types. Figure 3 shows structural altera-
tions in individuals that arise from eggs subjected 1o un-
favorably low temperatures. Nature must definitely provide
a proper temperature for the developmental environment
of her higher organisms. Has any provision been evolved for
this temperature regulation?”

The third acutely necessary element both for adult life
and also for the development of the embryo is water. The
deprivation of {ree water supply will stop the life of hu-
man beings within a few days. Living protoplasm is a
watery substance and drying or driving out the water dis-
rupls its constitution. All vertebrate animal eggs require a
moist condition for their development. Drying stunte and
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retards development. However, modification in the watery
content of protoplasm is a very difficult thing to manipulate
and the e:q:nerlmental tm!:rr_qrulngist has rarc]}r resorted 1o
such disturbances as a method forcarrying out his analyses.

Fig. 3. Crozs alterations in structure of body and eyes in fish
embryos, These may follow unwseal temperature eonditions dur-
ing early developmental stages. Several show a single cyelopa-dike
eye and the lower specimen has the two eyes fused into a double eye.
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In the case of water, the external environment and the
internal conditions become so intimately continuous that
they are difficult to separate. We become more and more
impressed with the factthat the so-called external environ-
ment actually extends far into the egg and embryo or into
the protoplasm itself and there is no clear distinction be-
tween external and internal environment or actually be-
tween environment and living stuff,

The embryo must be provided with a moist environment
in order o retain ils ewn waler and to Prucl:cl;l with normal
constitution and development., The water of protoplasm
has recently been discussed by Dr. E, F. Adolph as “living
water.” Has nature evolved any provision for insuring the
presence of this moisture to the embryo?

Finally, our fourth necessity is food. Food is a more
eomplex siuff than the three alore-mentioned essentials for
life and development. Human or animal food includes in
the main a mixture of proteins, fals and carhohydrates.
These are the stuffs which animal organisms use in build-
ing up their own tissues, Self-synthesis is the characteristic
property of living protoplazm. Persons have the power of
storing food to 8 considerable extent and under certain
conditions of starvation they may actually use their own
tissues in maintaining life” Lack of food in the outer en-
vironment, therefore, does not so acutely affect immediate
exigtence as disturbances in the supply and regulation of
the three other necessities.

We may exist for many days without intake of ordinary
food. The egg and embryo are similarly provided with a
limited food reserve, and violent changes in developmental
constitution rarely result from deficiency of food during
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the early embryonic period. Lack of food tends in general
to stunt or retard the incresse in size of the developing
embryo and foetus rather than to cause gross deformities.
Not infrequently, however, severé constitutional changes
and modified personalities may later develop as a result
of faully, unbalanced and insulficient nutrition of the foetus
and young individual—a fact well known to most physi-
cians. Several essential and active substances called vits-
mines, as well as certain inorganic salts, may be classed as
foods and these are highly necessary for normal develop-
ment.

Growth of the human embryo and foetus from the mi-
nute egg naturally involves increase in size and the mate-
rials for this increase must be available, Finally, in animal
evolution, what, if any, provizions have been developed in
order to insure the quality, supply and delivery of food?

Not only biologists and physicians as students of living
things, are concerned with the problems of our early en-
vironmental necessities, but all intelligent persons chould
be awake to these constitutional requirements as they are to
other ways and means of maintaining their good standing
in the community. We shall, therefore, in the next chapter,
consider briefly the evolution of the habits and mechanisms
which have arisen among the vertebrate animals as means
of controlling and insuring the environments under which
their embryos and, hence, their personalities are to develop.
For unquestionably these processes of development are of
mast fundamental imporance in a consideration of the
basis of human personality.



I

THE EVOLUTION OF MECHANISMS FOR
REGULATING DEVELOPMENTAL
ENVIRONMENTS

COMPARATIVE survey of all classes of veriebrate ani-

mals will show that a most striking evolution of ar-
rangements has come about which tends to insure for the
developing egg and embryo a properly regulated environ-
ment. We may question whether highly complex structural
evolution ever could have been possible without the pro-
vision of means for protecting and insuring the surround-
ings of the delicately sensitive stages of development. In
other words, the highly differentiated personalities of man
and memmals are only possible of attainment under pro-
tected and regulated environments, since the helpless periods
of development have been necessarily so greatly prolonged
and complicated.

Environmental Hazards and the Aquatic Eggs of
Fishes and Amphibia

The lowest vertebrates spend their lives entirely in that
archaic and homogeneous environment in which life prob.
nbly first arose=—the sea-water. The fshes as a rule spawn

their eggs freely into the water and leave them to develop.
J6
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But there are various provisions which tend to insure the
four necessities of environment {or the development of the
eggs. In the first place, the fish itself only exists in water
containing a sufficient oxygen supply; yet further to insure
this supply the egps are deposited in shallows where oxygen
is everr more likely to be abundant, or if spawned in the
deep sea, they are commonly provided with an eily yolk
which not only serves as food for the embryo but also
causes the egg to Aoat near the freely aérated surface. Such
pelagic eggs are probably in this way more certainly ex-
posed to a rich exygen supply.

The temperature favorable for development varies with
different species and the spawning season is probably in
some way u:lj!.lsled to this, Certain speties uhl]r spawn dur-
ing the warmer seasons and their eggs are thus unlikely 10
be arrested by cold. Other species, such as the trout and the
cod, for example, gpawn in the wintry waters and their eggs
develop normally at almoest a freezing temperature and die
if the water becomes warm,

The problem of sulficient water or meisture for the em-
bryo is rarely presented to these aguatic animals. Only at
times when the ponds or streams temporarily become dry
do their egps suller or actually die for want of water. The
eggs of fish are provided with sulficient yolk or foodstufl
to nourish the embryo until it becomes able to feed vpon
outside food.

Low water-living vertebrates apparently need only little
and simple provision for regulating the developmental en-
vironment. But with the exposure of their eggs to the zeci.
dents of nature, dangerd are great, monality is high, and
thousands of eggs produce only a few adult fish 1o main-
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tain the piscine population. The chief insurance for devel.
opment is the production of excessively large numbers of
epEs.

There are, however, o few specialized cases among the
fishes in which the eggs develop within the body of the
mother, thus being well protected. These viviparous species
produce comparatively few eggs, since the body of the
parent can adequately accommodate only a small number;
and the hazards of development are so reduced that a pro-
portionately greater number survive to reach adult life.

One grade higher in the animal scale we find vertebrates
that have partly freed themselves from lile in the water.
Most amphibia spend the adult stages of their lives as air-
breathing, land-living forms. Still, these animals have
evolved no provision for developing their embryos on land
and so they must return to the water for spavming their
eggs in order that the embryos may not die from drying.
The egg-yolk suppliez a food reserve and the spawning time
usually occurs during a season of proper temperature re-
quirements. The egps of amphibians, like those of the fish,
are frecly preyed upon as food by other aguatic animals
and large numbers are necessary to insure the development
ﬁf a fl:w.

We conclude in general that the eggs of fishes and am-
phibians deposited in the water are liable to death from
want of oxygen due to stagnation of the water, from changes
in temperature in cases of either extreme chilling or over-
healing of the water, and {from evaporation or flowing away
of the water. The parent animal has evolved no mechanism
or habit for effectively avoiding or greatly lessening these
dangers. The storage of yolk in the egg as a food reserve
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is the only endowment in the way of regulated environment
that is bestowed upon such embryos. A higher order of
constitution than that of an amphibian has not been evolved
under these scanty provisions for protecting development.

The ‘Reptilion Egg as a Mechanism for Regulating
Environment

The next class of vertebrates above the amphibia, the
reptiles, are completely equipped for life on land and may
even exiet in the arid wastes of the desert, althoogh many
species still tend 1o be marsh-land feeders, The reptiles are
capable of 2 continuous life on land because of the fact
that they have evolved arrangements for the development
of their embryo away from the water. Such an attainment
is just az mecessary for land-life as is an arrangement for
locomotion on the ground., The reptiles produce a com-
paratively larger and more complex egp than do the lower
vertebrate forms. The yolk-laden ovum is surrounded by
a quantity of albuminous material which insures a moist
environment throughout the earlier stages of development
and then serves as gn additional amount of foad during the
later time. The albumin surrounding the yolk is itsell en-
closed in either a porous lesthery or calcareous shell which
permits the passage of gases and the intake of free oxygen
from the air.

The mother has developed an instinet which causes her
carefully to bury these eggs in warm sand or, in other
cases, in decaying vegetable humuos, where a sufficiently
high temperature is ordinarily provided. In some cases
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the mother actually covers and guards the eggs against
the dangers of being trod upoen or devoured by their ene-
mies.

The reptiles have thus evolved arrangements for supply-
ing food, moisture and oxygen to their developing embryos,
and they have only failed 1o furnish the proper tempera-
ture for the incubation process. Under such conditions
I.E.cjl' need pl‘ndm:: ':'“].'l' a limited number of CEpEs, Thus
repliles have been enabled to.evolve a far more complex
constitution than has been possible in the unregulated de-
velopmental environment of the amphibian and fish.

The two highest veriebrate classes have probably arisen
from reptilian ancestors, yet the birds and mammals have
each evolved quile different means for insuring the devel-
opment of their young.

The Protection of the Bird Embryo.

The birds have retained much or all of the reptilian
method and have only improved upon this arrangement by
providing the temperature which guarantees the develop-
ment of the egg. Here again we find the very large ovum
laden with food-yolk and surrounded by the watery al-
buminous coat, which is new covered with both a porous
membrane and a chalky shell, facilitating a free exchange
of gases between the embryo within and the air without,
a highly perfected nurluring mechanism.

The bird carefully deposits the egg in a nest of her own
construction or on a well-selected spot. She then sita almost
continuously over the egg, her warm body supplying the
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necessary heat for incubation. Thus with the birds we find
an arrangement for transmitting oxygen to an embryo sur-
rounded by constant moisture, supplied with an abundant
food reserve, and warmed by the temperature of the
parent’s own body. The accidents of nature are greatly re-
duced and only a small number of eggs are necessary to
produce the adult population. Under these regulated con-
ditions of development a marvelous delicacy of constitu-
tion has been attained by the bird.

The Intra-wterine Environment of the Mammalian
Embryo

One might think that the birds had left little to be im-
proved upon in protective arrangements for the nurture of
the embryo. Yel we, as mammals, are sufficiently conceited
to imagine that the course of embryonie protection achieved
by us, in the general evolutionary aseent from the reptilian
state, is far superior to that slight modificetion acquired by
the birds. The males of our class may doubtless be con-
siderably prouder and more enthusiastic about the internal
mode of development than the multiparous females who at
times may not have been completely persuaded as to the
superiority of the mammalian*method.

Examining in general the means evolved by the mam-
mals for controlling the environment of the developing
egg and guaranteeing to the embryo the four elementary
necessities, we find an almost unique departure from the
direction of the more primitive methods, The laying of the
ege into the outside world is discontinued except among
the lowest of the mammals; the higher orders have com-
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pletely discarded the entire reptilian method of embryonic
protection.’

The mammalian ovum has become the smallest and least
provided with food-yolk to be found among the vertebrale
eges. This egp, scarcely visible without the aid of a mi-
croscope, begins its development within the ovidoct ahd then
travels through the duct, very soon to become attached in 2
somewhat parasitic fashion to the uterine wall. The uterus
responds to the presence of the fertilized ovum in a manner
so effective that the den:luping Ell'.l.:l:lll'jl'ﬂ becomes 'pl.ﬁ.l‘.‘eﬂ
near enough to the matemnal blood stream to be supplied
by it with oxygen, water, food, and a delinite degree of
temperature, Under normal conditions these necessities are
as completely provided for the embryo as for the body tis-
sues of the mother hersclf. Such an arrangement is par
excellence nature's guarantee to the embryo of the four es-
sential environmental requirements for life and develop-
ment.

The contrast in size and structure between the eggs of the
bird and memmal is illustrated by Fig. 4. Little yolk is
present in the mammalian egg since food is supplied indi-
rectly from the blood of the mother. The coat of albumin
of the reptile and bird eggs is dispensed with, being no
longer necessary as a reserve of available water, which
the maternal blood now far better provides. The perviouns
coats of membrane and shell which permit free passage of
air 1o the embryos of reptiles and birds are needless in
mammals since here there is a free exchange of oxygen and
gazes between the maternal and embryonie bloods through

1 The few sporedic cascs of interonl developinent among the Bshes and
repiiles are accomplislied by & guite diffesect order of armangement (rom
the mammalisn petierm.
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the permeable vascular walls, The dependence upon an
external temperature, which may at any lime vary, is re-
placed by the permanently uniform internal body tempera-
ture of the mammalian mother.

Fig. 4. On the left o diagrammatic section through the hen's
egg showing the shell, white and yolk; the germ of the embryo liex
on top of the yolk sphere. This tiny germ corresponds to the en-
tire egg of the human being as shown by the small cell labeled in
the right figure, (After Ziegler and Bremer.)

It would seem that injuries due to environmental irreg-
ularities could no longer occur and that development must
be perfect except for possible defects that might arise from
constitutional deficiencies within the original germ cells
from which the embryo was derived. Closer examination
will convinee us, however, that unfortunately this is not al-
ways the case and accidents of the environment are still
possible even under such perfect conditions.

Although theoretically the mammalian arrangement
seems perfect, the uterine reactions to the early embryo are
very delicately balanced responses, and defective placen-
tation or attachment with poor communication betwecn
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mother and embryo is a common occurrence. Defects in
placental reaction vary from harmless deficiencies in lim-
fted regions of the placenta to entire failure of the com-
municating arrangements and the desth of the embryo.
Many, probably most, of the gpontaneous abortions in hu-
man and other mammals occur near the time of the firg
menses or oestrus after conception, and they probably re-
sult from faulty ulerine reaction and consequently poor
implantation of the ovum. The deficient responses may be
due to a subnormal reaction on the part of the uterus, as &
result of disease, or of poor physiological tone, or of im-
proper ovarian secrelion; or, on the other hand, the abnor-
mal implantation may result from a defeclive reaction on
the part of a pu-u:lf dcﬁ:iuping cmler':l derived from had
germinal stock. The proper placental arrangement depends
upon both the mother and the embryo; it is actually a mu-
tual affair, and a dead egg does not become implanted.

The Environmental Fador in Abnormal Human
Development

In studying the abnormalities of embryos and foetuses
collected from a large number of buman abortions, some-
thing of the consequences ol poor communication between
the embryo and mother has been learned. For this knowl-
edge we are largely indebled to the extensive and careiul
studies of F. P. Mall and Arthur W. Meyer, in this coun-
try, and to a number of European investigators, partic-
ularly the German pathologist Schwalbe. The types and
kinds of embryonic defects in these human cases are often
the same as those resulting from experimentally produced
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arrests in lower animal forms. The probable cause for both
groups of developmental defects would logically seem to
be & deficiency in the supply of one or more of the four
sbove-mentioned critically cesential demands of normal
development. Redueing the oxygen supply and altering the
temperature are the most ellective artificial means of mod-
ifying embryonic development and inducing monstrosities.

Which of the necessary factors is most probably con-
cerned in defective human development? The character of
the defects would seem to indicate that they are not due to
simple food deficiencies; sufficient food is probably ob-
tainable. Again, it is rather improbable that the defects in
the mammalian embryo could be atiributed to lack of water
as this is almost necessarily present in the internal environ-
ment. The temperature regulation is very probably uni-
formly adequatc in the mammal since the embryos of ani-
mals which may be studied experimentally are actually
capable of withstanding o wider range in temperature
variation than would be possible within the body of the
mammalizan mother. The placental arrangement and the
internal mode of development scem then entirely adequate
for lemperature regulation, and largely sufficient for a
proper supply of water and ordinary foed. The one essen-
tial element that may be cri|i:,-'.u]]:,r deficient on account of
poor placental communication is oxygen; ond we know
from illustrations previously cited, that a reduction or cut-
off, even temporarily, of the oxygen supply may give fatal
or decidedly pronounced results. On the basis of a large
array of evider:ee which need not be given here, one is justi-
fied in the conclusion that improper placentation is most
dazngerous because of faulty communication between the
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maternal and foetal circulations and, consequently, a dimi-
nution in oxygen supply to the embryo.

Imperfections and “weak spots”

In conclusion, we recognize that deficiencies and altera-
tions in the embryonic environment are most serious in
their effects in modifying prenatal constitutions. And we
shall later examine evidence which shows that the effects
of unfavorable conditions are the more severe the earlier
in the individual's life they chance to occur, and, con-
versely, they become less severe as maturity is reached.
For example, a treatment with a given dose of substances
such as ether, alcohol, or various salts may actually cause
the egg during the carliest stages of development to give
rise to a non-viable double-headed monster; a linde later,
the same doze of the same substance may induce various
defective conditions in the development of the central nerv-
ous system; still later, abnormal growth and twisted body
form may result; while in the early infant a comparable
dose may cause only disturbed funclion and temporary
illness, not necessarily leaving any permanent effect; and
finally the adult individual'may actually employ compa-
rable amounts of the same substances to produce only pleas-
urable sensations with no harmful results,

In the light of such facts as these one realizes how nearly
correct the embryonie environment must be in order to in-
surc perfect development from a perfect egg. Individual
egps differ in their quality and thus in their susceptibility
to slightly unfavorable environmental conditions. One egg
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may develop vigorously and well in an environment which
a weaker sister individusl cannot successfully withstand.
Many of these facts are to be discussed more fully in the
chaplers 1o follow, but at this time we may appreciate the
difficult problem with which nature is confronted in her
effort to escort the delicate egg and embryo through the
varying mazes of environmental change, to deliver finglly a
normally constituted personality. If the environmental al-
terations referred to above piay give rise to severe develop-
mental disturbances, then minor changes in environment
of even short duration may possibly induce blemishes or
slight defeets in great numbers of so-called normal young
animals,

It would not be altogether erroneous to assume that most
individuals are finally born with some imperfection due
either to lack of quality in the germ cells from which they
arose or to a lack of exactness in the environment under
which they were nurtured, These imperfections are our
“weak spots,” which are so0 commonly known to the layman
as well as the physician. Too often on their account a per-
son breaks down in illness or actually dies, while the rest
of the bodily make-up is sufficiently strong to have survived
for years. Few are built on the plan of the wonderful “one
horse shay" depieted by the snatomist and physician, Pro.
fessor Oliver Wendell Holmes, As he refers to the “weak

spot™;

“Find it somewhere you must and will,
Above or below, or within or withous,
And that's the reason, beyond a doubt,
A chaise breaks down, bt doesn’t wear out.™
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One may go far in defense of the thesis that the human
personality finally dies from some defect, “weak spot,”
that was present at birth, In other words, the individual
dies of a disease (faulty construction) with which be was
born.

Actually length of life itself is, therefore, largely a
genetic and a congenital alfair, particularly for the species.
The rat is old and often dics before the end of three years,
the mouse at two, the dog at from eight to twelve, and
human beings are old or dead before three score and ten
years with rare exceptions. Something in the personality of
the animal determines its deathday as well as the length of
its prenatal life and itz birthday. The sturdiest individuals
of the species live the Jongest, and natural selection insures
this fact even among men and in spite of moders sanitation
and the mechanical age. The susceptible and less fit indi-
viduals that formerly died of the onetime prevalent infec-
tious diseases are now in the absence of such diseases killed
by automobiles and other modern devices. The less well ad-
justed persons are unable 1o negotiate the traflic and run
misceleulated chances or are willing to risk their lives with
reckless angd incapable drivers. Their constitutional defects
handicap their behavior.

Natural selection in complex modern communities seems
to be playing more on the nervous traits and mental capac-
ities than upon the old-fashioned brute strength that
counted so highly in savage combat. The onslaught of en-
vironment has somewhat changed its base of action towards
the higher nervous centers, Yet still, the individual person-
ality is the chief determiner of its fate, and death only by
sheerest accident is unrelated to the constitutional state.



I

THE CONSTITUTION OR PERSONALITY OF
THE GERM CELL

N what form does the individual person exist in the
I germ? Or, phrased in a more general way, what is
the constitution of the germ? This question has given rise
to much guessing and heated controversy throughout the
ages of medical and biological history. And yet even today
it is being {everishly studied by the ablest investigators
with the most refined and complicated metheds of genetics
and experimental biology. No question could be of more
fundamental importance to living beings. Something of an
insight into the importance of this subject 1 shall attempt
to develop in the next chapters.

Early Conceptions of the Individual in the Germ

More than twoe centuries hpo, and before microscopic
structures were studied, there had developed a distinet
school of opinion regarding the manner in which the strue-
ture or character of the future individual existed in the
germ. The members of this school held that the embryo
was preformed in the germ simply as a tiny or invisible
individual with all its organs and parts already present, and
that development was merely the enlarging and unfolding

48
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of this minute bud into the newbom baby. This doctrine
was first known as the theory of unfolding or evolution, and
was later better designated the preformation theory. It was
goon found to present a peculiar difficulty on account of the
fact that among the higher animals every individual is de-
veloped as the result of the codperation of the two sexes.
The individual could not be in both the male and the fe-
male germs; it must be in only one. Therefore, when the
Dutch microscopist, Anthony van Leeuwenhoek, announced
the discovery of the male germ cell, the spermatozoin, by
his student Stephen Hamm in 1677, an active controversy
arose as 1o whether it was the egg or the seminal filament
which contained the preformed germ. This controversy
was begun with particular vigor since Leeuwenhoek him-
self, in one of the papers reporting the discovery of the
seminal filament, declared it to be the preformed germ of
animals: at fertilization it entered the egg which served
only as a nutritive medium necessary to the growth of the
spermatozodn in evolving the person. This declaration gave
rise to the school of animaleulises, while those who had al-
ready contended that the preformed germ existed in the
egg were known as the ovists,

Numerous treatises and early texts on embryology pic-
tured the spermatozodn containing within its nuclear or
head-part the tiny homunculus or imaginary man with
knees upbent and arms folded in a somewhat prayerful at-
titude. The designation enimalculisis was doubtless derived
from the free swimming animal-like activity of the sperm
cell; and after the refutation of the preformation theory the
seminal filaments were long held to be independent par-
asitic organisms comparable to certain protozoa, while the
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seminal fluid itsell was then thought to be the fertilizing
medium,

The two opposing groups of preformationists were doubt-
less equally satisfied with the clarity and simplicity of the
developmental problem on this naive unfolding basis, until
their enthusiasm led them to follow the line of preformation
reasoning to its logical conclusion. If the entire future in-
dividual lies folded in the germ cell and if its development
is simply growth and unfolding, then it must also contain
germ cells from which the next g:nernﬁ-:m would be de-
rived, and these cells should have folded within them the
second generation to follow, and so on. The germ cells of
mother Eve according to their calculations must have con-
tained 200,000 million human germs.

Such a proposition seemed lo necessitale enormous vol-
ume, no matter how minute the buds, to represent all the
future generations of the human family. This box-within-
box doctrine, or as the Germans termed it, Einschachie-
Iungsleﬁra, was pm]:m]:ly the most prunnum:cd reductio ad
absurdum which the history of biology affords. It is gratify-
ing, however, that whenever in the history of science prog-
ress seems blocked by error, an unusually bright flash of
truth gleams forth to light a new way.

And so, in the midst of these preformation doctrines,
there opened a new epoch for embryology, when, almost
170 years ago a young German medical student presented
in a thesis for his doctor’s degree overwhelming evidence
in proof of the step-by-step or epigenetic process of ani-
mel development. Casper Frederick Wolff in 1759, exactly
one century before Darwin published his Origin of Species,
presented facts which showed how the organs of the em-
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bryo were developed from undifferentiated material, that
each stage of the developmental process prepared the es-
sential way for the following stage, and that organ prefor-
mation could not be demonstrated in the animal egg. This
contribution ranks as an epochal classic in the advance of
our knowledge of animal constitution and the origin of
personality.

However, this early epigenetic point of view, although
marking a great step forward, was by no means the same
as our modern conceplion of embryonic development.
Sevenly years were yet to pass before the great German
botanist, Schleiden, and the equally distinguished German
zoblogist, Schwann, were to make the still more funda-
mental contribution to an understanding of organic con-
stitution through their discovery of the cell and the realiza-
tion of the cellular composition of the bodies of animals
and plants. This great diccovery of the cellular composition
of living things was made only a little less than a century
ago. And alter the establishment of the cell theory embry-
onic development necessarily became recognized as a far
more clearly epigenetic process.

This brief introductory statement is necessary in order
properly to place the actual significance of our specific
topic, germinal constitution. We are now prepared to begin
with the germ as a cell and shall undertake to consider the
possibilities of influencing it as such, and of further an-
alyzing its inner nature and structural constitution.

The Relationships of the Germ Cells to the Body Cells

The egg and spermatozodn are truly animal cells, al-
though they differ from the general body cells in possessing
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the potentialities necessary for giving rise 1o a complete
new individual. Questions occur as to what relationships or
connections may exist between the body or soma cells and
the germ cells of the animal. Is it possible for the body cellz
to give rise to germ eells or in other ways to influence or
impreta their experiences to any degree upon the germ
cells? Or, are the body cells and the germ cells completely
et off from one another, the body merely serving as a tem-
porary harbor for the germ cells which have been continu-
ously passed on from generation te generation since life
began on this world? These are most significant questions
in any consideration of humen constitution.

The fact that many of the structures and arrangements in
animals seem 1o fit so exactly into the natural environments
in which they exist has long forced certain observers to be-
lieve that the efferts of the body parts to adept themselves
and fit the environment are in some way impressed on the
germ cells and are transmitted through these to the next
generation. Such a conception is commonly known as use-
inheritance, or the inheritance of acquired characters,

The great French nmwralist, Jean Baptiste Lamarck,
first presented this idea of the transmission of acquired
chargcters in elaborate detail as his conception of the man-
ner in which organic evolution had been brought about. In
his Histoire Naturelle Lamarck proposzed that “All which
has been acquired, laid down, or changed in the organiza-
tion of individuals in the course of their life is conserved
by generation and transmitted to the new individuals which
proceed from those which have undergone these changes.”
It was held that the effects of vigorous use of an argan in
any definite way, such zs the action of the front feet of
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moles in burrowing, would be transferred through the body
to the germ cells and these would respond by producing a
next generation of animals with fromt feet already at birth
better adjusted for the burrowing performance. It was
thought that in this manner the beautiful harmony between
the structure of a part and its life function had been in-
duced. The theory was widely appealing, and even today,
with o complete lack of experimental demonstration of its
truth, it is not altogether dead.

The inheritance of acquired characters, or somatic ex-
periences, was accepted by Darwin and frequently used by
him in explaining many adaplations. This belief in the in-
fluence of the activities of the body organs, or soma cells,
on the germ cells was partly responsible for leading Darwin
to propose the hypothesis of pangenesis in his classical
treatise on Animals and Plants under Domestication. Dar-
win assumed that the cellular units of the body throw off
minute granules which are dispersed throughout the whole
system; that these, when supplied with proper nutriment,
multiply by self-divizion and are ultimately developed into
units like those from which they were originally derived.
These granules he termed gemmules. They are collected
from all parts of the gystem to constitute the sexual elements
or germ cells, and their development in the next generation
forms a new being. They may likewise be transmitted in a
dormant state to {uture generations and may then be de-
veloped, Hence, Darwin stated, it is not the reproductive
organs or buds which generate new organisms, but the units
{or cells) of which each individual is composed, These as-
sumptions constitute Darwins provisional hypothesis of
pangenesis which is actually, as the name indicates, the
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idea of genetic particles from all parts being finally fo-
cussed to constitute the reproductive cells.

Darwin recognized that views in many respects similar
had been earlier propounded by various authors—Buffon's
“organic molecules,” Herbert Spencer's “physiological
units,” and others. But it may safely be said that no theory
could have gone further in making the germ cells entirely
secondary to the somatic units or body cells than did the
pangenesis hypothesis, In such a scheme the body cells in
variation, use and disuse, and all modifications, are readily
able to transfer their reactions to the central germ and thus
to the following peneration.

This was the climax and also the culmination of signifi-
cant theories which proposed that influences passed centrip-
etally from the soma to the germ. Soon after the proposal
of pangenesis a great tide of dizcoveries chanced to occur,
all of which swept strongly against these ideas. Each new
{act scemed to emphasize the independence of the germineal
constitution and investigators began to think of variations
and new qualities in the individual as being derived only
in a centrifugal way from their centers of origin in the
germ,

This turn of the tide accompanied the progress of in-
vestigations into the structural constitution of the germ
cells. During the last quarter of the nineteenth century the
chromosomes were discovered as the chief nuclear elements
of the cell, and their peculiarly consistent behavior during
cellular reproduction attracted the interest of a host of able
investigators with theiresult that important facts of cellu-
lar constitution were rapidly accumulated.
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Independence and Purity of the Germ Plasm

It was from this atmosphere of cellular investigation that
the eminent German zodlogist, Weismann, crystallized his
conception of the continuity and purity of the germ plasm.
His idea really started our modern analysis of development
and inberitance. Weismann emphasized the independence
and separatencss of the germ cells from the influences of
the body cells and probably did more than any other biol-
ogist to overthrow the then prevalent belief in the inherit-
ance of conditions acquired through individual bedy
performance.

During this period the recognition of the chromosomes
as definite cell parts and the history of their behavior dur-
ing nuelear division laid the foundations for 2 modern con-
ception of germinal constitution. Today, we may tentatively
say that the constitution of the chremosome is actually the
congtitution of the germ.

A characleristic number of these chromosomal bodies
are present in the cell, and each of them is equally and con-
sistently split during cell division, so that half of every
chromosome is passed Lo one daughter eell and hall to the
other, as may be seen in Fig. 5. As long ago as 1883, Wil-
helm Roux, in his study, “Uber die Bedeutung der Kern-
teilungsfipuren,” had supposed that the formation of
chrotmosomes in long threads brought about an alignment
in linear series of dilferent materials or “qualities.” Then
by longitudinal splitting of the chromosomes as an early
step in nuclear division all of these “qualities™ are split
equally or divided and passed to the two daughter nuclei
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which arise from this division. In the light of our present
knowledge, Roux's early interprelation is astounding in its
minute accuracy of conception.

A few years after this interpretation of nuclear division
Weismann, in 1887, predicted on theoretical grounds that
in order that the number of chromosomes in the epécies re-
main constant from generation to generation there must be
a lime somewhere during the maturation of the germ cells
at which the chromozome number is reduced to half, as is
shown in Fig. 5 on the right, and in bisexuval reproduction
the original number is again restored at fertilization by the
union of the egg and the sperm. When different species are
crossed the proper number is not restored and confusion
results as is shown in Fig. 6. This is the primary reason for
failure of development on crossing different animal forms.

A year later another zoblogist, Boveri, advanced a some-
what similar conception of reduetion in chromosome num-
ber. And only three years afier the phenomenon of
reduction was first ohserved by Henking in an insect, Pyr-

Fig. 5. A diagram illustrating the cells in @ spectes having aix
chromosomes, the three black chromosomes derived from the fo-
ther and the three homologous gray ones from the mother. ﬂ-n'.mg
ordinary cell muliiplication, shown on the left, cach of the six
ehromosomes divides equuﬂy and thus the two new cells in F and
 each have a group of six chremesomes. In the maturing germ
cells the number of chromosomes is reduced to half as szen on
the right. The similar maternal and paternal gray and black
chromosomes unite to form three pairs, The chromosomes now
do not divide but the members of the pairs separate from one
another and the two resulting cells each receive only three in-
stead of six chromosomes. The number is thus reduced, but on
uniting with @ germ cell from the opposite sex it will agein be
raised to six. (dfier Karl Belar.}



Fig. 6. Disgram to illustrate the chromosomal dificulties in
crossing fwo different species wsually having different numbers
of chromosomes. The union of the two germs, G, one with 3 and
the other with 7 chromosomes, gives confusion and makes pair-
ing of similar maternal and paternal chromosomes impossible in
the germ cells of the hybrids. The last line of circles shows the
confusion in combination ond chromosomal numbers which re.

sults. (After Karl Belar.)
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rhocoris. Following this, reduction was found in a number
of other animal {forms by Haecker, vom Rath, Riickert and
others. The chromosomes now became the bodies of greatest
interest in the constitution of the germ cells and they were
recognized as the basic material carriers in heredity, Thus
far had the modern conception of the constitution” of the
germ advanced in 1900,

The Mechanism for Inheritance

In the year 1900 the rediscovery of Mendel's laws of
heredity was announced by three botanical investigators,
Hugo de Vries in Holland, Correns and Tschermak in Ger-
many and Ausiria. These laws brought inte biclogical
science an understanding of such profound significance
that every phase of our present investigations are probably
in some manner illuminated by it. The laws of heredity, in
their modern and refined form, have served enormously
in facilitating a minute analysis of the physical constitu-
tion of the germ plasm. Almost immediately following
their rediscovery these laws were interpreted in association
with the already known facts of the behavior of the chromo-
somal structures in the germ cells, The segregation of char-
acters and their independent transmission in inheritance
exactly paralleled the segregation and transmission from
generation to generation of the chromosomes in the germ
cells.

We now, ot last, have the necessary tools for actually
breaking down and building up different animal constitu-
tions at will and in aceurately predictable fashion with
these genetic laws. Figure 7 illustrates in o most striking



Fig. 7. Cross between winegar flics with a recessive wingless
chargcier ond @ recessive ebony color, The F, hybrids oll have
full wings and the wild color pattern. But the effspring from
these, the F.3, thow all combinations of the original four charac-
fers: 3 skow the dominand wild color to one ebony color, 3 show
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manner the process of bringing together four separate char-
acters from two different individuals and the outcome in
the second generation, How can such facilities be ignored
and, still more urgently, how can they be applied in a com-
prehensive analysis of human personality and constitution?
Yet if we confine our study and attention to adult individ-
uals in constitutional elinics it is impossible to imagine how
we are 1o work back for the analysis of the fundamental
principles of personality. The final study of personality
must necessarily be made on the developmental and com-
prehensive basis,

To understand more clearly the problem of germinal
constitution we may consider in some detail an individual
ease. Let us for illustration analyze the plan shown in Fig.
8. At the middle of the two side diagrams are shown groups
of bodies arranged in pairs. These represent chromosomes
in the act of undergoing the reduction division. In the left
diagram 14 chromosomes are seen arranged in 7 pairs of
different shapes: one chromosome of each pair is black
and the other striped. The black chromosomes, we assume,
were all derived from the mother, and the striped chromo-
somes ceme from the father, of the individual containing
this cell. These chromosomes thus represent the two sets of
genetic contributions which the parents supply to the child.
In all the body cells the chromosomes exist as a number
of pairs of similar unit chromosomes. Each maternal

the dominant long wings lo one wingless, and only one in sixieen
shows the combination of the two parental recessive characlers,
ebony eolor and wingless. The F, generation in the figure is ar-
renged to show the expected 9:3:3:1 Mendelian ratio Jor such
fewr factor combinations. (After Morgan.)
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chromosome has its paterna] mate and comparable genetic
elements exist in both, This well-recognized condition is
spoken of as the duality of the chromosomes, Each pair of
chromosomes is distincetly different in genetic quality from
every other pair, and in several forms the genetic signifi-
cance of the chromosomal pairs have been accurately fol-
lowed. In many forms a particular pair is in some way
asgociated with sex determination, and these are designated
as the X-chromosomes, The two large bar-shaped chromao-
somes on the inner side of the left figure of the diagram
are the sex chromosomes and since this cell contains two
such chromosomes it eonstitutes a female individual.
After the two chromosomes of each pair have come to-
gether and fused, which is designated as synapsis, they
pull apart, the maternal derivative of the pair going toward
one of the newly-forming daughter cells and its paternal
mate going in the opposite direction to enter the sister cell.
Neither all of the maternal ner all of the paternal chromo-
somes need go towards one or the other daughter cell, but
each pair of chromosomes seems to separate independently
of the other pairs, as Dr. Eleanor Carothers so clearly
demonstrated, and, therefore, an enormous variety of sort-
ings are possible in the two duughl.cr cells. The moving
apart of the members of the pairs gives one chromosomal
group lo one daughter cell or egg and another to the other.
In the left diagram the egg, A, at the top has obtained a
different combination of chromosomes from the egg, B, at
the bottom. The one at the top has the black maternal
X-chromosome along with three other maternal and three
paternal chromosomes, while the egg, B, at the bottom, has
the striped paternal X-chromosome along with an opposite
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Fig. 8. A diagram to show the sorting of the chromosomes in
two female germ eells and two male cells and the subsequent re-
sult of combining these germ cells to form four possible new in-
dividuals, The female cell on the left separates the two members
of each of the seven pairs of chromosames (o form noo eggs each
with seven, the black chromosomes from maternal and the siriped
from paternal origin; the two ova are not alike in their chromao-
somes. The male cell on the right hes only 13 chromosomes and
sends 7 into the upper sperm-cell but only six inio the lower;
these two sperm-cells are also different in their chromosomes. If
each sperm could unite with each egg the 4 possible combinstions
are shown in the middle circles, Every circle has a different com-
bination of chromosomes derived from the four grandparents
s indicated by the black, the lined, the dotted and the white
chromosome bodies. No twe pairs of chromosomes are the same
in any two of the offspring.
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combination of other chromosomes. These two eggs differ
from one another in the qualities of these chromosomes,
Thus there has been estublished a different segregation of
genetic stuffs in each of the two eggs and, thercfore, they
are constitutionally different from one another.

The right side of the diagram in Fig. 8 illustrates g simi-
lar reduction division oecorving in a male individual. There
is here only one X-chromosome, the maleness being nsso-
ciated with the absence of the other X, The other chromo-
somed are all in pairs as in the female; the maternal
members of the pairs are stippled and the paternal mem-
bers are white. The male in many animals has a small
so-called Y-chromosome derived from his father and this
pairs in a not altogether consistent way with the maternal
X-chromosome. For simplicity this Y-chromosome is
omitted from the diagram.

The members of the chromosomal pairs in this maturing
sperm-cell again move apart to give two male perm cella
each with half the original number of chromosomes. The
upper cell, C, contains the bar<shaped X-chromosome and
the lower sperm-cell lacks an X-chromosome. It thus has
only six instead of seven chromosomes, The two eperm-
cells, C and D, are clearly constitutionally different in their
chromosomal qualities, althotigh both are derived from the
division of a tingle spermatocyte. We may conjecture that
by chance either one of the sperm-cells C or D may fentilize
either of the eggs A or B and give rise to a zygote, the new
individual.

Suppose for the first case that the sperm, C, fertilizes
the ege, A, to give the offspring, A-C. The chromosomal
combination in this individual contains two X-chromosomes
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and the person is, therefore, a female. In the second case,
allow the same sperm-cell, C, to fertilize the egg, B. Again
we have in the combination two X-chromosomes and a fe-
male offspring, B-C. However, these two females, A=~C and
B-C, although we have allowed them to be derived from the
same sperm-cell, making them more closely related than
any two ordinary sisters could be, are yet constitutionally
different. A-C possesses the factors carried by the
X-chromosome from the paternal grandmother in genetic
competition with corresponding factors in the X-chromo-
some from the maternal grandmother, while B-C has the
same X-chromosome from the paternal grandmother
matched against the X-chromosome from the maternal
grandfather. Comparable dilferences exist between every
chromosomal pair in A=C when these are compared with
the pairs in B-C. Since the chromosomes earry the actual
factors which determine the physical characters of the in-
dividual these two females, though almost as closely re-
lated as is biologically possible for two persons to be, are
yet genetically different individuals. These genetic differ-
ences will appear in the later developmental expressions
of these two persons.

Returning to the diagram, we may now examine the re-
sulls if sperm-cell, I, be sllowed to fertilize each of the
eggs, A and B. When D fertilizes A, the individual, A-D,
is derived. The chromosomal combination contains only
one X-chromosome and is, therefore, a male. When D fer-
tilizes B we have the ofspring, B=D, which again has only
one X-chromosome and is a male. These two brother in-
dividuale are more closely related than any two ordinary
brothers eould be, since they are both derived from one and
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the same sperm-cell in union first with one egg, then with
the other. Yet again we find decided differences in genelie
constitution. The male, A-D, will develop characters de-
termined by the X-chromosome handed down from his ma-
ternal grandmother, and the brother, B-D, may develop
none of these characters while deriving a correspondingly
different set from the maternal grandfather.

It is quite evident that still more pronounced differences
in chromosomal constitution will be met if we now contrast
the chromosomes in the two brother circles at the bottom
of the middle diagram wilh thoze of the two sister circles at
the top. The examination of this diagram conveys a general
idea of the genetic backgrounds for many of the differences
in physical appearance and functional behavier found
among groups of children derived from the same two par-
entz. We could on this basis imagine the possible case of
the formation of an individual deriving all its chromosomes
from only three of the four grandparents, and thus receiv-
ing nothing in its entire genetic constitution from one of the
grandparents.

The Uniqueness of a Personality

A detailed examination of-the chromosomal complexes
derived from two parents, such as we have followed in the
last section, finally impresses one with the extraordinary
uniqueness of every individual personality. It is, of course,
common knowledge that no two individuals are exacily
alike, although we frequently find ourselves treating a num-
ber of them in much the same way and erroneously expect-
ing the same response 1o the given treatment from all of
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them. Should not more attention be paid to differences?
Some such feeling as this probably has to do with the
present renewed interest in human constitution and person-
ality studies. The interest is really in constitutional differ-
ences. And taking this to be true we are in the present
discussion allempling to analyze the basis for these differ-
ences. Nothing is more convincing of the profound and
fundamental truth of individual uniqueness than a conzider-
ation of germinal constitution, when one realizes that differ-
ences in the chromosomal complexes are the foundation for
differences among adult individuals.

A phase of this subject was presented most dramatically
in an address, almost twenty years ago, by Professor H. 5.
Jennings, from which we may quote: “Myzelf, my personal
identity, has as a matter of fact arisen in connection with a
particular union of two germ cells each bearing a certain
combination of the strands that determine characteristics.
The essential question is: Could any other combination have
produced my personal identity?

“We find that other combinations are formed in great
number, but that none of theze do as a matter of fact pro-
duce mysell, not even when they are combinations of germ
cells from the same two parenls. Eupp-uﬁ: that my parﬁcu-
lar combination of germ cells had never been made, then
seemingly those other combinations that ere made would
produce the same results that they now produce, namely,
individuals that are not—I. And my personal possibility of
experience would have been {orever non-existent!

*On this basis, what are the chances that [ should ever
have exisied; that the particular combination which pro-
duced me should ever have been made? According to
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competent authorities, one of the two preéxisting combina-
tions from which my combination was derived possessed
somewhat more then 17,000 germ cells, while the other
produced the very considerable number of 339 hillions of
germ cells. So far as conditioned by the characteristics of
these'germ cells, any one of the 300 billions might have
united with any one of the 17,000; any combination was
@ priori as probable as any other, and the chance that my
particular combination should have been formed was
therefore but one in five millions of hillions! . . .

“But this gives but a minute fraction of the real odds
against my existence, or your existence, if each of us de-
pends on the cccurrence of some particular combination of
the strands, We have taken my two parents and their union
as given. But the chaneces were equally many thousands of
billions to one against the existence of each of them, and
even existing, they might have mated otherwise, absolutely
precluding the possibility of that combination to which my
identity and experience are attached; and if we go back
many generations, applying as we must the same considera-
tions, we see that the system of notation which humanity
has devised would be quite inadequate to express the odds
against the formation of the combination from which T was
derived, or you were derived. The chances were infinite
against my existence and your existence,”
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THE GENES, DETERMINERS OF PERSONALITY

w the previous chapter we went only so far in our an-
I alysis of the germinal constitution as to consider the
gross form of the chromosomal bodies in the nucleus and
their general bebavior in the maturation of the germ cells
and the fertilization of the egg. We have also assumed that
the chromosomes are the important carriers of the beredi-
tary factors which give rise during development to the
characters of the individual. We now arrive at the question:
what is the nature of the constitution of the chromosomes?
What manner of stuffs in them are these factors which de-
termine the different characters of the individuals? These
questions introduce a modern particulate theory in biclogy
which T. H. Morgan, the leading exponent of this principle,
has called “the theory of the gene.”

The chromosomes are composed of genes, the genetic
elements. A single gene has not been seen, but today with
ione, atome, electrons, protong, and most deadly ultramicro-
scopic and filterable viruses, unseen is no longer unreal.
In fact, the trend of modern physical sciences is to study
the ultimately small and unseen as the most fundamental
objects in nature. And, strangely enough, it is only the
estimated number and arrangements of the ultimately small

and unzeen electrons to which are attributed the differences
ag
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in character which distinguish the chemical elements from
one another.

What we do see are the ellects initiated by these unseen
things; observing constantly characteristic effects one be-
comes acquainted with particular electronic arrangements
and with definite complexes of genes. The arrangement of
certain genes in the chromosome are probably as clearly
worked out, in a few cases at least, as are the arrangements
of the electrons in some of the elemental atoms. Disarrange-
ment or structural disturbance changes the nature and
character of the element and of the chromosome. The
morphologist may indeed derive considerable satisfaction
on finding that the ultimate nature of things scems so de-
pendent upon physical arrangement.

The Arrangement or Linkage of (renes

On the hasis of a large amount of evidence we may de-
fine a chromosome as a linear arrangement of genes. The
location of the invisible genes in the chromosomes hus been
determined entirely through experimental analysis of in-
herited characters. No other biological knowledge has been
acquired on a more radically experimental basis than that
concerning the points of locatlon of certain genes in certain
chromosomes. The nature of the chromosome depends upon
the number and quality of its composing genes. Genes
seem to be distinct and unigue units and are not known to
become contaminated by association with one another, The
gene is remarkably stable, although like all other organic
things it may change or mutate. After the mutation of the
gene the characters which it influences are also changed. By
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the employment of mutant characters in genetics, or studies
of heredity, almost all our understanding of the function of
the chromosomes and the mapping of the gene positions
within the chromosome have been brought about.

In studying the inheritance of a number of characters
that were transmitted aceording to Mendelian expectations,
the late Professor William Bateson and his brilliant co-
worker, R. C. Punnett, discovered the fact that two charac-
ters in the individual may be linked together in their man-
ner of inheritance. For example, in crossing varieties of
sweet peas 8 purple blossom and elongate pollen grains
were inherited together in a definite Mendelian way, while
a red blossom and round pollen grains were likewise def-
nitely linked together. Following this initinl discovery a
great number of linked characters were found in both ani-
mals and planis,

It was soon recognized that a number of characters were
linked with one sex, oceurring, for example, only in the
male and not in the female of the species. These were called
“sex-linked™ characters, It was thought that this linking
together of certain characters must be due to the fact that
the genes upon which they depended were comtained in the
same chromosome—that the genes for all sex-linked charac-
ters, for example, were contained in the sex-chromozome.
Through linkage, or grouping, of characters Morgan and
his associates have been able to unravel many of the most
difficult problems in inheritance. Figures 9 and 10, from
Maorgan's experiments, illustrate very clearly the sex-linked
inheritance of white and red eye eolor in the common fruit-
fly, Drosophila.

The extreme importance of the genes as factors which de-
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termine the characters of the individual impresses us with
the significance of the chromosome as the carrier of a linked
series of the genes throughout mitotic divisions, Consistent
and usual bebavior of the chromosomes becomes essential
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Fig. 9. The sex-linked inkeritance of red and white cyes in
the common fruit.fy. The animals on the left and o diagram of
ihe chromosome eombinations op the right, A white-eyed male
with the white X-chromosome mated to o redeyed female with
two red X-chromosomes gives red-eyed muoles ond females in
the first generation since each offspring receives one dominant
red X-chromesome from the mother, When these Fs, are mated
together they produce the second generation with all the females
red-eyed since each female must receive either one or two red
X.chromosormes; half the meles are red-eyed and half are white-
eyed sinee they receive only one X which comes from the m other,
and half of the mother X-chromosomes ore red and half are
white, (After Margan.)
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for the consistently normal expression of individual char-
acleristics.

Is there likelihood, on the other hand, of unusual or
abnormal occurrences in chromosomal behavior? If so, how
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.FI,E'. 1. Reﬂpmml cross of white-eyed female by redeyed
male, gives. in the first generation white-eyed sons like the
mother and red-eyed daughters like the father (“crisscross in-
heritanee™). In the second generation there are both red- and
white-eyed females and males; compare with Fig. 9. (After
Margan.)

do such eccurrences modify the chromosomal make-up and
arrangements and what are their consequences on the char-
acters of the person?

It has been mentioned in a previous chapter that the
members of the chromesomal pairs fuse with one another
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during the maturation divisions of the germ cells before
their number is halved. This pairing or synapsis is usually
a very orderly coming together lengthwise of each two
homologous chromosomes—the one from maternal and the
other from paternal origin. When chromosomes are thus
paired in synapsis, it is thought on the basis of considerable
evidence that corresponding, or se-called allelomorphic,
genes in the two lie immediately opposite one another. Dur-
ing this period of synapsis peculiar reactions sometimes
occur, The most common of these has been termed crossing-
over.

Crossing-over of Genes between Chromosomes

In crossing-over the two fused chromosomes probably
become twisted around one another at some one point so
that the part of each chromosome beyond this point lies in
line with the other portion of the opposite chromosome. In
pulling apart on the division epindle after such twisting,
each two pieces of chromosome lying in line become joined,
making a single chromosome, and these newly joined pieces
move away together. By this process the two original
chromosomes have exchanged comparable parts of them-
selves and the pieces thus exchanged are said to have
crossed-over. Chromozomal twistings and arrangements
necessary for such an occurrence have been scen in the germ
cells but the actual proof of cressing-over has been derived
from genetic evidence, see Fig. 11

As has been pointed out the hereditary characters are
transmitted not as single units but in definitely linked
groups. The number of linkage groups corresponds in a
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given animal species with the number of chromosomes.
Much evidence indicates that the characters in a group are
linked together on account of their being determined by the

Fig. 11. Diagram showing pairing and crossing-over of fwo
chromosomes af the four-strond stage. (After Morgan.)

series of genes within one chromosome. Therelore, the ef-
fect of crossing-over is the breaking away of some of the
charactera from one linked group and their new association
in another group. For example, if a chromosome conlaining
genes A, B, C to Z is in synapsis with an homologous chro-
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mosome with genes a, b, ¢ to z, and crossing-over occurs at
the points Ee, then one chromosome will become
ABCDefg and so on, and the other will become
abedEF G and so on. In this case, if we suppose all
capital-letter genes to be dominant factors and all small-
letter ghnes recessive, then before erossing-over the capital-

|
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Fig. 12. Diagram of crossing-over. At the levels where the black
and white rods cross in A, they [use and ore snited as in D. The
detail of gene crossing-over is shown fn B and C, {After Morgan.)
letter Eroup of linked characters was cu:upluiel}r dominant
over the other, but after crossing-over the groups are mixed
and each contains both dominant and recessive characters,
Figure 12 is a diagrammatic illustration of the supposed
crossing-over between two strings of genes.

Morgan and his associates, particularly Sturtevant and
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Bridges, bave found in the small fruit-fly, Drosophila, that
lurge numbers of characters are linked or grouped into
four sets, corresponding o the four pairs of chromosomes
in the cells of these fies, Such sets of linked characiers are
not absolutely consistent in their groupings. It occasionally
happens that a character which is ordinarily assdeiated
with a certain set of other characters becomes diszociated
from these and links jtself with another set through
crossing-over.

Crossing-over is & frequent phenomenon, and on the
probahility that those genes or particles furthest apant in
the chromosomes are more liable to become separated
from one another when the crossing-over occurs, than other
particles lying closer together, much has been learned of the
cxact serial arrangement of the genes along the line of the
chromosome. The probability that the arrangements of
cenes are serial has been determined through the breaking
up of the usual linkage of character groups in inheritance.
The results finally make it possible to plot the relative loci
of the genes and thus chart the chromosomal maps.

Figure 13 from Morgan's experiments shows how two
characters usually linked in inheritance may become sepa-
rated and independently inherited following crossing-over.
White eyes and yellow body color are usually linked in the
sex-chromozome of the fruit-fly but as the figure shows they
become separated in a small percentage of cases.

Nondisjunction or Fusion of Chromosomes

A second peculiar occurrence may arise during the syn-
aptic pairing of the chromospmes. One of the pairs may
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fail to have its members separate and so remain double.
In this case, the two fused chromosomes must both pass
into the same cell at division, instead of each unit of the

Non-crowrowrs A5G

Fig. 13. The effects of crossing-over on body characters. White
eyes and yellow colorare linked in the sex chromosome of the
[y, but after erossing-over the yellow and white become separated
and yellow flies with red eyes and gray flies with white eyes are
shown in the lower right group of the diagram. (dfter Morgan.)
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pair going into one of the two gister cells, To this phenome-
non the term nondisjunction is applied. In such a case the
egg or the sperm-cell will contain an extra or duplicate
chromosome. When this cell unites with another cell at
fertilization, an individual is formed having three instead
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Fig. 14. Nondisjunction causing an excessive number of simi-
lar chromosomes. In the upper part of figure the four possible
modes of reduction of the sexchromosomes in XXY eggs are
shouwn; the resulis of their fertilization by an X-bearing aperm
from the normal red-eyed male { shown below: XXY and XX
red-eyed femeles and XXX animols which dic end exceptional,
A Y, red-eyed males are produced, (After Morgan.)

of twoora Il'ip-fulr] instead of the proper :!ip]uid eondition,
of this particular chromosome, There is, therefore, an ac-
cessdry set of factors, end, as a result, a peculiar and con-
fused expression of the involved characters occurs. Or, at
times, the presence of this additional chromosome may ac-
tually prove fatal, & successful development of the individ-
ual seeming to be impossible under such an arrangement.
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The presence of an accessory or additional chromosomes
may possibly be associated at times with abortion and pre-
natal death in humen beings. Again Morgan and his co-
workers have been the chief contributors 10 our knowledge
of these phenomena, An examination of Figs. 14, 15 and
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Fig. 15, Hﬂndu;unn:'nn. The same as in Fig. 14, but followed
by feriilization with a Y-bearing sperm of the male which gives
whiteeyed males, XYY and XY, exceptional white-eyed females,
XXY, and complete absence of X with double YY ewhich dies,
[Afeer Morgan.)

16 will serve 1o make clear the peculiar chromosomal ar-
rangements in nondisjunclion,

The fact that one cell may receive both members of a
chromosomal pair during reduction also makes it evident
that the other cell may lack entirely a certain chromosome,
and its later history is likewise penullu r. The absence of the
emall fourth chromosome has occurred in Drosephila
melanogaster, the fruit-fly, so extensively studied in modern
genetics, Peculiar compound individuals that may arise
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through abnormal fertilization and strange chromosome re-
actions are illustrated by Fig. 17.

Fig. 16. A disgrom of nondisjunction and the following trip-
loid condition in three chromosomes. Eggs of this kind fertilized
by normal sperm, shown on the right give the combinations in
the lower lime with fve abrormal groups with irregular chromeo-
somal rumbers to onc normal group of iz chromosomes at the

right end of the line. (After Karl Belar.)

T'ranslocation of Portions of Chromosomes

A third type of occurrence may disturb the integrity of
the chromosome, Either an entire chromosome or a part
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of it may become attached to a non-homologous chrome-
some and be carried by it during eellular division into a
cell in which it does not properly belong. Here we have a
combination of two separate groups of genes and, resulting
irom this, a peculiar linking together of characters that are

Fig. 17. Abnormal sex-chromotome regctions in the germ git-
ing rize o specimens which are mole on one side ond female on
the other ond with different sec-linked charocters on the fwo
sides. Such specimens illustrate vividly the effects of the genetic
basiz on body character. (After Morgaon.)

usually transmitted separately. This unusual attachment of
an entire chromosome or a part of a chromosome to a dis-
similar chromosome has been called translocation by
Bridges, who first became aware of it from genelic evidence
in the fruit-fiy, Drosophila. Mrs. L. V. Morgan, in 1922,
described one X-chrdmosome attached in this manner to
another X. Mrs. Morgan also clearly showed the peculiar
genetic eflects which resulted from this condition. It was
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later found by Stern, in Morgan's laboratory in 1926, that
a portion of the Y-chromosome of the male might become
attached in a similar way to the X-chromosome. Stern found
through genetie studies that the presence in the cells of this
attached piece of the Y.chromozome was nol sufficient to
prevent sterility in the male but it was able to do s0 when
another incomplete Y-chromosome was present. Stern pre-
sented both genetic and cytological evidence proving that
the Y-chromosome had broken and that one of its pieces
had become attached to a dissimilar chromosome.

Muller bas more recently shown that translocations, or
“hreakage with reattachment of a fragment to a noo-
homologous chromosome™ frequently occur following ex-
posure of germ cells to the X-ray. The use of X-rays
provides such an abundance of these cases that among
them many of a suitable nature for both a genetic and a
parallel eytological analysis are to be found.

Muller has reported translocation from chromosome I1T
to 11, see Fig. 18, and from 11l to Y in the well-known fruit-
fly. A study of the verious breaks and reattachments has
enabled him to supply valuable physical proof of the cor-
rectness of the gene sequence in chromosomal maps which
had been plotted from the frequency of crossing-over in
Eenetic studies.

Deletion in the Chromosome

The X-rays also produced in Muller’s experiments an-
other type of chromosome modification—deletion, or the
elimination of middle pieces of chromosomes, This has
been produced by irradiating adult male fruit-flies and
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then ecrossing them to females of the so-called attached
X.race, When this procedure was followed, in approx-
imately one per cent of the cases the X.chromosome from
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Fig. 18, [Mogram of the tranalocation ef a part of HI-chromo-
some to Hchromosome, The “right hand” end of the third
chromosame has broken and become attacked fo the “left fand™
end of the second chromosome, (dfter H. 1. Muller.)

the male underwent a deletion of its middle part, leaving
a small picce from ape end attached to & small fragment
of the other end. Various deletions of the X-chromosome
of this general type were analyzed, and it was found that
the size of the remaining {ragment varied genetically and
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eytologically. One coherent section of the genetic map had
been deleted, including every one of the genes tested in
that section, while in the remainder of the chromosome all

Deleted
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Fig. 19. Deleted chromesomes. One of the Xchromosomes in
these cases has dropped owt & large portion of ds midreglon,
leaving only the two small black end picces. The three sketches
show the exact microscopic picture of these chromosomes, (After

H. I, Muller))
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of the genes that should have been there were still present.
Figure 12 is a diagram of this condition.

These cases of deletion furnished illustrations of the fact
that the genes, which the caleulated chromosomal map
represents as lying together, really do lie physically to-
gether.

In biological constitution the genes may be considered
the ultimate structural units or atoms through the influences
of which our physical personality is determined. This much
seems highly probable, concerning the nature of these im-
portant cell particles.
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WHAT CHANGES IN GENES CAUSE CHAR-
ACTER ALTERATIONS OR MUTATIONS

HAT has oceurred in the genes when a mulation, or
W sudden modification of a character, appears in the
individual? Are genes ever lost, or do new genes ever arise
in the chromosomes? No direct answer to such questions
is yet possible. How does evolution come about, or what
initiates the progressive changes in the complexity of ani-
mals in so far as this depends upon the genes? Here also
our answers become very uncertain: extremely little is
known of the exact mechanisms which lie back of these
evolutionary changes in character.

Something of the nature of such processes may possibly
be learned through studies of the inheritance of rudimen-
tary and disappearing organe. It is commonly agreed that
the degeneration of certain parts, such as the gills from our
neck, and the changing over of their remains, in forming,
for example, the middle ear as a sound conductor, has been
cecurring in evolutionary processes. And since these
changes benr directly on the subject of constitution and
personality as well as on modifications in constitution, a

ease in point deserves consideration.
BT
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The Specialized Feet in Mammals

Among the mammals there are various types of special-
ized or modified feet in which the one common feature is
the reduction in number of digils or toes below the primi-
tive five-toed condition. It is generally accepled on evidence
from paleontology and comparative anatomy that the early
mammalian foot was five-toed, and as a rule a reduction in
number of toes has taken place on the median or thumb side
and then on the little finger or lateral side first of the foot,
then of the hand, alternately. The most median, or first digit
of the foot, the big toe, has probably been the earliest toe
dropped out by many mammals.

The extreme condition at present exists among the family
Equidae, including the horse, with only the axial or third
digit of both the front and hind feet remaining to form the
actual hoofed foot for contact with the ground. In the Artio-
dactyla, or clefi-hoofed mammals, such as the sheep and
cow, the two middle digits, the third and fourth, are re-
tained while the border or side digits are either absent or
functionless rudiments. Lesser degrees of reduction in num-
her of digils oecur among almost all the orders of mam-
mals.

We are still quite ignorant of the hereditary processes
through which this reduction in number of toes has taken
place. Yet one may suppose in general that certain muta-
tions or germinal changes have brought it about. If such a
supposition be correct, we may ask whether in these muta-
tions the genes, or factors for the development of those toes
which have disappeared, are also lost, or permanently
modified, so as to render it impossible for the old five-toed
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pattern to reappeer. Or are the original factors for all five
digits still present in the germ cells in their primary condi-
tion, even though certain toes are lost, and thus have the
mutations that eliminated the toes involved other genes
which may prevent the toe factors from indicating their
presence through the development of the digits? There is
evidence which would seem to indicate that the latter pos-
sihility may be correct. If so, then one might under proper
conditions find, or even be ahle 1o bring about, a reap-
pearance of the lost digits,

Studies of these depgenerating toes are important on ac-
count of their bearing on the origin and progress of other
evolutionary changes in structure. Many of these changes
are present in our own bodies, such as the general disap-
pearance of hair over the skin, degeneration of the third
molar teeth, modification of the ancestral gill struetures in
the larynx, the well-known rudimentary appendix, and so
on, to a list of far more than a single hundred.

The Loss and Reappearance of Digits

The author has studied two species of mammals, belong-
ing to two quite different orders, which seem 1o throw light
on the question of the evolutionary loss of toes and the in-
heritance of a reéstablished original digital number.

In most breeds of dogs, and in the wolves and jackal
which are probably ancestrally related to them, there are
five digits on the front foot and only four toes on the hind
foot. Only one species of the family Canidae, Lycaon pic-
tus, the African hunting dog, has only four toes an cach
foot, as is the case with the Hyaenidae, the family which in-
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and other mammals would probably show next the loss of
the little finger of the front foot, and so on with this alter.
nating scheme, until enly the axial or third digit remains,
a3 in the case of the horse,

Evidence has now accumulated which indicates that when
an atavistie return of digils occurs in these mammals the
digits reappear in the reverse order from that in which they
disappeared. In the guinea-pig the first digit lo reappear
is the small toe on the hind foot, as Castle found, and the
next is the thumb on the front foot (which has reappeared
in one of my specimens as reported in 1927). Bul until
now no guinea-pig is known to have redeveloped a great
toe, this being probably the earliest digit lost in the history
of their digital reduction.

The dog, however, is apparently just finishing the process
of losing the great toe from the hind foot, and this toe still
occasionally reappears. In the dog the thumb also has be-
come a high-placed, small, degenerate digit, functionless
and probably in its earliest stage of disappearance. Thus the
guinea-pig and the dog furnish very instructive stages in
the evolution of the digitigrade or toe-stepping foot, show-
ing the aceentuation of central toes and the degeneration of
those from the borders of the feet.

Inheritance of the Greal Toe in Dogs

In erder to understand the inheritance of the sbove de-
seribed conditions | have studied the results of hybrid mat-
ings between pedigreed pure St. Bernard dogs having the
great toe present and pure line great Dane dogs which com-
pletely lack the big toe. [ have never seen a grest Dane in
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which the big toe was visibly present, although a large num-
ber of them have been examined, but a rudimentary first
metatarsal bone, with which this toe normally articulates,
is present in the foot skeleton of the Dane. The eight pure-
bred St. Bernard bitches which have been used in our ex-
perinfents all possessed the great toe on both hind feet. One
of these, “Hercuveen Helmar,” not only has the great toe,
but has it doubled on both hind feet. This animal has been
cross-mated four times with three great Dane males. Figure
20 shows in oulline the toes in dogs.

Two cross-matings between **Helmar™ and the champion
Dane male “Argus von Berkenhof™ have given litters of
seven and two pups respectively, all nine of which have a
great toe on each hind foot.

This female produeed by the Dane male “Prinz" fifteen
pups, seven males and eight females, all possessing great
toes on both hind feet. She was finally mated with the Dane
male “Frans” and pgave birth to a litter of thirteen pups.
Two males and one female among these pups had a double
great toe on both hind feet, the same condition asz that
shown by the mother. Two other male pups had a single
great toe on their right hind foot and double great toes on
their left feet. The other eight pups, six females and two
males, all possessed a single great toe on each hind foot.

Thus this female St. Bernard, when crossed with male
Danes lacking the great toe, has given thirty-seven pups all
possessing great toes. This would seem to indicate that she
is pure or, technically speaking, homozygous for the factor
for great toe development, since il is expressed 2s o domi-
nant character in all of her hybrid offspring.

The reciprocal cross has also been made between three
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great Dane bitches and three St. Bernard sires. These
bitches like all great Danes were without the large toes, and
the St. Bernard males all had a single great toe on each
hind foot.

Fig. 20. Outlines af the hind feet of the dog showing above the
presence of a big toe in the 51, Bernard feet and below the ab-
sence of this fee in the feet of o gread Dane, The big toe i3 not
orly present but frequently doubled in the S, Bernard as the
outline shows,

From all of thesc cross-matings, which have produced
seventy-eight hybrid pups, it would seem that the presence
of the great toe in the dog is inherited as a dominant char-
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acter in spite of the fact that this digit has almost been
eliminated in the evolution of the feet in the entire family
Canidae,

At this time enly two litters of F:, or second generation,
pups from inter se matings of the St. Bernard-Dane hybrids
(both male and female possessing greal toes) are available.
The first litter of eight contains four pups with great toes
present on each hind foot and four pups without great toes.
If the great toe is inberited as a single faclor dominamt
character it would be expecied to appear among the second
generation pups in the ratio of three animals with the Loe
to one withoul. The other litter ol second generation pup-
pies has great toes present in six of its members and absemt
from one. The present numbers are so small that an exact
ratio could not be hoped for, but it is of interest that in this
generation individuals both with and without the toe do
occur, the majority possessing it.

The back-cross between the St. Bernard-Dane hybrid and
the recessive parent, the great Dane without a big toe, hap-
pens, however, to give a better numerical result. A single
litter has been derived from a Dane mother, without great
toes, by her son, a Dane-5t. Bernard hybrid with great toes.
Among the six members of this litter, three possessed great
toes on both hind feet and three did not. This is exactly the
expected one-lo-one ratio which should result when the
hybrid, impure or, technically termed, keterozygous domi-
nant, is back-crossed on the pure recessive parent type.

A back-cross in T.'hl; other direction, between the dominant
great-toed St Bernard parent and a 5t. Bernard-Dane hy-
brid, with great toes, gave thirteen pups all, as expected,
possessing the great toe, In this mating the St. Dernard
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mother had double great toes on both hind feet. Six of the
back-cross pups also had double grest toes on both hind
feet, and one of the pups had five toes on the right foot and
six toes on the left. Thus, strangely enough, exactly half of
the hind feet in this litter of thirteen pups have double
great toes (six-toed feet) and half have the typical gingle
great toe.

The presence of the great toe and the doubling of this
toe seem 1o be inherited as entirely separate characters.
The inheritance of the great toe follows the expected be-
havior of a single dominant factor, while the doubling of
the toe in the single case just cited has followed exactly the
expected behavior of a simple recessive factor. This result
is probably quite accidental since the double toes in some
of the first hybrid generation are clearly out of line with the
expression of a recessive character. But there is the more
likely possibility that the St. Bernard bitch here used as
the mother may be homozygous or pure for the dominant
great toe, and at the same time heterozygous or mixed for
a possible dominant doubling factor, a eondition which
would be expected to give exactly the toe composition of
the litter deseribed above. This interpretation is supported
rather than opposed by the appesrance of double Loes
among the first hybrid generation. More data are necessary
for a final analysis of the double toe.

Inheritance of Reappearing Toes in Cuinea-Pigs

Ameng guinea-pigs an extra toe, in the place of the small
toe, is occasionally developed on the hind foot. In each of
eight different stacks observed in our laboratory for more
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than fifteen years, little toes, fifth digits, have occurred on
the hind feet of & few individuals.

This reappearing ancestral little toe varies in develop-
ment from a structurally perfect digit through all degrees
of imperfection to an attenuated fibrous outgrowth tipped
with a malformed toe-nail; such a remnant is ofien lost at
birth or soon after, see Fig. 21. The percentage of expressed
inheritance for the extra-toed condition varies directly with
the perfection of development shown by the parental extra
toes. Thus by mating only animals with periectly developed
extra toes, 100 per cent of the offspring show exira toes,
but in varicus degrees of perfection.

Within this carefully selected group of guines-pigs with
100 per cent little toes, a single guinea-pig has appeared
with thumbs on the front {eel. This specimen is highly im-
portant and its toes are shown in Fig. 22, Here the evolu-
tion of anatomical structures has been reversed through a
selected concentration of non-mutant factors and a return to
the ancestral five-toed condition in the front foot and to the
four-toed stage in the hind foot. The germinal or hereditary
basis for five digits is, therefore, still present in guinea-pigs
although structurally unexpressed in racial evolution for
long generations and probably for centuries of time, The
evolutionary loss of the 1oes has been due to something other
than a simple loss of toa-determining factors from the germ.

The toe arrangement is less modified in the dog than in
the gumea pig, and the genetics of the reappearing great-
toe in dogs is corrgspondingly much simpler than the reap-
pearance of the small toe and the thumb in the guinea-pig.

Strangely enough, as we have seen, the rarely present big
toe in dogs is frequently doubled; and this, with certain
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Fig. 21. The reappearance of the small toe in the guinea.pig.
Great variotion is shown in the degrees of its development from
a fibre-like process in A to a perfecily formed toe in F.
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Fig. 22, The resppearance of a thumb on the front feet of the
guinen-pig after being absent for probably hundreds of genera-
tions, 4 reversal of the evolulionary processes.
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Fig. 23. Outlines of X-ray photographs of the bones in poly-
ductyly or extra digits on the human haad, (After Sverdrup.)

conditions of the digits in six-fingered or polydactylous
human hands (see Figs. 23 and 24) suggests the possible in-
terpretation of human polydactyly as an early expression
of the mutant conditions which, when further progressed,
tend to cause suppression or loss of the border digits from
the hands and fect. If this be a pessibility the future human
hand may possess fewer fingers, since the presence of ac-

cessory border digits is by no means an uncommon phe-
MO enon.



100 THE PHYSICAL BASIS OF PERSONALITY

90 0D

Fig. 24. Outlines of the hands and feet from two human identi-
cal twin brothers, There are six fingers, an additional one on the
little finger side, on the four hands, and six tees on each of the
jour Jeet, These two individuals very probobly arose from &
single human egg.

Genes and Character Changes

The reappearance of the long lost digits in dogs and
guinea-pigs demonstrates the fact that the germinal basis for
such lost and rudimentary characters has not disappeared:
the genes for the determination of these characters are still
present. If these genes are still present, then what manner
of change has eaused the loss of parts in the individual? In
the above cases it might be conjectured that changes or
mutations occur in cerlain genes of Eene arrangements
which merely permit one part, in this case certain digits, to
gain an advantage over other parts in their developmental
competitions. This cbuld bring about the result just as well
as a mutation which actually destroyed the genetic basis
for a given digit or structure. Mutations may have served
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simply to accentuate the growth and size of the axial or
middle digits at the expense of the marginal ones.

The inheritance in the female of uterine modifications
might in itself be sufficient cause to account for many
species differences on the basis of resulting modifications
in the developmental processes under a changed environ-
ment. The inheritance of quadruplet young in the Texas
armadillo may probably be the result of some such cause,
In other cases, changed characters in the progeny might
appear and remain constant while the germinal mutation
that induced them may have acted only on the character of
the reproducing females, In this way, a character might ap-
pear 1o be definitely inberited without actually being di-
rectly inherited as such.

The origin of many new parls may have come about
slowly on account of the inheritance in the race of new or
mutated developmental environments, while the genes or de-
terminers for the parts themselves may not have been af-
fected. In such a manner the modification of the useless first
gill-pouch in land-living vertebrates may have become
metamorphosed into our complex middle ear, and the left-
over drainage apparatus from the embryonic kidney or
mesonephros may have been changed into the well-adapted
genital ducts, Many similar examples of functional change,
or functionswechsel, as the German zodlogist, Anton Dohien,
expressed it, are found among higher vertebrates, although
the actual penesiz of such modifications is quite unknown.

Hyhridization frequently brings out atavistic characters
from one or both of the parent stocks, as is seen in the re-
quent striping of the legs of mules from the combination of
the horse and ass. This may be due to the weakening, or
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breaking down through out-crossing, of dominating com-
plexes in the germ, if our above supposition of the modifi-
cation of competitive advantage among the developing parts
is possibly valid.

It is very probable that inbreeding and domestication, as
contrhsted with the wild natural processes of breeding, does
much to bring about new conditions of constancy in compo-
gition of germinal complexes, without modifying the genes
themselves. These somewhat artificial combinations give
rise to the modificd domestic forms which transmit their
type under careful selection but tend in cerlain cases of
multiple breeds, such as the dogs, to return to the wild type
when allowed free mating in nature. It is also a fact that a
single genetic characler may be expressed under one en-
vironment but not under another; such a phenomenon we
shall later discuss.

Reappearance of Lost Ancestral Structures in Man

Finally, we know among human beings of ancestral con-
dilions reappearing to the individual's preat disadvantage.
The gill-pouches which are present in the early embryo
may, for example, persist and form an open fistula on the
side of the neck communicating with the cavity of the
pharynx, From such cases we surmise that the genetic basis
for a gill-breathing arrangement is still present in our germ
cells, although in evelution we have lost the gill-breathing
apparatus millions of generations ago. One may wonder
whether the gene or genes for the determination of any
character are ever lost from the germ. The reappearance of
archaic structures would make us rather think that a ghift-
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ing of gene arrangements with consequent changes in their
interactions might possibly be the mechanism for mutations
which cauze the alteration and falling out of structures and
characters.

All these phenomens have a significant bearing on the
problem of human personality and constitution, and the
fact that their analyses are not yet sufliciently well-
developed to be readily interpreted makes their recognition
none the less necessary for a truly scientific understanding
of human personality. Any other so-called understanding
is, of course, no understanding at all!
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DEVELOPMENTAL OR EMBRYONIC PERSONALITY

HE germinal constitulion hes a long path to follow in
evolving the mature individual. This germinal
make-up, or genetic complex, acts as pilot, steering and di-
recting the developmental processes towards a specific goal
—we might better say, towards an ideal goal, since we shall
find that it is questionable whether development ever does
produce a full expression of the actual hereditary back-
ground. The pilot in this case is never completely able to
master all the pressing currents of the environment. The
mature individual is the final product of a definite germinal
complex expressing itself through development under a par-
ticular set of conditions. In other words, the development
of the person depends, on the one hand, on the exact nature
of the original germinal eomposition, and, on the other
hand, upon the varying elements which the environment
may present.

The inheritance or genetic basia may be defined as the
complete complex of factors which the individual receives
through the union of the egp and epermatozodn from which
it arises, Certainly no other factors except these can ever be
present in this individuhl. Most individuals must carry,
therefore, hereditary basis for a large number of characters

quite different from those they express: in part these are
104
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the recessive antagonists to the dominant characters which
do develop. For example, all children born from the union
between an albine mother, lacking skin pigments, and a
normally pigmented father will show their father's pig-
mentation, although they will have inherited the albino
character from the mother as an unexpressed recessive.
Anyone seeing such children and not knowing their parent-
age would fail to realize that they carry the factor for al-
binism in their germ cells. But if these albino ecarriers
should ever produce children by albino mates, half of their
offspring would be albinos and hall of them would be pig-
mented—a very differemt result from that derived from the
union between the ordinary pigmented person and an al-
bine!

Again an individual may be said to bave inherited a type
of nose from his {ather or from his mother, and yet he may
develop entirely without a nose! A son may inherit his
father’s mouth-shape and yet show a harelip and cleft pal-
ate, his mouth in no sense resembling that of his father. In
such a ease, the inheritance for the character would have
been perfect but the developmental conditions must bave
been such as to inhibit its growth and expression. It is often
difficult Lo say what we actually have or have not inherited.
We simply see the characters which have been able to ex-
press themselves out of the fundamental genetic basiz with
which we gtarted. Individual constitutions are truly a com-
bination of inheritance and development, and the possibil-
ities of neither are expressed to their fullest extent.
Jennings has clearly cpitomized the situation as follows:
“Characteristics are nol inherited at all; what ope inherits
is certain material that under certain conditions will pro-
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duce a particular characteristic if these conditions are not
supplied, some other characteristic is produced.”

Environment and the Expression of Characters

Some years ago, Morgan found that among certain stocks
of the common fruit-fiy, Drosophila melanogaster, reared
in an unusually humid environment, a8 germ change or mu-
tation oceurred which showed itself in the form of an ab-
normal or deformed abdomen, see Fig. 25. This definite
genetic characler bred as a sex-linked dominant: that is,
it first appeared in one sex and not in the other, and it was
dominant over the normal condition, so that all individuals
of one sex had an abnormal abdomen and no individuals of
the other sex had the defect. When fiies carrying the abnor-
mal abdomen were transferred to a dry environment they
ceased to give rise to offspring with the abnormal abdomen;
all developed into perfectly normal specimens, This line of

Fig, 25. Drowings of normal and sbnormal abdomens, in a and
b, males and, ¢ and d, females of Drosophila. The sbnormal ab-
domen is inherited but only occurs under certain environmenial
conditions. (After Morgan.)
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individuals was bred in the dry environment for nine gen-
erations as perfectly normal flies. They were then again
transferred to the humid environment and immediately
gave rize to the abnormal abdomen in the expected fashion.
The ordinary strains of fruit-ly of course do not give ab-
normal abdomens when bred in the humid envirchmenl
This particular line of flies possessed a distinct hereditary
quality or mutation for abnormal abdomen which only ex-
pressed itself in the humid environment. When a generation
was bred in a dry environment they failed to exhibit the
mutant condition. This case is particularly interesting since
it shows that animals with a definite genetic composition
may under certain conditions develop perfectly normal
bodies, while under other conditions they develop only ab-
normal bodies. The so-called genotype, or germ composi-
tion, may be abnormal and yet the phenoiype, or body
composition, may develop perfectly normally under given
conditions; or the reverse may also be true: a normal geno-
type may give rise in a peculiar environment to an ab-
normal personal constitution.

Another occurrence of a comparable nature was recorded
by Miss M. A. Hoge in 1915, showing a striking influence
of low temperature on the expression of a Mendelian char-
acter. When a definite mutant line of fruit-Aies was kept at
low temperature, accessory and double legs were inherited
in an exact Mendelian ratio. In the double legs the Hexor
surface of each component faced toward the other, each leg
thus being a mirror image of its double, and the two con-
stituted a typically twinned extremity. When this strain of
flies was later bred at normal temperatures the double legs
did not oceur in the Mendelian ratio. The slow development
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at low temperature was necessary in order to bring about
the full expression of this hereditary character! Of course
the ordinary lines of I]‘msup!jiiu lacking this mutant char-
acter do not develop accessory legs when kept in the low
temperatures,

These environmental influences over the development or
expression of a character in an individual only emphasize
the important fact that the absenee of a character in 2 per-
son does not at all mean the absence of the necessary heredi-
tary factors from the germ. There is always, as we have
seen, the double problem of transmission and expression; a
character may be inherited or transmitted but because of
unfavorable developmental surroundings it is suppressed
and does not develop. As Morgan has stated it: “In cases
where, on the factorial hypothesis, a certain factor is ex-
pected to be present in an individual, then, even if the in-
dividual fails to develop the character commonly taken ns
indicative of the factor, the actual presence of the factor
may be demonstrated by breeding tests.” II circumstances
are provided similar to those in which it previously ap-
peared, & charaeter will show itself again.

A number of years ago it was discovered that if the eggs
of a common fish, the Atlantic Coast minnow, Fundulus
heteroclizus, be developed in sea-water to which had been
added certain salts or other substances, a considerable per-
centage of the embryes will exhibit peculiar eye conditions,
the most striking of which are shown in Fig. 26. Many of
the young fish show a typical median cyclopean eye, so
termed after the single-eyed Cyclops of mythelogy, instead
of the usual two lateral eyes, Other individuals develop
only & single lateral eye on either the right or the left side
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of the head. We might surmise from such occurrences, as
Professor Goodrich, the British zoélogist, suggested some
time ago, that had the ocean water chanced to have this arti-

Fig. 26. A series of one-eyed cyclops fuh produced from nor-
mal eggs developed in o modified sea-water environment. The
right specimen is a normal two-eyed fish for comparcson,

ficial compesition as its usual state, fish would normally be
gingiﬂ1g}rﬂd eyclopean animals. In other words, the genetie
composition of these fishes causes them to develop two eyes
in normal sea-water, but the same genelic composition gives
rise to a single cyclopean cye when an excess of magnesium
chloride is added to the sea-water, If sca-water normally
had the compesition which causes fish to develop with the
eyclopean cye, and an experimenter should develop the
eggs of fish in a solution of the same composition as our
now ordinary sea-water, he would find them giving rise to
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fish with two lateral eyes instead of the median one; and
these two-eyed specimens would appear to this imaginary
J'nvestign!ur a5 monsters.

What we consider to be normal animals are simply ani-
mals normal for the present-day environments in which
they develap. 1f the carth had evolved a somewhat different
condition of seil, water, or air, the organic population of
the world would have been quite other than what we see
today.

Twin Formations or Doubling of Persons and Perts

A single fertilized egg usually develops into a single
individual animal, but it has been known for a long time
that the single egg may form double or twin individuals,

One of the earliest secomplishments in experimental
embryology was the production of two embryos, or twins,
from a single egg. This was done by Driesch, Wilson, Mor-
gan, Zoja, Leeb, Schultze and others almost forty years ago.
The phenomenon was first induced by separating the two
primary cells in the dividing egg =0 that they were no
longer in their wsual intimate relationship; each then de-
veloped independently and produced a complete individ-
ual. In the light of this striking experiment, the occurrence
of twins and deuble monsters under patural conditions was
apparently explained s being the result of an undue sepa-
ration of the Arst wa cells, ar blastomeres, during the first
cleavage of the egg. This separation might have been caused
in &8 mechanical way, the tweo cells having been pressed or
squeezed apart, or something unesual in the chemical na-
ture of the environment may have reduced the normal de-
gree of cohesion between the first two blastomeres, allowing
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them to fall abnormally far apart and finally to become
entirely separated from one another (see Fig. 27, B).

But it is dangerous too readily to interpret occurrences
in nature on the basis of simple results from experiments.
This clear-cut experimental production of twins, and its

Fig. 27. Diagrams illustrating the results when the first oo
cells ef the developing egg are cut completely apart. A, snails
egg, to the left developing normally, to the right one of the tioo
separated cells develops into the heod region only, and the other
into the body portion. B, the lancelet egg, to the left developing
normally, to the right eack of the two separated cells develops
info g perfect animel although a dwarf in size. (Afier Filson.)
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ready application and acceplance as an explanation of the
modus operandi for a well-known patural phenomenon un-
doubtedly held back the general undersianding of the phe-
nomenon of twinning.

For very soon after the production of double develop-
menf from the two blastomeres evidence began to accumu-
late which questioned the interpretation of the separated
cells as an ui:;p]n.m].liun for natural twin formation. The sig-
nificance of this evidence was not at once appreciated, but
from our present state of knowledge its bearing is very
readily seen. Wilson, Conklin, and others, discovered that,
on separating the primary blastomeres, or first two cells, in
certain species of eggs, complete twin embryos do not re-
sult. Yet there is no reason to believe that in nature twins
and double monsters do not at times arise from the eggs of
such species. Twin formations are certainly not due to the
separation of the first two cells in these particular species,
since each of the blastomeres developing independently
gives rise only to a partial, not to an entire, embryo. In
these eggs “organ-forming stulls” are early differentiated
and localized and these stuffs are unequally distributed to
the two cells, even at the first cleavage. The individual
blastomeres, or early cells, in such cases are not totipotent,
being capable in their later development of giving rise only
to certain parts of the embryo, not to the whole (see Fig.
27, A). The eggs of & number of worms and molluscs show
this very early localization of differential stuffs, yet in
some of these animals various types of double individuals
are not uncommeon, Such double individuals a5 these, in the
light of present evidence, are the results of a simple process
of budding as we shall explain presenly.
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0. Schulize found that double embryos would arise from

the frog’s egg by simply holding it in an upside-down posi-
tion, see Fig. 28.

Fig. 28. Doulle embryos of the [rog arising from eggs inverted
e the rwowcell stage and kept in the upside-down positien. d,
twins with heads in opposite direciions; B, twins wnited back o
boek: ©, twins waited by their ventral surfacer; D, double
headed tadpoles. (O, Schultze from Wilson.)

Aggin it was shown by Enders, and later by Spemann,
not anly that double specimens resulted from the separation
of the first two blastomeres, but that by mechanical means
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the later many-celled germinal mass could be caused to de-
velop into double instead of single individuals. This was
done by tying a bair around the salamander embryo at a
time in development called the gastrula or infolding stage.
The degree of duplicity depended somewhat upon the ex-
tent {o which the eggs were constricted in the given plane,
Fig. 29. This result was evidently due to the division or
separation into two parts of the growing region of a single
individual, thereby establishing two new centers of growth
in place of the original one. The division of a single grow-

Fig. 29. Double-headed newts (Triton) produced by constrict-
ing the early developing egg with a Ivop of hair. (After Spe-
meann. )

ing bud into two may be illustrated on plant buds, embry-
onic animal limb buds, et ceters. To interpret the two
separated regions as being the exact derivatives of the two
original blastomeres, as some have tried to suggest, is en-
tirely implausible in many cases.
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In all of these experiments the methods employed were
unlike anything we would imagine to be operative in the
naturel production of twins, It is conceivable, however, that
at times in nature the hret division of the egg into two cells
might go too far, almest or completely separating the
blastomeres, and hence cavee two independent develop-
ments.

Budding in the Armadillo Egg and Twin Formation

Adter much of this experimental work bad been done, a
very instructive natural case was fully studied by Newman
and Patterson. The nine-banded armadilio in Texas is
known to produce four young at a birth; these young are
always of one sex and are closely alike. Newman and Pat-
terson recognized the four offspring as being identical
quadruplets; that is, they are four derivatives from a single
fertilized ovum, In the light of the earlier experimental
work, Newman and Patterson at first explained the origin
of these quadruplets as the result of a separation and inde-
pendent development of the first four cleavage cells of the
egg.

Later, however, Patterson found with a much more com-
plete series of the earliest developmental stages of the
armadillo that the multiple embryo condition was due net
to @ separation of the first cells at either the two- or the four-
cell stage, but to a subsequent process ol budding. Patterson
demonstrated this fact in most beautiful detail. The bud-
ding takes place in a very definite way during the infolding
or gastrula stage. The embryonic mass first buds into two
growing regions and each of these very soon again divides,
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thus giving rise to four gastrula-like formations, each of
which develops into a complete young armadillo.

The important discovery of this natural process of bud-
ding in a higher animal has suggested the probability that
twinning in mammals may result in general from a some-
what similar budding process rather than from the early
geparation of single embryonic cells or blastomeres.

Twin Formations and Developmental Inhibitions

Mot ]l.JI‘Ig after Patterson's studies on the armadillo, 1
found that fish eggs might be induced to form double mon-
sters and twin embryos as a result of simply interrupting
the early progress of development. The inhibition or inter-
ruption may be brought about very simply by placing nor-
mal eggs of the common minnow, Fundulus heteroclitus, in
an unusually low temperature, This treatment serves either
to interrupt completely or greatly to inhibit the rate of de-
velopment. Other methods of slowing the developmental
rate, such as reducing the supply of oxygen, also tend to
produce occasional double specimens, particularly in the
trout; Fig. 30 shows a series of these double fish. Certain
species form twins much more readily than others, the
quality of the egg itself being a factor in the process.

Dr. Marie Hinrichs has recently shown in a striking way,
on the same fish, Fundulus heteroclitus, that similar double
conditions may result from treatments with ultra-violet
rays. Such treatments also inhibit and arrest the normal
rate of development.

It may be correctly claimed, on the basis of much recent
experimentation, that any environmental eondition which
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Fig. 30. Duplicate and twin formations in young fisk induced
by arresting early development through lack of oxygen. Similar
conditions have been produced in minnows by lowering the

temperature of the egg during early stages.
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arrests the progress of development at a certain critical
stage will tend to give rise to accessory budding and double
embryo formation, The wide significance of arrests during
development was appreciated by the French teratologist,
Dareste, more than forty years ago, from his studies on
strudiural deformities. But the experimental proof of the
elfects from arrests has only been obtained during recent
years. Deductions are valuable, but experimental confirma-
tions are invaluable, and no one need confuse the two.
What manner of budding process is this which results
from an actual dlowing of development, and why does it not
oceur more often? This is important for our point of view
regarding personality since it actually involves the integrity
of the individual as a whole. The process of budding to
form twins and double embryos may well be considered in
connection with more easily seen and better known budding
phenomena, such as those commonly found among plants.

The Expression of the Budding Process

Jacques Loeb, the distinguished phyeiologisi, devoted
much of his interest during the latter part of his life 1o the
budding reactions in the leaf of the tropical plant called
Bryophyllum. The results of his studies scem to me ap-
plicable in an interpretation of embryonic budding.

The Bryophyllum leai is beautifully suited for the
study of budding, since it not only may live for a long time
entirely separated from the mother plant, but every notch
around the border of this isolated leai possesses the poten-
tial power of budding into a new plant-shoot. When the
Bryophyllum leaf is suspended for a time in a moist at-
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mosphere one or more of the notches finally send out shoots,
while all the other notches remain quiescent. It is difficult
to predict exactly which notch on the leal margin will first
form the shoot. But if the leaf Le placed over a shallow ves-
sel of water so that one of the notches is covered by water
and all the others are in the air, then the noteh in water in-
variably sends oul a shoot and the other noiches do not.
Thus the experimenter may determine at will which of the-
notches is to form the shoot by simply allowing this notch to
dip into the water. We may say, in this case, that a certain
advantage in position relative to the environment deter-
mines which notch is first to form the shoot; see Fig. 31, C.

What influences, then, prevent the remaining nolches
from later forming shoots? The growing shoot seems to
exerl an inhibiting force over the budding tendency of the
other notches. Under usual conditions one notch, for rea-
sons not entirely clear, has a slight advantage at a given
time over all other notches and this advantage allows this
notch to bud before the other notehes. After the initial shoot
has actually sprouted, it exerts a peculiar influence in the
leaf which prevents other notches from budding. This may
be due to an attraction or suction effect by the shoot on the
direction of sap flow or some other invisible process. Be
this as it may, it is readily demonstrable that if the shoot
and its influence be removed or cut away from the leaf then
very promptly another bud forms a shoot, and this shoot
now again tends to suppress budding on the part of the
other notches.

Finally, Loeb showed that every notch on the leaf could
actually bud o shoot when freed from this inhibiting influ-
ence of the other buds and shoots. He demonstrated this by



Fig. 3. Budding recclions in the lesves of Bryophyllum. 4,
the leaf attached to the stem forms no shoots, but a shoot ard roots
are seen arising from the stem, these inhibit shoot fermation in
the leaf; B, a leaf separated from the influence of the stem, form-
ing shoots from two of its notches and roots from several others.
It is not possible to predict which notch will bud the shoot ol-
though if, in C, a certain notch be placed below water and the
ather notches remain in eir then the nelch fn waler forms a
shoot and roots ond inhibits shoot formastion from all other
notches. £}, if the leaf be cut inte pieces so that every nolch iy
separated from oll orher wotches, then every notch expresses its
budding ability and gives rise to a shoot. The inhibiting in-
fluence of the earliest shoor £ thus olated. (). Loeb.)
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placing the leaf on a moist surface, and cutting it in such
o manner as o divide it into a number of small pars with
each part containing at the leaf edge one of the notches.
Figure 31, D, illustrates that under this condition of sep-
aration and isolation every one of the notches may give
rige to a tiny shoot. It is probable, therefore, that this mul-
tiple budding would always occur but for some form of
competition which exists among the potential buds. In the
struggle for budding supremacy, one notch slightly dom-
inates the situation and obtains an initial start which gives
its shoot a lasting advantage over the other buds. This idea
of competition for expression existing among the growing
organs and parts of an individual, and of the alternate dom-
ination of cerlain parts in the developmental struggle, is a
very old one in biology. It was first clearly expressed in
congiderable detail more than a century ago by the great
French naturalist, Geollroy St. Hilaire, in the consideration
of his “principe du balancement des organs.” About two
generations later Wilhelm Roux, in 1881, brilliantly de-
veloped a closely similar idea in his discussion of the
“Kampf der Teile,” or the struggle among the parts in the
organism.

Since these early limes students of development have
recognized that some such competitive relationships and
influences do exist among the body parts in order to insure
the normal balance and proportions among the function-
ing tissues in generating the successfully cobrdinated con-
stitution. In spite of the antiquity of this conception of
struggle and dominance among the parts, our understand-
ing of the exact means through which the codrdinated ad-
justments teke place can only be expressed in the most
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general terms, such as alternating periods of localized ac-
tivity and rest during organ development, or the alternat-
ing accumulation and consumption of available stuff and
energy for local growth and differentiation.

Returning to our particular point of discussion, it seems
quite evident that only one bud usually forms the shoot
because of some advantage it possesses over all the other
buds, and after beginning its growth the dominance of this
part over the potential buds becomes still more pronounced.
It may, however, be shown, in the common privet bush as
well as in many other plants, that when the budding shoot
is injured or inhibited in its rate of growth, the suppressing
effect over the other buds will be diminished and some of
these will, therefore, be able to send out shoots and grow.
From this it is plain that the dominating bud must maintain
a vigorous growth in order to inhibit completely the growth of
other buds, When the terminal bud of the privet plant is in-
jured the lateral buds at the leaf attachments begin to grow
and a multiple branching formation takes place as a result of
the loss of dominating influence from the apical bud.

Twinning in the Epg and Bud Competition

Are the budding phenomena in plants in any way com-
parable 1o twinning in the animal egg? It is probable that
1|:E;}" may be. In the !."31'13 stapge of the dufcluping verichrate
egg there is o germinal disc-shaped formation, and the first
indication of the axis of the embryonic body arises from
some point near the markin of this disc. We may reason-
ably suppoze the existence of more than one potential bud-
ding point from which the axis of an embryo may grow



DEVELOPMENTAL OR EMBRYONIC PERSONALITY 123

forth. This supposition seems evident since we actually see
in the case of twins two embryonic bodies growing from the
single germinal region. Possibly there are a number of
potential points along the periphery of the germ disc, many
or all of which might bud into embryonic body formations,
However, one of these points possesses an advantage not
at all understood over all the others, and this one gives rise
to the growing embryonic process. The growth of this em-
bryonic bud, we may suppose, on the basis of facts from
budding in general, dominates the entire germinal area
and completely suppresses the potential power of any
other point to form a primary body-bud.

Let us now assume that at times, as in the plants, the
advantage of any one point may be unusually slight, and
thus the embryonic bud arises at a redueed or slow rate of
growth. Under this condition its inhibiling influence may
nol completely dominate the entire germinal region, and a
second point may bud into a growing body axis. Twins
would then arise because of the lowered developmental ac-
tivity of the initial bud, or acteally as the result of a redue-
tion in developmental rate; see Fig. 32, This is exactly
what seems to take place when the rate of development in
the fish egg is artificially inhibited or slowed at an early
developmental stage by cold and lack of oxygen, as in my
experiments, or from the effects of ultra-violet rays as Dr.
Hinrichs has found.

All unfavorable environmental conditions seem to af-
fect the egg by slowing its developmental rate. The slow
rate upsets the usual supremacy of what should be a rap-
idly growing part, and lessens its inhibiting influence over
other parts; thus some of these parts are enabled to express
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themselves ahead of their usual time, The doubling of
parts is being more and more recognized as a4 common
characteristic of many subnormal growth phenomena.
Therefore, what at first thought would scem paradoxical
=—the production of twins and double monsters, excessive
conditibns, as a result of developmental inhibitions or ar-

Fig. 32, Hagrams of the permingl dise of on animal egg. In
A the single embryonic bud f2 beginning to prow townrds the
cenfery this groswing bud exerts an infuence, fndicated by the tiwo
arrows, which suppresses the budding tendency from any other
point en the dise. @ produces an initial bud ehich i slow in
arising ond thus exerts o subnormal inhchiting influence, on this
eccount o second embryonic bed ir able fo eccpress el and
fwin embryos are formed,

rests—is on careful examination a logically probable re-
action. The fact that twins oceur g0 much more frequently
than triplets and higher multiple conditions is probally
to be associated with the additional domination exerted by
the second bud. The initial bud may not be sufiiciently
strong in ils suppressing effect to prevent the growth of
the second or twin bud, but once this has appeared, it sup-
plies an additional dominating effect and the two buds, even
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though they may be somewhat weak, are sufficient to dom-
inate almost invariably the entire germinal area. The per-
minal area is normally mastered by a single embryonic
formation, but when the supremacy of this is insufficient
lo prevent the origin of a sccond embryonic body, these
two buds acling together rarely fail to dominate completely
the potential budding area through their growth influences,
and so the origin of a third embryonic bud becomes ex-
tremely rare. Out of thousands of eggs examined over a
period of many years I have seen but two examples of
triplet embryos and one example of quadruplet embryos
in figh.

We may now conclude that doubleness in nature is prob-
ably due to a modification of a budding process, and that
double monsters and actually identical twins, like most
other embryonic anomalies, may result from an arrest or
inhibition in development. To state that twins and double
individuals are induced by a developmental arrest seems at
first thought almost absurd; for how could an arrest serve
to give a formation structurally exceeding the normal in
extent? And yet in [act it does.

Polyembryony or twinning may be considered a typical
form of asexval reproduction, that is, an increase in the
number of individuals by a hssion or budding process. The
occurrence of this process of asexual reproduction in mam-
mals and actually in man makes the phenomenon of so-
called “aliernation of generations™ (a sexual generation
alternating with an asexual generation) almost universal
among animals.

Not only is the occurrence of twins and double embryos
on the zingle egg of high significance from the standpoint
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of developmental constitution, but the further development
of these double specimens furmishes most instructive mate-
rial for an understanding of the effects of developmental
competition on the origin, growth and progressive differ-
entiation of the various organs in the animal body.

The Two Components of the Double Individual

The two companents of double individuals vary in their
degrees of separateness in a series of such specimens: be-
ginning with two partially eeparated heads on an otherwise
single person through complete double-headedness: two
heads and two upper body-regions on a single posterior
region, Y-shaped embryos; two separate bodies with a
single tail region, V-shaped embryos; and so on, to finally
two completely separated twin bodies developing on the
single yolk mass. (See Fig. 33 and explanation.)

Fig. 33, The distarice apart of the two embryonic buds on the
germ dise determines the degree of duplication in the animal
bodies Jormed. The first figure indicates buds arising near one
ancther and the dotted lines indicole o futnre double-headed
specimen; the second figure shows the buds further apart and
the future specimen further doubled, while the last case shows
the buds 180° apart or opposite one another on the germ dise
and tieg completely separate fwin animals are developed,
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The developmental competitions between the two com-
ponents in the double individuals frequently seem equally
balanced, where the two components are of equal size and
are equally developed. Under these states of component
equality, the development of each member is practically
always normal, that is, as frequently normal as the devel-
opment of single individuals., This double specimen with
equal components is erroneously termed a double monster.
Its development is nol monstrous nor anomalous, it is
simply a perfectly normal double individual which arises
from an egg that did not bud in quite the manner to give
two entirely separate twins. Twins are never considered
monstrous, and yet they are clearly of the same class as
these double individuals. We are using here the term twins
in its strict sense. Twins, as a term, should only apply to
two individuals derived from a single egg and not to two
ordinary young simply born at one time. The latter is
correctly termed a litter of two, and its members may be
of different sex; while every pair of true twins is of one sex.

The two components in the double specimens are not
necessarily either equal in size or equally well matched in
their competitive reactions. And when they are not, the
conditions of the two components are very different from
that of the shove-mentioned equal-component individuals
in which both members were found to be structurally nor-
mal. Whenever the two members of a double specimen dif-
fer in size, the larger one is almost always normal in de-
velopment and structure while the smaller is invariably
retarded in development and defective in its structure.

The defects occurring in the smaller member are un-
doubtedly due to the unfavorable developmental competi-
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tion with the larger confrére, since, as derivatives of the
same egg, the genetic basis of both components is neces-
sarily identical, and since their gencral external environ-
ment is practically the same limited sphere. One of the
components pains an advantage over the other for rea-
sons not entirely known, and scems to dominate its twin
part in some such manner as the fast-growing shoot on the
Bryophyllum leaf dominates the less potent buds. In all the
double specimens examined among different animal forms,
from fih to man, as well as the illustrations of duplicities
in the literature of the subject, it is invariably seen that if
the two components differ in size, the larger one is normally
developed and the smaller more or less deformed. The
degree of deformity varies directly with the discrepancies
in size between the two components. For example, in a
double-headed specimen in which one head is of normal
size and the other only slightly smaller, the defects of the
smaller head are slight, whereas in a specimen with one
very small head and a normally large head, the smaller
head is grossly delective and deformed. Figure 34 shows a
series of double fish embryos with components of unequal
BLZE,

As the larger component reaches adult size the lesser
member may have become so relatively small as to be rep-
resented only by a nodular mass on the larger body. Or
the small component may be lost to sight entirely and be-
come a so-called twin inclusion within the body of its
brother. These conditipns, which are not extremely rare
even among human beings, make it scem probable that
doubleness and twinning are actually a much more fre-
quent phenomenon than records would indicate.



Fig. 34. A series of siamesetavin young fish with unequal com.-
ponenrs. The lerger twin in all cases is a perfecily normal fish
while the smaller twin is grossly deformed, and the greater the
discrepancy in size between the two components the greater is
the deformity of the smaller twin,
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The cases of normally mature persons carrying the dis-
toried tissues of the lesser twin included within their bodies
are also of significance in connection with certain tumors
or cancer-like conditions. If these tumors, or so-called
teratomatas, in man ever do eriginate as a twin inclusion,
we miay expect the competitive growth reaction still 1o exist
between the host and the tumor, just az we have found it
between the two components. While the host is rapidly
growing the teratoma will be suppressed, but when the
growth of the host becomes slower or ceases, the leratoma,
being somewhat embryonic, might be expected to begin
growing more actively. Thus there might be a correlation
between the posctnatal growth rhythms of the individual
and the time of enlargement or recognition of such tumor-
like bodies, Dr. H. E. Himwich found from a wide survey of
the literature on these tumors and the age of their occur-
rence, that some such correlation very probebly does exist.

The Smaller Component and Defective Organs in
Single Individuals

It has proved to be of great advantage in a stedy of de-
velopmental constitution to determine the nature of the
defects and deformities in the lesser component of double
individuals, since we moy be quite sure that in these cases
the defects have arisen solely as a result of the inhibited
rate of development in the small component. The larger
normal twin componept has the same basic constitution and
history as the smaller, differing only in that it has nol been
glowed in development. Therefore, the only modifying fue-
tor between normality in the larger and the abnormalities of
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the smaller member is the difference in developmentsl
rate of the two components. One member of the united pair
has grown large and perfect in structure during the same
time interval in which the other has become emall and ill
formed. There has been a contest in growth rate and the
winner's prize iz normality of structure.

The types of defects found in the lesser components of
the double specimens are very much the same as those
defects which may be indeced experimentally in single in-
dividuals by slowing their rate of development with low
temperature, lack of oxygen, or various chemical modifica.
tions of the environment as shown in Fig. 35, All the defects
occur as results of developmental arrests.

The smaller component frequently exhibits eye deform:
ities. It may have small and somewhat misplaced eyes, one
normal eye with its mate either small and defective or
completely absent, one median cyclopean eye which again
may be of subnormal size, or, finally, enly a minute central
eye speck. All these conditions are to be found among the
smaller components in a series of double embryos. A
closely identical series of eye defects may occur among
single embryos which have been arrested in their develop-
ment at & eritical stage of ophthalmic erigin, Fig. 35. From
a dircctly causal standpoint the two series of deformed
eyes have arisen in the same way: in the first case, the
emall component was arrested in its rate of development
by the deminating influence of the superior component;
in the second case o similar arrest at a comparable develop-
mental stage was induced in the single embryos by tem-
porarily alering the environment in such a manner as lo

jnterrupt the rate of eellular activity. The inhibiting influ-
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Fig. 35. A group of unhaiched young fish showing abnormal
development and eye deformities very similar in kind to the de-
fecis found in the smaller component of double specimens,

ences were acting on both the small component of the
double embryos and the single series of embryos at similar
developmental periods and, therefore, the responses were
similar.

Developmental abnbrmalities resulting in excessive for-
mations—that is, the produetion of more than normal
structures, as for example, the two-headed specimens—
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have been termed monstra in excessu. The contrasted ab-
normalities, in which less than the normal structural for-
mation is present—as in eyeless conditions—are known
as monstre in defectus. These two groups of deviations from
the mormal structural proportions have frequently been
treated as distinctly contrasted classes of conditions. But
we now undersiand them to be, as a matter of fact, very
closely similar. Both classes of anomalies are due to a com-
mon cause and may exist in the same specimen. For ex-
ample, an arrest in development during very early stages
may cause the germ dise to form two embryonic processes
which may develop into a double-headed individual—a typ-
ical monstrum in excessu. At a very definite stage one of
these two embryonic processes may become inhibited, so
that it forms a cyclopean eye instead of the usual two lateral
eyes—a typical case of monstrum in defectu, The fact that
the normal individual stands between these two arbitrary
classes of abnormalities has no significance other than that
the abnormal deviations are simply modifications of the
normal condition resulting from unusual reductions in the
rate of development during certain critical stages.

The significant importance of modifications in the de-
velopmental rate on influencing the type and quality of
structure is not confined solely to embryonic development.
Postnatal development and the differentiation of later
structures are similarly influenced by the rate at which their
formations are accomplished. A proper rate of growth and
normal sequence of development in infants and children
are highly essential for perfection of structure and capac-
ity in the coming adult,



Vil

THE CRITICAL MOMENTS DURING EARLY
INDIVIDUAL DEVELOPMENT

HE same inhibiting influence, if allowed to act on the
T embryo during different developmental stages, will
induce entirely different responses. This is due to the fact
that the several embryonic organs reach their most critical
stages of origin at different times. A given organ must be
interrupted during the early stage of its development in
order to be completely suppressed or grossly modified. The
same interruption introduced at & much earlier or a much
later time will fail to influence it seriously although at
these other times some other organ, then in its critical stage
of origin, will be grossly affected.

The Structural Modification and the Stage of
Development during which the Inducing
Agent Acts

The type of constitutional disturbance induced depends
upon the developmental stage or moment during which the
inhibiting agent or cqndition is effective. I is, therefore,
clear that one and the same inhibiting agent, if acling at
different developmental stages, may be experimentally

employed to induce a grest number of different develop-
134
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mental modifications. The etruetural response of the em-
bryo is not specific {or a given chemieal or physical arrest-
ing agent, but it is specific for the embryonic stage during
which the agent acts.

The author showed, in 1909, that a definitely typieal
anomaly could be experimentally produced by several dil-
{erent anaesthelic agents. It was then pointed out that the
defect was the result of the general arresting effects of
these several agents on a certain developing organ. The
same group of cye anomalies such as the formation of
only & single median eye, small eyes, or the absence of one
eye, were induced in fish embryes by the use of magnesium
calts, ether, chloretone, and alcohol. The response in the
smbryo was not different for any one of the treatments and
there was, therelare, no specific action of a given chemical
stuff on the processes of embryonic development.

The primary response of the developing embrye to all
effective stulfs was simply a slowing down in its rate of
development. The effects of this slowing down in develop-
menlal rale was most severe on those argans or parts which
were most rapidly developing at the time of the interrup-
tion. The series of cye conditions shown in Fig. 36 may be
induced by any arresting agent acting during the critical
moment of early eye formation.

Of course, all organs of the embryo are not formed at
the same time: some, such as the neural-tube, the optic
vesicle, the heart, et cetera, arise r.iuring Very Eﬂ.r]j’ stages;
others, such as the liver, kidneys, and skelewal parts, dur-
ing intermediate stoges; and stll other structures, such as
pigmentation and hair, appear very late in development.
The moment of origin for an organ seems, judging from
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Fig. 36. Outlines of anterior views of the keads of fish showing
a graded series of eye anomalics, These may be induced by treat-
ing cggs with many different—both chemical and physical—ar-
rc;.:.ir:ls agents.

experimental results, to be a most eritically susceptible
time in its development. At this stage we may imagine the
organ to be in the same condition as a bud when imme-
diately producing a shoot. The fundament of the organ,
its so-called Anlage or potential basie, consists of only a
limited number of cells which are initially in a rapid stale
of multiplication in order to build up the mass of the organ
as it grows forth to express itseli. An interruption in this
budding reaetion is more severely detrimental to the future
argan than an injury at any later moment would be. After
an organ has arisen successfully from the Anlage it may be
lamed or runted, but its nature and actual existence can no
longer be destroyed by interrupting the growth,

We are fairly certain thot at any one time the various
organs and paris of the embryo are developing at guite dif-
ferent rates. And these differences in rate may be repre-
sented by some such arbitrary series of numbers as 80, 65,
50, 35, and 10. If the Yotal rate of development in this em-
bryo be inhibited by low temperature the development of
all parts may be reduced in rate to below 20, for example.
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Under this new condition the organ that formerly developed
al a rate of B0 is the most severely arrested since its rate of
development has been reduced by at least 60 points. The
next most rapidly growing organ which had had a rate of
65 is now alse considerably arrested. The organ formerly
at 50 is comparatively less arrested and the organ that was
developing slowly at 35 is scarcely afTected. The part which
was progressing al the slow rate of 10 may be not at all
changed. The competitive interaction which formerly ex-
isted among these organs is now completely altered. That
organ which had dominated the situation through its most
rapid growth is inhibited and no longer asserts an advan-
tage over itz competitore. Under the new conditions the
part originally at 35, for example, may begin more vigor-
ously to express itself. A new organ now gains supremacy
and actually under the modified conditions it asseris an
inhibiting influence over the previously deminant organ.
Not only does the arrest of a rapidly budding part, there-
fore, tend to suppress its development temporarily; but the
premature loss of supremacy to some other organ renders
it impossible for the suppressed part to come again into
dominance, so that it is permanently modified.

The general effect of arresting the rate of development
is & disturbanee of the normal codrdination existing among
the developing parts and this modifies their growth balance.
The result of normal development is proper relationship of
gize and function among the body organs: the liver adjusted
insize to the stomach and intestine, the heart and lungs prop-
erly balanced, and the capacity of the vascular system ac-
curately proportioned to the body as & whole. Through
developmental arrest one or more orgens may become



138 THE PHYSICAL BASIS OF PERSONALITY

disproportionately small; this upsets functional harmony
and produces a defective person.

Time and Locus in Organ Origin

It becomes evident from the foregoing thot the time of
origin for an organ in the embryo is quite as important as
its place of origin. The eye, for example, must nol only
arise from a lLimited locus in the embryo but must also
appear at a definite developmental stage. I it does not
arise at this moment it will never be able 1o express itself
fully, since the moment {or the rapid outgrowth of some
other part will have arrived, and this will tend 10 dominate
the less active region and suppress the belated tendency for
eye expression.

During early stages of development these relationships
among the parts are quite clear gince only a few organs are
actually budding forth. However, as development advances
the situation becomes more complex and several parts in
different regions may be developing with equal vigor of
rate at one and the same time, At these later stages of de-
velopment there may be in the embryo several different
regional areas, within each of which local groups of organs
and parts are competing with one another.

Whatever the relationships among the organs may be,
the moment of origin for each organ in the vertebrate em-
bryo is limited just as definitely as the fundaments or
Anlagen from which the organ buds arise. The embryonic
organ must appear at a definite lime just as truly as from
a certain place.
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Competitive Reactions between Organs of a
Bilateral Pair

Not only does the struggle among the parts during de-
velopment and growth occur between organs of different
kinds, but very probably a similar competition takes place
between the two members of a bilateral pair of organs or
even among the parts within an organ. The two optic ves.
icles or embryonic eyes may not be exactly equal in size
during early stages. It is common knowledge that during
later life certain organs on one side of the body are supe-
rior in strength and function to their mates of the oppo-
site side. The two eyes of most adult individuals, for ex-
ample, are not equally perfect in funetional efficiency,
the ears, particularly during later life, differ from one
another, and the extremities of one side are often superior
to those of the other, Everyone knows that individuals are
right-handed or left-handed, and that ones own eyes are
not both equally good.

There is in general a slight discrepancy in size and vigor
between the bilateral halves of a vertebrate embryo. 1f one
examines minutely in either an amphibian or & bird em-
bryo the early neural plate stage, that is, the stage when the
embryonic central nervous system is an unfolded flat re-
gion of cells—it will occasionally be noticeable that ane
side of the neural plate is somewhat ahead of the other in
size amd development.

Although these differences between the two sides and
the members of organ pairs are usually so insignificant as
to escape general notice, they are, nevertheless, sulficiently
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important frequently to give rise to very puzzling conditions
in our experimental studies of development. When sub-
normal development is induced in the embryos of fih, birds
and mammals, it often occurs that the two eyes respond
in a most exaggeratedly asymmetrical manner. In these
specimens one eye may be typically normal in size and
structure, while its fellow of the opposite side may exhibit
all degrees of defect from slightly subnormal proportions
through various conditions of micropthalmia, with tiny
malformed eye-globe and lens, to complete absence of one
of the eyes. Individuals of this kind, with one normal prop-
erly placed eye, and a complete absence of the opposite
eye, Monstrum Monophthalmicum asymetricum, oceur in
the same experiments with cyclopean embryos possessing
a single median eye and with anophthalmic or entirely eye-
less specimens. A series of diagrams are given in Fig. 37
outlining the various degrees of the two types of single eye
condition.

It is dificult to understand how the two members of a
bilateral organ arrangement, such as the eyes represent,
can respond so differently to a treatment which is in all
probability acting equally on both. The two eyes arize from
the floor of the neural trough or tube, the embryonic brain,
both from the same segmental level. The two eye buds then
grow laterally and very probably at a slightly difTerent
rate and, more important still, one eye bud may have begun
to arise slightly ahead of the other. Granting these condi-
tions, the explanation, of the anomalies mentioned above
need only involve the assumption that an inhibiting agent
might act to exaggerate the slight advantage in moment of
origin of one eye bud over the other. The earlier bud would
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then chance to develop an unusual supremacy of growth
which would depress the growih of the opposite eye to
varying degrees. The greater susceptibility of one eye to
the treatment could certainly not be due to 2 difference in

Fig. 37. A series of diagrams, 1, of the cyclopean defect end,
2, of asymmetrical ophthalmic defecis,
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position along the embryonic axis, since both eyes lie at
exactly the same level. It must be due to a difference in rate
of activity between the two eye buds, and the slight advan-
tage in maturity of the one bud over the other seems 1o be
the most probable explanation of these discrepancies be-
tween bilateral organs in embryonic expression. There are
many comparable reactions in support of such a supposi-
tion which have been gathered from numerous studies on
bud competition. In many of these cases the initial advao-
tage of the dominating bud is extremely slight.

A somewhat similar siluation is presented by the asym-
metrical development of the reappearing small toe in the
guinea-pig, by a sixth finger or toe on only one hand or
one foot in human beings, and by other asymmetrical ab-
normalities; see again Fig. 21, If the development of the
extra toe character in the guinea-pig is only due to genetic
quality, then how iz it possible that the toe may develop
perfectly on one foot and yet be completely absent from the
opposite foot on the same individual? This must be con-
cerned with the physielogical or developmental nature of
the situation and not alone with the genetic composition.
There may very probably be local competition among the
toe buds for expression, and, in cases where the extra toe
should be expressed on a purely genetic basis, a slight dif-
ference of time in the origin of buds might disturb the
usual halance 1o an extent sulficient to suppress completely
the postnatal presence of this character. The dilferences
in development betwgen the two lateral halves of the body,
and the frequent variations normally found between the
right and lefl extremities, are quite sufficient to account in
general for the discrepancies in development shown by 59
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delicately expressed an alfair as the extra toes and fingers
on the two extremilies of an animal. This explanation for
these quite new experimental results goes back again to
the early deductions of Geolfroy St. Hilaire, and the more
recent, yet still old, conceptions of the German experimen-
talist, Wilhelm Roux, conceming the struggle of the parts
as referred to before,

Thus the slep-upon-step progression, or epigenstic
changes, due to rhythmical cellular reproduction and el
lular dilferentiation, constantly advance until the single-
cell spherical egg finally gives rise to the complicated body
of the completed young animal.



VIII

MUTATIONS AND CHARACTER CHANGES IN
THE CELLS OF AN EMBRYONIC BODY

DD the embryonic body cells which are in the process
of forming the organs and parts of the embryo ever
undergo nuclear modifications or mutations such as we
have occasionally found to occur in the germ cells? In
other words, do body cell mutations ever take place in a
developing organism? It is evident that they might have
significant effect upon the individual constitution. These
somatic mutations do occur.

Sematic mutations have been reported as arising in both
plant and animal eells. Following such a mutation a local-
ized area of the body will exhibit characters distinctly un-
like the general characteristics of other comparable regions.
This variant area is thought to be derived from the muli-
plication of probably one, possibly a few, cells which have
spontaneously undergone a modification in their genetic
balance. A recessive character completely unexpreseed in
other parts of the body, for example, may be expressed in
a limited region. The occesional appearance of a blue seg-
ment in the brown iris of a person”s eye, or blond and red
areas in the head hair of a black-haired person, may pos-
sibly, in certain cases at least, be due to mutations in
somatic cells resulling in a recessive expression in limited

body areas.
144
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Somatic Mutations from X-ray

J. T. Patterson of the University of Texas has recently
reported what seams to be an important case of the exper-
imental production of body cell mutations, These mutations
have been brought about as a result of X-ray treatments on
eges and larvae of certain stocks of the common fruit-fly,
Drosophila melanogaster.,

Patterson found that if embryos from a erozs between the
normal red-eyed female fruit-fly and a white-eyed mutant
male were irradiated with X-roy at different stages of de-
velopment, a certain proportion of the flies arising from
the treated embryos showed white ommatidial areas or
patches on their eyes, see Fig, 38, A and D. (The omma-
tidia are the individual units which compose the large com-
pound eyes in insects.) The variant area reveals the reces
sive character inherited from the white-eyed mutant father,
and with but few exceptions it is made up of a definite
number of white ommatidia. This expression of the reces-
sive white ommatidial areas would only be poszible as a re-
eult of the los or euppression of the dominant red factor
fr!!m ﬂ'l:!! eye- [l}mli ng EE] tﬁ.

It was found that the size of the white area on the eye
was determined by the emhryonic stage at which the treat-
ment was given, and not by the strength of the dose of X-
rays employed. If eges are treated during the hirst few
hours of their development, the white area produced will
be large (Fig. 38, A and IL). If the treatment he given
during the mid-larval period, the white area will be com-
posed of from ten to twenty ommatidia, and if given during
the late larval stages, it will be small, consisting in some
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Fig. 38. Mutations in the body cells of fruit-flies induced by
treatment with X-ray. Above, 4 and D), white spols arising in
the red eye, The other figures show mutation in brisile shape,
the bristle resembling singed hair. (After ]. T. Patterson.)

cases of only a single white ommatidiom. If pupal stages,
which are later than the larval, are X-rayed, no change in
eye color is produced.

From these results it is concluded that the change must
be induced in & single cell of the eye rudiment, because
otherwise it would be dificult to explain the variation in



MUTATIONS AND CLUARACTEN CHANGES 147

size of the different variant areas. Obviously, if the muta-
tion occurs in one of the first two cells of the eyve rudiment,
approximately one-half of the eye would be white, because
the white area would be built up Eﬂﬂt-l':!!ul' by cells descended
from this early affecied cell. If the change is not induced
until a later stege, then there would be fewer cell-
dezcendants from the affected cell, and consequently a
smaller white area will be produced.

Other crosses among fruit-flies involving several com-
hinations of eve colors were treated by Patterson in the
same ways with comporable results,

Among eontrol flies of similar erosses white spots in the
eye occur very rarely. The Xeray treatments undoubtedly
increased this cellular reaction and the res.r.ﬂtlng somatic
mutations many fold.

Additional gene changes which affected structures other
than thosze belonging to the eye were induced by the Xeray.
In Patierson's experiments practically any recessive char-
acter may be made to appear as a variant area, provided
the proper combination of characters is used in the erosses
which go to make up the fly stocks 1o be treated. Several
diferent combinations were experimented with but for
illustration we may refer to only one of these: the mutant
hair shapes which are designated as “singed.” Singed is a
sex-linked character, the gene for which is, therelore, car-
ried in the so-called sex-chromosome, or X-chromosome.
This gene aflects the shape not only of the large bristles, but
also that of the small hairs found on various parts of the
fly. The hairs and bristles have the appearance of hair that
has been singed by fire, and this is readily detected even in
a single bristle, sce again Fig. 38.
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The crosses were made up by mating yellow white-eyed
females to eosin-eyed singed-bristle males. The yellow-
white chromosome carried the gene for normal bristles
which is dominant to singed, while the other X-chromosome
from the male, in addition to the recessive gene for singed,
carried gray color which is dominant to yellow, and eosin
eye-color incompletely dominant 1o white eye. Normally
the Fy, or first hybrid generation, females will, therefore,
be gray, light-eosin-eyed, non-singed fies, while the F,
males will be yellow, white-eyed, non-singed. From this it
may be seen that if the X-rays will produce both gene mu-
tations and chromozome breakages, three types of variant
areas showing the recessive characters in question are to be
expected, The F; females may show singed areas and yel-
low areas on the body, and white areas on the eyes; the
F; males may show singed areas only. All three of these
recessive areas were found among the F, flies developing
from X-rayed eggs and larvae,

Theze experiments illustrate the possibility of chromo-
somal changes occurring in the body cells of the embryo
and later giving rise to peculiarly aberrant areas in the
adult. The cases are not altogether what one might classify
as normally typical gene mutations; they pariake rather of
the nature of injuries or destruction of certain dominant
factors or genes, followed by the appearance of characters
resulting from the expresaion of the recessive antagonists
or so-called allelomorphs of the dominant factors. Muta-
tions, as menlioned in » previous chapler, are nol neces-
sarily thought of as actual losses of dominant genes with
resulting expression of the recessive characters, but pos-
sibly as a disturbance in the balance of the gene complex
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which gives modified characteristics to the resulting indi-
vidual though the original genes may #till be present, The
case of the reappearance of lost toes in guinea-pigs em-
phasizes the fact that following a typical natural mutation
there may actually be no loss of the old original genctic
hasis for certain characteristics. However, aside from the
actual nature of the condition, the X-ray experiments of
Patterson and the occasional appearance on the bodies of
animals of arcas showing recessive conditions indicate
that gene disturbances do arise in somatic or body cells as
well as in the germ cells.

It has been suggested that some such occcurrence as so-
matic mutation might be the underlying cause for tumors
and malignant tissue growths in localized body regions.
This may be all the more probable if the chromosomal
changes involve ahnormal breakages, et cetera, rather than
single gene or point mutations, since the tumor’s growth
and reactions are highly deranged and abnormal.

Epitome of Developmental Reactions

A review of the considerations presented in the last three
chapters on development brings us to conclude that the
actual constitution of the mature personality has truly
depended upon the quality of the germ cells from which it
originated, although this original genetic complex has
constantly responded to the environmental conditions
through which it has passed. Thus identical heredities
under even slightly different developmental conditions are
unable to produce identical individuals, This is clearly
shown by the cases we have examined of doubled individ-
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unls, necessarily possessing identical heredity, but in which
one component attains an advaniage over the other, Under
these conditions one of the twine may be an entirely normal
specimen while the sister, in extreme cases, may be only
an amorphous mass of tissue, Twins derived from one egg,
and of identical heredity, need not in any senze be strictly
identical in their form, appearance, or character, unless
they have actually continuously developed and grown
under conditions of exaclly equal sdvantage. The more
nearly identical the developmental conditions have been,
the more certain are the twins to approach complete resem-
blance.

Tdentical heredities may, therefore, under diferent con-
ditions produce unlike individuals! On the other hand, very
dissimilar heredities may under peculiarly similar condi-
tions give rise to closely like individuals. The Negro, the
Mongolian, and the Caucasian are genetically very differ-
ent, yet with certain disturbances of development three chil-
dren may arise from the three racial stocks and be as
clozely alike in general structure and behovior as three
brothers might be, although differing in color. Following a
probable disturbanee of internal secretion, children from
these stocks are born and develop with Mongolian idiccy,
each one showing almost exactly the same facial structure
and expression. Their bodily forms and sizes finally be-
come closely the same, and the mental behavior and phys-
iological functions of all three persons are surprisingly
alike.

A condition of cretinism, or thyroid gland dwarfism, in
the three races would give much the same results. Thus dis-
similar heredities under peculiar developmental conditions
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may produce closely similar constitutional make-ups and
personalities.

In the following chapters we shall consider other ways in
which this interplay of inheritance and development may
act to determine finally the finished personality of the in-
dividual,



IX

QUALITATIVE DIFFERENCES AMONG
CHILDREN OF THE SAME PARENTS

TEE enthusiastic and generally well-meaning advocate
of eugenics might lead one to believe that by mar-
riage between the successful and influential members of
the community a population of uniformly superior chil-
dren would be oblained. The more thoughtful and less
biased observer questions whether this is a fact. He knows
that it is so unusuzl for an eminent parent to produce a
child of like eminence that such cases are heralded and
conspicuously advertised on all oceasions. The ohserver
further knows that unfortunately it is not at all uncommon
for parents of outstanding ability and worth to produce
children so mentally and physically inferior as to be un-
able to maintain themselves in the same community in
which their parents prospered. A blacksmith may become
the father of a president, and a president may be childless
or produce a son whose performance is a miserable failure.

Differences in Abilities Within the Same Family

It is enlightening, although in some ways discouraging,
to ask ourselves a series of questions regarding the par-

entage and offspring of eminent persons,
162
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Who was the father of Sir Isaac Newton, the greatest
mind in physical science of centuries, and who were his
children? Who was the father, and who the son, of the
greatest of English writers, Shakespeare? What of the same
querics of Napoleon, of Pasteur, of Bismarck, and of
Roentgen? What does history have to say of the fathers of
George Washington, Thomas Jefferson, and Abraham Lin-
coln; and what does it have to say about their children!

A review of this sort might be long continued and ap-
plied to persons in all fields of human greatness. We might
then arrange another liet of families in which at least one
prominent member might be eited for each of seversl gen-
erations—the Bacon and the Darwin families, or our
Adams family, for example; yet actually there has been in
these families rarely more than one conspicuously out-
standing person, and it is he who has elevated the family
for several generations.

These suggestions are not in any way inlended as argu-
ments against good stock, but they help us to recognize the
problems to be understood in improvement of the stock.
We must realize that eminence is necessarily rare, as Sir
Francis Galton, a relative of the Darwin family, so em-
phatically pointed out; all families and stocks have a strong
tendency to return to the mean of human ability, medioe-
rity. Finally, then, we come down lo the very conservative
and ordinary proposition that a better population may be
obtained from normally capable parentage than from sub-
normal and incapable stock.

Speed in horses, milk production in cattle, and all de-
sirable qualities in animal stocks are obtained frequently
by inbreeding to a considerable extent. Inbreeding is prac-
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tical, since by this method the breeder is more certain to
unite germ cells both of which may carry the desirsble
quality, while with outbreeding such chance is poor. Actual
genius, which occurs so rarely in the human population, has
not been inbred but is always outbred and, therefore, prac-
tically always lost. Instinets and mental traits are as truly
inherited as are physical characters, yet their determination
is often more complex, and inbreeding will be even more
necessary in oblaining the complete composition.

Inbreeding, as such, is neither beneficial nor harmful—
it merely is more cerlain to bring about a uniformity of
traits in a stock than is mixed breeding or outbreeding. 1f
defective stocks are inbred the defects are accentuated,
since each parent contributes the defective tendency 1o the
progeny, and, on the other hand, when good stocks are in-
bred the perfection of the progeny is likewise insured.
Therefore, the contequences of inbreeding depends upon
the quality of the stock and inbreeding in itself contributes
no additional quality. These considerations emphasize the
importance of the siedy and understanding of quality dii-
ferences among the germ cells and progeny in family
stocks.

Good and Bad Eggs

Among almost all living things, for one reason or an-
other, poor and defective specimens are to be found. All
peas in a pod are not alike—the end ones are often small
end defective; all the peanuts in a bag, or all of the grapes
on & stem, are not ef equally fine flavor. This generalization
fully applies to the germ cells of higher animals. When
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large numbers of egps are spawned irom the bodies of the
“ripe” female amphibian or the female fish, a pumber of
small and defective specimens are among them, some al-
ready opaque and dead. And, jurthermore, among the eges
of normal size, shape, and appearance, there are still some
which will fail to begin development or will barely start
and then die.

When the experimenter places one hundred fish eggs in
a bowl, fertilizes them with sperm from a “ripe™ male, and
then adds pure sea-water, the one hundred eggs do nat all
respond alike. A few of the eggs almost invariably fail to
begin development, another small percentage develops for
a short time and then dies. Most of the egge, if from pgood
parentage, continue lo develop in a normally vigorous
manner, but if they require several weeks before hatching
it will be found that almost every day one or two more fall
by the way and die. Only a certain lot of the one bundred
eggs po through successfully to hatching and become free-
swimming young fish. When the poultryman places one
hundred hen's eggs in an incubator he usually obtains a
very similar result; only a certain number of the eggs
finally hatch into viable chicks. These were the originally
good eggs, while those that have fallen by the way were the
originally bad ones, not genetically equipped to perform
the functions of development under the same conditions of
environment in which the good eggs thrived.

With man and other mammals a comparable prenatal
loss of bad eggs also occurs. Here, however, il is more
dificult to demonstrate that this is simply a case of the
bad ege and not some unfortunate environmental effect,
since the mammalizn egg requires so complex an environ-
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mental arrangement for its care. There are, nevertheless,
a few cases known among mammals in which embryonic
death seems unquestionably an afTair of bad eggs and noth-
ing more. In such mammals as the pig, where large litters
of young are produced st a birth, some observational data
have been aceumulated, Corner found, on examining the
pregnant uleri taken from a number of sows during various
stages of gestation, that considerable prenatal death oe-
curred. MacDowell has found the same to be true for the
mouse. These investigators suppose such deaths to be the
result of originally defective eggs, since perfectly normal
embryos are also present, and are developing immediately
above and below the abnormal specimens in the same horn
of the uterus. Papanicolaou and I (1918) had previously
reporied & number of such cases of uterine absorption and
prenatal death among members of the embryonic litters in
puinea-pigs; see Fig, 39,

The supposition that these embryos die on account of
their inferior quality is in line with the old idea that all de-
formities and deaths of embryos are due to originally bad
eggs. On the other hand, the experimental studies of “de-
velopmental mechanics™” of the last fifty vears have led
many persons into overlooking or ignoring the genetic or
innate causes of prenatal death. Thus for a period all de-
fects are thought to result from bad eggs, at another time
all defects are thought to result from environmental inter-
ference; yet fortunately all the while many investigators
have been cognizant of the facts and have apprecisted the
probability that the same defects and deaths might oceur
as the result of either of the two causal conditions, or, in
cases, from a combination of both.
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Experimental Accentuation of the Differences be.
tween Good and Bad Eggs

During a number of years an extensive series of exper-
iments with guinea-pigs has been conducted in the author’s

Fig. 39, Two guinea-pig [oetuses of the same oge sull attached
to the wterine wall, ong large and normelly formed and the other
undergoing a process of werine absorption; i i smoll and
structureless and would have been finally destroyed.

laboratory, which chanced to supply very favorable cir-
cumstances for the detection of bad eggs in these mammals,
These experiments also supply evidence of the réle played



158 THE PHYSICAL BASIS OF PERSONALITY

by a modified environment in determining the fate of such
eggs. In them one may observe the effects of both classes of
causes of deformity and prenatal death taking place at the
same time on the same individual.

The study of a control stock of normal guinea-pigs over
a period of fifteen years has seemed 1o show that there is a
continuous loss of developing individuals at all ages prior
to puberty, which for the puines-pig occurs at about three
months of postnatal age. Deaths occur among the young
both before and after birth, and mertality records were ob-
tained by uniformly examining all pregnant females each
week during gestation. The embryos and foetuses may be
quite accurately counted within the mother by careful pal-
pation. Through these examinations the deaths in wero, or
what may be termed the prenatal mortalities, were estab-
lished. These prenatal records were then compared with
the number of deaths which occurred between the birth of
the puinea-pige and the time of puberty. It was found as a
surprising fact that the deaths during the prenatal period
in the normal guinea-pig were just about equal to the mor-
tality between birth and puberty, as is seen by comparing
the last two sections of the first column in Table L In other
words, prenatal mortality and postnatal mortality under
puberty are for these normal mammals closely the same.
The prenatal records are probably less accurate than the
postnatal, since the death of early eggs and embryos may
at times escape detection by palpation. The results are, in
spite of possible errors) of interest as emphasizing a high
prenatal loss among normal stock, and any error in the
caleulations is on the conservative rather than the exag.
gerated side. Doubtless the prenatal death was somewhat
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higher than we have recorded. An elimination of the unfit,
or the survival of the Ottest, in the Spencerian sensze, is
playing its rile for the maintenance of vigor in this normal
stock.

The records of premature death both before and after
birth in the contrel guinca-pip stock are most instructive
when compared with similar mortality records from stocks
which had been heavily treated with the fumes of 93 per
cent ethyl alechol. The methods emploved for detecting
prenatal death by the loss of embryos were exactly the
same on &ll stocks. Thus any error which may exist is not
of serious consequence for the comparisons, since we prob-
ably miss as many early losses in the one group as in the
other.

Animals that were directly subjected to the sleohol fume
treatment showed a total mortality among their offspring
almost twice as high as among the control offspring, being
at the rate of 195 against 100, &5 is shown in the second
column of the accompanying table. If this total monality
among off spring from the treated parents be separated into
the prenatal deaths and the postnatal deaths under puberty,
as arranged in the last two seclions of the second column,
the prenatal deaths are found 1o be two and one-third times
greater than the postnatal death, 70.3 per cent against 29.7
per cent. This two and one-third to one is in contrast with
the approximate one to one ratio shown by the control stock.

The prenatal mortality in the control stock is doubtless
due to poor and defective egps. The postnatal mortality of
the control may also be largely due to innate defectiveness,
since there is no @ priori reason for assuming that the en-
vironment has at any time been different for the specimens
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that died and those that lived. An environmental modifica-
tion due to the aleohol treatment was introduced in the ex-
perimental stock of animals, but this also was as truly pres-
ent for one egg or embryo as for another. We find as an
elfect of this experimental environment an increase, almost
a doubling, in total monality. Thiz result one logically
might expect. It simply means that certain individuals, al-
though somewhat weak and below par, were sufficiently
strong to survive the usual environment but could not with-
stand unfavorable conditions. However, the point of par-
ticular interest now comes with the fact that this total
increase in mortality record is almost entirely due to an
excessively high prenatal death. The postnatal mortality of
the offspring from alcoholics, on the basis of the limited
numbers concerned, is actually slightly better than the
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control, as the table shows. Thus the combination of bad
eggs with a bad environment moves the moment of death
back to an earlier stage in existence. The weaker specimens
under the more severe environmental conditions are largely
eliminated before birth and those that do survive to be
born are only the more nearly normal and vigoreus indi-

viduals,

OF course it must be recognized that the environment
could be so modified as finally to affect even the strongest
specimens; Lbut before reaching this point all of the less
hardy and more susceptible individuals would probably be

eliminated,

The zecond filial generation, following the aleohel treat-
ment in these experiments, still showed a high prenatal, as
compared with the prepubertal postnatal, mortality. This
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relation in mortality time ic probably due to the fact thet
the alcoholic treatments were quite mild in their effect on
certain somewhat susceptible individuals. Such speei-
mens were not actually eliminated but lived to be adult, yet
when put to the severe biological test of normality, the
production of the next generation, their weakness ex-
hibited itself in poor environment for the germ cells and
subnormal ulerine accommodation for the developing
voung. The more defective of their offspring under these
conditions were again eliminated earlier than usual as pre-
natal losses.

In the still later generations from thiz alecholie stock
the normal equality between prenatal and postnatal mor-
tality is reéstablished and those conditions no longer re-
main which tended to accentuate the difference between the
good and the bad eggs in their ability to survive.

In view of the present state of agitation and misinforma-
tion over the virtues and viees of aleohol, let me hasten to
add that the above effects are not at all due to any specifie
action on the part of this substance. In fact many other
chemical substances in daily use, such as sugar or common
table salt, if excessively administered to animals will in-
duce resulls closely the same as thoze above described. This
statement is fully justified by many experiments on the ef-
fects of various common substances on the eggs and em-
bryos of many animal forms. No one is at present able to
designate a given abnormality in an animal zpecimen as the
specific reaction to the experimental administration of one
chemical substance. It may be added further, as Pear] has
called attention to from our experiments, and has clearly
pointed out from experiments which he conducted with the
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fowl, that in all these experiments the alcohol is highly
beneficial as a selective agent tending to eliminate weak
and defective individuals from the stock. It also may
be noted that this elimination of defective individuals is
performed in the gentlest manner by pushing the death
moment back into the prenatal life-time, which in pop-
ular opinion is before the individual's existence has be-

gun.
Fariations in Susceptibility among Egps

The differences among eggs and embryos which we have
discussed in the foregoing consideration, may in many
cases be simply recognized as normal varistions, These
variations may very often result from differences in the
chance distributions and combinations of chromosomes in
the maturating germ eells and fertilized egg. The different
chromozomal combinations are the early germinal back-
ground for differences in susceptibility. Our present knowl-
edge of chromosomal behavior makes it evident that dis-
turbances in the pairing of the chromosomes during the
reduction division, technically termed the synaptic reac-
tions, and other anomalies in their sorting and distribution,
may frequently produce non-viable eggs and embryos or
give milder degrees of defective reaction. These unfortu-
nate arrangements may arise just as frequently during the
formation of the male germ cells as during the maturation
of the egg. Such defects in germinal constitution of the in-
dividual may, therefore, be derived as truly [rom the father
as from the mother. Among mammals in general we fre-
quently know of sires with bad records for normal offspring
even when paired with dams of excellent reproductive
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capacity. Such unfavorable records are interpreted fairly
as being due to the bad quality of the male germ cells, since
the eggs and uterine reaction of the dam have been proved
to be good in combination with other sires. Figure 40 illus-
trates visible delects in male germ cells.

Tt was experimentally demonstrated by Bardeen nlmost
twenty-five years ago that amphibian spermatozoa could be
so modified by treatment with X-ray that when normal eggs
were fertilized by them, grossly deformed and non-viable
embryos invariably resulted. These experiments have since
heen fully confirmed and extended by Oscar Hertwig and
others, on several amphibian species, Tt was recognized by
g1l of these workers that the chromosomes in the spermato-
z06n were the hodies or elements chiefly affected by the
X-ray treatment.

On this supposition Oscar Hertwig subjected the sperm
of frogs to severe Xeray treatments which he suspected
might completely destroy the life of the chromosomes with-
out eliminating the fertilizing power of the sperm. Such
X-rayed spermatozoa of the frog were then used to fertilize
the eggs of a salamander, a widely different animal, and
rather normal development ensued. Now practically no
normal development occurs in the salamander egg after
fertilization with an untreated frog sperm because of the
incompatibility of the salamender’s chromosomal complex
with that of the frog. Hertwig, therefore, interpreted the de-
velopment, after fertilization with X-rayed frog sperm, to be
parthenogenetic—that is, the embryo was produced solely
by the egg without the spermatozoin having taken any pan
in the production other than serving as a stimulus 10 initiate
development.
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Fig. 40. A normal human spermatozodn on the left and three
abnormal forms to the right. The rounded wpper part is the
head, which contains the chromatin or heredily malerial; the

long filament is the tail which propels the spermatozodn with an
undulating movement. (After G. Retzius and ], Bromann.)

We might readily prolong the discussion of dilferences
in quality among the germ cells and progeny of common
parentage, but illustrations enough have been cited to con-
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vince us of the existence of these differences. It is the uni-
versal presence of differences and not equalities that one
encounters in the biological world, all political efforts to

the contrary notwithstanding!



X

THE EFFECTS ON DEVELOPING PERSONALITIES
OF UNITING ENTIRE INDIVIDUALS, AND OF
TRANSPLANTING ORGANS AND PARTS

£ have repeatedly found in the foregoing pages that,
when the internal conditions of the egg or embryo are
abnormal, a perfeet environment is unable to induce nor-
mal development. When internal factors are normal, on the
other hand, unfaverable changes in environment may dis-
tort development, producing anomalous or monstrous re-
actions which vary in type with the developmental stage
during which the unfavorable condition prevails. These dis-
torted reactions are not specific for the disturbing agents,
gince in all cases the primary action of these agents on the
embryo is @ modification in the rate of metabolic activity
or of embryonic development. The modified rate disturbs
developmental codrdination and sbrormalities result. The
change in developmental rate is probably a responsze to
some change in oxygen consumption, such as may readily
be brought about by a simple lowering of temperature.

In the present chapter we shall leave this consideration
of the crude external environment, and attempt to follow
the interplay between the genetic nature of the organism
and the more subtle encroachments of cnvironment within

the embryo itself. What directing or determining effects, if
187
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any, do the products or juices of certain regions and organs
of the embryonic body exert over the development and dif-
ferentiation of other organs and of the body as a whole? As
development progresses the organism itself is constantly
creating new internal environments which may influence
the directions of further development. One may say that
this is the phenomenon of development; but it is the differ-
ent phases of this phenomenon that we must allempt to
analyze for an understanding of constitutional up-building.

In considering the interaction of the internal environ-
ment with the specific nature of the developing embryo we
must review an entirely different line of analytical experi-
ments from those which we have so far surveyed. These
experiments are in some ways more difficult to control, and
more complex in their results, than the foregoing; but they
no doubt give an insight into certain problems of develop-
ment and constitution which the discussion up to now has
not touched upon. They may be grouped under the general
subject of the effects of transplantation on developing tis-
sues and organs.

Germ Cell Transplantation and the Effects of
the Foster-mother on the Germ

For a long time investigators in several fields have sought
to determine whether the eggs from a given animal would
develop in their typical way if placed in the body of a dif-
ferent female individual, Many such attempts to induce
character modifications in the developing embryo as an
effect of the influence of the foster-mother environment
have been made, but very few have been at all successiul.
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The earliest experiments of this kind which gave any-
thing like successful results were those reported by W.
Heape, in 1890 and 1897, as short notes in the Procesdings
of the British Royal Society. Heape removed the fentilized
egg of a long-haired albino rabbit from the oviduct of the
mother before it had become attached to the uterine wall,
jmmediately transferring it 1o the oviduct of a rabbit of &
different variety, which was neither white nor long-haired.
In several cases the transfer was successful: the egg be-
came attached in its new position and passed through all
the stages of normal development.

One wonders that such an experiment could have suc-
ceeded at that time since its success would seem to depend
upon the more exact knowledge of ovarian conditions, cor-
pora lutea reactions and the proper uterine state for the re-
ception of the embryo which has been so recently acquired.

Heape reported that young rabbits developed in this way
were both longhaired and albinos, like the mother of the
eges, and were not like the foster-mother rabbit which bore
them. The {oster-mother, as Castle has remarked, “seemed
not 1o have influenced the inheritance of the offspring any
more than ordinary food supplied to growing young will
determine their breed characters.”

Transplontation of Immature Ovaries in Guines-pigs

Although one might grant the above results 1o be entirely
correct, there would still remain the question whether the
earlier or immature germ cells might not be affected by
a foster-mother, The transferred egg in Heape's case was
already mature and fertilized. If the transier had been
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made at an earlier stage while the eggs were still immature
and growing in the ovary, might not efects from the strange
body have manifested themselves? The immalure egg may
be susceptible to modification under conditions which the
full-grown and fertilized egg is not.

In order to answer these problems a large number of
experiments have been made with ovarian transplantations
in several species of animals. Most of these cforts have
been poorly undertaken, and many are confused because
of the strong tendency in the foster-mother or host female
to regenerate her own ovaries after their removal unless
every trace of ovarian material has been taken away. The
most successful and reliable of all such experiments have
been performed with guinea-pigs by Prolessor W. E. Castle
and Dr. J. C. Phillips at Harvard University almost twenty
years ago.

Castle and Phillips grafted ovaries from other individ-
uals into 141 female guinea-pigs. Of these about 100 were
later mated with males long enough 1o give definite indica-
tions of their ability to produce young. Only three of these
females with engrafied foreign ovaries actually produced
young, but in seven others the engrafted ovarian tissue per-
sisted for many months. In eleven cases ovarian tissue was
regenerated at the original ovarian site and from three of
these cases young were produced which had the same ge-
netic characters as the mother, and not at all those of the
graft. In eighty-seven cases no ovarian tissue whatever was
found on post-mortem examination.

Tt is of interest to review the three successful cases that
actuzlly produced young from the transplanted ovaries.
First—the ovaries of an immature black guinea-pig were
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transplanted into the body of a white albino female, where
they developed and liberated ova for & period of more than
one year. Six young were produced from two matings by a
white zlbino male. The six young guinea-pigs were all
black-coated like the animal which furnished the ovary,
and were not like the albino animal which bore the young
nor their white albino father. Figure 41 st ws in diagram
the outcome of this experiment.
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Fig. 4. Disgram to illustrate the tronsfer of ovaries jrom o
black guinea-pig and their implantation inte o white albing fe-
male after her ovaries hod been removed; the result af later
mating the albino female corrying the black ovaries to an albing
male is the production of three black offspring, exacily what
swould have been expected had the albine male been mated (o the
original black female. (Modified from Castle and Phillips.)
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The {oster-mether, so far as known, differed from the
female which furnished the ovarian graft by only a single
genetic color factor. The ovarian tissue taken {rom the
black animal evidently possessed the factor for black and
retained it throughout the sojourn in the body of the albino,
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inasmuch as black color transmission never occurs in pure
albinos.

In the second case recorded by Castle and Phillips, the
same color factor difference again existed between the ani-
mal which furnished the graft and the one which received
it, the latter being an albino, the former being ecolored.
However, in the first case the colored animal was black and
the albino was a “potential black,” lacking color, while in
the second case the colored animal was a brovn-eyed cream
and the albino a “potential brown-eyed cream,” lacking
color. The two cases are, therefore, fully comparable
though not exactly the same color is invelved in both. The
same negalive result was observed in the two cases as re-
gards the effects of grafting.

In case two, the grafted albino foster-mother bore a
brown-eyed cream offspring by an albino mate, She also
bore two albino young, but this is not to be regarded as
evidence of somatic influence of the foster-mother, for it
was known that animals of the stock of guinea-pigs which
furnished the graft were heterozygous or impure and mixed
for albinism. The engrafted ovarian tissue was expected to
furnish equal numbers of ova carrying the brown-eyed
cream character and the albinistic character, respectively.
The character and numerical proportions of the young
obtained from the foster-mother are exacily the same as
the colored animal hersell would have been expected to
give had che retained her ovaries and been mated with the
albino male.

The third case involved a wholly dilferent factor, the
agouti or wild hair pattern. Both animals, the donor and
the foster-mother, were colored alike, so far as known,
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in all genetic factors except the agouti, They were entirely
brown pigmented, and in the families of both it was stated
that albinism existed as a recessive character. At about six
weeks of age the host animal was castrated, and then re-
ceived the ovaries from a light cinnamon guinea-pig about
one month old. On each side of the body an ovary was
stitched to the homn of the uterus about a centimeter from
the normal position of the ovary. The grafted animal and
the planted ovary were both immature o that they grew and
developed together.

This animal was repeatedly mated with an albino male
and produced only one offspring at a birth—in all, five
young were obiained. Six months after the transplant the
first offepring, an albino male, was born; & year after the
operation, & light cinnamen female; about three months
later a light cinnamon yellow male; later a male albino;
and, finally, a female albino was born. There were thus pro-
duced three albinos and two cinnamon offspring. Both of
the colored young were cinnamon, like the female from
which the graft was taken, rather than the dominant brown
agouti color of the foster-mother. Thus Castle concludes
that the sojourn and development, in the body of a brown
agouti animal, of an evary taken from & cinnamon animal
does not seem to have altered in any respect the initial ge-
netic potentialities of the germinal substance, at least so
far as hair color is concerned.

Castle concluded that these three cases of ovarian trans-
plantation give substantial evidence in favor of the view,
originally proposed by Weismann, that in the higher ani-
mals the germinal substance and the body tissues or soma
are physiologically separate and distinct, and also that the
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genetic potentialities of the former are not subject to modi-
fication through somatic influence.

This experiment clearly showed that at least the genetic
factor for pigment expression was not influenced by the con-
dition of pigment in the body of the foster-mother. It is
very probable that this lack of foster-mother effect would
also hold true for all other characters thought of in a strictly
genetic way. But it is easily conceivable that the uterine en-
vironment of the {oster-mother might itzeli modify the type
of development or growth in the offspring. For example, an
egg from a large variety of parent might not attain its full
body size if nurtured in the ulerus of a smaller variety
foster-mother. Such a reaction would not be considered a
penetic modification but merely a response to an unusual
developmental environment.

The Implantation of One Individual on Another and
True Parabiosis

From the standpoint of the determination and modifica-
tion of personality and constitutional conditions, one may
ask what effects will the body, or parts of the body, of one
developing individual exert if attached te, or introduced
into, the body of another? Or stating the problem otherwise,
what would result from uniting two different and already
determined constitutions? Will one dominate and tend to
transform the other, or will the two blend into a combina-
tion differing from either of the constituents, or will some-
thing of both eflects take place? In any case the results are
of interest to us since they may show what a new bodily
condition may do in the way of modifying the existing con-
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stitution. A mass of experimental data has been accumu-
lated in an efort to bring about and analyze such
combinations.

The subject may be approached by considering first the
possible influences of an organic connection between two
entire developing individuals, and next the transplantation
of organs and smaller parts from one embryo or young in-
dividual into another.

The Case of the Free-martin in Cattle

Nature has arranged for us a most illuminating demon-
stration of the efects of Auids produced in the body of one
developing embryo on the character of development in its
sister twin, Cattle breeders have known for a long time that,
when a cow gives hirth to twin calves of dilferent sex, the
bull calf is a perfectly normal male whereas in almost all
cases the female or beifer calf is abnormal, with somewhat
deformed genitalia, and is sterile for breeding. This defec-
tive female is known in the breeder’s terminology as a
“free-martin.” Among sheep and goats such defective fe-
males also occasionally occur. The cause of this peculiar
free-martin condition remained a puzzle until 1911, when
the Austrian workers, Tandler and Keller, reported a study
of the fusions between the embryonic membranes or pla-
centae of the two oppositely sexed twins, and discussed the
morphology of the genitalia in the female twin. These in-
vestigators found the twins, one of which iz a iree-martin, to
be derived from two eggs. The calves are thus brother-sister
individuals, and are not technically true twins derived from
a single egge. Tandler and Keller demonstrated the presence
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of a vascular connection between the two embryos in utero
which permitted the blood of each to circulate within the
body of the other. They considered this circulatory com-
munication to be the causal factor in the modification of the
female twin. F. R. Lillie, in 1917, fully confirmed these
findings in an entirely independent way, not having known
of the work of Tandler and Keller. Lillie and his students
have extended and expanded the study of the free-martin
until the conclusion is fully certain that the ovaries of this
female are arrested and modified in their development as
a result of the early flow through ber body of blood irom
the brother twing; see in Fig. 42 an outline of the vascular
arrangement connecling the twin calves.

What the element is in the male blood that induces the

Fig. 42, Twin calves of opposite sex, the male on the Lefe,
showing a blood vescular pennection between the two placentas
illustrated by the heavy black vessel. This conneetion permits
the blood to flow from ome twin to the other, The substances de-
rived from the blood of the mole causes @ depressed development
of the reproduciive organs in the female and a so-called free
martin sterile individual, (Modified afeer F. R. Lillie.)
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free-martin condition is not yet entirely clear, Willier, from
a careful study of early embryos, was led 1o agree with
Lillie’s suggestion that it might be a secretion from the male
interstitial cells. He found these cells in the testes earlier
than in the ovary; the modification in ovarian development
begins to show iltself only following their appearance. Al-
though this modification takes place, the important fact
must not be overlooked that true male germ cells are never
produced in the free-martin. As Morgan has expressed it,
the influence of the blood of the male co-twin does nat bring
about the transformation of the primordial egg cells into
sperm-producing cells.

The Mized Male-and-Female Individual

Many examples are known among mammals, including
man, of individuals with mixed male and female sexual
organs and actually having both ovaries and testes. The two
different gonads or sex-glands must necessarily have de-
veloped in each of these individuals, and their embryonic
origin must have occurred at very nearly the same time. It
is evident in these cases that neither the testis nor the ovary
was sufficiently dominant to prevent the differentiation of
the other, and certainly there was an entire failure to trans-
form either gonad from one sex into the other. These cases
make it seem that the different genetic constitutions of the
male and female sex-glands may often overbalance any
hormonal or chemical influence from the opposite sex se-
cretions. In such competitive reactions there is, however,
the quantitative element; and possibly it may be that a
sufficient quantity of the hormone from the male sex at a
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proper developmental time might transform the potential
ovary into an indifferent state if not into & testis.

Individuals of mixed sex, or sex intergrades, are so
common in certain stocks of hogs as to be almost universal.
So-called gynandromorph individuals, with a male sex-
gland on one side and an ovary on the other side, have been
reported among several species of mammals. All such con-
ditions demonstrate the foet that the two different sex-
glands—a well developed male testis and a female ovary
—may exist normally, without either gland necessarily
suppressing the other, in the one body of bisexual individ-
uals. We have illustrated this condition in flies by Fig. 17,
page B2, though in insects a sex hormone is unknown,

There gre very probably some cases, like that of the free-
martin, in which one of the sexes seems to dominate the
development of its opposite, causing this to be defective and
sterile.

Sex in United Pgirs of Amphibian Embryos

To gain further light on the mixed sex conditions, the
entire bodies of amphibian embryos have been united side-
to-side. Young embryos were taken just following the clo-
sure of the embryonic brain and spinal cord, and a small
skin area removed from one side of each, leaving an ex-
posed surface; the exposed surfaces of the two embryos
were then placed togethes and their union quickly followed.
Burns has recently studied the sex of such united, so-called,
parabiotic twins. They may be considered an artificial imi-
tation of the communicating circulatory systems of the free-
martin and its twin, Burns also hoped to learn whether one
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gex in the salamander would tend to transform or suppress
the development of the other sex, see Fig. 43.

Fig. 43, Salamander lorve artificially fused together in pairs
20 as to sllow the body fluids to flow through both individuals.
In these coses the members of @ pair were alwoys of the same
2ex. The two on the left are males and the right pair are females.
Te, testis; ov, ovary. (Skeiched after Burns.}

In uniting random pairs of salamander embryos before
sex differentiation has occurred, the chance expectation of
sex comhinations will be one pair of potential males, to two
pairs of male with female, to one pair of {females, a 1:2: 1
ratio. Should any decided devistion from this expectation
oceur, it would be thought to arise from some modification
in sex condition due to the parabiotic arrangement. Bumns
found from his earlier studies that the two members of a
pair were always of the same sex: forty-four pairs were
both males and thirty-six pairs were both females. No
male-female pairs existed, though on the basis of chance
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half of all the pairs should have been of this kind; hence
it follows either that such combinations always die or that
the sex of one individual changes over to that of the other,
And strangely enough, this changing over must be some-
limes in one direction and sometimes in the other, since both
male and female pairs were found to be about equally
abundant.

In Burns' later experiments he has found mixed male-
female pairs, but almost all of the members in these pairs
show some degree of bisexuality. He also continues to find
both changed-over males and changed-over females, and it
becores a most dificult problem to determine how these
reciprocal effects are possible, even though actual transfor-
mation in sex differentiation may take place. If the action
is 80 indeterminate as to play in one direction in one case
and oppositely in the next, it is very dificult to imagine
how it ever can be sufficiently sirong to reverse the nature
of the affected sex-glends in any case.

Burns' results differ from Lillie's observations on the
free-martin and Wilschi's experiments on the parabiotic
frogs in that the male sex is not invariably dominant. Burns
also finally states that there iz positive evidence of sex-
transforming influences prior to morphological or struc-
tural differentiation.

The Transplantation of Organs

Dauring the past thirty vears there have been a great num-
ber of experimental studies on the effects of transplanting
an organ from one place to another in the same individual.
This procedure is known as autoplastic transplantation,
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Does the transplanted part lose anything of its normal char-
acteristics in its changed position, and does it modify at
all the parts newly coming into relationship with it? Eyes,
embryonic ears or auditory vesicles, nasal placodes or early
olfactory epithelium, limbs and parts of the neural plate
or embryonic nervous system and many other tissues have
been transferred from their normal sites of development to
various positions.

In these cases the changes induced in the transplants have
varied chiefly with the degree of structural differentiation
which had already taken place before the removal of the
part. If groups of cells are removed very early, before the
specific rudiment or Anlage of a given organ has heen es-
tablished, the transplant develops in accordance with the
usual nature of the new surroundings in which it is placed.
For example, cells removed from a region which later
would produce eyes will, when planted early enough on the
side of the body, give rise to ordinary skin. When, however,
the bud or beginning of an organ has definitely established
itseld, it will often continue to develop into this organ, no
matter where in the body it may be placed. Between these
two extremes of expression on the part of the transplant are
to be found many modified and partial developments. The
strange location may have a slightly unfaverable effect on
a developing organ, though this will not be sufficient to
change its nature provided the organ has reached the state
of & fully determined bud before removal. In the other
direction, the transplanted organ produces an effect on its
new surroundings, particularly on the growth of the nerve
fibers which it usually tends to call into itself from the
near-by region of the spinal cord. These are not actual con-
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stitutional changes but merely modified adjustments and
accommodations to the misplaced part.

Another elass of transplantations are those made from
one individual to other individuals of the same species.
These are known as homoplastic transplants. Finally, trans-
plantations may be made in a still wider fashion by remov-
ing organs from an embryo of one species and implanting
them into an embryo of a different species. These are heter-
oplastic transplants, and it may readily be understood that
such transplants may have an immediate bearing on
constitutional modifications, especially under strange de-
velopmental influences. Here again a large number of dif-
ferent tissues and organs have been employed in the
transplants, Skin from the body of one species has been
induced to develop into the erystalline lens for the eye in
another species. The eye region of the neural plate {rom
one species has developed into skin when planted upon an-
other species, and so0 on.

Transplantation of Embryonic Limbs from
One Species to Another

R. G. Harrison at Yale University, and his students, have
devised ingenious methods for the early removal and trans-
fer of embryonic parts; and have supplied a most important
series of investigations bearing on the results of heteroplas-
tic organ transplantations.

Harrison showed with a very striking experiment that
when the arm bud from one species of salamander was
transplanted onto another species it grew to a different size
from the normal arm size of both itself and its host species.
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This arm in the new animal, being a strange part in a
strange environment, was stimulated by somewhat different
food and diferent chemical surroundings, decidedly unlike
those it would have experienced in its normal place. The

Fig. 44, Selamanders of different species that have had their
right arms interchanged in transplantation. The left poir shows
that the transplanted arm maoy in cuses grow larger than normal
Jor cither the donor or the host. (After Harrison.)

transplanted arm was also constitutionally different from
the arm of the host, and it responded differently from the
host's arm to the host’s internal environment. Giant-like
arms were carried by some of the specimens, and this dis-
proportionately large limb tended also 1o modify the func-
tional behavior of the animal, see Fig. 44. A strange
condition of growth regulation was met by the [oreign ex-
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tremity in ils new position, and its growth-potential re-
sponded to this in a way differing somewhat from the mode
of extremity growth in either of the species invelved.

Grafting Eyes from One Species to Another

Stone, in 1929, found that larval eyes when grafted from
one species to another follow closely the growth curves of
their donor controls. That is, they grow after transplantation
as they would have grown in their original site. Harrison
had shown a similar growth constancy in the case of heter-
oplastic transplants of early optic vesicles between the same
two species.

Under ordinary conditions of feeding, the eyes from one
species of salamander, Amblystoma tigrinum, when trans-
planted to another species, A. punciatum, grew more
rapidly than the normal eyes of the host, and, up to the time
of metamorphosiz of the larva into the adult Amblystoma
punctatum, they exceeded in size the donor control eyes.
The reciprocal transplantation from the species punctatum
to tigrinum as the host, gave eyes that were smaller in size
than their normal donor controls during the same period;
the transplanted eyes are outlined in Fig. 45.

The transplanted optic vesicles, or earlier embryonic
stapes of the eyes, between the same two species, had pre-
viously been shown to exhibit similar relations. These dif-
ferent growth-reactions, when the transplant is made in
opposite directions, show that the specific growth-potential
of the grafted cells responds to a regulatory condition which
difTers in the two species. The genetically specific growth-
potential, therefore, is modified through interaction with
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the body stuffs in finally determining the structural propor-
tions of the finished organ.

§

Fig. 45. Interchanged eyes betiween fwo species of salamanders.
The smeller species has a lorge vight eye derived from the lerger
species and the larger ane has a small right eye taken fram the
amall species. Each eye grows sccording to the size of ity own
species and not like the host apecies. (Outlined after Stone,)

Transplaniation of Early Embryonic Areas

It has been learned hoth through general studies of de-
velopment and by methods of following the lineage of single
cells, that certain areas of the fertilized ovum will differ-
entiate, under normal conditions, into definite parts of the
invertebrate embryo and adult animal. This kmowledge has
been acquired in a most painstaking way by a host of able



186 THE PHYSICAL BASIS OF PERSONALITY

investigators. Further, by methods of intra-vitam staining,
several investigators have partially traced these processes
in vertebrate embryos. And very recently the German em-
bryalogist Walther Vogt, of Munich, has shown by most
careful and ingenious intra-vitam staining that small areas,
or actually only a few cells, may be followed until they
give rise to definite parts of the medullary plate or early
nervous system, epidermis, and other structures in the
amphibian embryo. Such early cell groups in the egg may
be regarded as “presumptive’ medullary plate or “pre-
sumptive” gill structures, et cetera, as Spemann has termed
them.

The question now erises; what will develop if these “pre-
sumptive” areas be transplanted 1o strange places in differ-
ent embryos? In other words, where are the causes for
differentiations in development in these cell groups, or
“presumptive” areas, to be found? Are they in the particu-
lar area itself, or are they in its peculiar surroundings?

During the past ten years Hans Spemann, the eminent
German zoilogist at Freiburg, and his students, have made
a most vigorous and telling effort to answer these questions.
And they have carried their analysis through to a surpris-
ing degree. Starting with the gastrula or infelding embry-
onic stage a portion of “presumptive” medullary plate or
nervous tissue was replaced by “presumptive” epidermal
skin, and vice versa. Spemann made successful combina-
tions of the double transplantations. Two embryos of differ
ent coloration were selected—one light and the other dark,
thus making it possible 1o distinguish readily both trans-
plants over a long period of time, with the further advan-
tage that each transplant in this combined operation
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indicates in the host embryo the exact place from which the
other transplant has been taken. The experimenter thus
knows definitely what the transplant would have developed
inte had it remained in its normal surroundings, see
Fig. 46.

Fig. 46. The interchange of pieces of different colors [rom one
apecies of selamonder to another and the subsequent retention
of the origiral color in spite of modifications in the future tissues
of the transplants in the new host species. {After Spemann.)

The results of these experiments on this early gastrula-
tion stage of the embryo are quite conclusive. The
transplants developed in very exact accordance with their
new environment and without indication of the regions from
which they had come. The “presumptive” medullary plate,
or “presumptive” nervous tissue planted within the epider-
mis or embryonic skin, became epidermal skin on the
ventral body surface, while “presumptive” epidermis
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planted within the medullary plate differentiated into em-
bryonic brain. In simpler words, a piece of the future
brain of one embryo developed into ordinary abdominal
skin on another embryo, and a piece of embryonic skin
planted on the dorsal surface of the first embryo formed
true brain tissue, Thus one may change future brain into
gkin, or future skin into brain.

These experiments were equally successful when carried
out not only between embryos of the same species (homo-
plastically) but also between different specics (hetero-
plastically). A region of presumptive medullary plate such
as the rudiment of an eye from Triton taeniatus, a species
of the common European salamander, was exchanged with
a presumptive epidermal or skin area from the gill region
of T. cristatus, another epecies of this salamander. Both
transplants differentiated according to their new environ-
ments, but a fact of high significance is that each transplant
retained at the same time its species characteristics; thus
the external gill-stumps on T. cristatus in this experiment,
although perfectly formed, had the characters of a gill-
stump of the species taeniatus from which the transplant
bad come, and not those of cristatus which furnished the
internal environment and blood supply and actually
brought about the differentiation into gill instead of eye,
as it was “presumptive” to be.

This fact is of preat importance as indicating that al-
though complete differefitiation and regulation of tissue
may be induced through a definite environment or location
in the embryo, yet such an environment is entirely unable to
make over or alter the characteristics of the species from
which the tissue was derived.
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The Species of the Cellular Transplant

The character or species of the transplanied cells is in-
berent in their chromosomes or gene complex, end this
remains uninfluenced by an environment which is fully able
to mold their functional differentiation. This fact indi-
eatez in a most emphatic way the independence of the
chromosomes from etomatic influence, although these are
m:iue:ﬂ].r chromosomes of hnd}- or soma cells. Faets such as
this lead us to realize that activities and qualities acquired
by the cell itself do not affect its genetic constitution. The
persistence of the species characteristics of the transplanted
cells most convincingly demonstrates the high improbahil-
ity of the inheritance of acquired characters, and this is
of special interest sinee the experiments involved were not
at all designed to bear upon this problem.

Determination in the Transplant

Spemann’s experiments on very early embryonic slages
show for such animals as the European salamanders that
presumptive medulla and epidermis are yet indifferent, or
at Jeast are capable of a re-orientation of differentiation. At
a little later embryonie stage the situation alters entirely,
and in an experiment similar to the one described above the
transplant develops according to its place of origin, and
not in accordance with its new transplanted position. Thus
if a presomptive eye-fundament be removed at a stage when
the medullary plate of the embryo ie already formed, and
transplanted into the epidermis of another embryo at 4
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comparable developmental stage, it develops in the same
way and at the same lime os the normal eye-anlage should
develop, and it differentiates into a normal eye-vesicle.
Therefore, during & short developmental interval, the eye-
fundament has ceased to be indiferent and has become
determined as regards its further development and differ-
entiation, in spite of being placed in entirely strange sur-
roundings.

One of Spemann's associates, 0. Mangeld, in 1923,
carried out still wider reciprocal transplants on a large
scale and with remarkable results. Mangold showed that
presumptive ectoderm, which if left in its normal position
would give rise to either medullary plate or epidermis,
could on transplantation into a proper region be stimulated
to diferentiate into mesoblastic somites and later into
musele, pronephros or embryonie kidney, or into intestinal
wall—and, therefore, change itself into organs which
normally are derived from other germinal layers than the
ectoderm. This fact iz clearly proven by heteroplastic
transplantations between the two species of the common
salamander, Triton eristatus and T. taeniatus.

The indifference of the early embryonic tissue, as evi-
denced by its ability to develop into organs normally de-
rived from another germinal layer, is of primary signifi-
cance; yet this is not the only important conclusion to be
drawn from such transplantation experiments; they further
indicate that there must be factors at work in the new en-
vironment which have the power to alter and determine the
direction of differentiation of the early transplants. How
may we discover the source of these influences?
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Transplantations and the Discovery of “Organizers”

Spemann and his associates have been more successful
than any other workers in attempting to locate the source of
origin of the influences which determine and direct struc-
tural differentiation during early embryonic development.
One of the most instructive experiments in this direction
was the transplantation of a small portion from the dorsal
lip of the infolding region which goes to form the tweo pri-
mary germ layers in the salamonder egp, that is a piece
{rom the dorsal lip of the blastopore or embryonic mouth.
If such a picce be removed from the embryo of one species
of salamander at the beginning of gastrulation, and trans-
planted into the indifferent outer surface or ectoderm of an
embryo of another species at the same stage of develop-
ment, it does not behave indifferently as did the presump-
tive medullary plate or epidermis deseribed in the
foregoing section. On the contrary, it asserts itself in
the new environment, makes use of the surrounding ma-
terial for its own developmental purposes, and actually
forms a new embryo on the body of the host, as is shown in
Fig. 47. Anyone may see that this reaction is a considerable
accomplishment, This experiment was first performed by
H. Mangold in 1924 under Spemann’s supervision.

In the most successful experiment the newly called forth
embryo possessed a central nervous system, with adjacent
auditory vesicles, a notochord, mesoblastic segments, and
the Wolffian ducts of the embryonic kidney. It was thus
complete hut for the anterior cephalic portion. Its structure,
however, was most peculiar, being composed of cells de-
rived both from the transplanted portion from the species
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Fig. 47. Transplantation of an “organizer” from one embryo
onto ancther of o different species and the ealling forth ﬂf (4]
complete twin individual through the action of the “organizer”
on the body of the host. (After Spemann.)

T. eristatus, which had induced the sppearance of the new
embryo, and the cells taken over {from the host species, T.
taeniatus, which supplied the environment. The body of
this emhryo was thus made up of & mixture of cells from
two species of salamander and each of the two classes of
cells retained its species characteristics irrespective of the
organs it contributed to form. The embryo was a cellular
mosaic of the two species. This result shows that these par-
ticular transplanted early cells are not directed in their de-
velopment and differeftistion by a definite environment,
but have the power within themselves of organizing the sur-
rounding cells for new formations. They seem to carry
within themselves the factors which determine the direction
of differentiation,
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Spemann has applied the term “organizers™ to cells such
as these which are capable of inducing the formation of
new fundaments, and the designation “‘centers of organiza-
tion™ to the regions where these cells are situated at the
onset of gastrulation. A portion from the lips of the infold-
ing region capable of inducing a new entire embryonic for-
mation is composed either completely or partially of two
primary germ layers known as the endoderm and meso-
derm or combined ento-mesoderm. Such cells, during the
course of the infolding or invagination, normally form in
the embryo the roof of the primitive intestine. Thus the roof
of the embryonic gut, a5 Spemann had previously surmised,
is an important organizer in the differentiation of the cen-
tral nervous system.

A further proof of this power of the organizer material
has been shown in experiments by Geinitz. He found that
pieces of embryonic tissue may easily be brought to lie
under the ectoderm, or covering layer, by transferring the
picce into the cleavage cavity which exists in the blastula
or in the early gastrula stage of the embryo. A this stage
many embryos are simply a hollow sphere of cells, then a
region on the surface begins to dimple or invaginate, which
finally obliterates the central cavity by forming a two-
layered sac. This two-layered stage is the gastrula. A small
piece of tissue introduced into the cleavage cavity does not
interfere with the infolding procese, and during the invagi-
nation the piece becomes caught between the two germinal
layers, as indicated in the diagrams, Fig. 48. Geinitz suc-
ceeded in bringing a picee of the dorsal lip of the infolding
region of one embryo under the outer layer of another em-
bryo, and this called forth the formation of medullary plate
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Fig. 48. MNlustrating the position of o piece of tissue planted
into the cleavage covity of an early embryo, a, and being later
eaught between the two embryonic layers, in b and ¢, during the
infolding growth of gastrulation,

or embryonic brain. A piece from the roof of the infolded
region of a complete gastrula induced & new entire embry-
onic body in the host. A pieee of ectoderm or embryonic
skin from another region when implanted in the same man-
ner in control embryos did not have this effect.

Since the inmer and middle embryonic layers, ento-
mesoderm, are capdble of thus influencing the outer or
ectodermal layer, it seems probable that it is this element
in transplants from the dorsal lip of the infolding region
that calls forth an entire embryonic body formation.
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What now determines the orientation of the differentia-
tion in the body induced by the implanted organizer? There
have been no fully eonclusive results bearing on this ques-
tion, but from experiments available it may be anticipated
that the host embryo plays some part at least in determin-
ing the orientation of the developing transplant.

The Nature of the Organizer Influence

Spemann suggests that the implantations into the cleav.
age cavity of the early hollow sphere stage of the embryo
may yet make it possible to determine whether only the
living cells of the organizers are capable of inducing new
formations, or whether the same effects may follow the use
of disintegrated cell material or even extracts from such
cells, The fact that effective interaction between organizers
and host tissues exists not only between different species of
salamanders, but, as shown by Geinitz, also between dis-
tantly related animals such as salamanders and frogs,
suggests to us an activating stuff, possibly of the nature of
the hormones in internal secretions. It is a well-known fact
that & given hormone from one vertebrate animal will in-
duce a characieristic reaction in almost all vertebrates with
only minor modifications. The way in which an “organizer”
from one species excites developmental activity in other
species would in this respect at least put the organizer in the
hormone class.

Interactions very much like those described in the pre-
vious section have long been known to exist between certain
struclures in embryonic development. The classical case is
the effect of the embryonic optie vesicle in calling forth the
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formation of the erystalline lens of the eye from the over-
lying skin-ectoderm. Although a crystalline lens may in
some embryos arise independently of the optic vesicle
stimulus, yet it always seems quite certain that the vesicle
may call forth a lens from any portion of undifferentiated
skin-ectoderm with which it may come in contact during
the proper developmental time. From Spemann’s point of
view such an organ as the oplic vesicle may be classed as
an organizer of the second grade.

Suecessive Transformations through Organizers

Finally, it has been shown that these organizing effects
may be induced in a given embryonic part, and that this
part may then be further transferred through secondary
transplantation to still other embryos. For example, Geinitz
removed & piece of presumptive epidermis al the beginning
of gastrulation from an embryo heavily colored with intra-
vitam stain, and implanted it into the dorsal lip of the in-
folding region of an unstained embryo at the same stage of
development. The piece was placed in such a position that
it folded in and formed a portion of the embryonic intes-
tine. He then removed it, and this time transplanted it into
the cleavage cavity of a third embryo at the onset of gastru-
lation. In this third embryo the piece came to lie under the
ectodermie layer and induced in this layer the formation
of @ secondary embryonic brain. It must now be recalled
with careful attention that this transplant, if it had re-
mained in its originhl environment, would have differen-
tiated into skin-epidermis. In the sccond embryo it was
transformed into embryonic intestine or endodermal tissue,
thus becoming itself an organizer which, when implanted
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in the third embryo, induced the formation of a part of &
secondary nervous system. Thus the principle of progres-
sive determination through the action of “organizers” of
ascending grades seems to hold good, at least for the earlier
stages of development in amphibizn gmbryos. At the pres-
ent time this is as far as these highly suggestive studies
have progressed.

The exact range of their application is as yet impossible
to suggest. Yet they have a wide significance in any con-
gideration of the interplay of inheritance and environment
during the development and differentiation of animal con-
stitutions and physical personality.

Deductions Regarding Differential Developments

We have now, in our consideration of the réle of inherit-
ance and environment in the formation of personal consti-
tution, briefly related the importance of variations in
quality of the germ cells, of good and bad eggs. We have
pointed out the accentuation of these quality differences in
the germ cells through reactions to modified environments
along with examples of variation in resistance and suscepti-
bility among eggs. In analyzing the effects of complex and
peculiar biological environments we have seen that the
transplantation of germ cells and developing eggs inlo a
foreign or foster-mother is apparently non-effective in
modifying constitutional characteristics.

We have considered the results of the implantation of
one embryonic individual on another, of transplanting em-
bryonic organs from place to place within the same individ-
ual, of similar transplantations from ene embryo to another
embryo of the same species, and from one species lo an-
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other species. And finally we have examined the reaction
of smaller and earlier embryonic transplants made in a
variety of ways. Through these transplantations we have
learned of a peculiar power on the part of certain cells to
act as organizers. The organizers may completely direct the
course of differentiation in other neighboring cells. Yet
through all these modifications and influences we always
find that the specific characteristics of the embryonie cells
and tissues remain true to their chromozomal composition
and species kind.

The results would seem to mean, in the first place, that
wo organic environment yet employed has the power to
alter the specific characleristics of the somatic cells. In the
second place, il appears that cells which come to lie in a
definite embryonic area elaborate within themselves hor-
mones, or some such stuffs, which initiate and regulate
the direction of embryanic differentiation. The actual na-
ture of this reaction is completely unknown, yet there is the
possibility that the organizers are embryologically the
earliest hormone-secreting cells.

The quality of the chromosomes in all probability fully
determines the cell species, and the organizing substance
regulates the direction of differentie] development. Com-
binations of differemt embryonic persons or parts of em-
bryos may completely modify the developing personality
and actually change future eyes into skin, but such combi-
nations are entirely without influence upon the species
characicristies of the cells involved, The species type is
maintained through the genetic complex within the cell
chromosomes, regardless of exposure to the bodily environ-
ments of other species of embryos.
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POSTNATAL DEVELOPMENT AND PERIODIC
CHANGES IN PERSONALITY

IH the foregoing chapters we have carried our survey of
the developing personality from the germ cells and the
fertilized egg, through the various changes end processes
of embryonic life, and up to the state of equipment sufficient
for a free-living postnatal existence. Thus we arrive at the
day of birth, which, as pointed out in an carly chapter, is
tsken by most people as the starting point for individusl
existence. However, for those of us interested in the prob-
lem of personality and constitution, this can never be the
beginning: we have seen that the fundamental basis for all
that the individual may possibly attain is already contrib-
uted at the moment when the egg is fertilized by the male
germ cell. We have also leamned that this fundamental en-
dowment is en unceriain quantity, in so far as its ability to
express itsell along a particular line of development is
concerned. The developmental tendencies are constantly
hent in one way and then another in response to environ-
mental influences. We finally have been led to the conclu-
sion that the child at birth is the resultant of the interaction
of a genetic foundation with the internal and external con-
ditions under which it has existed and developed,

We now arrive at the question: Do these internal and ex-
-]
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ternal environmental changes continue to induce growth and
developmental responses and modifications in personalities
after birth? It is well known to most of us that they do. But
the environmental influences acting on the individual dur-
ing the more mature stages give rise to postnatal modifica-
tions of less severity to the gross structure and nature of the
person than do comparable prenatal irritations. Neverthe-
less, from a standpoint of individual personglity, the post-
natal development and differentiation are modified by
progressive experiences to an extent of serious importance.

The Internal Environment and Postnatal
Epigenetic Changes

What are the varying conditions of the internal environ-
ment which still influence the nature of the individual after
hirth? Some of them are the results of the same general
epigenetic changes which were observed before birth, As the
function of each organ and part is initiated, the products
of its activities are added as stufl new in either quantity or
quality to the chemical cobrdination of this organism. The
body responds through the reactions of all its parts, and
normally balances itself to these new imernal composi-
tions. Certain organs or glands begin to elaborate pecul-
iarly effective products. These substances have been termed
hormones by the late English physiologist, Starling, who
contributed so fundamentally to our understanding of the
function of such stuffs. Hormones from the glands of in-
ternal secretion circulate in the fluids of the body, and are
highly effective in regulating and controlling growth and
diff erentiation.
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Development after birth, like embryonic development, is,
therefore, not merely a growth or increase in size but still
an epigenetic process, each stage to come depending upon
the perfection and quality of the preceding stage. No step
can be omitted or misplaced without producing an effect on
all subsequent processes of maturation. This progression is
largely accomplished through a continuous elaboration of
new internal products which tend to direct and insure the
nature of the final individual.

The Radical Change in External Environment
ot Birth

The most commonly striking feature of birth is the adop-
tion of a new external environment: the young animal is
born from the mother or the egg into the outside world. This
external environment of posinatal life now begins to in-
fluence, as did the surroundings of the womb or egg in the
prenatal time, the success of the internally directing forces
in the young individual.

The new environment is freer and more extensive in its
possibilities than the prenatal surroundings, and the young
animal must react to it in far more complex ways. The ex-
ternal environment supplies all the needs of the growing
young, and the quality of these supplies is most significant
for constitutional perfection. The quantity and quality of
ordinary foods, the supply of necessary mineral salts and
the availability of those peculinr substances, the vitamines,
can never be disregarded in a conzideration of the in-
fluences of external environments on the internal chemistry
and the final personality of the developing animal. But to
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attempt a detailed consideration—which would, of neces-
sity, be voluminous—of the various effects which might re-
sult from modifications in the supply of any of these stuffs,
is unnecessary for our immediate topic.

The environment supplies everything material and the
organism develops only the desire, which itself arises from
imbalance in stuffs, to use these materials,

We have frequently been surprised during recent years
to learn that the merest traces of some almost unrecognized
stull are of profound significance in the economy of the ani-
mal constitution. The absence of only a single vitamine,
usually derived from a certain vegetable food, may cause
the most alarming nervous symptoms with distortions of the
body-chemistry and growth in the young animal. Again, the
absence of a single trace of some chemical element may
derange the function of an important organ. The absence
of iodine from the environment, for example, may modify
the growth and alter the health of man and other mammals
on account of its apparent necessity for the thyroid gland
function. Thus after birth, as before, the life and activities
of the organism are so interwoven with the environment that
no biologist may think of the one without the other. The
animal and its environment are really a single compound
curiously knitted together: cither would be different if the
other should change.

The postmatal environment differs from the prenstal in
one other important regard. It is the outside world in which
a multitude of other organisms exist which may come in
various degrees of contact with the newborn individuzl. Such
contact comprises a complex part of our postnatal existence,
and includes all forms of association wilh others of our
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own kind, commensalisms with demestic animals of other
kinds, parasitisms in which we usually play the réle of
host, symbioses or mumally beneficial associations which
we may enjoy with certain friendly bacteria, the consump-
tion of living things as food, and the harboring of both
harmless and disease-causing organisms. A discussion of
any one of these forms of contact is not within our present
province, but it may be readily realized that all or any one
of them may be most intimately related ta the constitutional
nature of the personality concerned.

The constant presence of a chronic bacterial infection,
for instance, may modify the secretions and chemistry of
the body in such a way as considerably to influence the
nervous svstem, causing a formerly kind and agreeable per-
son to become nervously distorted and unbearable. Physical
changes, such as modifications in the bony frame and alter-
ation of personality, may be similarly brought about by
infection.

The same disease-causing organism does not induce the
same efect on all personalities. [t may produce in one per-
son a {atal effect, in another a severe illness, in another only
mild consequences, and in another no ill effects whatever.
These diff erent effects are not due in all cases to diff erences
in the attacking organism, not to differences in virulence,
but rather to differences in the constitutionel quality of the
individual persons attacked.

Another phase of these biological associations in which
we are interested is the actual change in constitution which
they themselves may induce. The best-known examples of
these changes are the constitutional states called immunity
in which the individual animal has become so altered that
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the given disease germ can no longer produce inconvenience
to its body. Immunities in themselves may very probably
indoce constitutional stales which modify to some extent
the further growth and developmental qualities of the in-
dividual.

Racial resistances to certain organisms are peculiar to
definite constitutions, and these reactions may be inherited
through generations as actual constitutional qualities.

Periodic Changes in Constitutional Personality

The definite changes in form and disposition which oc-
cur at clearly accented periods of life are of peculiar
interest in the process of postnatal human development.
These changes bear an important relation to subsequent
normality of structure in the individual, and particularly
to his mode of response to various constitutional and in-
fectious diseases. The most obvious periodic occurrences
are those associated with sexual development and maturity.
These are made particularly conspicuous because of the
contrasted fealures and dimorphic responses of the two
sexes. Each sex not only shows different primary sex char-
acters, but exhibits a list of so-called secondary sex
characters which are strongly contrasted between males and
females,

The periodic changes in structure associated with the
reproductive apparatys and the final attainment of sexual
maturity are thought to be brought about through growth-
stimulating substances which arise in the germ-glands, the
testis and ovary. These, technically called gonads, are not
alone germ-glands in which the male and female germ cells
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are produced but in addition highly important glands of
internal secretion. Tt is the influences of the internal secre-
tions from these gonads which bring about the normal de-
velopment and the periodic changes in structures and
functions associated with the processes of reproduction in
mammals.

The Early Influence of the Gonadal Hormone
in Development

The gonads in both sexes seem to exert definite effects on
important structural developments during three different
periods of life. Modifications and failures in the formation
of the genital structures are readily demonstrated to follow
either alteration or removal of the gonads. We have already,
in connection with the free-martin calf and experimental
grafts, considered in a general way the effects of gonadal se-
cretions on the development of the reproductive tracts during
embryonic and foetal life. It may be recalled that when
“twins™ of opposile sex are produced in cattle it frequently
happens that their two placentae become fused so that the
blood from one embryo circulates through the body of the
other, and the female twin becomes modified into a free-
martin. The {ree-martin twin calf has been shown Lo possess
abnormal external geritalia, the ovary is modified in strue-
ture and sterile for egg production, and the female genital
tracts are arrested and undeveloped, probably on account
of the circulation in her body of & hormone from the male
gonad. We have also called attention to experiments which
seemed to show that when embryos are grafted together in
parabiotic pairs, the gonadal development of one member
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of the pair may possibly modify the opposite sexual struc-
tures of the attached mate,

Matural cases are known in which animals are born with
degenerate and abnormally developed gonads that may pos-
sibly lack the proper secreting or interstitial tissues. In such
specimens as these the internal genital tracts of either the
male or female sex may be deformed, defective or almost
completely absent. The external genitalia of the same speci-
mens are undeveloped and imperfectly formed. From evi-
dence presented by various workers, after examinations of
a large number of such defective individuals, it seems
highly probable that the abnormal development of the
gonad is the primary defect; and the direct consequences
of this are the deformities and arrests in the internal and
external genital organs. This interpretation is also largely
strengthened by the results of early castration in immature
and newborn mammals. The reproductive tracts in such
castrates remain infantile or else become greatly reduced
and degenerate, and the growth and development of the ex-
ternal genitalia are much arrested.

From these reactions we assume that the earliest effects
of the gonads on structural development are the stimula-
tions which call forth the normal, fully-expressed condition
of the reproductive tracts and the external genitalia in the
male and the female infant. The rile of the gonadal secre-
tions during prenatal development is to bring ebout the
progressive develupu]ent of these structures, and these de-
velopmental reactions furnish the best example of the early
influence of a typical secretory hormone on structural ex-

pression.
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Reactions to the Sex Hormones at Puberty

After birth there seems 1o be a cessation of secretory
activity on the part of the gonads; or, at any rate, little
structural response to such secretions takes place until just
prior to the stage of puberty. During the time of puberty
gonadal activity increases, and the resulting sccretions
exert important influences in bringing about the second
great series of structural reactions in sexual expression.
In a very short while the animal attains a fully completed
development of the secondary sex characters, as illustrated
by the gaudy plumage in birds, the horns and hair growths
in the male of mammals, and the mammary gland develop-
ment in the female. It is readily demonstrated that the
development of these secondary sex characters, differing
so greatly between the two sexes, is highly dependent upon
secretions from the eex-glands, If the gonade be removed
sometime before puberty, there follows either a more or
less complete failure or a greatly altered expression in
the development of secondary sex characters. This modi-
fication is clearly shown by failure in growth of the mam-
mary glands, of the beard, of the distribution of the coarse
hair on the body, general modification in body form, et
cetera. Figure 49 illustrates the sudden and marked al-
terations in body form and plumage following castration
in the Sebright bantam cock.

After puberty, the male and female constitutions are
still more widely different from one another than they
had been before.

The two sexes are of course constitutionally different



Fig. 49, Sebright tqimm cocks: the upper specimen is the noer-
mal hen-feathered male with the head furnishings of the rooster;
the lower fgure shows o similar bird after being castrated, The
plumage becomes gaudy and more roosterlike but the head of
the capon now resembles that of the hen. (After Morgan.)
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from the time of fertilization of the egg and, as we leamn
more about the details of growth and development, we are
more and more impressed with the presence of these differ-
ences even during early childhood, when the secondary
sexual dimorphism is not so universally evident. For ex-
ample, the calcium metabolism and the important reactions
depending upon it seem far better provided for in the fe-
male child than in the male; this is shown by the higher
frequency of infantile tetany in boys as Bakwin and Bak-
win have found and the probable high tendency towards
rickets in the young male which Nonidez has found among
fowls and I have found among dogs.

It seems quite definite that the probable interaction be-
tween the ovary and the parathyroid and pituitary glands
gives a somewhat different balance of body stuffs and,
therefore, a different growth matrix than that resulting
from the interaction of the testis in a similar situation.
When ovarian secretions are exchanged for testicular se-
cretions, the entire animal body reacts to the changed
endocrine complex. These differences are so accentuated
after puberty that it becomes apparent that the male and
the female of a species are constitutionally guite dilferent
animals—possibly in some cases their intermal chemistry
may be as far apart as that of two males or two females of
different species.

The Third Period of Sex Hormone Infiuence on

Structural Growth

Following the heightened sctivity of the gonadal sccre-
lions at puberty which has called forth the secondary sex
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characters, we find the gonads entering their third period
of influence over the structural reactions of the body. They
now exert an important réle in molding the general type
of growth and development of the youthful individual
striving for the adult state. This influence on body form
again is evidenced by the abnormal youthful growth shown
in cunuchoid individuals from whom the gonadal secretions
are absent.

There are reasons which would lead us to think that the
gonadal secretions actually influence the development of
head form and body build. The sisters in a family, for
example, have a higher cephalic index or rounder heads
than the brothers. The general form and height of the
individual is clearly different for the two sexes. And these
differences are due to the different gonadal secretions in
the sexes, the testicular bormone in balance with the other
bodily juices forming a different chemical complex from
that given by the ovarian hormone acting with the same
juices, It is clear that, since the gonadal hormones do in-
fluence the development of form, the eunuch cannot pre-
sent the typical shape and stature of a normal man; the ox
differs in form from the bull; the castrated horse differs in
several ways from the stallion; the capon is atypical for
the rooster form; and there are pronounced differences
between the spayed and the normal female body forms.
The altered form of the cow after removal of the ovaries
is shown in outline by Fig. 50.

Still other well-recognized structural changes—such as
those that occur after menopause in the woman and during
senility in the man, the more or less pronounced beard in
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some women, and the general change in body form of both
sexes—may be either primarily or secondarily associated
with the modificetion and disappearance of gonadal se-
cretions,

It must not be assumed, however, that the gonadal se-
cretions independently and alone accomplish these changes.

Fig. 50. The dotted line shows the average proportions of J00
normal cows from Rerd book records, and the solid line indi
cales the average of body form in eleven eows after removal of
the ovaries. Costrafion produces modification in both body sire
and form. (After J. Tondler and Karl Keller.)

It iz the presence of such secretions in the normal body
chemistry as o whole which brings about normal growth.
When the gonadal secretion is removed the entire chemical
nature of the body is altered, and growth consequently
takes place in a dilferent way. When, therefore, the se-
cretion is present, we should not say that it as such induces
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a definite growth, but rather that its presence influenices all
other things in such a way as to give rize to this definite
growth and typical form; without this one secretory con-
stituent all other things are unable 1o bring about the same
definite growth pattern; as is shown in Fig. 51 with the
cutlines of a normal man and the eunuch.

Fig. 51, Outline ar the left of normal man showing the wsual pro-
portions, On the right the outline from a photogroph of the modi-
fied proportions of the Skopee eunuch, lwan Gregor. (Medified
after J. Tondier grd 5. Grogs.)
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Fariations in General Growth and Functional
Responses

The recognition of the personality changes resulting
from modifications in the gonadal secretions serves to im-
press us with the fact that more or less marked responzes
1o other chemical changes and varying hormonal relations
are constantly arising within the body during the growth
and development of the postnatal animel, Great variations
in the size and functional activity of the glands of internal
secretion are well known even among closely related in-
dividunls, Partly on account of these variations in the
growth-affecting centers, which are largely expressions of
the genetic backgrounds, it is a rare sight indeed to find
every member of a family growing exactly alike. It is in
general also true that the more mixed the race and the
more artificial the environment, the more pronounced are
the variations in the endocrine glands and the more varied
~ the population becomes.

It is well known that certain races among men and other
mammals tend to be short and small, while others are tall
and large; some are stocky and a1, while ethers are thin
and lean. We have the race-horse type and the draft-horse
type, the beef caule and the milk cattle, the dwarf-like
African pigmy and the tall coastline Negro, the short stat-
ured Japanese and the tall races of China. These racial
etates are probably related in most cases to genetic tend-
encies for the determination of a given constitutional bal-
ance or, a8 Sir Arthur Keith has suggested, to a given
endocrine complex. We also find in great abundance indi-
vidual variations in personalities. The thin Jack Spratt who
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could eat no fat and his buxom wife who could eat no lean
are old acquaintances of ours.

All of these different personalities are normal variations
in so far as they constitute the community pepulation. Per-
sons are accepted by the community and graded by their
friends as lazy or industrious, stupid or intelligent, ugly or
beautiful, melancholy or happy, serious or frivelous, good
or bad, honest or rascally; and, to the casual mind, there
the matter begins and there it ends, But we know from all
that has gone before that these attributes do not begin in
the adult and, furthermore, that they need not in all cases
remain there. There must be a cause for each of the con-
trasted states. Genetic backgrounds tend toward certain of
them, and in all the developmental expression and the
growth balance of the individual play a determining role.

We might boldly state that almost any one of us could
from time to time embrace all of the contrasted characters
mentioned in the previous paragraph. We usually make
too little use of ourselves as a specimen in analyzing the
reactions of others. | may be lazy and unable to drive my-
sell even to a pleasant task; I wonder at the cause and
find that I may have a dizturbed digestion, or have had too
little sleep end am slightly out of industrious condition. A
perpetually lazy man is an unbalanced man and we might
discover his handicap, even though it be impossible to re-
move. Wild animals are not lazy unless actually unwell or
constitutionally distorted, and in the lntter case we term
the condition the “nature of the brute.,”” When a commonly
industrious man becomes lazy he has a constitutional dis-
turbance. Stupidity and intelligence may often be alternat-
ing states of the same mind.
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When a person bas been without eleep for several days,
or ig ill and exhausted, his mental reaction may be decid-
edly stupid. He may be unable to reason logically or
faicly. Yet on restoring a wholesome condition this same
mind may function with high intelligence. Doubtless many
men are stupid on aceount of some chronie nervous irrita-
tion which if removed might decidedly elevate their mental
level. Bad food frequently induces awkward thinking.

Ugliness and beauty are frequently observed in the same
individual under different physiological states. Any chronie
disease may mar the beauty of the fair. As the Germans
express it, Schinheit bedewtet Gesundheit, beauty indicates
health. The melancholy man may become happy and the
happy man may become melancholy, the serious may be-
come frivolous or the frivelous serious, as the results of
changes in their relation to their environments which tend
to alter the physiological states of their constitutions. If
we understand what makes a happy person temporarily
melancholy, we may surmise something of the state which
induces permanent melancholia in another individual.
Goodness and badness, honesty and dishonesty, in common
parlance, may, in certain cases at least, result from differ-
ences in functional state.

Although the above point of view might be admitted as
correct in some cases, it must be remembered that it is not
at all applicable in many others, There are of course def-
nite defects and distortions in certain individuals which
cannot be altered. Stupidity and vgly appesrance may be
of genetic origin and permanent; or similar conditions may
have resulted from developmental arrests and are, there-
{ore, congenital and cannot be removed. It becomes a duty
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of the student of personality to be able 1o differentiate the
types of causes for abnormal conditions, and on this basis
to prognosticate the possibilities of establishing the normal
state.



X1I

EXAGGERATED DEVIATIONS FROM RACIAL
TYPE

WIIEH the clever prestidigitator performs his trick with

accurate precision we marvel at the result. But when,
through some slip or accident, the trick fails we laugh at
its absurd simplicity. And so when nature produces the
normal individual, with only slight deviations {rom the
standard type, we get litle inkling of the parts played by
the many dillerent factors concerned; but, when the proc-
ess slips on account of an upset in the balance of parts, and
the resulting individual is far from the standard type, then
we may find it @ simpler problem to unravel the skein of
controlling threads.

If this supposition be correct, we may well afford 10 give
attention to peculiar types and the so-called fresk individ-
uals which occasionally occur among men and other mam-
mals. It has long been known that certain freak individuals
may arise with surprising frequency in a given family or
in a particular community. Among certain breeds of ani-
mals, peculiar types may appear as the common run of
things. These facts suggest a probable genetic or hereditary
origin for the unusual forms.

Hereditary Gland Defects Causing Modified Form

When we examine the structures and shapes of modified

animal types, we often ohserve many condilions closely
217
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similar to the peculiar growth reactions known to ‘result
from disturbances and deficiencies in endocrine gland se-
cretions. We might, on this account, attribute some of the
{reak types to deviations or disease in the glands of internal
seeretion. On funther study, we may find that the strange
type is aclually of genetic origin, 8 mutant or sport; never-
theless the primary effect of this mutation is the production
of a peculiar deviation in glandular development. And
these glandular deviations are the directly responsible ele-
ments in bringing about the peculiar freak type of develop-
ment which is the noticesble end result of the primary
gland mutation. Thus, for example, one might think that
the bulldog inherits his grotesque form and appearance as
such, while, as we interpret it, he directly inherits def-
nite ahnormality of internally secreting glands and these
defective glands act as the secondary cause for the bulldog
pattern.

If such an inlerpretation be permitted, it becomes of
prime imporiance to delermine, in the first place, whether
the apparently comparahle freak types found among differ-
enit kinds of mammals are truly similar conditions and, sec-
ondly, whether the strange glandular complexes which must
underlie these types are also similar in their deviations.
And, finally, if such conditions are found to be of genetic
origin, the mode of inberitance of these distortions should
be securately studied and analyzed.

The types to be kept in mind are the frequently seen
dwaris, giants, and otherwise unusually formed but defi-
nitely typical individuals. The small, gracefully formed
dwarfs, usually termed midgets or ateliotic dwarfs, con-
stitute one of these types. Other persons are seen o be
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dwarf-like but stocky individunls with large heads and flat,
often sunken-in, faces and a protruding or undershot lower
jaw. The body or trunk of such dwaris is large and long,
almost or quite of the common size, but their arms and legs
are short and peculiarly bent. These are the so-termed
achondroplasic dwarfs or stecky bulldog dwarfs. The point
of particular significance is that all of the individuals oc-

Fig. 52. The body form of a normal full-sized man between the
owlines of a stocky achondroplasic dwarf on the left and the
grocefully tiny form of a true midger on the right.
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curring under any one of these types are closely similar in
form, structure and funclional reactions. Their general
behavior and the tone and pitch of their voices are on a
singularly wniform pattern. The group constitutes & new
race, as it were, Fig. 52 shows the two dwarl types con-
trasted with the outline of a normal person.

In contrast to these diminutive types, there are other
equally definite gigantic deviations from the common size
and form. Human individusls cccasionally grow to be
seven or eight feet tall and may weigh as muoch as four hun-
dred pounds. Some of these gient persons are well-
proportioned, with pleasing features, particularly during
youth. They are simply giant individuals. Most giants,
however, show a strong tendency to develop heavily exag-
gerated facial features and disproportionately large and
heavy hands and feet, characters which are generally asso-
ciated with glandular disease and wsually termed scro-
megalic overgrowths. These giants with exaggerated beav-
inezs of features are classed as acromegalic gianls in
contrast to the normally proportioned giant, Large animals
are particularly liable to develop acromegaly or thicken-
ing of the features as a complication, just as dwarf individ-
uals are so apt to show some degree of peculiar cartilage
growth which produces the short-bent legs and “dish-faced™
eondition technically termed achondroplasia.

Various degrees of insufficient canilage growth, achon-
droplasia, may be present only as & localized expression
while in other cases it may be a general gkeletal condition,
or it may exist simply as a mild expression in normal full-
sized animals, apparently unassociated with dwarfsm.
There is a strong probability, however, that some degree of
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dwarhem may occur in the families of persons stamped
with this inclination. In the same way excessive growth of
facial features and heavy hands and feet, acromegaly, may
appear in individuals of normal size among human beings
as well as ldwer animals, although again we find this to be
associated with the secondary tendency to produce large
and giant-like descendants,

The Remarkable Diversity in Structural Types
among Dogs

The deviations in structural types are more clearly pro-
nounced and more widely differentiated among the numer-
ous breeds of dogs than among any other species of mam-
mals. Dog fanciers, for reasons of their own, have shown
a peculiar taste for these strange and often grotesque in-
dividuals,

Practically all of the peculiar dog breeds have been
derived through hybridization, and it may have been due
to the crossings that so many germinal mutations and sport-
like forms have appeared. When odd types began to occur,
the breeders carefully isolated and preserved them in order
to bring about the artificial races. Many of these breeds
exhibit some form of structural distortion, which may be
associated with strange and widely modified complexes of
the endocrine glands, The breeders, of course, have been
entirely ignorant of the bosis for their selection, They bave
chosen specimens solely on account of their strange forms,
which could be readily observed. But in many cases the
form was only the symptomatic expression of the distorted
growth-controlling complex of internal secretions which lay
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behind the situation. And behind all this were the genetic
mutations which gradually became purified through se-
lective breeding.

Other mammals, -and birds also, {requently show struc-
tural peculiarities closely similar to those exhibited by the
various dog breeds. There are giant and dwarf horses of
comparatively simple type. There are giant and bantam
breeds among fowls. There are large and dwarf catile and,
among the smallest, the Dexter breed originally from Ire-
land shows a marked degree of achondroplasia, which is,
as remarked above, so frequently associated with dwarfism.
Professor F. A. E. Crew, at Edinburgh, has quile recently
studied cases of the extreme achondroplasic condition in
the monstrous “bulldog™ calf which is produced only by
Dexter-with-Dexter cattle matings. The Dexter cattle are
quite certainly of hybrid origin, and Crew regards them as
a Mendelian di-hybrid, the parental stocks having differed
from one enother at least in respect to two pairs of con-
trasted characters—coat color and bodily conformation.

Crew supposed a malfunctioning of the piitary gland
to be the responsible causal agent in the production of the
“bulldeg™ abnormality. This peculiarity of the gland he
believes to be inberited in 2 definite manner.

Only a short time before these reports on cattle, we had
pointed out, from an investigation of the glands in various
dog breeds, that the bodily forms and unusual conditions
in these animals were, closely comparable to similar hu-
man types and were probably associated in similar ways
with glandular peculiarities; see Fig. 53 showing closely
comparable skull forms in men and dogs.

Many records from the literature had seemed to indicate
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that these conditions are clearly genetic in origin, since
they were found to be definitely transmitted through the
male. Rieshbieth and Barrington, in 1912, brought to-
gether in a splendid monograph various etudies of dwarf
conditions in man. They showed the short and peculiarly
formed bones in achondroplasia, for example, 1o be al-
ready present far back in the early foetus. This typically
peculiar growth continues throughout development until
the adult dwarf condition is attained, Such a state is in no
gense the result of peculiar secretions in the mother, since
a dwarf child may be bom from & normal mother who at
other times has given normal offspring. The achondroplasia
is due to certain definite complexes within the developing
individual itseli. And pedigree records show cases of achon-
droplasic dwarf men siring both male and female achon-
droplasic dwarf children even though married to normal
Women.

In these highly modified types the coordination of the
normal growth-regulating mechanisms have elipped, as it
were, and nature thus furnishes us with exaggerated ex-
pressions on the basis of which it may be possible to ana-
lyze the milder normal variations in constitution. For such
an analysis the modern dog breeds provide a splendid
amount of material, carefully selected through a long pum-
ber of generstions and in respect to a few breeds for at
least centuries of time. Strangely enough, dog {anciers have
been unconsciously selecling and preparing a splendid
array of material, most ideally suited for a scientific inves-
tigation both of the inheritance of endocrine gland disturb-
ance and of the effects of such disturbances on the growth
and form of the mammalian body.
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The Breeds of Dogs and Their Type Clas.ification

Among dogs there are typical giants without acromegaly
like the great Dane and the Irish stag-hound. Again there
are giants with strong acromegalic symptoms, like the St
Bernard and the mastiff. And again there are bloodhounds
with apparent acromegaly in the absence of pronounced
gigantism. There are hounds, pointers, shepherds, and
huskies, representing the normal growth type for the dog.
Ateliotic dwarfs, or typical midgets, are found among the
toy dogs with only slight if any symptoms of achondro-
plasia. Figure 54 illustrates the cnormous difference in size
between the skeletons of a giant and dwarf dog. Other
dwarf dogs exhibit decided achondroplasia, as the Peking-
ese and the French bull. There is sharply localized achon-
droplasia in the axial skeleton of the Boston terrier, partic-
ularly in the basicranium, the sacrum, and the coceygeal
region; and an equally distinet but differently localized
achondroplasia in the Jegs of the dachshund and the basset
hound, while the head and vertebral ekeleton in these dogs
are perfectly normal. (See Fig. 55.) The British bulldog
has highly marked achondroplasia without much dwarfism.

There are nervous hyperthyroid types of dogs among
the terriers, such as the Brussels grilfon and the small black-
and-tan, with marked exophthalmia. There are micro-
cephalic races in which the brain is dizproportionately
small, like the wolfhqunds, and other breeds with very fre-
quent internal hydrocephalus in which the brain appears
large but is structurally thin and distended with fluid; this
occurs in the German boxer dogs and the bulldogs.

All of these types are commercially valuable to the dog
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fanciers and, consequently, they have been carefully se-
lected and purely bred. It has been found, in our expe-
rience, that the pedigrees of valuable dog stocks are sur-
prisingly réliable and this is constanily demonstrated by
crucial breelling tests.

Animals that exhibit such a variety of conditions, closely
resembling many stroctural reactions of serious importance
in human personality, appeal to ene as exceplional mate-
rial for an analysis of the inheritance and development of
these widely modified characteristica.



XII

INHERITANCE OF FORM AS RELATED TO
PERSONALITY AMONG DOGS

vERY one acquainted with dogs is aware of the fact
that the breeds differ not only in shape and size but
just as truly in manners of behavior. With closer observa-
tion and study it will be found that the characteristic be-
havior of each breed fits in a very definite way the form
and appearance of the animal and follows what we know
about the modified behaviors of peculiar types of human
beings. The bearing, the stride in walking, and the heavy
sweeping gesticulations of the human giant are strikingly
simulated in the actions of the 5. Bernard dog, and the
deep hoarseness of the voice is the same in the two. The
quick nervous vivacity and squeaky yapping voice of the
black-and-ten toy dog or the Pomeranian poodle resembles
in a most suggestive way the manner, reactions, and voice
of the tiny human midget. Few companionships attract so
much attention as that of the midget man and the tiny dog
on promenade together. The quiet, determined, and rather
severe attitude of the stocky achondroplasic human dwarf
is very closely paralleled by the demeanor and voice of the
bulldog.
Certain breeds of dogs are known for their friendliness
and others for their shyness, some for a dignity of bearing

and others for their frivolous foolishness, And the playful
=24
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irresponsibility of puppies is contrasted with the reliability
of the adult dog in much the same general way as the nat-
ural behavior of childhood is with that of the average man.

An analysis of the behaviors in the different dog breeds
as associated with their physical types and forms is by no
means a casual or simple undertaking. Yet this variety of
behavior and diversity of form supplies material extremely
useful for most care{ul experimental study—a study, how-
ever, which at this time is but in its beginning. So that our
present discussion is more profitably confined 1o the ques-
tion of inheritance and development of the modified strue-
tures and shapes which have appealed so directly to the
fanciers of dogs, and which are g0 exactly comparable to
important conditions in man.

The Genetics of Short-bent Legs in Crosses between
Basset Hounds and Shepherd Dogs

The manner of inheritance for short-bent, achondroplasie
legs in dogs otherwise normally formed serves very well
lo demonstrate the actual genetic basis for many peculiar
structural reactions. As we have seen, achondroplasia ap-
pears sporadically among almost all classes of mammals,
including man, and its origin and expression are very
probably due to similar causes wherever it occurs.

The basset hound originating among the dogs in western
Europe and the dachshund in central Europe are the two
simplest cases in dogs of localized shortening and deformity
of the extremities. In these animals the front legs may show
a most extreme degree of achondroplasia in all the long
bones, resembling in every detnil of structure the well-
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known condition found in man. The hind legs are some-
what less affected, as is usually the case with achondro-
plasia, and the proximal segment of all extremities is the
most abnormal; the feet are disproportionately large with
toes tending to spread apart. In these two breeds of dogs
no other region of the body shows any noticeable trace of
achondroplasia; the condition is strictly confined to the
feet and the long bones of the extremities. The probable
reason for this localization we shall discuss later,

The human achondroplasic dwarf, modified in the axial
as well as the limb skeleton, has a quite casily recognized
behavior and disposition. It is suggestive to find that dogs
only show a comparable behavior and disposition when the
gkull and, therefore, the brain is affeeted by the dwarfing
and shorlening, The basset hound and dachshund with only
their legs affected show no such dwarf behavior at all.

When the short-bent-legged basset hound is crossed with
the normal, wild-type, long-legged German shepherd, often
in error called police dog, the hybrid offspring are all very
closely alike in form, coal texture, color, and behavior;
and this is true, no matter which breed is used as sire or
dam. The progeny are all short-legged like the basset par-
ent and none have the long legs of the shepberd. The short-
ness, however, may vary somewhat and is rarely so pro-
nounced as in the pure basset hound. Even among pure
breeds the achondroplasic ahuru:uing shows some variation
in itz degrees of growth expression, but shortness in the
pure state is more extreme then in the hybrid or mixed
condition. The short-legged, Fy, hybrids all have the long
drooping ears of the hound and never the erect ears of the
shepherd, and the voice or bark is also more hound-like
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than shepherd-like. When these hybrid pups are rearcd by
a shepherd mother and have never seen a basset hound, they
‘will, when put oo the field for the first time, scem with
their noses down and bark as they run, behaving as their
hound father would do, acting in & manner entirely unlike
the reactions of their shepherd mother with whom they
have always associated. Thus their hunting instincts are as
truly inberited as leg-lengths or hair color, being probably
associated with acuteness of smell, and are not, in thiz case
at least, developed as a conditioned reflex.

The quality of hair and the eoat in general is shepherd.
like in the hybrids, as is also the color except for a more
[requent white foot or small white spot on the chest. The
shepherd coat and color is dominant over the hound hair
and pattern, but not completely so; the hybrid is slightly
intermediate in these respects. The hybrids are large and
quite alike in size, and anyone seeing & pack of them for
the first time will be struck by their remarkably uniform
type.

When the short-legged first generation hybrids are mated
inter se, their alTspring, the second generation, show a clear:
eut redistribution of a number of the contrasted grand-
parental characters; see Fig. 56 showing the conditions in-
volved in this cross, Both the ghort-bent legs of the basset
and the long straight shepherd legs reappear in the second
hybrid gencration in the expected Mendelian ratio of 3 to
1. The shortness of legs differs among the members of the
chort group; about one in three is as short as the pure bas-
set, while the two others ate not so short, resembling more
closely in length the legs of the F, hybrids, The long-legged
animals of the F: generation are truly long, like the shep-



230 THE PHYSICAL BASIS OF PERSONALITY

Fig. 56, Inkerisance of leg length in the basset hound German
whepherd cross. The F, generation are all short-legged but some-
what longer than the basset. The 'F, generofion has individuols
with very short bassel legs, intermediate legs as in F, and the re-
cessive long leg of the shepherd, Short legs are dominant but only
fully expressed in the pure homozygous condition.

herd grandparent, and are thus a typically extracted reces-
give for leg length. The typical behavior of such a reces
give character is clearly shown in the diagram, Fig. 57.

The strange achondroplasic modification of the legs
would thus seem to be inherited as a single-factor Mende-
lian dominant, in spite of the apparently complex nature
of its growth and development. It may also be that in the
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Fig. 57. Diagram of the inheritance of a purely recessive char-
acter, vestigial wings, and o purely dominans, long wings. The
basis of the two charecters &5 garried in corresponding chromo-
somes; the one for vestigial & eross-barred and the one jor long
wing is white. The first generation hybrids are all long wing
though carrying the vestigial chromosome. In forming the sec-
ond generation there is only one in four chances of two white or
two cross-barred chromosomes meeting; therefore, there resdis
one pure long wing with two white chromosomes, one pure vesti-
gial wing with two eross-barred chromosomes and two impure
long wing with both & white and a eross-barred chromosome.
[ After Morgan.)
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mixed hybrid, or heterozygous, condition shown in the Fys
and in some Fyz the reaction is not so heavily expressed as in
the pure, homozygous, basset parent stock and the very
short, probably pure Fse. The very short-legged Faz may be
homozygous dominants, and they occur in about the ex-
pected 1 to 3 ratio. Thus the entire F; group for leg length
may be divided into the classical Mendelian ratio of 1: 2: 1
~—ane very short-legeed, two shortlegged, and one long-
legged. The certainty of the mixed partial and pure com-
plete conditions are now being tested by breeding. Figure
58 shows the contrasted leg lengths in adult Fo animals.

Fig. 58. Adult F, bassetshepherd hybrids showing contrasted
long and short leg lengths,

The manner of inheritance for achondroplasia in the ex-
tremities has been further tested in these breeds by back-
crossing the first generation hybrids on both parent stocks,
Back-crossing is a prompt and effective way of testing the
inheritance of a singlevcharacter, since the expected nu-
merical proportions are not so complex. When an incom-
pletely expressed dominant character in the first hybrid is
tested by breeding back on the parent from which it came,
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gll the young will be expected to show this character; but
only half of the offspring by chance will have received a
-factor for this character from the hybrid parent and, there-
fore, only these will be pure and show full expression of
the dominang trait. The other half of the offepring will have
received the factor only from the pure parent and not from
the hybrid, and these will thus again show an incomplete
expression of the character, just as the first hybrid penera-
tion did. The expectation in our present case is, therefore,
for equal numbers of pups with very short and with incom-
pletely short legs.

When o member of the short-legged, first hybrid genera-
tion is bred to the pure basset hound parent, all of the off-
spring are short-legged, but about half of them have much
shorter legs than the others. This fact again would indicate
that the dominant achendroplasic character of the legs is
more fully expressed when homozygous or pure than when
mixed or heterozygous, see Fig. 59 illustrating this back-
Cross, .

This incomplete expression in the hybrid condition ia
found for & number of well-known dominant characters, as
was first clearly shown in the blossoms of the cross be-
tween white and red “four o'clocks™ by the eminent Ger-
man botanist, Correns, ane of the three rediscoverers of the
Mendelian laws. Figure 60 illustrates the result of crossing
white and red “four o'clocks,” giving in the first hybrid
generation pink blossoms as an incomplete dominant ex-
pression, and in the second generation one white blossom
pure recessive plant, one red pure dominant, and two pink
blossom hybrids,

The back-cross in the other direction between the hybrid,
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Fig. 59. Buck-cross of F, baset-shepherd hybrid on pure
basset stock giving equol numbers of full shors and intermediate
short-legged pups.

F:, shepherd-basset and the shepherd parent gives both
pure recessive long-legged shepherd-like pups and mixed or
heterozygous short-legged shepherd-coated pups. At pres-
ent the number of these recessive back-cross young is small,
and the expected ratio of one long to one short-legged ani-
mal has not exactly obtained, there being ten long to seven
short-legged pups; see Fig. 61.

In these crosses it is also interesting to note that the
hound coat pattern of white, black and brown spotting acts
as o single-factor recessive and is not linked with the leg
condition. Some of the long-legged F; pups may be hound-
spotted, as the illustrafions show. The erect ears of the
shepherd dog is a character more complex in its genetic
background, probably a multiple factor recessive but not
definitely linked with the dominant shepherd coat, nor with
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the long legs, as one of the specimens in Fig. 61 will show.
We have obtained one erect-eared, short-legged shepherd-
coated dog, a very odd specimen in general appearance.

»

Fig. 60, The classical case of an incompletely expressed
dominant character in the blossoms of the “four-o'elock,” Mira-
bilis jalapo. When red- and white-blogsom plants are crossed, the
first hybrids are pink in color and when these are bred together
the second generction shows one red-blossom plant to two pink
and one wkite, (After Correns.)
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Fig. 6. Bock-cross of F, bassetshepherd hybrid on the pure
shepherd stock. This produces intermediate lengih legs and long
legs on shepherd-like dogs. The {ower figures show the conrrast
between short and long legs and also the typical shepherd body
and Recd with erect ears ond short legs, a very gueer combination,

Finally, from the basset-shepherd experiments, when an
extracted recessive, Fy, long-legged animal is mated with
the pure shepherd stock jt would be expected that all the
off spring should show a truly long-legged condition, and no
contamination whatever should appear from the former as-
sociation with the achondroplasia. At present we have no
results from exactly such a mating, In Fig. 62, however, is
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illustrated a somewhat parallel case: a shortlegged hybrid
basset hound male was mated with a pure shepherd female,
and the exact expectation of two long and two short-legged
pups was produced. One of the long-legged females was
mated with & pure shepherd male and nine young were
born and lived to be adults. All of the nine dogs were long-
legged, with no symptom whatever of the achondroplasic
ghortening, These results strongly indicate that if the factor
for achondroplasia is present within the germ cells, it will
assert itsolf as a dominant character in the offspring.

Fig. 62. A hybrid short-legged hound by a German shepherd
gives half fong and half shori-legged offspring. The long-legged
muted back to the shepherd gives all pure recessive long-legged

doga,
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Crosses Between Animals Having ﬂiﬂ'ermﬂy
Localized Dwearfed and Shortened
Body Parts

The German dachshund has a normal head, body, and
tail; and it is 2 well-balanced normal animal in its behavior,
although retiring and shy. On the other hand, it shows pro-
nounced achondroplasia in the much shortened extremities,
as the illustrations indicate.

The Boston terrier is an almost perfect contrast 1o the
dachshund. It is a partial bulldog type, with siraight long
and well-developed legs but with & very much shortened
base of the skull and face and a short broad palate. The
cranium in the Boston terrier is rounded and wide, with a
marked depression below the forehead at the nasion; the
upper jaw or muzzle is short and reduced, while the lower
jaw is elmost normelly long and, therefore, somewhat un-
dershot and protruding. These are, in other words, the gross
characteristics of achondroplasia in the head as recognized
for that condition in man. The Boston terrier also prezents
other symptoms of achondroplasia and deformity located
in the veriebral column, particularly in the short and twisted
tail and the sacral regions. In the female Boston terrier,
as in the human achondroplasic female, the pelvie outlet
is thus reduced and normal delivery of the young is fre-
quently impossible. Operations must at times be resorted to
in order to deliver the young and save the life of the mother.
The comtrasted skeletons of theze two dogs are shown in
Fig. 55 facing page 223.

Both the dachshund and the Boston terrier are consid-
erably dwarfed in size, When these breeds are crossed,
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either dog being used as sire or dam, the Fy hybrids are
uniformly alike. The legs of the hybrids are achondroplasic
and short from the dachshund parent and their heads are
somewhat modified, the muzzle being shorter than in the
dachshund and the cranium wider, yet not completely reach-
ing the Boston type of head. The tail is long and well-
developed, the pelvis normal, and these hybrids whelp
their pups without trouble.

In color, the Fy hybrids are a striped hrindle with small
white spots or flashes on the chest, the basic Boston patiern.
They are all uniform in size and closely alike. Their cranial
shape more nearly approaches the Boston and, in bebavior,
they show rather the nervous, jumping, noisy disposition
of the Boston terrier than the quiet and shy demeanor of
the dachshund.

On-mating these hybrids infer se, the resulting second
generation gives animals which show most curious combine-
tions of the grandparental characters. The short-legged
condition is here again expressed os a single-factor domi-
nant in conformity with its record in the basset-shepherd
cross. The Bozton head end tail are multiple-factor expres-
sions and are quite independent of the leg condition. There
are dachshund-legged dogs with Boston head and long bent-
tail or short screw-iail. There are tall long-legged Fa ani-
mals with dachshund heads and tails as well as coat color
(refer to Fig. 63).

The Boston head is not altogether recessive nor domi-
pant: its full expression would seem to concern both
dominant and recessive factors, and some resemblance to
this head type exists in almost all members of the F gen-
eration.
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Fig. 63. The Boston terrier, with short round head and de-
formed tail end of vertebral column, crossed with [ong-headed
long-iailed dachshund with short bent lags. The first generation
hybrids have fong heads, long bodies ond tails, and short bent
legs. The second generation hybrids cxhibit varicus combina-
tions of short heads and legs and long head: and long legs.

The bentzil of the Boston seems to be inherited some-
what independently of tail lengih; it is a definite vertebral
deformity, though not apparently linked with the short con-
dition. From the numbers at present available, the bent-tail
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seems dependent in expression upon a gingle recessive fac-
tor and, therefore, appears in about one in four pups of the
second generation, while the typical short serewail from
the Boston appears only once in about gixteen F; pups, thus
approaching the Mendelian expectation for a character de-
pendent upon two recessive factors. Some extreme condi-
tions in the Fz hybrids are shown in Fig. 64.

Fig. 64, Exireme types in the second generation hybrids from
Boston terrier by dachshund, a3 shown in Fig. 63. The bent-toil
appears a3 a single-foctor recessive about one in four and the
short “screw™ tail, not shown here, scems to be inkerited as a
double-focior recessive. Many of these hybrids are very exoph-
thalmic with chnormal brain and they die within a jow days.

If the dachshund-Boston F; hybrids be back-crossed on
the dachshund parent be offspring are all short-legged; see
Fig. 65. But, here again, hall are full short and half are
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Fig. 65, Back-crois of the dachshund-Boston hybrid on dhe
dachshund giving all short-legged dogs but half of them are full
skort and half are incompletely shor.

intermediate in leg length as was the case for the basset-
shepherd back-cross.

When the French bulldeg, baving more pronounced
achondroplasia of the head than the Boston terrier, is
crossed with the dacheshund, the results in the first and
second hybrid gererations are closely parallel to those of
the dachshund-Boston cross. In both combinations the ex-
treme head conditions found in the second generation show
exaggerated exophthalmia, or bulging eyes; there is also
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a tendency for the accumulation of fuid in the ventricles
of the brain, the condition of internal hydrocephalus: a
number of these pups are lost at birth or die within a short
time afterwards. Figure 66 illusirates the abnormal appear-
ance of the defective second generation pups.

On back-crossing the F; hybrids on the dachshund parent,
all offspring have short legs, half of them being very short
and fully dachshund in type, and half being definitely short
but less pronounced than the dachshund legs, These inter-
mediate length legs are the same mixed or heterozygous
condition as was shown in the F; generation, and are also
the same incomplete dominant expression of short-leg as
was found in the basset-chepherd hybrid. The dachshund
coat pattern, black and tan or brown color, which behaves
as a recessive character in this eross with the bulldog, ap-
pears in half the back-cross pups, as is expected, while half
of them show the brindle bulldog eoloring. The head shape
is typically dachshund in some, while in others it is slightly
heavier but less rounded than in the first generation hybrid
parent. The tail is, as anticipated, strong, straight, and of
full length. Only a few specimens from back-crosses of the
first generation hybrids on the French bull and Boston ter-
rier parents are yet available for record; these are quite
bull-type with bent but long tails, short-bent or screw-tails
appearing in only & few cases.

These experiments seem to indicate definitely that local-
ized skeletal parts may inberit an achondroplasic growth
reaction, while other skeletal regions are developed nor-
mally; and also that localized achondroplasia in two sepa-
rate skeletal regions may be inherited in completely
independent fashion, This would seem to mean that some-
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Fig. 66. The French bell with abnormal heed and tod crodsed
with the shoredegged dechshnnd, The first hybrid generafion is
much the same as the Boston cross and the second generalion
again showing pecufier combirations and very defective.

thing within the particular bene itself is essential in this
growth reaction rather than, or in addition to, the influence
of a peculiar internal environment. The breeding experi-
ments also indicate that a double dose or a pure unmixed
factorial condition induces a more pronounced expression
of the daminant short-leg than does the hybrid or mixed
factor state. Varying degrees of expression would seem to
indicate that different degrees of disturbance in the glands
of internal secretion, if they be the modifying factors, are
inherited in a definite way. Many family resemblances also
suggest this as a probable fact. Or it is equally proper 1o
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surmise that factors within the bone are affected 10 dif-
ferent and definite degrees. It seems probable that in some
way the modified bone growth in the legs is a reaction to
an hereditary modification of the secretory growth-regu-
lating complex, on the one hand, and to something within
the local part, on the other.

That an organ or a gland might inherit a capacity to act
or funclion to a definitely limited degree, and that the pure
or homozygous genetic state might induce a slightly more
modified expression than does the weaker mixed hetero-
zygous basis, is by no means impossible. Indeed, in the caze
of many structural features, which are undoubtedly symp-
tomatic of certain endocrine gland influences, we frequently
find clearly limited reactions occurring in eptire families
and groups of human beings, This is also true among lower
animals, Almost everyone may recall acquaintances with
mild symptoms of dwarfism or certain conditions of over-
growth. Many ordinary family resemblances in facial
features, bodily form, and size are probably due to growth
reactions of this nature and result from the inheritance of
a definite glandular complex, the components of which are
typically limited in their degrees of activity. There are facts
which seem to indicate for many of the organs that dif-
ferences in degree of function may be inherited as well as
differences in quality. Milk production in certain breeds
of cattle and egg laying in certain fowls are caces in point.

Further Experiment on the Inheritance of Localized
Duwarf Conditions

Achondroplasia, or failure in bone length, in the extremi-
ties, is pathologically a sclerosis of the growth cartilages.
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This condition in dogs depends upon a single dominant
factor in its heredity, while achondroplasia, or shortness,
of the head and vertebral column, is determined by a mul-
tiple-factor condition and is probably partly recessive in its
hereditary reaction.

We have further tested the inheritance of these con-
ditions with one other hybrid combination which, however,
has not yet been carried very far. In this caze the dachsbund
is erossed with the Brussels griffon. The griffon is a midget
with the most extreme achondroplasia of the head. The face
is almost completely flat and resembles much more nearly
that of a small monkey than that of a dog. This animal is
also very exophthalmie, with prominently bulging eyes,
and is highly nervous in disposition. The legs are long,
glender and straight, and the vertebral column is quite
normal; the tail is usually amputated in order to enhance
the queer appearance. The short achondroplasic growth in-
hibition is here as completely localized in the skull as it
is in the appendages of the dachshund.

The hybrid derived from the cross between these two
breeds is again short-legged like the dachshund and unlike
the griffon. The skull of the hybrid is only slightly modified
by shortening, and the eyes do not bulge but the coat and
color are much like the grifion, as is shown in Fig. 67. All
of the first generation hybrid pups, both meles and fe-
males, are uniformly of the same appearance and are mis-
taken for & rough-haired dachshund breed.

A second generation from matings among these hybrids
is not yet available, but the hybrids have been bred back
with the dachshund. The offspring from such matings are
almost indistinguishable from pure bred dachshunds, ex-



Fig. 67. The dachshund crossed with o still more pronounced
shore-headed type, the Brussels toy griffon. The hybrid is agasin
long muziled, ﬁl‘ bodied and shori-legged.

Fig. 68. The hybrid dochshund-griffon back-crossed on the
dachshund, giving agein all short legs, but half very short and
half intermediate.
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cept for the fact that half of them have long hair which may
be either rough or silky. The illustrations in Fig. 68 show
how decidedly dachshund-like these back-crossed animals

aTe.

How May a Dwarfed Condition Develop in Only Localized
Parts of the Body?

We return now to the question of a possible explanation
for the modified, shortened or achondroplasic condition
which may arise within one region of the body without be-
ing present in other regions. If it be true that the develop-
mental expression of this dwarfing resulis from an heredi-
tary modification in the internal eecretions, then why may
one part be affected and not another? How is it possible
that the dachshund and basset hound come to have medified
short-bent legs while their heads and bodies are normally
developed? And why do the Boston terrier and French bull-
dog suffer marked abnormality in the head and vertebral
column and not in the extremities? The present answer to
these questions is largely theorétical, and must take us back
to a consideration of certain responses that we have found
in the embryo.

It may be recslled from the previous pages that when a
madified or unfavorable situation lemporarily arises for
the embryo, those organs which should be in their most ac-
tive state of development at the unfavorable period are most
affected, while thise parts less active at this Lime may
escape the unfavorable influence entirely. After the very
early growth of an organ becomes modified, it is often un-
able to recover irom this handicap—even though the modi-
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fying cause acts for only a short time and the later sur-
roundings become entirely normal, Also, as we have seen
in ovr review of such cases, the same agent acting at one
moment will have an effect upon one organ, and acting at
another time will allect an entirely dilferent part.

The explanation of the localized expression of dwarfed
structure, or achondroplasic conditions, may be based upon
these {acts. Let us make what seems at present the probable
assumption that the dwarfing reaction is due to some hered-
itary disturbance of pituitary gland secretions causing ab-
normal pituitary-thyroid-parathyroid gland cebrdinations.
These are the glands of internal secretion which so decid-
edly modify the structure and growth proportions in the
developing bones. The disturbance in the dachshund and
basset hound I assume o be of short duration, acting only
during a erilical moment in the origin or development of
the embryonic limb skeletons. A normal or proper glandu-
lar balence is thereafier very soon established, and thus the
laying down of other skeletal parts is not affected.

It is well known that the dilferent parts of the skeleton
originate at quite different developmental times, extending
through a long embryonic and foetal period. The modified
condition in the achondroplasic extremity is known 1o be
present in the earliest foetal stages as a number of investi-
gators have shown. The appendicular or limb skeletons
arise very carly, and possibly are permanently modified
from their heginning even though the secretory balance
later becomes normally established,

The skeletal formations for the base of the skull and the
centra of the vertebral column originate later in the devel-
oping individual than the cartilage and bone basis in the
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extremities, The growth disturbance in achondroplasia of
the skull and veriebral column is chiefly within the basi-
eranium, or bones at the skull base, and the centra of the
vertebrae; many of the other bony modifications in the face,
et celera, are the secondary results of the primary shorten-
ings in these basal parts.

Achondroplasia in the axial skeleton, the skull and
vertebral column, may be, therefore, a somewhat later
modification than in the legs, and due to a later glandular
disharmony which arose alter the appendicular skeleton
had already attained a normal start and was no longer
acutely susceptible. An important fact in support of this
interpretation is that the basset hound and dachshund are
entively free of postnatal abnormelity and later signs of
secretory disturbance. While on the other hand, the later
disharmony—which probably brings about the achondro-
plasic expression in the head and vertebrae of the Boston
and French bull—is more persistent in nature, and remains
as a permanent disharmony which modifies the behavior
and functional reactions of these animals throughout their
postnatal life. Both the Boston terrier and French bull-
dog have marked symptoms of abnormal thyroid activity
with pronounced exophthalmia and nervous disturbance.

Temporary disturhances in the functions of the glands
of internal secretion followed by complete readjustment
are common occurrences during childhood and later life.
A well-known example is the enlargement of the thyroid
gland with the development of a mild colloidal goitre,
chiefly in girls, during puberty, in certain regions rather un-
favorable to thyroid activity. This condition usunlly dis-
appears completely within a few years, It may be logically
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supposed that comparable temporary disharmonies might
arise during prenatal periods. Certain it is that the cause
which brings about the modified growth or achondroplasia
in the legs of the busset hound entirely disappears, leaving
the animal normally perfect during the remainder of its
life. It is also certain that the probably similar complex
which arises during a later period and affects the develop-
ment of the skull and vertebral column in the Boston terrier
remains permanently to handicap this dog’s future exist-
ence, Finally, it is certain that by crossing two such modi-
fied breeds, one may obtain animals in the second genera-
tion which inherit both the early disturbance producing the
lep-alterations and a fuilure to readjust which results in the
later modifications in head and tail. It is also found that
the histological conditions of the endocrine glands, thyreid,
pituitary, parathyroids, and gonads in the Boston terrier,
the French bull and the distorted Fz pups, may be patho-
logical in various ways. The endecrine glands from the bas-
set hound and the dachshund, on the other hand, are much
more nearly normal in character; and in these dogs the life
functions, resistance to parasites and disease, and particu-
larly their reproductive capacities, are far superior Lo the
Boston terrier and its kind.

Giants and the Types of Overgrowth

Among dog breeds there are several giant types and
supernormal size reactions. The well-proportioned simple
giant is illustrated by the Irish wolf hound and the great
Dane. These animals are large or gigantic with no other
modifications. In the bloodhound there is a pronounced
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overgrowth of the skin, giving excessively long hanging
ears, a beavy wrinkling of the forehead and muzzle, and a
dew-lap formation; the bones of the extremities are heavy.
and the entire body has an exaggerated stocky appearance,
All of these symptoms are commonly associated with the
condition of overgrowth in man known as acromegaly, A
combination of this acromegalic overgrowth, thickening of
skin, and skeletal structures with gigantic size is a condition
frequently seen among human beings. In fact, almost all
human giants show a decided tendency towards the com-
plex for acromegaly, a condition quite centainly associnted
with modifications due to disease and tumor growths in
the pituitary gland at the base of the brain. The cause of
gigantism iteelf has a very probable relation with modiG-
cation in the pituitary gland. The two alterations in growth,
gigantism and acromegaly, are naturally, therefore, often
associated in the one individual. Professor Harvey Cuch-
ing has contributed much to our knowledge of these condi-
tions. Among dogs, the 5t. Bernard and the mastifi are
splendid examples of the combination of gigantic size with
acromegalic overgrowth. The male St. Bernard may weigh
more than two bundred pounds, and is covered by ex-
cessively loose skin that may sag on the head to such an
extent as to completely overhang the eyes, making it im-
possible for the dog to see unless the head is much raised
or the skin lifted from above the eyes.

The dogs are ﬂ'nua found to exhibit the three conditions
well known among men of excessive growth; namely, simple
gigantism, simple acromegaly, and a combination of the two.

In human pathology these three conditions are supposed
in some way, as mentioned above, to be associated with ab-
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normal or peculiar reactions of the pituitary gland. Dis-
eased and abnormal pituitary glands have frequently been
recovered from post-mortem examination of such individ-
uals, We have some, though not yet complete, evidence in
this direction from dogs. There are {urther indications that
the parathyroid glands, which are in a way involved with
calcium metabolism and bone growth, may be modified in
several of these large types of dogs.

In order to understand better the conditions of over-
growth, and to atlempt a determination of their genetic
background, it has seemed desirable to cross-breed the sev-
eral dillerent giant reactions. We may use {or present illus-
tration only one of these crosses, since several of them are
not yet {ully followed out.

Crosses Between Simple Giants and the Giant with
Exeessive Opergrowth

When the simple giant, great Dane, is crossed with the
acromegalic giant, S5t. Bernard dog, large litters of hybrid
pups are obtained, and all the individuals are very uni-
formly alike. They are far above the normal dog in size,
inheriting the giant stature from both parents.

When less than three months old, the head and body-
form of these puppies is in general similar to that of the
great Dane of the same age. They are not so heavy in type
as the young of the St. Bernard.

Between the third and the fifth months after birth two
very striking reactions occur among these 5t. Bernard-Dane
hybrids. The frontal region of the head becomes pronounced
and rounded, taking on much of the appearance of the St,
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Bernard, although it never becomes typically 5t. Bernard in
complete shape. Accompanying this head growth there is
an excessive skin growth varying in extent among the in-
dividuals, but producing the typical looseness and wrin-
kling of the St. Bernard, though not to g0 pronounced an
extent. The brain may also in many cases become distended
with Buid, giving a condition of hydrocephalus which is not
uncommon in the big-beaded breeds of dogs. All of these
changes develop only after the third month of age; see
Fig. 69.

Fig. 69. The giont S5t. Bernard with heovy overgrowih
crossed with the glant Dane, The hybrid offspring are vigorons
wniil three montks old and later all become parslyzed in the
hind legs; after five months they develop varying degrees of the
St, Bernard overgrowth os shown in the lower figures.
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Hereditary Paralysis of the Hind Legs

Another even more peculiar reaction, arriving in these
hybrid puppies shortly after three months of age, is the
appearance of a strange paralysis of the hind extremities.
These pups may all be vigorous, active, and well, when sud-
denly one or two in a group are unable 1o support their
bodies on their hind legs and are complelely unshle 1o
stand or walk. Closely following the first cases every in-
dividual of the litter is similarly attacked. This condition
of inability to stand or walk may last for only a day or so,
or for as long as several weeks, After a time, the animal
learns in most ingenious ways to compensate for the par-
tially paralyzed condition by twisting the legs inlo various
positions, and is agein able to stand and walk with, as a
rule, 8 more or less abnormal seal-like gait. In two cases
the dogs actually learned to raize their bodies from the
ground and to walk on their front legs exactly as 8 man
does when walking on his hands. The dogs did this for a
number of days whenever they walked and then became
able to use their hind legs again.

There is a certain amount of pain accompanying any
movement or manipulation of the affected limb during the
first day or so of the condition. Later, however, there seems
to be no pain associated with the lameness. After the ani-
mal readjusts, and again learns to walk in a limping
fashion, the involved muscle groups never recover their
function; and wilted, atrophied regions in the thigh may be
strongly marked in many of the animals, The attack of
paralysis may involve only one leg at a time, although usu-
ally both hind legs are simultaneously affected.
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There have been produced in all seventy-eight of these
F, hybrid St. Bernard-Danes, and more than filty of them
have lived to reach the stage of life when the above-
described symptoms appear. Practically every one of the
fifty has been paralyzed in an almost identjcal inshion.
We have attempted the use of every reasonable precaution
in order to make certain that no infectious disease and no
food deficiency could be involved. These animals have been
born during all seasons of the year, and puppies of a num-
ber of other breeds have in all cases been kenneled on both
sides of them, and all were similarly fed. In spite of this,
no puppy of another breed—out of more than five hundred
bred in the kennel—has shown this definite type of par-
alytic condition. The first several litters of the St. Bernard-
Dane hybrids were somewhat neglected; their food was
probably not properly balanced and they were poorly
looked after. On this account it was decided to breed and
rear further litters, with carefully balanced food conditions,
while the kennel was in practically perfect health. Under
this present careful and eflicient management, the paralysis
oceurs in one after another of these pups as previously, with
almost scheduled regularity.

The nature of this crippled condition has not yet been
fully analyzed; and it is quite uncertain whether the condi-
tion arises in the nerve trunks or in the spinal cord. The
muscles once lost or paralyzed are never regenerated or
restored. It seems clear from the sudden onset of the paral-
yeis, however, that the condition is not a type of hereditary
primary muscular atrophy, but is probably of nervous
origin. In any case it is perfectly clear that these St. Bernard-
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Dane hybrids inherit a constitution which exhibits this con-
dition in practically 100 per cent of the individuals.

A very similar paralysis of the hind extremities is occa-
sionally met with in cerlain stocks of the St. Bernard breed,
and it occurs, though very rarely, in the great Dane. The
combination of the two breeds seems to bring about an ac-
centuation of this defective condition in the hind legs. The
lower illustrations in Fig. 69 show the adult hybrids with
badly wilted thighs, though these dogs are otherwise large
and often handsome specimens. The fore quarters, neck and
head are particularly strong and heavily developed.

Further Generations from Giant Dog Crosses

There appears to be a certain amount of sterility among
the St. Bernard-Dane hybrids, as there occasionally is
among the Si. Bemards. Yet we have now succeeded in ob-
taining back-crosses with the hybrids on both parent stocks,
as well as a second, Fp, generation from inter s¢ malings
among the hybrids themselves; see Fig, 70. The numbers
of animals at present available from these back-crosses and
the second generations are not yet altogether satisfactory
for a definite analysis of the characters involved in the
crozses, yet they are instructive for brief consideration.

When a male hybrid St. Bernard-Dane was bred back to
a pure St. Bernard female a large litter of thirteen pups
was produced by this excellent dam. Four of the puppies
died very soon after birth, as frequently happens in litters
of this size.

A few of the pups in large litters are smaller than their
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mates; they have probably not been so favorably located
during development in the overcrowded uterus, These less
vigorous specimens usually succumb during the first few
days since they are not successful in the struggle for food
{rom the mother and hence remain weak and hungry. All
of the members of small litters, up to as many as eight,
may frequently survive as uniformly vigorous animals.

Nine out of the thirteen puppies from the back-cross on
the St. Bernard female lived 1o be more than three months
old, Up to this age they were all strong, attractive-looking,
lion-like young animals, vigorous feeders and most rapidly
growing. After three months of age, here again, one after
another of these young dogs became paralyzed in their
hind extremities to different extents, The mildest expression
was a dragging or limping of the hind legs, while others
were completely unable to raise their bodies throughout
periods of more than a week. All of these dogs finally show
more or less shrunken and degenerate thigh areas. The most
severely affected ones walk with the typically modified seal-
like eversion of the hind extremities which, as previously
stated, is common among the first hybrid generation. Fig-
ure 71 illustrates & back-cross litter.

Although the numbers are not sufficiently large for
definite conclusione, it does seem probable at present that
this defective condition is hereditary in nature and quite
like a dominant character in its mode of expression. A
back-eross of the Dane-St. Bernard hybrid on & pure Dane
mother has given but one successful result, and this a small
litter of only six. Four of these died, from no fault in
handling, within & {ew days after birth and only two zur-
yived to maturity. Both of these were typically paralyzed
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Fig. 70. First gemeration St. Bernard-Dane hybrids and their
second generation offspring.

soon after three months of age. With so few cases the result
can only mean that this peculiar paralysis may still occur
in the back-cross on the Dane parent, but it gives no idea
whatever of the proportions or frequerey which might be
found in a large series of such offspring.

Severzl matings between F; hybride have resulted in
pregnancies, but all of them with two exceptions have been
resorbed, aborted or in some way lost before reaching full-
term births.

From one litter of eight second generation, or Fs, Dane-
St. Bernard progeny seven animals have lived to maturity.
The grandparental characters are segregated or redistrib-
uted in these second generation animals in several sug-
geslive ways, although the numbers, of course, permit of
no analysis at present. There are long-haired St. Bernard
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patterns and short-haired Dene coats, various spolting
combinations, and body forms resembling both ancesiral
stocks as is seen in Fig. 70.

The point of particular interest is that a number of these
second generation puppies afler three months, of age have
suffered the same paralysis of the hind extremity as was
ghown in the first hybrid generstion. It also seems probable

Fig. 71. The weaklegged St Bernord-Dane hybrid back-
crossed on the Si. Bernard giving agein paralysis and degeneras
bion in the posterior region.

that several of these have entirely escaped this unfortu-
nate condition or else it has been expressed in an unrecog-
nizably mild degree. It seems probable that there may be
segregation and definite transmission of factors determin-
ing the paralysis.«Only greater numbers can make the
frequency in occurrence of the paralysis in this generation
satisfactorily clear.

Finally, we may conclude that this particular combina-
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tion between a simple giant type dog and a giant with
symploms of acromegaly does seem to produce a peculiar
complex in the progeny which causes all members of the
first hybrid generation to suffer a definite paralysis with
subsequent Joss of certain muscle groups in the hind ex-
tremities. The data at present available seem to indicate
that this paralysis results from definitely inherited condi-
tions, although it has not yet been possible to analyze the
exact genetics concerned in the expression of the character.

We have made only one cross between the giant Dane and
the normally-sized but acromegalic bloodhound. This com-
bination gives a pronounced overgrowth and wrinkling of
the skin on a giant animal in the first generation of hybrids,
but here there has been no paralysis.

Among human families there is known a condition of
primary muscular atrophy which frequently affects definite
muscle groups and resulis in crippling and inability to
walk. This disease occurs in families in such & way as to
make it seem probable that it may be hereditary in origin.
The lameness in the dogs arises more suddenly than a mus-
cular atrophy would appeAr and at the beginning of the
paralysis the muscles are large and strong. Nervous de-
generations and paralyses are known in human beings
which in some respects resemble the peculiar paralysis oc-
curring in the dogs. It is hoped that within the near future
an exact understanding of the nature of this defective state
may become clear, and that such an understanding may aid
in an analysis of the human conditions.

In the meanwhile we may venture to suggest that the ap-
pearance of paralysis in these races of doge, in which un-
stable and modified function of the glands of intermnal
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secretion quile probably exists, leads one to suspect that
an unfavorable glandular complex iz either primarily or
secondarily responsible for the paralytic condition.

The internal chemical constitution and the general modi-
fications in human beings suffering with nervons symploms
are now being quite widely recognized as intricate subjects
which nevertheless are open to investigation and serious
study from the constitutional standpoint. Any experimental
analysis of the inheritance of such conditions must neces-
sarily depend upon investigations on lower animal forms.



XIV

ORGAN-VARIATIONS AND ORGAN-EQUILIBRIUM
IN NORMAL INDIVIDUALS

An'sn considering the foregoing modified and peculiar
individuals and briefly surveying parts of an experi-
mental study of the genetics and development of their ex-
aggerated structures, an examination of the “‘normal”
person will be found to show mild degrees of exactly the
same expressions. Normal animals ineline, in one direction
or another, towards the marked reactions exhibited by the
unusual types. From this point of view, all the modified
conditions we have considered are really derivatives from
the normal which have escaped the usually balanced or
coordinated growth-regulating influences. It might be
claimed that every normal individual is-potentially a com-
plex of possible distortions, this potentiality being either
lightly or strongly expressed by different personalities.
This assumption is of great value in considering certain
features of the normal adult constitution, for while in gen-
eral one prefers to think of the normal individual as simply
the natural perfection of cobrdinated developments, such
an indefinite attitude does not carry us very far,

Organic Variations among “Normal” Individuals

Dr. Wade Brown and his associates at the Rockefeller
Institute have recently mm:iyu’;“ted highly important records
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of organ variations in perfectly normal mammals. These
studies add more 1o a comprehensive appreciation of indi-
vidual personalities than the usual attilude of considering
the normzl as an average standard animal. As Brown
states, “The current method of dealing with normality is
the method of standardization: the establishment of mean
values with limits of varistion or of other standarde of
measurement, and the separation of individuals into two
classes, the normal and the abnormel. It is apparently as-
sumed that either what happens within the limits of the
normal is of no consequence or the methods available for
drawing distinctions are inadequate.” Every observer soon
learns from even a limited experience with numbers of liv-
ing animals that the average individual is rare or mon-
existent, this average being only the theoretical mean of
deviations in many directions.

When one sketches the average, not the composite, {ace
from a group of faces, the drawing will probably be not a
likeness of several.of the faces but unlike all of them. In
other words, the sketch may actually represent a face not
in the group. The use of average is equally unsatisfactory
in studying human constilutions; the averages may have
little in eommon with any individual complex. As Brown
states it for one instance: “From the point of view of the
bearing of constitution on suseeptibility to disease, we have
to consider the factorial potentialities on the one hand, and
the functional expression of these potentialities on the
other.,” Certainly néither of these conceptions lends itself
to treatment on the basis of averapes.

Brown found in his studies on rabbits, and man is prob-
ably even more variable than the rabbit, that a four- or
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five-fold difference in the weight of an endocrine gland or
of a lymphoid organ, or a two-fold difference in the weights
of parenchymatous organs, per unit of body weight, is by
no means uncommon. Variations of 25 to 100 per cent in
comparative weights of diferent orgens per unit of body
weight are ordinary occurrences. Figure 72 ghows in a
diagrammaltic way the greal weight differences among the
orgens in normal individuals as recorded by Brown. The
smaller variations in the size of organs in different normal
individuals are of the order of the differences in total body
weight or stature of adult men, but in some instances the
extremes among organ-sizes in normal individvals excecd
the difference between the dwarf and the giant. Such
marked diserepancies in organ weights suggest the impor-
tant question of the relationship between the weight of an
orgen, or of a group of organs, and the weight of the body
which they serve. In general the mass of organs in propor-
tion to body weight was found 1o be distinctly greater for
small than for larger individuals.

A small thyroid gland eobrdinating in function with a
given group of organs may produce a thyroid balance in
the constitution as a whole gimilar to that resulting from
a much larger thyroid gland balanced against another or-
gan relationship. These very dilferent organic interrelation-
ships, codrdinations, or balances, exist in entirely normal
individuals and there is probably no known mathematical
expression which could indicate all their possibilities
among a group of normal human constitutions,

The composition of the organ balance varies qualitatively
as well as quantitatively with different ages and under
different seasonal conditions. These variations represent
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Fig. 72, Theoretical range of variation in organ size for per-
fectly normal individualy, The thyroid and parathyroid glands
gnd the apleen voary ‘emermously in mons per unit of body
weight in normal specimens, while the brain, heart and liver are
much more constand in thelr proportions. {(Afrer Fade Brown.)
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not only physical differences but, of course, chemical dif-
ferences also. Brown showed in his rabbits, that individual
animals differ with respect to the mean levels of calcium,
inorganic phosphorus, lecithin, and cholesterol, which they
maintain in. the blood, just as they do with respect to the
weights of organs or to any physical character.

Changes in Functiona! Equilibrium among Normal

Persons

It has been shown by Brown that under the influence of
ultra-violet light the ratio between the chemical stuff leci-
thin and the inorganie phosphorus in the blood of an ani-
mal decreases, while the ratio of another substance, choles-
terol, to the caleium increases. This relationship resulting
from light stimulation simulates the conditions which pre-
vail in summer, while the exclusion of light, with conditions
analogous 1o those which exist in winter, gives the oppo-
site effects.

Important data from Brown's experiments also show
that changes in physical constitution parallel the clinical
course of disease throughout, with periods of increase and
decrease in organ balance corresponding with the periods
of activity and quiescence of the lesions, terminating finally
with the development of a state of organic equilibrium in
the immune animal which differs from the equilibrium of
the normal.

It was further learned that the course of discase may be
influenced in a definite direction by the use of measures
which disturb organic equilibrium directly, as by the re-
moval of & part or the whole of some organ. Brown showed,
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for example, that the removal of the thyroid gland greatly
increased the activity or malignancy of a growing tumor
and the severity of certain infections, while, strangely
enough, the removal of only a part of the thyroid gland
preduced an oposite effect. The extirpation of sympathetic
ganglia or of part of the nerves of the sympathetic nerve
trunk in the neck also affects the course of disease by in-
fuencing the function of the thyroid gland.

Somewhat comparable results were obtained from ex-
periments done in our laboratory at Cornell & few years
ago by Papanicolaou and Bagg. These investipators ex-
pased the thyroid gland in the neck of the female guinea-
pig to direct radium emanations. After a certain interval
it was found that the action of the radium had destroyed
the most directly exposed areas of the gland but other por-
tions survived and, apparently, became hyperactive as a
consequence of the radium stimulation. This hyperactivity
of the remaining parts of the thyroid gland seemed to
stimulate an increased activity in the ovaries of these ani-
mals. Ovogenesis, the formation of new eggs in the ovary,
was decidedly accelerated, almiost returning in activity to
the state of the developing foetal ovary. The rutting re-
sponse or oestrous reactions were also modified and ac-
centunled in these females.

On the other hand, it is well known that when the entire
thyroid gland is removed from the guinea-pig, a completely
opposite reaction to that just described occurs in the ovary,
with connective tissue degeneration, cessation of the
throwing-out of eggs or ovulation, and the oestrous reaction
disappears.

From these experiments with guinea-pigs and those by
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Wade Brown with rabbits, it is clearly shown that a direct
change in organic equilibrium through the alteration of
ane organ induces new and definite responses in other dis-
tantly located organs, changing the general constitution of
the individual. Many examples of this bave already been
cited in other connections in the previous chapters.

The Delicate Response and the Exaggerated Effects
of Internal Secretions

As shown above, the entire personality of the normal
individual may be promptly altered in significant ways by
changes in functional coSrdination among the organs of
the bedy. The glands of internal secretion respond most
delicately to all modifications in organ balance, and thus
they superficially appear to he the most important elements
in determining the personality. Yet we should not lose
sight of the very evident fact that the initial cause for
personality changes is not necessarily in the glands of in-
ternal secretion themselves, For example, an acute disease
may so modify the body chemistry as greatly to alter the
organ balance, and a deficiency of the suprarenal gland
with low blood pressure and general debility may result.
This particular modification in the internal secretions is
primarily due to the initial infection. We may say that the
infection induced the personality change, and the glan-
dular modification served simply as the means through
which the change was expressed; yet, at the same time, the
nature of the glandular reaction truly determines the par-
ticular kind of personality change. Mental anxiety and
unusual nervous irritation inhibits both appetite for food
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and normal digestion. This disturbance of metabolism af-
fects the sympathetic system and the internal secretions
and, if long continued, may derange the personality.

Different eauses may induce one and the same effect
by initiating the same secretory reactions, For exemple, if
& person be injected with a certain dose of adrenalin the
pulse will become quickened, the blood pressure will rise,
respiration will become excited, the pupils of the eyes
will dilate, “goose flesh™ may appear on the skin and the hair
will tend 1o rise owing to pilo-motor contraction, et cetera.
All these reactions make up the excitement or effort syn-
drome. Again, if while looking from a window one sees a
perzon meet with a violent accident on the street, the same
syndrome—increased respiration, quickened pulse, cold
sweat, dilation of the pupils, et cetera—will occur. This
time the initiating stimulus was a visual impression con-
ducted by the optic nerve to the central nervous system,
instead of the injection of adrenalin. Again, one may be sit-
ting quietly in a room; another person may enter and make
a shocking remark which will produce in the hearer the
snme complex of symptoms as that which resulted from the
adrenalin injection and the sight of the horrible accident.
Thus the three entirely different causes provoke the same
secretory and nervous responses.

Over-activity of the thyroid gland with extreme nervous-
ness, derangement of the pituitary gland with alterations
in body form, degeneration of the parathyroids with spasm
and tetany, and other such glandular modifications, may
result from acute disease as well as from minute chemical
deficiencies in on originally normal body.

It is also true that the course of infections disease may
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be affected favorably or unfavorably by the use of chem-
ical agents, which act not directly on the infecting organ-
isms or parasite but on the host, such as the iodides in af-
fecting the thyroid gland, or by conditions which involve
nothing more than & difference in light environment.

Again, as Dr. Brown has stated: “It has been found that
dizease gives rise io changes in physical and chemical con-
stitution comparable with those that oceur in normal ani-
mals at different periods of the year or with variations in
susceptibility to disease and, conversely, that disturbance
of the normal constitutional equilibrium gives rise to de-
cided changes in the efficiency of the reaction to disease. It
has also been found that the changes in physical and chem-
ical constitution, metabolic activity, and susceptibility to
disease that are produced by environment are of the same
nature as the differences presented by animals of different
age groups.” This quotation conlains a suggestion which the
present author holds to be most highly significant: namely,
that resistance in the adult to certain childhood diseases is
brought about in many cases as a develbpmental condition
rather than as an scquired immunity due to a series of
mild infections. For example, many adults may be highly
resistant to diphtheria although they have never experienced
the disease as children. Is this resistance due to the con-
stitmtionally different chemical balance of the adult as
compared with the child, rather than 10 the immunizing ef-
fects of unknown mild infections which never actually in-
duced the disease?

It is at least suggestive 1o find, as further evidence in
this direction, that in many instances those adults infected
with childhood disesses are somewhat arrested and them-
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selves childlike in type. This is also usually true of per-
sons who repeatedly experience the same childhood disease
without being able to develop an immunity. The well-known
arrested human type termed status lymphaticus, with a
large persistent thymus body and a poorly-developed lym-
phatic system, frequently gives a record of repeated attacks
of various diseases of childhood without immunity.

The Age Element in Organic Differences among
Normal Individuals

We need not know the function of a single organ in order
to ehow that individuals differ from one another in respect
to their orgenic equipment. Or, again quoting from Brown,
“that they are individuals and not standard machines or
standard media, as physicians sometimes Lhink, for the
growth of disease germs or pathogenic microdrganisms. It
can be shown that variations in the mass and mass relations
of organs are constantly occurring in response lo demands
made by the chehging conditions of life and that these
variations in organic constitution are accompanied by
variations in chemiecal constitution, all of which may well
be confined within the usual limits of the normal, for they
are normally happening.”

The same person is constitulionally a different chemical
make-up at one age or life period from that which be or
she may be during another period, The secretions and the
chemical complex in the child after puberty obviously dif-
fer from thoze found in the baby's body. It is equally cer-
tain that the chemical constitution of a senile person, with
degeneration of the sex-glands and general sclerosis, must
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diflfer from that of a vigorous adult person with a complete
range of internal secretions. It is a matter of fact that the
same individual is constitutionally a changed animal com-
plex ot several different timea during his existence, and his
personal bghavior is equally different at these several
times.

From the standpoint of good health and strong person-
ality, the above facts are of much significance, since
susceptibility to disease differs so decidedly among
slightly different individuals. The age changes in chem-
ical state are probably the underlying reason why there are
certain diseases typical of infancy, others of childhood, and
still others commonly affecting adult life. The usual adult is
constitutionally no longer readily susceptible to the dis-
eases of childhood. The lack of susceptibility, as we have
said above, may not be due simply to a gradually acquired
immunity for diseases which the individual may never have
actively experienced, but probably in many cases to an
actual constitutional deviation from the childhood state.

Similar age reactions are found even in response to
grosa intestinal and bod§ parasites. Ordinary mange in
dogs, which is due to a parasilic mite, thrives only on the
very young and the weakened old animals. Intestinal par-
asites such as round worms are abundant in puppies, while
the adult dogs in adjoining runs and under the same sur-
roundings may be free from such parasites. The individual
is actually a different chemical medium at different ages
and thus offers a changing environment to parasites. There
is probably a developmental immunity to certain gross par-
asites and microbic infections which is comparable to the
well-known species immunity against the parasites infecling
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other animal kind. So, for instance, man does not contract
dog distemper nor do adults show the rash renctions of
babies.

The evidence is clear that normal individusls differ
from one another in many respects on the quantitative basis.
But these differences are of such a nature that they do not
lend the individuals of a population to treatment on the
basiz of a single average or standard type. This suggests
that there are gctual qualitative as well as quantitative dii-
ferences; if so, then normal individuals mey possibly be
segregated into two or more distinct types or classes.
Should such distinet types exist they can naturally not be
blended into a single average norm. We shall consider in
the following chapter the possibility of the existence of
such distinct types.



XV

PERSONALITY AND STRUCTURAL TYPES
AMONG NORMAL INDIVIDUALS

Dﬂﬁ the ordinary population of normal persons permit
of a division or break-up into several definite phys-
ical types, mental types or personality types dilfering from
one another in quality rather than degree? Or is the normal
population on this basis an unarrengesble mixture?

Classes and Castes in Human Communities

Everyone knows that a so-called normal community may
be separated into classes or grades of physical strength,
mental ahility, or other s:l:&r.nﬁ:ﬁstit;'z, in which the in-
dividuals differ from one another simply in amounts or
degrees. Our daily social performances tend to grade and
arrange the population on this basis, and castes and classes
develop in all communities.

In the United States we have a so-called upper class,
middle class, and poorer class of persons, graded on the
basis of the amount of property they have been able 1o
accurmnulate and retain, This is not altogether a false method
of grading, since the geiting and accumuleting of money
has made a peculiarly wide appeal to the entire population
of this country. But the division on this basis is due only

to diferences in degree, not in kind, among the competi-
L75
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tors, as is indicated by the fact that members of one class
are constantly rising up or falling down into the other
classes. A poor man may in a very short while settle him-
self on the top of the entire classification, as has been done
during the last thirty years, while during the same short
time a host of others have fallen from the top class into the
bottom.

In other countries where somewhat different methods of
class or easte distinctions have evolved, we find again proof
of the lack of quality differences between the members of
any two classes in their entirely from the fact that persons
of the middle class are constantly being elevated to ranks
of nobility, and peasants and workers often win their way
into the substantial middle group, while members of the
upper groups may fall into the lower classes.

Therefore, it is quite evident from historical record and
the present state of human affeirs that the struggle for ex-
islence and supremacy in artificial societies does not di-
vide persons into qualitatively different groups, but sep-
arates them into definite classes of graded successlulness
in accordance with their degrees of ability in the competi-
tions concerned.

Our present interest from these observations is the con-
clusion, that if qualitative differences among normal per-
sonalities do exist they are not definitely significant in de-
termining the individual’s position in the community. In
others words, qualitative dilferences in personality may ex-
ist which will cause two persons to accomplish the same
thing in two different ways, but such differences do not
seem to make it so that one person may accomplish a certain
thing which is impossible for another qualitatively differ-
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ent capable individual to do. The grouping of normal per-
sons doing the same thing inte good, fair, and poor per-
formers results from diferences in degrees of ability and
accomplishment rather than from differences in kind or
physical types among the individuals. Persons of two or
maore kinds or types may be in any ane class.
Nevertheless, the shove community grades give no final
indication that there may not be various qualitatively dif-
ferent types among human beings which tend to separate
them into another series of groups or classes. The com-
munity reaction may, however, alleviate one’s sensitiveness
in respect to finding oneself in any particular group of
qualitative type. Neither the upper, middle nor lower class
of human society has sifted out any one definite human

type.

The Qualitatively Different Types of Normal
Personalities

What then may be said of the presence of different qual-
itative types among normdl men? Medical literature and
particularly the recent reportz on human constitution
abound in the separation of diseased and abnormal persons
into various qualitatively different classes. Since ancient
times the normal population bas also been thought of as
consisting of qualitatively different kinds or types: the lean
kind and the fat kind, the long slender and the thort thick,
the emotional and the phlegmatic, and more recently the
high thyroid and the low thyreid types, and so on. All of
the old and the new classifications are found in the end to
be based primarily on the recognition of two normal adult
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types. Anthropologists have recognized these as being most
readily differentiated by the general shapes of the head or
cranium, and on this basis they are classed as dolicho-
cephalic or longheaded and brachycephalic or short-
headed, according to the relation of length to width of their
cranial vaults, In still commoner terms, they are the long-
heads and the round-heads of our everyday acquaintance.
Or, Bean from another point of view classes them as
hyperontomorphs and mesontomorphs, that is, high and
medium developmental types, Or, I have in a simpler fash-
ion termed them the linear and the lateral types: one, as a
rule, thin and linear, though not necessarily tall; the other,
as a rule, wide and lateral, all the features and organs
being spread and voluminous instead of linear. Thus the
lean and the fat kind of common aequaintance are the
hyper- and hypothyroid types of today.

These are probably two qualitatively different kinds of
persons, and we shall presently enumerate a number of
their contrasted features. The two types are found not only
among the modern groups of men but among aboriginal
and savage tribes. The North American Indians in certain
regions, near the coast lines, were long-headed, while in
other localities, the central western plains, they were round-
headed. Anthropologists have recognized the existence of
these two types for o great number of years, yet they have
attempted practically no analysis of them. Most anthropol-
ogists, with limited experience in comparative anatomy and
embryology and lacking the experimental method, have
resorted largely to measurement and mathematics as a
means of solving the problem of human form and type.
The head shape and type in general has seemed to them a
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fixed and unchangesble gquality, and they have resorted
only recently to growth studies and searcely, if at all, 10
comparative morphology and the type conditions among
lower mammals. Thus anthropologists have not explained
why some heads ere long and others wide, although they
lay great stress on the fact that such is the case. Would it
be possible for the same haby to develop either one, the
long or the wide head? We have seen that growth disturb-
ances from modified internal secretions in dogs may readily
change a long skull type into 2 more rounded one.

Very little attempt has been made to associate type of
behavior and psychology with shape; this correlation has
been left almost entirely in the hands of fortune-tellers and
phrenologists, whereas it should be recognized as a most
serious and fruitful field for scientific investigation. We
may some day be surprised to find that, within normal lim-
its, brain shape is more significant for mental quality and
ability than brain size, When we recall that the brain of
the French anatomist, Cuvier, weighed almost 2000 grams,
while the brain of another French academician, Anatole
France, weighed only aboat 1100 grams, little more than
half as large, brain size begins to lose some of its signif-
icence. The brain of ecertain prehistoric tribes of men
weighed as much as that of Anatole France. Thus variation
in brain weight does not correspond with disparity in brain
function, The significant difference between prehistoric
man and his accomplishments and the behavior of modern
man is more probably associated with the progressive mod-
ification in brain form and contour than with increase in
size. This statement is equally probable from a comparison
of the brain sizes and shapes as we ascend the scale of ani-
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mal intelligence, The more intelligent animals have brain
regions and forms approaching the human and viee versa,
while size is not so directly associated with the higher fune-
tions as we recognize them.

From another point of view, in understanding the reason
for the superiority of buman intelligence over that of
other animals, not only size and shape of the brain are the
fundamental factors concerned, The late Prof. L. Bolk of
Amsterdam called atiention to the fact thet the human
head and brain retain more of the immature and foetal
proportions than those of any other mammal. The large
relative size of the cranium as compared with the face in
man is similar to the prenatal or foetal head proportions
in many of the mammals,

In addition to this significant retention of the foetal
head proportions, a second quite unique reaction has arisen
during the evolution of man. His postnatal development
and growth have been retarded and long-drawn-out as con-
trasted with the rather rapid development of all other mam-
mals. The late attainment of the complete adult condition
after over twenty years of age in the human being as com-
pared with only a few years—probably about ten, though
this is not accurately known—in the highest or man-like
apes, about twelve months in the dog, and only three years
in the horse, gives advantage to man in the extended length
of the active learning time, which among ordinary individ-
uals is largely confined to the periods of immaturity and
childhood.

The slow attainment of adult size and lengthened im-
maturity in the human being are probably due to a specif-
jcally peculiar balance of the growth-regulating internal
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secretions. There is certainly an inhibition in the develop-
ment of the gonads and the secondary sexual characters, as
is indicated by the rare pathological cases of suprarenal
gland disease in which the child, only twe or three years
old, may become sexually mature with well-developed
genitalia and almost adult secondary sexual characters,
Other glandular disturbances are met which at times remove
the inhibition on body growth and the child becomes pre-
cociously long and attains the height of the adult by the
age of ten or twelve.

Theorizing from our studies of the nature of peculiar
structural growths, we might surmise that this delay in hu-
man maturity has arisen as a consequence of a germinal
mutation which primarily modified the vsual mammalian
cobrdination and balance among the internally secreting
glands, and secondarily brought about prolonged immaturity
and the lengthened period of learning time. This mutation
possibly occurred some time during early human evolution
and gave man the opportunity of lifting himself out of the
animal wild. The earliest fossil rematns of man-like be-
ings, such as the Piltdown ekull found in England in 1911
and the recent discoveries by Davidson Black in China,
have been interpreted as coming from mature young per-
sons of probably thirty years of age. It is possible, how-
ever, that these specimens lived at a time before the im-
maturity in human beings had become so prolonged. These
fossil remains may possibly have been left by adult early
men younger than ten years of age. Certainly the skeleton
of a man-like ape nears adult size at ten years, and a horse
is fully adult at three or four years; al one time during the
evolution of man his skeleton may have developed as rap-
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idly as those of other mammals of approximately his size.

From these general standpoints, the evolution of human
intelligence has probably depended as largely upon the
internal body chemistry and its influence in prolonging
growth and development as upon the attainment of size and
form in the brain itself.

Growth and Types

One premise we may depend upon, namely, that all
structural form in animals results from a process of un-
equal growths. Growth equal in all directions from the orig-
inally spherical epg would perpetuate the spherical shape.
Spheres may differ in size but in form all are alike, Should
the growth processes be exactly the same in two specimens,
their final structures will also he exactly similar while,
whenever the growth processes in the two differ, the resem-
blance is modified. Thus the problem of human types is a
problem of growth, and all individuals that may be grouped
together under one*type are individvals with closely eim-
ilar growth histories. In previous chapters it was pointed
out that in the embryo and foelus the type of structure
largely depends upon the rate of growth. A rapid growth
and development give one result and a slow growth pro-
duces, even in a twin individual, an entirely dilferent re-
gult. The peculiar human adult and animal forms that have
been described were also interpreted as due to modification
of the usual growth processes by the actions of substances
which affect metabolism and, therefore, growth rates. Cer-
tainly from the time of birth, numerous growth-affecting
substances are being produced in the body, the action of
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which regulates and modifies the rate and type of growth,
their usual effects being simply to increase or decrease the
rates of metabolism and thus to cause the individual 1o grow
faster or slower.

Ti is necessary at this point 1o recall several propositions
discussed in connection with embryonic development. In
the first place, initial growth and rapid growth wnd 10 pro-
duce linear structure, all plants and animals having this
long-recognized primary tendency to form an axis or line
of growth. Following this, s lateral growth in width takes
place. Crudely stated, there is a tendency to atlzin firet
length and later widih. Secondly, there is a certain depgree
of competition between these two tendencies so that as a
rule the growth in width only expresses itsell after the
length growth has worn down and become slower.

It follows that any organ capable of affecting the rate
of metabolism or oxidation would necessarily affect the
growth rate, and must likewise affect the form and struc-
ture of the individual. The one organ in the vertebrate body
which seems ahove all others to affect the rate of metabolism
is the thyroid gland, and we know from convincing exper-
imental proof that this gland slso greatly affects the rate of
growth and structural development. A very instruetive fact
in this connection is that the hurnen child without a thyroid
gland can enly develop to the stage shown by the so-called
eretin, a baby-like dwarl. This stage might be called the
early larval condition of man. The most definite and clear-
cut experiments done on the influence of the inte rnal secre-.
tions in development are those which show that the thyroid
is essential for the melamorphosis of the amphibian larva
into the adult stage. The human eretin without thyroid will
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not metamorphose or develop into an adult. Also the hu-
man individual with a subnormal amount of thyroid may
be expected to be more child-like and less adult than the
individual with a normal supply of the thyroid secretion.
There is a great bulk of evidence 1o show that the amount
or quality of thyroid secretion prezent in the developing
individual is an enormously important element in deter-
mining the rate of its growth. The significance of this we
have pointed out in other connections by showing that the
rate of development is a factor in delermining the quality
and type of structural production.

The cretin is an*abnormal or pothological individual.
Its conditions would preclude the breeding of & race of
such specimens. It is not in itsell a type, cretinism being an
arrested child-stage, but it fumiches an extreme growth
condition which is most helpful in fully appreciating the
influence of the thyroid gland on the growth of the so-
called normel types of men.

The thyroid is probably not alone in its action. It, and
also the prowth rate, may be affected by many other organs
but the point of primary imporfance is that the thyreid ap-
pears to be the specialized organ tending to control the rate
of oxidation, and therefore of growth in the individuoal, A
normally highly active thyroid gives fast-growing, rapidly
differemiating structures, and linear rather than wide
lateral type individuals. There is no evidence to indicate
that one of these types iz in gereral superior to the other;
they are simply different.

It would be very difficult here to go into questions of
the interactions among the internal glands, and it is only
necessary for our present purpose to state that if a substance
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such as the secretion of the thyroid does modify growth
rate it may alse tend to determine structural types. Since
the rate of growth is the imporiant thing in structural type,
we should expect not more than two normal types which
may grade into each other. The thyroid is so delicate in its
response and iz so probably different in its action in differ-
ent environments that the two types may be quite well sep-
arated, the one being due to a highly active thyroid and the
other to a less active thyroid. The high and low thyroid
types differ not only quantitatively but qualitatively as
well, since different thyroid sceretions call forth different
reactions from all other body organs, causing the chemieal
balance to differ in the two types. The intermediate ideally
balanced or indifferent condition would be the mest dif-
ficult to attain on the part of the sensitive gland.

The two groups into which almost all ordinary persons
fall more or less exactly are, then, the lircar type and the
lateral type. The linear type is faster growing, high metab-
olizing, and thin but not necessarily 1all; the latersl type
is slower in maturing, and is stocky and rounder in form.

Characteristics of the Linear Type and the
Lateral Type

Figure 73 represents in outline the common form of an
infant placed between the outlines of these two recognized
human types. An examination of this figure shows that
when the person is linear in form the head is of course
narrow or dolichocephbialie. The interpupillary distznce is
short and the eyes are close logether; the nose bridge is
narrow and, therefore, geoerally high; the palate prch or
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roof of the mouth is narrow and for the same reason highly
arched; the lower jaw is small and narrow and usually not
etrongly developed. The tecth are as a rule crowded and
somewhat ill-set. The neck is long and small in circumfer-
ence, the shoulders are square, high and angular, the ex-
tremities are long and slender with long slender muscles
and slender bones, the trunk is short, nerrow, and taper-
ing to the waist, the intercostal angle is quite acule, the
stomach is long and narrow and somewhat vertical in posi-
tion, extending to & low region in the abdomen, and the
liver is generally small.

The shape of the eye-globe in persons of the linear type
is such that they are usually far-eighted, theugh not ab-
nermally so. They need no glaszes on the street, unless for
astigmatism or some defective eye condition. Usually, and
particularly os children, ﬂﬂi::,r are under-weight for their
height necording to the crude average tables generally in
use, They arrive at puberty early rather than late, and dii-
ferentiate rapidly so that the males develop a large strong
larynx and a low p:tche& bass or baritone voice, Their skin
is thin and sensitive; as is also the epithelial lining of their
digestive tracts, They are epithelial in nature rather than
mesothelial, with thin muscles, thin fascia, and little fat
They are as a rule active, energetic, and nervous, quite self-
conscious and thus constanily exerling considerable nerv-
ous control. When in nmormal health they rarely laugh
aloud, when suddeply shocked they resist the reflex to jump,
and they never seream, It is difficult for anyone to recall o
shriek from a low-pitched voice, a scream being practically
always ehrill in tone. On these accounts the linear type
passes for cool and calm, with steady nerve, while as a mat-
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Xy

Fig. 73. The general outline of the infant, with the body pro-
portions of the linear type outlined on the left and the lateral

type on the right.

ter of fact the body is almost constantly held under nerve
control and iz actually nervous in the common sense, usu-
ally suflering more after a ghock than on the occasion of it.
When, for example, a street car collides with a truck a
large {at person may jump and scream in a high-pitched
voice while the thin person beside her sits quietly and
calm. Later, however, the emotional person has no after-
effect from the excilement, while the thin linear person is
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pervous and unsteady as & result of the accident. Shell-
shock was probably most common in the armies having
most linear type persons.

The lateral type when {ully expressed is the antithesis of
the linear type in all the respects mentioned. The head
grows wide (brachycephalic) and not long, the interpupil-
lary distance is wide as the eyes are far apart, the nose bridge
is wide and often, though not necessarily, low. The roof of
the mouth or palate is wide and low-arched, the teeth are
not crowded and are usually smoothly set, the lower jaw is
large and strongly developed, the neck short and large in
cireumference, the shoulders smooth and sloping. The ex-
tremities are not proportionately long and are stocky, with
thick bones and well proportioned muscles. The trunk is
inclined to be long and full, not constricted but straight or
bulging at the waist. The intercostal angle is quite obtuse.
The stomach is large and tends to be transverse and high
in position, the liver is generally large.

The eye-ball in the lateral type is so shaped as to be
near-sighted instead of far-sighted, and such persons fre-
quently use eyeglasses on the street. This type is well
rounded and over-weight for its height, and also shows
great fuctuations in weight, often gaining or losing as much
as 15 or 20 pounds in a short space of time. Persons of the
linear type, on the contrary, do not normally experience
rapid weight changes but maintain a very constant weight,
and may during the twenty years from aboul nineteen to
thirty-nine vary only by a small number of pounds. The
lateral type arrives at puberty a little later than the linear
and is slower differentiating. The larynx or voice-hox of
the male does not develop so suddenly and does not usually
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grow so large (the Adam’s apple is not prominent) and the
voice is thus high or tenor instead of bass. In men under
thirty years old the deepest bass voices are almost always
found among the thin linear individuals, the finest tenor
voices among the round lateral type. Everyone recalls that
the high tenor is a fat man while the heaviest bass is a
linear type thin man.

The initial reaction of the linear type to any suggestion
is apl to be contrary or negative; they often almost involun-
tarily decline things they on second thought are pleased to
accept, The initial reaction of the lateral type, on the other
hand, is positive but they often decline a suggestion on sec-
ond thought. The linear type is more adventurous and often
embarks without hesitation on an unknown trail, a trait
which has caused them to set forth and discover the con-
tinents and islands of the world, while the lateral type is
more inclined to follow well-thought-out plans and pos-
sesses a higher regard for details and preparedness.

The two types may differ in general in their choice of
foods, the lateral type inclining towhrds a high carbo-
hydrate diet, often choosing fatty foods and much sugar,
while the linear type is more eager for lean meats and a
general protein diet, usually eating linle fat or sweels.
Women, being as a rule more lateral in type than the male
members of their immediate families, incline more towards
the lateral tastes than their brothers.

The two types are more clearly differentiated in men
than in women, since the growth and glandular reactions
are more decided in the male than in the female and are
also freer from physiological disturbances. Many more
physical points of difference and contrast could be cited
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for the two groups, but the above list is sufficient to make
the distinctions clear.

The two types have long been recognized, as we have
said, which is not surprising since, il the contrasting fea-
tures are really of significant value, anyone studying the
physical characters of men would have discovered them.
The most recent and apparently important phyeical distine-
tions have been recorded by Bean. His data fumnish in a
statistical way a number of physical differences which
might be added to those mentioned above. Our linear group
Bean formerly termed hyperontomorph, meaning high de-
veloped structure, but he has since changed the term to
hyperphylomorph, indicating a strong phyletic or heredi-
tary origin. This change in terms means that Bean considers
these types largely as fixed phyletic entities, rather than as
ontogenetic or developmental results, as his former terms
indicated. Our lateral type is close to his mesophylomorph.
Finally, in considering the world races, he arranges in all
five types and thus to some extent loses the two primary
types. It is a vsual procedure to think of the races as
groups of separate types, and this accounts for Bean's
change to heredity terms. But to this method of grouping
end-products one must chject from the developmental and
growth standpoint. Thorough analysis of physical race dif-
ferences is valuable, but it must be more clearly empha-
sized that there are frequently extreme type differences
within the racial groups. These differences are often very
probably of a genetic origin but they are complicated in
other ways, and in all cases they are directly the result of
definite growth and developmental reactions. The hereditary
tvoe is transmitted. but the expression or development of
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the type depends upon numerous environmental influences,
and although a feature may be definitely inherited it may
never be developed or expressed. The Sebright bantam
cock inherits the male plumage but is unable to develop it
until he iz castrated. Without this operation a casual ob-
server might conclude that the rooster plumage bad failed
to be inherited, whereas it had only failed to be expressed.
In the same way the human types are modified by en-
vironment and the problem of expression or development s
just as important as the involved questions of heredity in
understanding them. The two types above outlined actuslly
occur among all races and nations of men and are probably
the only two common or normal human types. Some races
or groups show a great majority of one type and only a few
of the other. So that, in general, it may be said that one
race is of the linear type and another of the lateral, whereas
the ancestry or stock of the races may have been closely
the same. The upper classes in England and Germany illus-
trate the point. Almost all the Englishmen of this caste
are linear in type, thin and dniichuccphalin, and not at all
John-Bull-like, while almést all the Germans are of the
lateral type, stocky and brachycephalic. Some Englishmen
are, of course, decidedly lateral and some Germans decid-
edly linear in type, but all in all, the British may be called
a linear type race, and the Germans a lateral type race.
We may go still further and claim that these types
among the Brilish and Germans are the results more largely
of the effects on growth of the environments in which they
live rather than of only the hereditary differences in the
stocks. This position will be borne out if we consider the
types in conjunction with the geographical distribution of
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the peoples of the world. The linear types are usually found
along the coastal plains, in maritime climates where there
is a rich supply of iodine in the environment and where the
thyroid gland is normally active or even hyperactive. The
lateral types are largely central continentals living in an
inland environment away from the iodine supply of the sea.
The thyroid gland functions poorly in these central conti-
nental regions, colloidal goitre is common and in the ex-
treme situations cretinism occurs. This is a brief general
staterment of type distribution, all that our present inlerest
demands; a number of exceplional cases may occur to the
reader but these when fully considered and analyzed may
be fitted into the general scheme, The high voleanic islands,
for instance, often have in certain of their central valleys
lateral type peoples, but the environment may not be actu-
uli}r maritime aiﬂmugh il is insular.

When we turn back to prehistoric man, the earliest skulls
are decidedly dolichocephalic and are found in geologic
coastal plains, The round-headed central continental type
is probably the more recent human form. The most primi-
tive man had a long skull, like*the apes, and he probably
lived in coastal valleys.

Geographic Distribution and Type

It is a well-recognized fact that when the distribution of
an animal species pecomes very extensive the species is
frequently broken up into a number of varieties, each typi-
cal for a given geographic region. There are also certain
similar characters developed by the varieties of different
species in a given geographic area. The blue-jay has several
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varieties, as has also the bob-white and other birds in dif-
ferent parts of the United States. The northern varieties of
these hirds are as a rule larger than the southern, the
Florida types being often the smallest and frequently hav-
ing longer feathers. The small mammals, squirrels and
others, as well as large mammals, also show numerous geo-
graphic varieties, There are reasons to believe that food
and other environmental conditions are the primary factors
that have brought about these varieties.

A species of such wide distribution as the primitive man
of many thousand years ago, with only limited means of
world migration, must necessarily have broken up inlo the
geographic varieties which existed at the beginning of his-
toric times, But the species had in all of its ranges a tend-
ency to produce either a majority of the linear type, long
narrow individuals, or a majority of the lateral type, stocky
round-headed persons, Whichever the tendency may have
been, the result is probably due to the action of the environ-
ment on the function of the thyreid gland, and the type is
the consequence of cither a fast or slow rate of develop-
ment. It iz a growth reactisn.

Age Modifications in Type

Between the ages of twenty and thirty, the linear type is
always rather thin, but after thirty-five many individuals
of this type become fat and rounder, and may at first sight
be mistoken for lateral types, probably owing 1o some
change in the glandular conditions. But on closer examina-
tion the head shape, interpupillary distance, tone ol voice,
and other characters that are not readily modified make the
linear type recognizable even in this fat individual. The
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young adult chows type in ils most easily recognized and
least modified form.

It will also be found on observing a group of men of
about thirty-five or a litle more, that a coarse growth of
hair begins on parts which in youth were not so hairy or on
which the hair was fine in texture. Strange coarse hairs
grow in the eyebrows, on the pinna of the ears and at the
entrance to the external auditory meatus. The beard be-
comes coarser and heavier, and coarser hair develops on
the trunk and extremities. The man now possesses a more
pronounced male hairiness than be did when under thinty.
On first thought one might consider him to have fully ar-
rived at the completely developed male state. This 1s not
the case, however, since the gonads of such an individual
have actually begun to decrease in their sexuel power. The
coarse hair growth is a plumage expression accompanying
the decline in the male gonadal activity rather than the at-
tainment of its zenith, The change is gradual but of exactly
the same nature as that suddenly produced in the Sebright
hantam by castration. In man this is to be recognized as an
early indication of senility. It is, however, important that
in man the heir growth reaction is not called forth by cas-
tration in youth but enly follows a gradual degeneration of
the gonads after middle life; this slower process, therefore,
induces a diferent interaction among the other glands.

It is well known that castration generally {favors an extra
secumulation of fat in mommals. The ox is more readily
fattened than the bull. At about the same time the coarse
hair growth appears in man an accumulation of far takes
place. The anterior ahdominal wall alten becomes promi-
nent and a decided increase in waist circumfierence occurs.
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These mild symploms possibly indicate a physiological
castration which is gradunlly taking place. The structural
changes occurring at the sex-decline or menopause in
women are similar in character but more pronounced and
rapid in their development than the above changes in men,
probably because the physiological castration in women is
much more complete than in the male. All these age re-
actions tend to distort the original types of such individ-
uals and make them more difficult to recognize.

The Sex-Glands, Senility and Rejuvenation

The degeneration of the sex-glands and the accompany-
ing structural changes during the senile periods of life have
misled certain workers—3Steinach in Vienna, Voronoff in
France, and others—into claiming that the degeneratling
sex-gland is itself responsible for the aging reaction. Thus
transplantations and grafting of sex-glands have been re-
sorted to, both experimentally on lower mammals and surgi-
cally on man, with the idea of rejuvedating the individual.
The only result has been an occasional temporary stimula-
tion, but always without counteraction of the general aging
symptoms. The sex-gland rejuvenation idea is based on an
entirely erroneous conception. The degeneration of the
gonad, cither testis or ovary, in the aging body is one of the
many symploms of the senile complex, and being a symp-
tom it can scarcely also be the causal factor in aging. Some-
thing in the body during middle age, no one knows what,
initiates the degeneration of the gonads, and how can it be
expected that this degeneraling influence which overcomes
the gonads in their own body could later be conquered by
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a piece of engrafted goned from a younger individual?
Logically, the engrafted gonad will also succumb to the
same aging influence which had been sufficiently great to
cause the original degeneration of the body's own gonads.
1f these could not withstand the aging environment certainly
newly introduced pieces of gonads would scarcely be more
successful. Certainly anyone is highly optimistic who ex-
pects the implant to overcome the factors inducing the ag-
ing process. Rejuvenation, if a possible process, will be
hrought about by counteracting the senility-producing fac-
tors rather than by introducing new tissues similar to those
that have already been degenerated through these in-
fluences.

There are some animals, such as turtles, crocodiles, and
probably a fow birds, in which the general body chemistry
sgems 1o be long maintained in the balanced adult state, and
senile conditions do not develop. Some of these may live
over a hundred years and, so {ar as is known, they reproduce
throughout their lives. Their gonads are entirely capable
of maintaining a funictional state in the absence of the de-
generating influences which arise in other animals. A fur-
ther understanding of Lhe functional balance in theze in-
dividuals might aid us in the analysis of senility.

If the sex-glands possessed elements which could counter-
act the aging reaction there should be marked differences
in the time of aging between normsl animals and castrates
without the gonads;, but there is not. The ox, the castrated
horse, and the capon do not age either faster or slower, so
far as is known, than their normal prototypes the bull, the
stallion, and the rooster.
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The aging reaction is probably brought about by some
gradual change in secretory balance among the organs of
internal secretion which slowly alters the internal chemical
complex of the individual. One of the earliest symploms of
age change is a slowing of the recuperative reaction of the
sympathetic nervous system following acute shock. The se-
vere test which brings out this symptem is illustrated by
the prize fighter who at thily may be &s strong and as
resislant as at twenty-two, yel, on being knocked to the floor,
he does not recover and arise as quickly as at twenty-two;
and because of this the man of thirty is apt to lose the fight
to the one of twenty-two.

Only severe tests bring out the early symptoms of age,
but by the late thirtics 8 number of bodily reactions become
evident which clearly separate a person of this age irom
the youthful adults of twenty-five. Quick adjustment to
changed conditions is characteristic of youth, but the old
man slowly arises from his couch and only gradually ad-
justs his circulation and bodily functions to the activities
of the day.

Thus we observe that normal human beings are experi-
encing developmental and growth changes which are notice-
ably due to the usual fuctuations in function of the organs
of internal secretion. The appearance of these very evident
changes serves to illustrate the fact that if we study more
closely the entire developmental history of the individual
we will find that growth and structural expression are con-
stantly heing influenced by the amount and quality of the
internal secretions that have been inherited in the breed to
which the individual belongs.
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Type Hybrids and Blends

Finally, there are many persons who do not properly fall
into either of the well-recognized types, and are not truly
intermediates or blends of the two types. These individuals
may possess cerlain well marked, fully expressed features
of the linear type along with other typically developed
lateral features. They may be dolichocephalic in head
shape and yet have near-sighted eyes, wide palate arches,
and tenor voices. These combinations are at once out of
harmony, and probably result from fuctuations and irregu-
larities in growth-controlling secretions, The general endo-
crine complex is not harmonious end the glands are not
properly proportioned functionally. There may be & linear
type reaction at one period and a lateral type behavior at
another. Such individuals are almost invariably found to
be derived from parentage of opposite types; they are type
hybrids or type mixtures. The fact that the purest type in-
dividuals are derived from two similarly pure type parenis
emphasizes the hereditary backgrounds concerned. But at
the same time there is much evidence to indicate that en-
vironment may modify the growih-regulating mechanism
and so tend to change the short or brachycephalic into the
long or dolichocephalic head.

1f two distinct types actually do exist to a significant ex-
tent in & wide population, we should fail to obtain a usually
proportioned figure on averaging a large number of physi-
ca] measurements from & general sample of the population.
A striking illustration of this fact was derived from the ac-
curate physical measurements made upon a great number
of men in the army draft by Prof. C. B. Davenport of the
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Carnegie Institution. From these data averages were ob-
tained for each of the several measurements collected, A
statue of the human figure was then built on the basis of
these averages, This figure was not that of the usual young
American as some would have expected it to be. The trunk
was sbnormally long, the arms disproportionately short,
and the mid-peint of the figure entirely out of position.
Other unusuel details made it that of a person one would
rarely sce. In averaging the accumulated measurements an
unusual and disproportioned figure is produced instead of
a combination of commonly seen proportions. This is just
the result to be expected when measurements from two or
more distinct form types are avernged.

The conclusion seems justified that a recognition of just
two physical types is necessary in the formulation and de-
velopment of the problem of variability in personality and
form among normal human individuals.



XVI
THE PHYSICAL BASIS OF PERSONALITY

In Conclusion

T is our present understanding of the physical
basis of personality after considering the warious
problems and discussions as here presented? What is the
actual significance of personality ilseli? Any conclusive
answers to these questions cannot be stated as brief defi-
nitions. In fact, most of the foregoing pages have been em-
ployed in sttempting to reply to them in such a way as to
include the various factors and phases concerned. Never-
theless, certain deductions are permissible.

How does man differ from other animals, and are the
results of experimefits done on one animal applicable 1o
another? Each animal species is different from all others,
but not entirely different; the more closely related two
animals are, the more similarities they show, but each pos-
sesgses characteristic Lrails of its own, Experimental results
obtained on one animal are often directly applicable 10
nearly related forms, but at times they are not, and the
experimenter recognizes this fact and must put each case
to test.

Man's most striking deviation from his nearest animal
relatives is in intellectual achievement. There is no differ-

ence comparable to it between any other animal species.
300
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We have surmised something as to what cvelutionary
change in the bodily nature of man could have initiated
this supreme deviation. And strangely enough, what seems
te be the most plausible pessibility yet offered involves
two developmental inhibitions. The first of these is uniquely
human and resolts in the retention of head proportions
comparable to those found in the octal stages of the
higher mammals, This gives the disproportionately large
cranivm and big brain with the small fucial region, as
compared with the reverse adult propertions of small
cranium and excessive facial development among the other
mammals. And still further, as Huxley remarked, the
higher races of men have a larger brain and a amaller jaw
than their lower “big-jawed hrothers.,” The highest apes
{ailed 1o retain this large-brained foetal proportion. The
mutation which brought about the large brain was limited
to ancestral man.

The second advantage man allains is an exaggerated pro-
longation of childhood and the stages of immalurily to
more than twenty years, as compared with the much more
rapid postnatal developmént of all other mammals. This
retardation extends enormously the learning period for
man, which among all memmals is largely confined to
childhood and immaturity. The prolongation of imma-
turity can be theoretically accounted for on the basis of a
germinal mutation which occurred during human evolu-
tion and modified the cobrdination of internal secretions in
euch & wey as to retard the attainment of sexual maturily
for about ten years, and 1o set the completion of adull size
and proportions at more than twenty years, as long as the
entire life-time of many of the larger mammals. Very carly
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ancestral man, probably like other mammals of his size,
attained the adult condition within a {ew years, possibly as
few as four or five.

All the great class of mammals is in some ways similar
1o us and every ohserver of them is frequently attracted by
structural or functional expression much like his own. It 15
widely recognized that the different races of the human
species, the white, the yellow, and the black, show in gen-
cral different racial personalities. And within the white and
yellow race there are well-known nationalistic differences
in personality. An Englishman, a German, and a French-
man are more dilferent in physical appearance and in their
personalities than three Englishmen would ordinarily be.
Finally within the same national group, and within the
same community, and actually within the same family, all
members show individually distinet personalities. The point
is, that the dilTerences between the personalities in a fomily
sre as truly dependent upon physically different back-
grounds as are the larger diversities among the personal-
ities shown by members of the various animal classes.

We have followed in the foregoing pages the details in
the origin of physical constitution upon which character-
istic personality depends. For each individual a definile
hereditary composition is formed by the union of an egg
and n male sperm-cell at fertilization. This composition is
not the same for & number of individuals, but is in the
minutiae of its defail unique for each individual.

The physical basis of the individual, the fertilized egg,
has within itzelf the potentiality which gives rise to the
completed personality. In order to develop this personal-
ity, however, a long series of interactions between the orig-
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inal basis and the surrounding environment is essential. We
have attempled to consider something of the manifold va-
riations and deviations which arise from the interactions
between the germinal basis and the developmental environ-
ments, And we have found that the influences of the sur-
rounding elements are important factors in determining the
nature and success of the final personality. There is no ques-
tion here of the degree of importance between the genetic
background and the developmental environment; neither
is sufficient without the other. Without genetic basis there
is no individual, and without & suitably arranged complex-
ity of environment the complete genetic basis is unable to
produce the normal individual. The interaction between the
individual and the environment is conlinuous from the
germinal beginning to the end of life, and it is mutual:
each modifies and affects the other, The individual and the
environment are not seperate; they are parts of a larger
arrangement.

We have found that during both prenatal and postnatal
development, peculiar stulls are produced within the indi-
vidual which tend to charaeterize its internal environment.
The production and action of these stuffs seem to vary for
different genetic constitutions, as is indicated by peculiar
hereditary growth-responses which are secondarily depend-
ent upon internal secretions. Our experiments on the in-
heritance of various peculiar structures and types among
dog breeds aim at an analysis of these important reactions.

The presence of exaggerated differences among human
personalities has led us to an examination of normal per-
sonalities, in order to determine whether minor differences
amang people could be in any way classified and explained.
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This examination of normal persons seems 1o show that
there are qualitatively dilferent types of personalities re-
sulting from two different patterns of growth reaction.
These have been termed the linear or long-headed type, and
the lateral or wide-headed type. The first is apparently the
older human pattern, all prehistoric remains showing long-
type skulls and the man-like apes being long-headed. The
lateral type with wide skull is the more recent and may pos-
sibly have arisen as & response to central continental en-
vironments acting upon man as he migrated inland from his
place of probable origin on the coastal plains. This sup-
position is partially suggested by the probability that the
maritime environments tend to give a higher functional
thyroid reaction and the linear type of growth which is
in general associated with an active thyroid gland. In
the central continental environments, colloidal goitre and
thyroid disturbance frequently occur, and in general the
thyroid gland is physiologically less active and the person
develops the lateral and more rounded type. These two hu-
men types exist ambng both savage and civilized men, and
among all races, and have long been recognized by anthro-
pologists. However, an analysis of the genetic basis for
their differences and & study of their developmental reac-
tions has not yet been aceomplished.

There are many variations in both types, and there are
numerous type hybrids and blends. In spite of these, a
careful investigation of human personalities from the phys-
jcal basis wilk doubtless reveal many valuable facts and
enable us far better to analyze and understand individual
traits and behaviors. In Herbert Spencer’s words, “The
equilibrations of those nervous actions which constitute
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what we know as mental life may be classified in like man-
ner with those which constitute what we distinguish as bod-
ily life. We may deal with them in the same order.” Surely
an understanding of this relation between form and be-
havior will be of vast importance to the psychologist, to
the physician, and to all people as members of a commu-
nity who must respond to the personalities about them.
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