EMBRYOILOGY:

CHAPTER I
THE CELL AND 7THE iNDIVIDUAL

WaHAT is Embryology, and what is ity significance or
interest to e ordinary educated man and woman ?
Thg answer h the question is the justification for the
pazarice ofthce following paged and onc may regard
¥ somewhat, striking fact, that in the production
of a series of works of which this volume is one, those
responsible for the subjects should have deemed it
advisable to include Embryology.

Embryology may be defined as that part of the
scienco of Biology which deals with the formation of
a new individual or embryo. The definition itself ought
to be sufficient to explain the significance of the sub-
ject for every one, becasse one can hardly conceive
of any more profoundly~ important knowledge than
that which tells of the mode of origin, manner of growth,
and ultimate birth of an entirely new being. In the
absence of such accurate knowledge it is quite obvious
that all one’s ideas concerning the manner in which
the new individual is {0 he treated must have a more
or less haphaz.rd. or at lcast empirical, basis.  In fact
only when Embryology, 0t7the science of tho develop-
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ment of the embryo, becomes a part of the ‘ordinary
everyday mental equipment of those who are responsible
for ‘oringing into the world new individuals, and sub-
sequently protecting and hand'ing them, will it be
reasonable to expect that these new individuals will be
dealt with in the best possible manner. In a word,
it is evident that cducation, using that term in the
very widest possible sense, can never be anything
more than a blind groping in the dark until those
into whose hands it is entrusted rcalise and know at
least the most important fundamental facts concerning
development. It is the lack of this kind of knowledge
that has been responsible for so much of the mis-
taken systems of tho past in dealing with the young,
and it is tho spread of this knowledge that alone is
the hope of better thinzs in the future. Wherever
knowledge is absent superstition i rife, and in no
sphere of life is this more painfully obvious than in
connection witl' the subject which we are about to
study. It would have been entircly impossible for
many of tho stupid and even cruel methods of mental
and physical trecatment that have been meted oub
to the young children in the past to have been tolerated
for o moment had this knowledge been available and
sufficiently widespread. F(' those possessing it, a
flood of light is thrown upon the fascinating and othet-
wise obscurc problems of hetedity ; and thus it lays
open the pages of the past for those who ocare to read
them. For those possessing it also it throws upon the
mental screen pictures of possibilities in the future for
all those who have eyes to sec. So the study of Embry-
ology links up the past with the present and joins the
presenv with the future. Is it not therefore obvious that
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the study of such a subject has an importance that it
is impossible to exaggerate, presenting as it does prob-
lems that the parent, the teacher, tho social reformer,
the politician, and the ghilanthropist will grapple with in
vain unless they call in science to the'. wd ¢ Such is
the meaning and significance of the subject of our
study. ¢

In the widest scnse of the word Embryology, there-
fore, deals with all manner of living thing= he they
plant or animal. But since our purpose here is to
state, as far as possiblo in the space at our difposal,
the facts which are of particular importance in relation
to the human subject, we shall only glance at tho rest
of living creatures. A bnef look at them, however, is
li'uibe necessary in order to appreciate what follows,
Let us be quite clear of what wd are in scarch. We
want to know as far as possiblo swhat it is that goes
to the making of a man. What is the origin of the
ney individual ? Where does the embiyo come from ?
What elements are concerned in its formation ? Where
do these elemenws come from ? How are they sub-
sequently built up into the typo of the species to which
they belong ? Irom what source do they gain their
nourishment ? What influences of a degenerative
nature are likely to aftect them ? These are the
questions which it is the business of the Embryologist
to answer, and these are the questions the answers to
whith afford the explanation of man in the making.
Surely they merely require to be stated that their
significance may be appreciated.

We may now glance very bricfly at the simplest
facts which bear upon the subject, and which must
precede our detailed study. The nccessity for repro-
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duction and dovelopment is involved in the universal
fact of death. In all except the very simplest forms
of ¥fe—those consisting of one simple mass of proto-
plasm—thoe individual sooncr or later perishes, and if
it were not that thero were some methods by means
of which the individuals could give rise to new indivi-
duals obviously the species would come to an end.
No matter to what great age an individual animal
may live, and therc are some such as the tortoises
which do live for centuries, svoner or later death over-
takes ‘them, and in all, investigation of their structure
shows that nature hay made provision for the carrying
on of the race by mcans of new individuals.

Every living creature, be that crcature simple or
complicated, animal or vegeiable, man or a jellyfish,
starts life as one single c<il. The very simplest living
individuals never consi:t of anything else bnt one
single cell. and it is in these primitive forms of life
alone that what we call death can not bo said to ocour,
Such a simp'e cell, after living for a certain period,
simply divides itself into twe halves, cach of which
gradually assumes the size and shape of what we may
terin the parent cell. Tho first individual has simply
become two scparate individuals. These two in their
turn after another period of independent existence,
again each divide, thus giving rise to four, and so on.
Now here, although the original parent cell no longer
exists as a cell, the actual material of which it «was
composed still exists in the cells which came into
existence as tho result of this division. The original
cell, therefore, may be literally said to have been
deathless, or immortal, though not everlasting. This
is a pruicund thought, and one which must be grasped
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at the very commencement of our study of develop-
ment, because it is ono to which we shall have to recur
again and again when we come to study the cells which
give rise to human keings, in whom, too, there is a
dea.thless continuity of cell protoplas. ., or germ-plasm
as it is then called. It is upon this fact that tho whole
soience of Embryology depends.

The important idca to he loarned from observing
this process of reproduction in the single-ce!'ed animal
is this - that there is nothing here which we may term
the body of an animal as opposed to any of its’ parts.
The one cell is hoth hody and organs, and everything
else; in ilself it has the capacity of performing all the
funotions necessary for life, including that of repro-
duction for the perpetuation of the species. No part
of the oell is sot on one side for anv special purpose
such as happeus in the bodies of ltigher animals. There
are no special clements which go to the producing of
the next gencration, none of the cells which in a
mammal, for example, we call ‘*‘germ-cells.” The
whole individual is one cell. Ia fact ono mught almost
say that there is no individual, but only race, or if
we regard the cell as an individual then it is all germ-
plasm. That is the important fact to be learned in
the reproduction of single cells.

There are some single oells, such as those of the
yeast, wLich reproduce in a slightly different manner,
nafhely, by budding off a portion of them<elves and
finally becoming separate, aud this might he regarded
as a slightly higher stage, in so far as the original cell
from which the bud came may be still identified ; but
in reality the psocess differs very little from thet first
described.
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Then we may note that very low in the scale of
living things there is a process of reproduction known
as conjugation, in which, although the cells of the
species appcar to be all alike, yet, nevertheless, two
of them join together for purposecs of reproduction.
In other words we have here a process of cell-union
before we' have the cell-division which follows. It is
important to note at this stage that the creatures
which wo have mentioned, and even some more highly
organised, such as an amoeba, which has a nucleus,
go thtough these simple or complicated reproductive
processes in the total absenco of anything which could
suggest a distinction of sex. In these cases the indivi-
duals are obviously all of one sex, and, therefore, the
distinction of sexes into male and female is evidently
something which has been added later in the scheme
of evolution, not for ahe purpose of reproduction itself,
but for something wlich is tu be added to that.

Then in the slightly higher animals and plants we
ocome to those in which many ceclls go to the making
of the individual, the multicellular individuals, and
amongst these we very soon cee the origin of what
is termed specialisation of function, That is to say,
in these higher creatures which consist of many numbers
of cells arranged so as to form one individual, certain
cells are set apart for one purpose and others fox
another. Some may be for digestion, some for pur-
poses of movement, and otheis for reproduction. Here
we have & new phenomenon, namely, the setting aside
of certain cells in a multicellular individual whi
from the very beginning are capable of one funetion
alone, namely, reproducing the species. The higher
one goc~ in the scale of life the more striking aud
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obvious this fact becomes, and as we shall see when we
come to the vertebrate kingdom, this setting aside of
the oells which are to produce tho individuals of .the
next generation is the key to the solution of the most
difficult of our problems,

‘In these highest forms of life, however, the cell
iteelf is becoming & much more complica‘ed thing
than that lowly forn which we first noted as dividing
into two to form two new individuals. Irdeed, the
cells in the highest animals and plants are immensely
complicated in their structures and functions: and
espeoially in connection with tho changes which take
place in the nucleus of such cells. Not only the
nucleus but another small object within the cell which
is neither part of the nucleus nor part of the cell proto-
plasm, also is very important, dnd this structure is
termed the ¢ centrosome.” In fact this little body
apparently begins the whole process of cell-division by
itself dividing into two parts. Then the nucleus follows
suit, and ultimately the whole cell divides. The
nuocleus itself is a complicated structure, as is especi-
ally seen during the processes of division, in which
it breaks itself up into a number of thread-like portions,
and the number of these is always the same in any
given specios, a fact which is of great importance in
repraduction. Why do we wention these apparently
dry details ? Because in these minute and compli-
oatéd nuclear movements the whole problems which
are at the bottom of development and heredity lie.
The problems of life itself can only be solved by the
study of what takes placo in these minute portions
of cells, It is here that the nmew formation of an
individual begins, and although it is no part of ous
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purpose here to detail all the complicated processes
of nuclear division, it is essential, in order to grasp the
meaning of our subjoct, that we should realise that in
the changes within the ccll life with jts variations
begins. '

The study of these wonderful cell processes, &' work
which demands the most patient investigation and
high technical skill, has reached such a stage that it
is a scienco of its own, and is ealled the science of
“ Cytology.” or the science of cells, which has been
made «possiblo only in comparatively recent years by
the inveution of nicroscopes having great powers of
magnification, and by the application of claborate
methods of staining to the cells th: mselves.

We can say no more abovi{ these processes here,
but the foregoing puragrarns may perhaps be suffi-
cient to show us hoy important it is to grasp these

gsimple facts of cell lifs in their bearing upon develop-
ment itself.



CHAPTER 11
PRORLEMS OF REPRODUCTION

WE have scen that in the higher types of animals and
plants the single individual is made up of not ofie but
millions and millions of ceils united together for tho
common purpose of the mdividual life, and that in
such complicaled individualitios some cells perform one
function while others perform otbers. A human indivi-
dual from this point of view, thetforo. is an urganised
community of cells all of which,, however, <prang, in
the first place, from one single ecil.  That original single
cell is termed, in animal Kmbryology, the * fertilised
ovum.” It is popularly spoken of frequently as “ the
egg.” All the other millions of cclls are the direct
t{escenda.nts of thiy f-rtilised ovua, or egg, even though
any of them oventually become extremely unlike the
ofriginal cell. In single-celled animals the offspring of
¢ original ccll remain like the parent ccll, but in the
hly complicated creatures the offspring split up into

at many types of cells, owing to the very fact

Aate all remain adherent together to form the mass
f the body in order to carry out different functions.
o we find cells of one type in glands, of another type
in the brain, of another type in bones, of another
type in blood, and so forth. Nevertholess all of them
sprang from onc original 1:':ingla cell. None of these
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specialised types of cells, however, are capable of per:)
forming any other function than their own. A hone-
cell cannot receive an impression, nor originate an
idea, any more than a brain-cell can secrete bile. Each
kind of cell has its own appointed duty. The most
important duty that can possibly be allotted to any
cell is obviously that of reproducing the individual
for the purpose of contmuing the race or species. Sp
we find in higher animals that this function, like others

is relegated to a special set of cells also derived from
the original single ccll, and which are called * the

germ-cells.”

Leaving out of consideration tho question of repro
duction in lower types of animals wo may consides
the nature and origin of these cells in highest verfe-
brates, such as the’mammals, including man. Germ-
cells, which are deriv:d from the tissues of a female
animal, are termed ‘ova.” Those which are derived
from the tissuer of a male animal are tcrmed * sperms.”
Notice that it is not thesc germ-cells themselves §
which the terms male and female, indicative of th
two sexes, are applied, but only to the individuaz
They are malo and female; the germ-cells are,
neither sex. True the germ-cells from the male, ¢
the sperms, difier in appearance when seen under, ¥
microscope from those of the female, but there i
reason to believo that there is any difference be
them 1n their capacity, for cxample, of transmit
the characters of ancestors to succeeding generations. .

At a certain stage in the lifo history of the anjm
individual and after undergoing certain changes whic
need not be considered here, these germ-cells, botb
sperms and ova, have reached such a stage of maturity
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;88 to be capable of carrying on their sole function,
namely, that of reproducing the species, The actual
age in human beings, for example, at which his
maturity is reached varies very much in different
races, and in different individuals of tL  swne race,

*When reproduction is about to occur a union must
, take place between a germ-cell from a malo hody with
"4\. germ-cell from a female body ; that is tu say, a union
must take place between a sperm and an ovvm  This
union takes place within the body of the female indivi-
dual ana results in tho fusion of the two cells into one
gingie cell, which is now termed a fertilised ovum.
This fertilised ovum, in virtue of this process of union,
is now able under suitable conditions of nutrition and
shelter, such as it obtains within the female organs of
reproduction, to divide and redivide again and again,
thus building up a new mass of cells as tho result of
its division. The millions of cclls so produced include,
as we have already seen, cells which have all the various
“functions which arc nccessary for the continuation of
the life of & human individual ; that is tu say, that as
the result of this division of the fertilised ovum there
are produced first of all germ-cells to secure the still
further continuance of tho race, and then multitudes
of all the other kinds of cclls which gradually assume
‘the shape of an embryo or young individual, and
‘ulthnately grow into a human being.

Ih all the highly complicated animals fertilisation by
union of germ-cells from male and female must pre-
oede reproduction. The result eventually is this multi-
oeflular individual composed of a number of different
kinds of cells each set apart for its own work. But
f6 is well to recognise that we may regard all these

i, B
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colls as really of two kinds, namely, the germ-cells and
the others. That is to say, two kinds of cells are
preduced as the result of fertilisation, namely, cells
whose business it ultimately will be to again take part
in a similar process of fortilisation, and so perpetuate
the specics, and all the other cells which go to the
forming of the various body tissucs of the md.tmdua.l
itsolf. In this way we get a simple classification of the
cells which form, for example, & human being, ..tamely,
germ-cells a.nd body-cells, the lattcr often being termed
“ gonfatic.” The latter are, of course, in much greater
abundance than the germ-cells. They have to form!
all the various eleruents, organs, limbs, and structures
known and descrihed by the anatomist. The germ-
cells are a separate little groap of thenselves embedded
in the male and feinale reproductive organs for the
sake of nutrition. grev th, and shelter, for many years,
until they again take part in the process of fertilisation.
Note carefully that no oiher cclls in the body ever
unite togethcr to produce a new individual except
germ-cells. /
Somatic cclls reproduce by d1v1dmg directly. Germd
cells before they can do this require to be fertilisec ¥
That is to say, the cell from the male (tho sperm) mus,
fuse with the ccll in the female (the ovum). As Dr
Archdall Reid graphically states it, ‘ Only the
are marriageable ; and, as wo have just seen, in the
great majority of animals and plants they observe
the degrees of consanguinity very strictly, and do not
unite except with members of another cell-community,
and then only to found a new colony of cells, an off-

spring.”
There are still some further considerations in con-
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nection with the subject of germ-cells and germ-plasm
which we must carefully consider before leaving this
part of our subject, Embryology. Everything depepds
upon a perfectly clear understanding at this stage.
The facts themselves that have to bo rndluced in this
conneotion are comparatively few and simple. No
fairly educated person should have any difficuity what-
soever in grasping them. Morcover, very fortunately
they are thoroughly well cstablished and not in dispute.
But the reasoning which is based upon the-o fow and
elementary facts, reasoning which is applied te the
methods of treatment of the individual which is pro-
duced, may be very complicated and very debatable,
Various schools of thought and opinion exist according
to the attitude taken towards the facts, some of which
we have mentioned and others of #vhich wo are about
to detail. But the facts themselves are not debatable,
and we therefore sco oncc more that their importance
at this stage cannot be exaggerated.

One or two very simple general propositions bound
up with the sulject of Fmbryology, or individaal
development, may Lw stated in order to focus attention
upon the nature of the problem under investigation.
Thus nobody will be found to question the funda-
mental truth that children resemble their parents.
That is & commonplace of experience. Similarly no
one will be found to disputc another fundumental
fact, namely, that children differ from their parents.
This, too, is equally a commonplace of experience.
It we examine a million human bheings we find that
they all possess certain features in common, certain
characteristics in virtue of which we recognise them
to be human beings. Novertheless it 1s just as true
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that a careful examination of the same million people
reveals the true saying that no two of them are exactly
alike. Here then are two propositions equally true
within certain limits; namely, that all human beings
resemble each other, ‘and that a1l human beings differ
from each other. Thero is resemblance; and there
is variation, ‘These two things are universal because
of the existence and characteristics of germ-cells, We
may look at this a little clo-er.

Every species of animal in the process of repio-
duction brings forth offspring similar to itself. This
is expressed in the familiar proverb that *like pro-
duces like.”” One does not expect grapes from thorns,
nor is it possible to construct o silk purse out of a
sow's ear. But what is the cxplanation of this pro-
verbial fact ? The answer is of great importance,
because although the fect itself is recognised as a
genoral principle in ih¢ reproduction of a species, it
is not sufficiently recognised in the full details of the
oharactors of that individual. Too many people are
still apt to vxpect to bo able to produce grapes when
the plant is a thorn, and it is unfortunately all too
common to make hcroic but quito futile attempts to
construct human silk purses out of human sows’ ears
—s0 to speak - simply because of the ignorance’ of
the material which is being wsed. The most that can
be done is to give such material as is present the very
best opportunity of attaining its own utmost pepfec-
tion; and this, by the way, is vastly more than has
ever been done for any considerable number of the
human race.

But why this continuity of species? Why should
like always produce hke ? The answer has been sought
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by biologists ever since problems of life attracted man’s
curiogity. All sorts of weird and fantastic theories
have been put forward at different times to accoupt
for this simple fact, but it is only in compa.ra.txvely
recont years that the real o‘:pla.na.tlon L~ inen forth-
coming. It is perfeotly obvious that in order to secure
this continuity of racial resemblance there snust be
something physical or material which is actually con-
finuous from genecration to generation to aceount for
it The Immortal Darwin saw this very ciearly, and
devoted much thought in the endeavour to find some
explanation of this very problem. The result was his
theory of Pangenesis which, ingenious as it was, was
ultimately shown to have no bass on fact. In his
effort to account for the fact that children resemble
their parents even in such minute«letails as the shape
of the nose, the colour of the eyes, and so forth, he
formulated tho idea that the parents themselves prob-
ably contributed multitudes of minute particles from
their own tissues to form the cells of their offspring.
He supposed, for example, that particles or gemmules
from the eyes, nose, hair, and so forth, of the parent,
or parents, in some way or other were fused together
and gave rise to the cells which ultimately produced
an embryo. Honce he thought the explanation of the
resemblance between parents and children. This was
his solution to the question of the physical continuity
between successive generations. It may be remarked
in passing that it is with something of pathios that one
reads in Darwin’s own works his own evident opinion
that this theory of Pangenesis was a great discovery.
Oné gathers almost that he himself regarded it-as of
greater importance than his work on natural sclection.
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‘In the course of time, however, the real actual basis
of physical continuity was shown to be something
quite different, and looking back now upon the history
of the discoveries in this connection during the last
goneration one can easily imdgine what speculations
there must have been 1n the absence of the facts which
are now known to embryologists,
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PROBLEMS OF REPRODUCTION (conlinued)

THR nna outstanding discovery which has placed the
science of Embryology on an absulutely firmebasis,
and which has made clear so many of the facts, which
were previously puzzling, is thus: that the germ-cells
which give rise fo now individuas are themselves pro-
duced from pre-existing germ-cells. The entire embryo,
or young infant, is derived fromJ'one single cell which
we have called the fortilised ovuam, and that in its
turn was derived from the wmon of two germ-cells,
one from the male purent, and oue from the female.
These two cells in their turn were also derived in a
straight line of descent from the fertilised ovumn from
which each parent sprang. In other words there has
never been any conjugation between one fertilised ovum
and another in spite of the generations of cells which
have been produced brtween them. Put in another
way the body, or somatio cells, contribute absolutely
nothing tc the original material or germ-plasm of which
the germ-cells are composed. 'They do not produce
them in any sense of the werd whatsoever, despite the
popular opinion to the contrary. This is the great
-discovery of modern Embryology. Until this was
known it was assumed that parents did produce the
oells from which their chgdven sprang, and hence—
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it was thought—the resemblance between them. The
fact is quite otherwise. No parent ever produces &
germ-cell, and tho reason why children resemble parents
and ancestors is because the germ-cells which give »ise
to individuals in successive gencrations are produced
from the germi-cclls of the previous generation. The
line of descent or inheritance, therefore, is from germ-
cell to germ-cell, and not from parcnts. Unless the
reader makes himsclf absolutely familiar with the
thought cxpressed in these facts he will never under-
stand.tho science of Kmbryology.

Dr. Archdall Reid expresses this truth in the follow-
ing words. *‘The somatic cells of the parent, there-
fore, as far as we know, contubute no living elements
to the child; they merely viovide temporary shelter
and nutriment. The child, therefure, dues not, as is
popularly supposed, 1vsemble his parent because hia
scveral parts are derived from simlar parts of the
parent—his hcal from his parent’s head, his hands
from hisy parcut’s hands, and so forth; he resembles
him only bLecause the germ-plasm which directed his
development was a split-off portion of the germ-plasm
whicb direrted the development of the parent. The
egg produccs tho fowl, but the fowl as a whole does
not produce the egg—only one cell from the fowl, the
fertiised ovum, produces it.” :

This is a starthng thought, but it is one which a
moment’s carceful consideration will show is the only
conceivablo eaplanation of all the facts of physical
continuity. Once it is grasped a flood of light is thrown
upon the whole science of Embryology. The indivi-,
dual is seen to bo literally a ““ chip of the old block,™
and the '‘old block” means the whole sequence of
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one only, goes on form the egys and sperms of the new in-
dividing to form tho dividual, i.c. they are the germ-oells of the
body-cells, and so next generstian. They eannot develop in.
produces the new dcpendently, but when they unite with the
jndividual, which egg or sperm of another individual, a new
as ft grows lacludes ferulised ovum is formed and the cycle
in fteelf those cells beglus again,

{gormv-cells) previ-
ofusly formed,

Diagram to show the origin of germ-cells and the embryo.
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germ-cells which has preccded his formation. In the
light of this fact it is obvious why like produces like;
indeed, it is obvious that it must do so. Further, we
now understand at once that since one gencration of
germ cells directly produces thoso of the next, there
is no reason in the world why an individual should
not more*ncaily resemble a remote ancestor than his
own immediato patents. Ag a sinple matter of fact
this frequently happens. He does so becavse the
germ-cell from which he sprang 15 composed of proto-
plasmn® handed down in direct continuity by successive
gencrations of germ-cells from time immemorial. In
fact the problem in the light of this evidence is not
80 much—as 1t always seems te, the writer—io under-
stand why cluldren 1esemble parents and ancestors, as
to undcrstand how it is that they do not resemble
them more,

There is no difficulty now in explaining the funda-
mental propo-itrons with which we started, namely,
that cluldren (esemble thewr pauents.  There is no diffi-
culty in the under-tanding wby a child resembles not
only its immediate parents, but even its ancestors,
Therc in c¢ven no difficulty in understanding why a
chiid should 1~emblo its ancestors, oven though it
does not resemble its parents  Given the simple truth
that tho germ-plasm is continuous from one generation
to another, all theso things hecume as clear as daylight,

But wo also start with ano her general propositien,
namely, that cluldren differ from their parents, and
it is this question of the variation in offspring which’
must now claim our attention for a moment. By this
term we mean to convey the fact that although every
child has a real resemblance to its parents or ite
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anoestors, it inevitably and invariably shows differ-
ences even if these be more minute than the resem-
blances. In other words tho offspring of a hyman
being, though obviously and necessarily, from the
continuity of germ-pfasm, it must L* wuuiler human
keing, is never exactly similar to any other. Now
these variations arc many of them present from the
very beginning, thoy tako their origin in the germ-plasm
of the two germ-cells which form tho fertilised ovum,
They are, that is to say, many of them germinal in
origin. These must be carefully distinguished from
such charaoteristics as are afterwards acquired by the
child as the result of its adaptation to the environ-
ment in which it passes its existence.

It would he beyond the scope of the present work
to enter into all the various thegdries which have been
put forward to account for the fact of variation. It
will be sufficient for our purpose here if the reader
remembers that it is a universal tendency in all living
protoplasm to exhimt variations. It is just as universal
as is its continuity of likeness. Moreover, in dealing
with the highcst animals in which the fertilised ovum,
from which the embryo springs, is produced by the
union of germ-cells from male and female, one may
readily understand that tho different lines of descent
of the male and fumale gorm-cells may well be respon-
gible for tho differcnces exhibited in the offspring,
Okviously the fertilised ovum, if it has to give rise
t0 a normal individual, cannot retain all the charac-
feristics which were possibly existent in both the male
germ-cells and the female germ-cells. Some of them
must be suppressed or got rid of, otherwise there would
be too many characters in the resulting offspring.
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And, as a matter of faot, such a reduction does actually
take place in the physical tissue comprising the ferti-
lised- coll, and it is probably at this stage that varia-
tions take their origin.

Thus, for example, it iz quite impossible that two
opposing charaoteristics can both be represented in
the fertilised ovum. One of them must bo suppressed
or thrown out or got rid of in sume way or another.
For example, the union of the male element aad the
female element will give rise to an embryo which may
be evéntually cither a male or a female individual,
but cannot be both. There were yossibilities of ib
being either the oue or the other at the beginning,
but since the two possihilities ars mutually antagonistie,
one or the other must he eiminated. So again, sup-
posing that the colour ot the eyes on the one side were
brown, and on the ather sido blue, the possibilities
are that the fertihscd ovum may give vise to an indivi-
dual having either bluo eyes or brown cyes, but, again,
not both. :

A varistion in offspring then may be regarded as &
difference between that offspring and the parents,
which is duo to some change in the germ-plasm, some
difference, that 's, between the germ-plasm from which
the parent sprang and that from which the next gene-
ration arose. Such differences will, of course, be intro-
duced at the time of fertilisation. It is important to
keep clearly in mind the differenco between a tyue
variation, in the scnse that we have just used the term,
and a modification which is caused by the
effects of influences affecting parents and offspring,
Unless these two things are kept mentally distinos,:
much confusion of thought is apt to arise.

p..-
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The above statement does not necessarily mean that
the germ-plasm carried in the sperms and the ova
respectively, cannot be affected in any way. Indeed
one is forced to the conclusion that such germ-cells
must be influenced b} the nutrient Licids supplied to
them, and by the cxistence of toxic or poisonous sub-
stances in the body of the parent. 1t is Quite con-
ceivable, and indeed inevitable, that the individual
embryo resulting from the fusion of such puisoned
germ-~~> will show modifications, but these, however,
are not to be regarded in any sense as true variftions,
for the simplo rcason that these moditications do not
take their origin in the actual germ-plasm itself, but
are simply the result of abnormal stimuli. Such modi-
fications, no matter in what direction they may be,
are, of course, not transmissiblo tc* the next generation,
for the very obvious reason that the germ-cells which
are to be concerncd with the next generation have been
already produced. The germ-plasm itself passes on
unchanged in so far as its horeditary possibilities are
concerned. We see, therefore, that in order to think
oléarly on this matter we must limit the meaning of
the word variation to such differences or changes in
gorm-plasm which indicates someo rcal change of an
inheritable nature. Tho term should not be used to
apply to & mere passing environment, in which the
germ-plasm happens to be, caused by the presence of
“poisons, or similar factors.

- Given then the fact that variations do constantly
and inevitably occur in offspring owing to new qualities
arising in germ-plasm itself, it is obvious that these
variations are either what are termed ‘‘ spontaneous,”
or else they must be due to the action of the sur-
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roundings on the germ-plasm. By the term * spon-
taneous,” 1n tlus connection, it is not meant that these
variations arise without cause or in a haphazard
manner It 15 ssmply meant to 'mply that the present
statc of our knowledge does not justify us in stating
what docs actually cause the vanation mm germ-plasm,
or the v 1 accordance with which such vanations
occur  That thcy mu t bo a matter of cause and effect
and lnw vary bwologist buicves, but until the law
can bo domonstiited the term * spontaneous ” may
wddl be 1ctuncd to distinguish these vanations from
those which arse by the obvious action of environ-
ment 1o (xample the vamat ny which oceur as the
1csulty of reproduction from 1wo parents do so because
of the mingling of the 1¢ pative gaam e s, and such
varlations come undar the group of “ spontaneous ” ;
whareas changes miwdad on account of the food sup-
plied o1 jctonus substances ;o fluds surrounding
germ ccll arc not spontancous but ¢nyvironmental.

A pomt of greit mterest to the embryologists is
the qucstion whether the diflarences of detal which
exist bctwoen children and then parents are of the
nature of spcntuncous varnitions, taking their origin
in the gam jlasm it«lf «r mero modifications pro-
dui ¢d by the o tion of the «nvironment of the embryo.
Iurther <hould both thew fictors play a part in pro-
ducing the e dificrences, whi h 18 of greater 1importance,
and i what propottion 7 fhis question 18 elabordted
in great detail by Dr Archdall Rad, in s work, The
Laws of Heredity, which ought to be read by every
intelbgent citizen and parent who 15 mterested in the
weltare of the young In the mam mn this subject
we follow the 1dcas so ably put forward by him, He
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pointa out that the offspring of the same parents always
differ not only from the parents, but among them-
selves, even if they ho twine, and amongst the lewer
animals every member of a litter of dogs, + = pigs, or
kittens, shows differtnees in size, wolour, activities,
temperament, and characteristics, Are thosc diffor-
ences due to the action of environment on the embryo
or do they take their origin in the germ-cells from
which the individuals came ? Inasmuch ws a litter
of prrpics is subjected to precisely the samo environ-
ment during the whole timo of development,” it is
perfectly obvious that such differences as they eahibit
at the time of birth must have becn germinal, an
Identical environment conld not by any stretch of the
imagination be held rosponsible for producing varia-
tions. Thoy, therefore, must be* of the spontaneous
variety. Of course it may be argned that even during
development the cnvironment of each embryo within
the mother is not identical, but it will be & gross abuso
of such argument to therefore conclude that such
minute differences of surrcundings could account for
one puppy being big and black, and another one small
and brown in the same ltter: or that one should
resemble one parent, another tho other, and a third
& remote ancestor. It i«, therefore, clear that some
al least of tho variations in oflspring are germinal or
spontaneous in utigin, and not m any way due to the
environment of the embryo.

The question remains whether all varialions are due
to this cause or whether somo may ho traced to environ-
menfal factors. One of the best lines of argument
and investigation on this point is that of the bacteri-
ologiat, because microbes with which he is concerned
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may be regarded as equivalent in this matter to germ-
cells, all microbes being unicellular. The problems of
the® germ-cell, and its heredity, therefore, are wvery
similar in both cases. Tried by this test we may agk
whether the changes produced in these unicellular
organisms by the action of their environment are, br
are not, mherited as varations. No one doubts for
a singlo moment that a microbe as well as a germ-
cell may be changed, or injured, or iruproved, acoording
to 1ts own <pecial environment. What is in dispute
is whether that change romams fixed in the succeeding
generations to which these umeellular cells give rise,
It is precicely hero that tho bacteriologist can offer
evidence of a most mportant character. He will tell
us that it is qute easy to change many of the charao-
teristics of a microbe by altering its environment,
which is undoubtedly true, but the further statoment
that thoy chango bocau ¢ their germ-plasm is affected
directly by the environment is not necessarily true.
These organi~as and germ-cells aro composed of proto-
plasm whose ultimate constitution permits of their
varying spontaneously. The<e vanations are obviously
to enable them to adapt themselves to the tissues of
the animal in which they are living, and these varia-
tions also, or modifications as they really are, are
usually lost when that environment is no lo
existent. In other words they proceed no further
than to allow the microbo t« exist in a new environ-
ment. This seems to point undoubtedly to the faet
that they are causod by selection of true variationa.
In other words what is ultimately produced is & ogn-
dition of tho germ-cell in which it becomes very bfgh]y
resistant to any influence immediately exerted upon it
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by the euvironment, and so continucs to live in suc-
cessive generations without any further modification.
The conclusion, therefore, is, in Dr. Reil’s werds,
““that tho germ plasm is both spontancously variable
and highly rosistant 6 the direet actic  § e <uviron-
mient. In other words we must bhehave that in any
species that ix not undercoing extmetion sfontancous
variations greatly preponderate over thaowe which are
caused by the direet action of the cmyviroument.”

This anality of smale cells, that 15 to say of the
germ-plasm of all ~pecies which contmue to eist, in
virtue of which it resi-ts very ~trongly any eftorts to
chango it, is a verv amportant matter to gra p With-
out it it iv quite obvious that no  pecwes could maintain
ity characteristic featwes for any longth of tune. Were
it not for this resistant power ‘germ plasemi would be
easily destroyed or continually and 1cadily changed.
The descendants from such continually changing germn-
plasm would thcuwselves huo of <uch infuute vanety
that there would he no such thing a« a defnute speeies,
8o that there is no doub! whatever that germ plasm
has boecowe, probaldy by tho action of natural scleetion,
extremely resistant to all intluences of an environ-
mental character.

That doues not mean, of course, that germ-plasm

“ecannot be damaged, or weahkened, or changed in its
tondencier. It does mean that when it is so changed
it is principally as the result of injury, which may be
indeed so severc as to destroy the gerin plasm itself,
It would seem as if the mhberited tendeneies of germ-
‘cells were so intimately bound up in the eonstitution
of those cells as to be almost a matter of Lie and death

vqf the cells. 1f they be so interfcrod with as to be
. o
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destroyed it is hardly possible for the cell itself to con-
tinue to exist. One of the most interesting examples of
thiseresistanco of germ-cells to their environment is in
connection with some human diseases which have existed
from time immemorial, discases the descriptions of which
are to be found given quite accurately in the mosb
ancient dotuments, but in spite of the fact that human
germ-cclls havo been subject to the hostile surroundings
which such humen diseases involve they themselves
have not changed to any great extent. That is to say
they suill produce a type of embryo and effspring prac-
tically identical with that that always way produced.
The same truth applies to the cells which make up
the body of the cmbryo and the individual, as well
as to tho germ-cells. The hody cells, those which
make up hone, and rauscl, and gland, and so forth,
are constantly exposed to all sorts of mnfluences +hich
must tend to damage them <o far as it is possible for
the cells to be dumaged wnd still live. These body-
cells are sometimes starved, sometimes poisoned with
alcohol and .imgg, frozen by exiremes of temperature,
over-worked by too much physical strain, and so on,
and if it were poseible for such external influences to
change the type of cells of their off<pring we should
expcct to sco it here. But it does not occur. The
internal hereditary tendencdies of these cells are so
strong, and so intimately hound up with the life of
the cells themselves, that whcn they divide and pro-
duce others these others are precisely similar to the
parent oells, in spite of all the unfavourable environ-
ment in which they have been. Slight variations do,
of course, occur, but these are chiefly of a germinal
or spontaneous nature, and not due to the environment,
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This thought gives us some vague and imporfeot
idea of how immensely complex the constitution of
germ-plasm must be. This germ-plasm is very oftgn
subjected to all sorts of unfavourable conditions, especi-
ally those of alcohol &«fld toains, and s+l .uditions
have been acting upon it more or less for an immense
number of gencrations, and vet the resistance % modi-
fication at the hands of these internal factors is so
groat that all the processes which follow unon the
fertilisation of the ovum, all the thousand complica-
tions which thercafter ensue in the building up ofethe
young embryo are hardly ever interfered with, When
they are markedly mterfered with such interference
generally involves the death of the « mhryo.

The oconclusion arrived at on this subject by Dr.
Archdall Reid, after a very careful and oxtensive
inquiry into all the evidence irom many points of view,
is stated by him as follows: * Though variations may
result from the dircet action of the environment, such
variations are, in cflect, always injurics, and aro of
rare ocourrence in individuals who survive and have
offspring. Adaptaticn (i.e. evolution) depends almost
exclusively on spontancous variations. These do not
imply damage to the germ-plasm, but are products of
its vital activity. Occurring in vast abundance all
round the specific and parental means, they supply
the sole maierial for Natural Selection.

“We conceive the germ-plasm, then, ay living and
aotive, closcly adjusted to its environment, growing,
dividing, varying, capable of being destroyed and injured,
but resisting death and injury, and within limits capable
of repairing damage and returning to its original state~
as behaving exactly as a living individual does,”



(HAPTER IV
THE MARING OF A MAN

Havineg m thes buef prelimnary consideration of the
fund unental tacts upon which the :cience of Embry-
ology % based cleared the gound as lar as possible,
we may unow summaise, in a tew sunple statements,
the powmt at which we have arrived in order that we
may procecd at once to the more detaled study of
the actual developnient of the embryo atself,

We are mn ~carch of a4 dcar a statement as possible
of the oviein of the many and vaned characteristics
which go to tho formaion of a human embryo, and
hence to the wakimg ot an idividual, The variation
in these many characteristics accounts for the differ-
ences in mdnviduabitics,. No two individuals are ex-
actly smilw whatever be the standard by which we
estimate them. This is tiue morally, ethically, and
physically. In ¢ach of these <pheres there are to be
found good, bad, and m bfferent individuals, but
wluchever they are it 15 it obvious that the result
has been brought about by the influence of all the factors
of heredity and amvnonment acting upon the capacities
which were origmally implanted in the germ-plasi,
An individual is the resultant of the play upon dye
man’s-worth of human material of all forces which havé

acted, or ate acting, upon that kind and amount of
36 -
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material. Even though two children of the same
pareaits be brought up under what are to all appear-
ances identical circumstancey, they ditter from the very
beginning from cach other and their parcnts.  This
is true even of vhy-ical characterstics, ana <vea more
markedly in mental fcatures  The factl is—and 1t is
one which is not sutheiently recognised  thae the for-
mation of an indrvidual tow an embrio, the making
of & man, is a biological problem fundawmentally,

~ The Juiluwing arce the prncipal facts which we have
at this stage to bear 1 mind., °
All living crcatiwes are made of cells, the physical
basis of which is protoplasm., The smplest creatures
consist of onc such mass of protoplasm ;  higher
ofganisms con -t of nwre than oye, and often of mil-
lions, in which case they adhcre todother,  Cells mnltiply
by dividing into two, the protoplasm of the mother-
cell giving rico to that of the daughter cells. A human
embryo, therefore, which is gomg to give rivo to an
adult inrlividiml is a community consi~ting of an enor-
mous nuwnber of cells, tho whole of which bave de-
scended from one common ancestor, a ~single ¢cll known
"8 a fertilisedd ovum. True, these descendants break
up into many types of cells in order that different
functions may be performed by special tissues, but
none of thcse special cells can do everything that is
necessary for the life of the whole individual ; they
can only play their own <pccial small part. They can
do nothing towardy continuing the specics of the in-
dividual. This duty, fike others, is imposed upon
$ne particular group and kind of cells, nanwely, the
: geim-gells, which do nothing clse in the animal cconomy
but furnish the means for the continwty of the race.

-
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Although they lie within the tissues of the embryo,
and afterwards of the adult, they take no part in the
life of that embryo or adult. They undergo ocertain
changes in themselves which are to fit them for their
ultimate destiny and function, but they contribute
nothing to tho output of energy on the part of the in-
dividual: When theso are derived from a female they
are termed ‘‘ ova * ; when from a male they are termed
“ gperms.” They themselves are neither male nor
female, they are merely protected and nourished by
the gencral mass of cells which constitutes the male
and femalc individual.

When a male germ-cell or sperm unites with a
female germ-cell or ovum, within the female body,
fertilisation of the ovum takes place, and this gives
rise to the fertihsed germ-cell from which is to arise
first the germ-cells or direct descendants of itself, and
secondly the embryo m which these germ-cells will
come to he. Ths happens by the repcated and con-
tinued division of the fertihsed germ cell, a division
which consufutes growth, and which under suitable
conditions of nourishment and protection and exercise
will ultimately produce a human being, The
mass of the rells of this individual, the body or
somatic cells, take no part whatsoever in giving
riso to the gerii-cells of thv next generation. These
are produced frum the pre-existing germ-cells, and
from no other source, and it 13y for this reason
alone that the phenomena of heredity are possible
and that one generation is directly continuous with
its predecessors. In fact heredity may be definetl
a8 the relationship which exists between successive
generations,
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We therefore see that the embryo, or the individual,
is formed from one, and one only, of the first products
of the division of the fertilised germ-cell, the rest of
these products forming the other body tissues. Yhis
idea of the continuity,of the germ plasm is the greatest
cpntribution of modein embryological vescarch. 1t is
quite fundamental, and no clear understanding of what
is involved in tho making of & man iy possible without
it, It teaches us that the line of ancestry and heredity
is from one gencration of germ-cells to anothe,, directly,
and sover thiough the individual from the embryo,
which, indecd, is a mere side product in the continued
chain of cvents. The individual is practically the
trusteo of tho germ-cclls, but not their maker. No
embryo, and no individual, ever made germ cells;
the latter existed first. Tho object of the embryo
is obviously to proteet and nouri-h the germ-cells
which have been placed within it, so that they may
be available in duo time for the production of further
germ-cells, and so for the continmty of the race. Hence
it. is the all-pervading truth of natural sclection that
the interest and survival ot the individual is almost
of no account; that of the species or the race being
the paramount consideration.

Once thesc facts be grasped there is no longer any
difficulty in understanding why the process of repro-
duotion in any given species always results in the for-
mation of embiyus which resemble each other in all
the main characters of their species. It could not be
otherwise, because they come from portions of identi-
tally similar material, & common germ-plasm, In
othier words, the individual inherits nothing from its
-parents. He merely rcceives in his turn the material
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inhenitance in the germ-plasm which was there &
gencration before him., ¢

In so far as thae has heen no germinal vaziation
he Ynd they will be smlar  Hence the common
observation thit il ¢ chuld tesemblcs the parent  Troe,
50 he docs  hut not because he gets his characters
from thcm but amply haeauw he and they obtain
therr characten tic fiom a common soutce  To nany
this thought will b pahaps o mew onc It is one
of the most mtaprcting 1dow which saawe has given
us, and 1n 1ts abscnee no 1al grasp of the onugm of the
physical mental and othar chuactrs of there be any,
of the cmbivo can he undastood  The present writer
has elscw hete summmiscd th 1y thonght as follows i—

“Man 15 composcd partly of charctersties, which
aro derived from pre oxastiyyy gaum cclls and over the
possession of which he hiw no contiol whatsoever, .
Be thcy good bad o1 adillaent thew characteristios
arc bis from s anecstry mm virtue of s mheritance.
The possessien of these chatactanstics 18 to hm a
maticr f natha blame nor pramse but of necessity.
Thcy aro me v1t 1blc

The cribivo then which 15 to form the individual
starts its cerecr with a cutain number of mnate ger-
nunal charactenr tice which manifest themselves in
forn of tendue s to grow m thus direction or that,
Durning the paniod of gestationr a good many of these
tendencics are well developad while a good many mate”
only manttcst thar esact natiic in later hfe. But it
is upon the baws of these fundenacs—and upon né
oths1—thit the makimg of the mdividual is possibh
They rcprescnt the total 1ssets available for the fdl:«
mation of chaiacter Nothing of any new kind M"
be added to them,



_THE MAKING OF A MAN'. 4l

All that can be done under the best concelvdble
ciroumstances is so to arrange the environment and
surroundings of the emhryo, and the subsequent indi-
vidual, so that these tendencies are acted upon i sich
a8 way that the best arg developed and the worst climi-
nated. It mu<t be remembered that 4 is under the
constant action of everything that constitutcs the en-
vironment of an embrvo that the mas~ of fmdy cells
-graduaally grows into a 1¢coguisable hman personality.

The questior then arses, What are the  factors
externa: w the embryo which cause these gumma.l
tendencics to become active and  fully duclupcrl?
These factors urc those of («) noarr-hment; (b) u
or exercise ; and (¢) mjury. In the caw of 1lw human
embryo by lar the most impotiant ot these three
factors is the first. A proper supply of noursshment
and food, that is to «ay maternal hutntion ot adequate
qusntity, is sufficient up to the time of buth to cause
the inborn tendencies 1in all the body-cells gradually
to assume the special chatacteristiece of muscle bone,
gland, nerve, and so forth, which make the human
embryo. After the perind of embryonic hfe is over,
the ‘stimulus of nudwaition is stifl sufhaent for some of
Ahese body-cells. Thus we find that the hair, the
teeth, the inteinal ears, and the organs of reprodue-
tion, all grow to their full development in tho absence
of apy other factor or stimulus than that of nutrition.
But, a8 we also know. this wunple stimulus is not
suﬁimeht for most of the other body tissues to develop
p:operly They require the additional stimulus of
egdreise which, indeed, may bo said to begin even
id: tb,e life of the embryo. .After that it is quite hope-

~to expect a healthy embryo tu develop into a

g qlnld unless to the stimulus of nutnition thero is
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added that of exercise. It is from the varying quan-
tities and quahtxes of the three {actors of nourishment,
“exercise, and injury, that part of the explanation is
found for the variation in individuals of the same
family. Starting with a good many of the same
inborn tendencies nonc of them afterwards receive
quite the same kind and amount of these stimuli,
under the action of which they develop. And so we
reach the sccond point, namely, that, in addition to
innate characters certain others are subsequently
acquired by the embryo of the individual in response
to particular stimuli acting from without.

Here we are upon ground which is more or less in
our own choice or control. 1t is impossible to alter
germ-plasm ; but it is not iinpossible to control the
environment in which it exists. To thewo two groups
of characters, the germinal and those acquired under
stimulus, there is te be added the third group which
we have mentioned on a previvus page, namely, those
that are usually termed variations. Kor example, one
occasionally rinds that one individual in a family, the
parents of which, and the other members of whioh,
are quite normal, may be born with six fingers instead"
of five. Similarly one of a family may have a varia-
tion in the dircotion of an extraordinary capacity for
the acquisition of knowledge of certain types. Hence
the genius in musio, mathematics, memory, morality,
and so forth. As we have :cen, these variations are
termed spontaneous, to express the fact that we are«
at present ignorant of the laws in accordance Wit ’
which they arise, though, of course, it is unders
that those laws must exist.

We have now surveyed the whole field of the pomblo
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origin of the characters of an embryo, and these may
be summed up in the following tabular statoment.

 A. Inborn Characters—

. (@) Inhor tnd /g~ \ ing un-
der the stimulus of
] triment).
An Embryo is nu
made up of 4 () Vanations,.

B. Acquired Characters, obtained
(@) By nutntien,
(0) By use.
(¢) By injury

\

The differences in individuals with which we are also
familiar, are due to the varying proportions of the
characters in the above table, cand  tho characters
themselves are those which constitute all the possi-
bilities for any given porson. .

Should the reader doubt this, or be sceptical as to
whether the wholo of the making of a man 13 contained
in the above simple scheme, 1t would not be difficult
for him to convince himself that the statement is a
true one. Let him put down this book and take a
sheet of paper and a pencil. Rule tho sheet of paper
into three columns, and at the top of each column
place & heading as follows: Inhented; Acquired;
and Variations. Thus :—

Inherited. Aoquired. Variations.
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Let him then proceed to think of as many definite -
characteristics of his own as he possibly can, and then
enlor these characteristics mm the column which he
deems appropriate. It will be found that with the
great wyorty of charactcrstics no difheulty will be
presentad  and 1t will be quitc 1mpossible to think
of anything which 15 a physeal part of himself, whieh
cannot be placed m one or otha of thewe three cate-
gories. lven though there may he a httle difficulty
as to which column should claim the entry, it will be
found that this 1« duc 1ather to mdcoson on the part
of the readcr than to anytlung clse. 1t 15 not because
he can imazune any other ongin for the trait which
15 for the moment pussling, but <umply hecause he

may be uncaitam as to wh thar it s an mborn char-
acter, or one duo to the subs qucnt action of circum-
stances. Thus he vut hwe no difheulty in placing
in the first colunn such charactensties as the
ston of one no ¢, two cyes, the colour of his eyes,
perhaps the hape of his nose, and so forth, these all
bemg, ger unal mhented characters  Kqually simple
is 1t to ~e tht m the <econd column must be plaoed'
such parts of iy mdividuants as <peech, writing, the
81z of his mu~cles at the moment and <o forth, Thege.
obviously have tesulted {ror: tho actin of circumn~
stances on mboin capacitics No embryo can ﬂpeak
or write, though it has within it the imhented capacity
to enable 1t to leain such things. Finally he may
find 1t difhenit to think ot any thing to place undey
the heading of “ Vauations”; but, on the nthp!f
hand, should he happen to be a gemus in musig* of.,
mathematics, or the possessor of six toes or &
mole on his arm, these will indicate to him ab of }
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that they ate of the nature of “ Variations.” (It lhust'
be re:hembered however, that they may be trans-

'nnt»ted to succossive generations, in which case they
become germinal characters,)

In a similar way if, the reader desives to folow out
‘thls,analysw of the (,lmrm' ters which make an embryo,
and’ which, therefore, afterwards comprise the possi-
bilities of an individual from the point of view of the
stunuh under which they are developed, he may easily
do .80. Anothcr sheet of paper simil: nly divided into
{hree volumns with the headings * Nutrition, Use, and
Injury,” will cnable him to see how his individual
characteristics have atfained their present develop-
‘ment as the result of one or other of these stimuli
-acting upon the germinal or inherited tendencies,
Without going into detail in this matter one may
simply note that under the heading of * Injury ” will
come all those parts of himself of which he has become
pQSsessed as the result of discase or accident, whether
thls be physical, mental. or moral,

» ‘Now we have completed what was necessary to
‘arrive at our conclusion of what it is that goes to the
makmg of an embryo, and thercfore of a human being
-*-& personahtv The conclusion is that every charac-
termtm which it is possible for an individual under
Qny circumstances whatsoever to possess iy traceable

ately to the action which takes place hetween
’,bxg mhente(l tendencics and his natural environment,
Tﬁlﬂ environment, whether it be physical, mental,
mgml, ethical, spiritual, or whatever other can be
W' can only produce the whole individual by
“Jnpans of acting upon what is alrcady present: To
Wm&ten&l nothing can bo added except in the environ-
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ment; from that material nothing can be taken away ;
the most that can be done in this direction is to hinder
its growth by suitable procodures Hence the truth
of the phraso that education is nothmg more than
the giving or withholding of opmortunity.” Hence it
is 80 entirely truo that it is impossible to make & silk
purse oul of & sow’s ecar, or to gather grapes from
thorns, The importance of thoroughly realising these
gimple facts of embryology should at this stage be
obvious. They constitute possibly the most important
lessop which is demanding attention at the hands of
modern teachers, parents, and sociologists.

One further word bhefore wo leave this part of our
subject. 1t ix obvious that of our total charaoteristics
some are acquired and some are inherited, and the
question then ariscs, How much is inherited in an
embryo or individual, aud therefore unavoidable, and
how much acquired ®° It would bho beyond the scope
of our subjort in this place to onter into detail in this
matter, but it v.ould not be right to pass the question
by without puinting out that a careful analysis of
individua) characteristics will show that under the
heading of ** Inherited "’ will be found principally the
physical traits When the reader comes to estimate
his mental and moral characteristics, a very fow
moments’ careful thought will prove most conclusively
to him that these must be entered up under the heading
of * Acquired.” If it were not so progress in those
direotions would be practicall y hopeless. But plain as
is this truth, it is ono which is far from being rea.hsed
by many well-educated people.



CHAPTER V
FERTILISATION AND EARLY DEVELOPMENT

WE may now tarn our attention to tho censideration
of some of the phenomena connected with tho ocarly
processes in the development of tho embryo. We may
assume that tho cggs and «perms have rcached such a
stage in their lifo hiqtory that thry are now mature.
All that is necessary in order that the development
of an embryo should result is that union of the two
elements should take place. Many complicated changes
have occurred in the constitution®of thesc eggs and
sperms before this stage is reached, but into these we
need not enter. It will sufficc for our purpose to
assume that they are now mature. Then as the result
of a mnatural instinet which suggests certain thoughts
and emotions to the male and female animals, which
in turn are followed by certain definito acts, the sperm-
cell from the malo and the egg or ovum-cell from the
female are brought into contact. This contact takes
place in such circumstances that the unitcd clements
are able to he protected and nourished and so, fertili-
sation having thus occurred, development begins,

The characters of these two wondorful cells, which
by their union ultimately cause the production of an
embryo, are briefly as follows. The element from the

mub the sperm that is, 1% an extremely minute cell
$
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which is only about 4}y of an inch in length. As
seen under a high powcar of the microscope it is com-
pwed of two portions which are spoken of as & bgad
and the tail The former 19 a flat oval part, and
bchind thiy 15 the rounded body cnding m the long
tail which 15 some fom fifths of the total length, 1
long taptim., tul g1ves to the spaam its powel of move-
ment for 1t 1s cupposed that as the 10 ult of the 10tating
or lashing mot cments of this tal the <l 1 propelled
1udced 1ts 1de of mot on hw been wtually studied,
and estimatcd to be at about onc aghth of an inch per
minvtc,

The ¢l contusbutcd by the f male, the ovum that
s ha qutc a diftaant  tracture and microsoopical
appcatance  Compacd with most «oclls 16 is rather
largc  almost djouna n. shaipe hvwing a diameter of
about !, of an ek, T p to the time we are now cons
sadaamz s ' alor ¢ with a 1cat many others like
1it, has boon <t aned withia the fomale ovary, from which
organ an yum pertodicdly oscypes Unlesy fertilisa-
tion tal ~ jlwe by umon w th v spam the discharged
ovumr pett hes Should  however  the sperm-cell be
availible  and should 1t huwe baen able to reach #
situation at which fortibsation can take place within,
the cham «f ovents whi h constitute development
begims  But ldfore fatihsation can take place the
ovum hiw undagone what 1< callld the process of
maturation m which 1t divides twice, giving off two
small portions of itslf 1 the process. The result of
this 15 that half the number of chiomosomes in 4£he
ovum are lost  This proccss of maturation has a.lren%vi.

body of

taken place m the sperm before 1t leaves the
the male,
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When these two cells meet, the actual fusion of their
mabprial takes place, the head of the sperm penetrating
into the substance of the ovurn, and the body of the
sperm completely fusmg with the nucleus of the ovum,
This gives rse to whit 14 called the s gmentation
nutleus.” It will be observed that we now, have a
cell in which the full numbecr of chromosomes for that
particular species 13 represcnted once more  But
this full number has now been made up trum two
different s~urces half from the clemente contribyted
from the male and half from thoso of the female It
is at this stage that the inhentcd tendencies, carried
in the germ-plasm on the two wdrs of tho ancestry,
become mingled, and fiom thencefornard the division
of the fertilised ccll into many c‘.-ll descendants goes
on with extreme rapidity

Two different lnes of germ plaspn have thus been
intinately mingled and the actual wignificance of this
mingling has given rice to one of the mo<t acutely
debated pomnts in all the problems of heredity Put
into quite plamn language thit problem 1s— What 19
the function of secx ? It 15 no part of our task here to
answer that problom but 1t 15 of mterest to pont out
provisely at what stago 1t occurs m cmbiyology The
obvious answer, however, may be advanced that the
funation of sex 1s to mix the characters of the parents
in suoh & way that <ome frum each source will he found
ip the offspring But how these arc mixcd whether
a8 painters mix two colours and produce a third, or
as packs of cards aic mixed having different

backs, is quite another matter
fertilised ovum now commences to form a number

0! ve generations of cells, and this 1t does by
o i ;
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dividing into two, four, eight, sixteen, thirty~two,
and so forth, until a number of cells have been
duced which arrange themselves into the form:of a
ball. The surface of this ball re-
sembles tha. of a mulberry, each
clevation corresponding to & eell,
This mass is tcimed by embryologists
“ the morula.” (Seo ¥ig. 1.)

Next, within this morula some of
the cells become condensed into one
particular portion, leaving a
which contains fluid. 'The ball is now no longer solid,
but has a portion conausting of cells, and a portion
consisting of flwd. It is nwow called a ‘ blastooyst.”
(Seo Fig. 2.)

Tho cross-sectioss of this shows the cells project-
ing mnto a cavity. Thus is tho
firot attempt of tho fertibised
ovum to form itself into tho
different layers, which aro
ultimately gommg to give o
to all the different tissues of
the embryo. But it is m-
teresting to know at this stage
that the outer layer of cells,
those representing a margy in
the figure, has nothing to do
with the forming of the em-
bryo at all, but gives rise o a structure whose funotion
afterwards is to be that of nourishing the growing
embryo. 'y

The next obvious change is that the cells at the loter
portion of the mass which projects into the cavity

' F1c. 1.
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appear to get flattened out—at any rate thoy obviously
arrange themselves in a definito and scpardte layer;
and this layer in its turn proceeds to ga on growing®by
division of its cells in such a way as to form another
liftle olosed cavity wifhin the larger one. This cavity
is termed the ‘‘ yolk sac.” (See Fig. 3.) Then another
little cavity occurs, this time withm the original pro-
jecting cell-mass. This cawvity is taimed by embry-
ologists the ‘‘ammniotic cavity,” and the «!ls which

AMNIOTIC SPACE

EMBRYONIC AREA

F1a.8.

line it, and which in their turn become arranged as a
separate layer, form what is termed the ‘° embryonio
ectoderm.” (See Iig. 3.)

It is in this region, and in that of the yolk sac which
lies just underneath it, that the future growth of the
embryo itself occurs, and the portion 1s therefore
termed the ** embryonic area.” (Sce Fig. 3.)

Up to this point we have seen that two layers of
oells have appeared, one round the yolk sac, called the
“ sntoderm,” and the other lining the ammion, called
the *ectoderm.” After theso two goerminal layers
have made their appearance, a third layer comes into
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existence, which, because it begins growing from the
embryonic area, and lics between the two
mentioned, has reccived the name of the * mesoderm.”
This third germunal layer dnndes into two portions
beforo very long, and tho space between these two is
that in which the body cavity itself subsequentfy
arises. One part of the mesoderm, situated near one
end of the embryonic area, is specially important,
because in it are formed the blood-vessels which sapply
the embryo, and which ultimately afterwards becomés

the “ umbilical cord,” which forms the conneetion
between embryo and nother.



CHAPTER VI

¥FARLY DLVRLOPMENT

Taw early development of the embryo now proleeds
rapidly, and its appcarance at the stage wo have just
been descnbing 15 thus statcd by Dr R W Johnstone —
~ “If the ovum at this stage be lrohed at from above,
the embryonic arca appears as a small shaded owval.
The shading 1s duo to an ncreased growth of cells,
because here the thrce germinal laycrs—embLiyome
ectoderm, mesodermm, and cntodetin—are 1n contact.
At one end a patch of darker shading indicates a stall
greafer growth of cclls. Runmng forward from this
is & band—the primitive streak—in tho ccntre of which
Hes a darker Line—the primitive groove At the far
(auterior) end of the primitive groove there 1s a dark
Hensen’s node—from which still another streak
_runs forward, the hcad process. Latcr, mn front of
the primiive streak, a thickened band of ectoderm
:ﬁuﬂ, broadening out posteriorly. The edges of
band rise up o form two folds which meet an-
teriorly. The groove between them is the medullary
groove, and ultimately they fold over and wmute to form
the newral canal. (See ¥ig. 4)
* Along the line of the primitive streak all three
germingl layers are n contact. Superfictal to it is

'Y @
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the' amnion, and below it is the yolk sac. Theé embry-
onic area is the only part of the ovum which has to do
with the subsequent development of the embryo;
the other parts of the blastodermic vesicle become
subservient as nutritive or supporting structures.

“ At this stage, and for the first three weeks of ifs
existonce the embryo 1s a ‘flat diso floating on the
surface of the yolk sac.” (M Murnich.)”

This 15 folloned by a folding of the embryo, due to
the enlarging of the ammotic cavity, the resulé
to form what may be termed a ‘ head-fold ” end a

’/,NEURAL GROOV¢

SPINAL CORD
R~ 800Y caviTY

\_‘ HYPOBLAST

NUTOTHC RD

Fiq 4,

HEART

‘“tail fold’ A further fold, however, occurs at the
sides which bend 1n, so that the whole embryonic mass
at this stage comes to foom an mncomplete tube, the
incomplete portion bang the lower aspect of that
tube. This remains open. In due time this lower,
or ventral portion, becomes completely closed, exoept
just at one pomt. This poiat 19 where the communi-
cation exists between the meide of the tube, which is
the embryo, and the yolk sac. A part of the yolk sac
is thus included 1n the emhryo itself, and this has an
important bearing upon future development, because
in the course of time this part comes to be the alimentary
tract of the growing embryo. The canal which joing
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the yollt sac to the internal gut of the embryo (the
vitelline duct) ultimately forms, together with part
of the yolk sac, the umbilical cord. This cord, which
at the time of birth is artificially severed in order fo
free the fully developed embryo, is at this stage con-
nested to the hinder part of the body or tne embryo.
As the latter grows, howover, it elongates stjll more
behind, in what wo should regard as the tail region in
animals which had a well-matked tail. As a matter
of faot, at a little later stage than this there i quite a
eonspiciuua tail in the human embryo, which, howeyer,
comes to be embedded 1 the tissues later on, and so
never forms any cxternal appendage.

So that at this stage we have the embryo represent-
ing & mass of cells which have gradually arranged
themselves, and been arranged, in the form of a tube
more or less bent, and attached ncar its lunder end
to the tissues which are aftcrwards to irepresent the
umbilical cord.

We have neglected i{o describe the organs and
structures which are doveloped after fertilisation as a
further means of protectmg the develuping embryo. We
have done this of set purpose, because these structures
—known as tho * trophoblast ”—require a consider-
able amount of techmical knowledge to understand.
Any detailed description of them, therefore, would be
out of place here. All that is necessary for us to say
is that they are intended (o serve as a means of nutri-
tion for the developing embryo, and take no part in
the, actual formation of its cells and organs. Onme
portion of it, however, has another function which may
be mentioned. It secretes, it is supposed, a kind of
-ferment. which has the power of dissolving or digesting
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other oells, and this is of great importance at one Stage:s
of development—namely, when the fertilised ovum
comes to reach the womb, or uterus, in which it is to
pass the rest of its doveloping stage It is baliaved
that some of the cells 1n tho wall of the uterus are dis-
solved and digested immediately round the ovum
itself, which thus coraes to Lie 1n a cavity in the uterine
wall This proccss bang cared <till further allows the
ovum to sink deepur and deoper mto tho hmng rem-
branc of the utorus Ultimatcly tho pomnt of entrance,
where the ceils were digested 19 closed up by the for-
mation of a clot of Llood pouied out at that spot, and
which thus (ntuely covers m the ovum  The latter
now comes to Lc absolutcly emledded in the wall of
the utcrus mn a cavity which 1t bas itself formed. It
does not, however oecupy tho whole of the cavity, but
18 surrounded by blocd which 18 escaping from, the
minute blood vess] ot the wall in which the cavity
has been made Lhis blood 15 of course, the maternal
blood  TLus wc have tl e ovum completely embedded,
lying fiee n a tiny ¢ty m the mucous membrate
lmng the uterus a cavity full of blood, m which the
ovum ues bithed, and from wluch 1t presumably
absorbs nounshment by osmosis through its tropho-
last”’ (R W Johnstone)
The uteninc wall after thiv embedding of the ovam
withmn 1t, undeigocs a rematkuble growth at this
tion, concaamng which a wird must be sad, Under?
normal conditions this wall 13 smooth, or nearly sq,
but probably there are upon 1t some slight n'mgulqnﬁal
or projections which aie sufhcient to catch the ovim
when 1t enters the uterne cavity Apparently it niay
be arrceted in this way at any part of the wall, mg’:ﬁ’
" “ ATy



“EARLY DEVELOPMENT /8

L"l

thatspot i& hecomes embedded in the manner we have de-
soribed above. The lining membrane of the uterus under
oxdinary conditions measures about one-eighth of an jpnch
in thickness, but, after the onum has becomo embedded
in it, it begins to mcyease until 1t reachey a- much as
half an inch. Undeincath this hnmg membrane lies
the muscular part of the utermne wail, 'Fhe ovum
. itself is embedded about the nuddle depth f the hning
moembrane, but as it contimues to grow, and increases
in size and dimenwons 1t projects mote and more into
the uwermne cavity, that beng the direction of eleast
resistance, Before very long the embiyo as 1t now is,
hag reached such a <iz¢ in its growth that 1t entirely
fills the cavity of the uterus This <tage 18 reached
after the thurd month of gestation
Arxother stiucture, concernmg which just a word
must be said, is that known ay the ** placenta,” or more
commonly as the “ after-buth.”* We need only say
that this is first developcd by means of a number of
little outgrowths by means of which the catly embryo
is attached to tho wall of the cavity i which it lies,
These outgrowths giow into the utenne tissue around
the ovum, and they allow of blood arculating between
themn. They have, as a matter of fact, two distinet
funotions to perform— fitst, that of fiung the ovum in
podition, and, secondly, they allow of the maternal
blood circulating in the .paces between them, and it
is from this blood that the embryo dcnves its nourish-
ment. The blood-vessels ultimately connect with those
the umbilicus, and thence rcach the embr yo. This
otgan, the placenta, at the time the embryo is fully
at birth, is a 1ound striucture about nine
fhohh across, and not quite an inch thick n 1ty middle,
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becoming thinner towards the edges. The surface of
it next to the infant is smooth and shiny, beneath which
it is rough, that next to the maternal structures being
dark-coloured, somewhat like flesh. When the child
{s born, the severing of the umlilical cord allows the
placenta to remain behind in the uterine cavity, whened
it is ustally expelled shortly afterwards. Should,
however, this not be done, and the embryo and the
placenta be born together, the child is said to be “ born
with a caul,” an event which bay given rise t0 many
superstitions.

The foregoing description of the principal events in
the development of 1the embryo will be sufficient for
our purpose here, Jurther details on the subject would
necessitate a considerable knowiedge of physiology and
anatomy, and those seader, who desire to study the
details of the subject further may do so in any of the

various works referred to mn the bibliography appended
to this book.



CIAPTER VII
THE BEGINNINGS OF THINGS

Wi may next turn our attention to the developing
embryo at a very carly stage, and note fru.a which

ot 1ts growing colls the different structures are
ultimately developed, remembering all the whilo that
all the subsequent division into specialised tissues is
the result of the inhorent possibilities in one single
fertilised germ-cell.

It will be remembered that, as«the rosult of the sub-
division of the fertilised germ-cell, we had the forma-
tion of three distinct layers of cells. These layers we
saw were tormed the germinal layers, and were named
respectively the ‘‘ ectoderm,” the “ entoderm,” and the
“ mesoderm ’—the last appoaring between the two
former. It is from these threo germinal layers that
all the subsequent structures of the budy take their
origin, and although we cannot attempt to follow out
in detail the growth of all these special tissues, it will,
nevertheless, be of intcrest to noto, in the briefest
possible way, from which portion of tho embryo they
subsequently arise. Some of these we may afterwards
‘note in detail. The total result may be summarised
by simply giving a list of the various tissues, and the

cerresponding embryonic layer from which they come.
Thus ;—
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A, From the ectoderm arise the following struo-

tures :—
Epidermis or skin.
The hair,
Various glands.
The lens of tho eye.
The whole neryous svstem.
The nerve parts of the sense organs,
The memhiane of the mouth.
The onamel partl of teoth.
The membrance of the nose.
The lower patt of the bowel,

. From the mesoderm anse the following struo-

tures .—
The conneetive tissues of dhe body.
The bones,
The teeth, excent the enamel.
All the muscle«:
All the blood vessei of tho circulation.
All the ve sels which carty lymph.
The membranes of the heart, lungs, and howels.
The kiduneys and thewr ducts.
The reproductive organs.
The blood 1tseif.
The fat anl the marrow.,

C. From the tlurd layer ¢f the embryo, the ento-

derm, arises *—
The hnmng of the ahment iry tract
The hnming of the larynx.
The lining of the trachea and lungs.

The cells of the hver, the pancreas, the thyroj,cf,*
and thymus.

The structure termed the notochord.
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From the above brief summary we see that the com=
ponent tissues and parts of the body can be divided into
three groups, each of which originated in one of the thfee
embrycnio layers. Morcover, if these three groups be
sorutinised a littlo mor carcfully, they w" Le ween to
differ very markedly from each other in the structures
end tissues which are derived from them. Thus the
structures from the entoderm (sce () are practically
either in the nature of glands, or the lining of the ali-
mentary tract. Thoso tissues coming from the mesoderm
(see B), on the other hand, comprise most of what may
be‘termed the supporting tissues of the hody, such as
the bones and tho muscles and ligaments, as well as the
vessels which constitute the great cirrulation of the blood
and lymph. But perhaps the most remarkable of all is
the list of structures which take their origin from the
ectoderm of the embryo (see A). In this list will be
found the most important structures in the whole
human body, as well as some of those which are appa-
rently of far less scrious importance. It is rather
surprising to find, for example, that the whole of the
nervous system, including the brain and spinal cord,
and the organs of special sensation, should be derived
from the same layer of celly as gives rise to the very
simple cells of the skin, which serve merely as a pro-
teotive covering to the other tissues. It is curious
also to observe that in addition to brain and gkin,
paits of the teeth also arise from this external layer.,
Evidently then this cctoderm or outer layer is of the
very greatest importance in embryology, since from it
ariso ajl those parts of the embryo itself which are the
must important in its future life.



CHAPTER VIII
THE BEGINNINGS OF THINGS (continued)

WE, have now considered, as far as is compatible with
the character of a work of this kind, the beginning
and development of the embryo taken as a whole, and
for the remaining part of our study of this subject we
may devote our attention to tho beginnings of some
of the more important organs and functions in the new
individual. It will' be impossible to deal in detail
with all the important parts which ultimately consti-
tute the now perscaality, but a sclection may be made
which will give some gencral idea of how great results
spring from very small beginnings., What will be
said here it may be hoped will be just sufficient to
stimulate the interest of those to whom the subject
appeals, and who may then turm their attention to
some of the larger works which go into greater detail
in this subject, a list of which will be found in the
bibliography at the end of this volume.

It must be remembered that quito a large number of
the characteristics that we usually associate with a
normal human being only come into existence, or at
any rate only become obvious, at some period longer
or shorter after birth. True, these charaoteristios
depend for their ultimate appearance upon the develop-
ment of the oomespondingz structures and organs in
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the growing embryo, but in the case of some of these,
those organs are not fully developed in embryonio life,
and the manifestation of tho functions associated with
them may be dclayed perhaps for years. This is not-
ably the case, for example, with the reproductive organs
‘Which, though developed during the lito of the embryo,
remain functionless until the period of atlolescence.
The development of tho human mind and intellect too,
although depending, of course, upon the embryonio
growth of the brain and the nervous sysiem generally,
is & matter of timec and the environment subsequent to
birth. It should be realised, however, in this connec-
tion, that the mind of the new individual, and all that
is involved in that term, dates back ultimately, as
regards its possibilities, to the moment at which the
two germ-cells from the male and female respectively
united in fertilisation. The adult mind develops from
the mind of the infant. Tho infant mind appears as
the result of the possibilities and the tendencics which
were inherent in the germ-cells from which not merely
the brain but the whole embryo sprang ; in other words,
all that a single human mind connotes results from the
possibilities in a single cell. Such a thought is a
startling one indced, and at first sight appears, perhaps,
somewhat incredible. Rut a moment’s carcful atten-
tion to the problem will show at once that it is in reality
no more wonderful than the fact that this single cell
produces all the millions of other cclls which in due
time give rise to the skin, bone nerve, blood, and so
forth, which make up the entire body of the embryo.
The human mind, therefore—and indeed the human
goul, if that term bo used in any intelligible sense—
takes its origin in the products of the multiplications
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of germ-cells acted upon by their subsequent sur-
roundings.}

With this passing referenco to the fact that some
important parts of an indivicual only grow to thewr
full manifcstations after embryouic life, we may pass
to the considerstion of the development of svme of the
more interesting parts of thc emlryo iteelf,

Amongst the most «triking, and certainly the mest
interesting, of the vauons parte of the developing
embryo, those which go to formn the special scnses are
prominent. They are intere .ting not wrerely from thewr
actual mode of growth, but especially al-o in connection
with their evolutionary hitory. The study of how they
have come mto their pre <ent state in the higher animals
leads us back fo very small b gintnings—indeed, to the
time when thero was no cuch thing as -pecial scnse
organs for sight, heartyy smell and so forth, but where
the organism had whet way be tamed a diffused tactual
genye over and throughovt the eutire body. In the
course of time this diffused general sense becamo
specialised 1o better examplo of which could be quoted
than that of tho sense of sight. which was referred to,
ar many of cur readers will doubtless remember, in
Tyndall's tane o« Belfast addvess, He was referring
to Herbert Sporrer’s theery of the manner in which
vision was evolved. He por tedd out that, as abovo
noted in the lowest organieme sensation is a general
thing diffused throughout the body, a kind of general
tactual senwe. As the resu’v of environment, and
gradual adaptation to cxternal influences certan parts

1 The detailed ~tudy of this part of the ~uhject is dealt with in

the writer’s work, The Grealest Lif (Duckworth, London), to which
roaders who are intcrested in this phase of the subject are referred.
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of tho general surface of the organisin became niore
1esponsive to these external stimult than other parts.
These arcas, being tho<e points at which sensation was
most acutely felt, were nothing more or less than
primitive sense organs.e Thus in the progress of . ¢olu-
tion the stimulus of the cve gradually became most
prononneced in certain cells which contain  pigment,
these cells being moro responsive to the light stimulue
than the rest of the body. That was the beginning of
an cye; a group of cells more veceptive, more easily
infuenced by light, than any other cells.  1n a slightly
higher stage of evolution we find a special overgrowth
of the skin which covers over the area in which these
pigmented cells lio, obviously a protective measure
on behalf of the specialised celly referred to. Then,
still later, a lens is added, and the v hole organ becomes
mornr and moro adapted to the necessities of the case,
until it reaches tho extraordinary perfection that is
scen in the eye of such a bird as an eagle. On the
same general principle, the other special senses al-o took
their origin from this general diffused tactual sense,
certain cells becoming specially adapted for receiving
the stimulus of sound, others for taste, others for smell,
and so forth.



CHAPTER IX
THE BEGINNINGS OF THINGS (confinued)

IT is not necessary to describe in detail the beginnings
of gll the wvarious structures which arise from that
important layer of cells in the embryo which is termed
the ectoderm ; but since it gives rise to that part of
the embryo, which eminently places man in tho first
place in the world of animals, wo may select it for a
little further description. Wo may leave out of account
the beginnings of the skin and the glands, and some
other parts, and logk for the moment at the origin of
the nervous system, which includes tho brain, the
spinal cord, and the whole nervous mechanism of the
individual. Since man’s prominenco depends upon the
wonderful capacities in his nervous system, il is all
the more interesting to note from what small and
simple beginnings it has arisen.

As we have already secn, at a very early stage in
the dovelopment of the embryo, a folding of its cells
takes place, so that the upper cmbryonic arca assumes
the character of a groove. We may confine our atten-
tion to this groove for the moment, leaving out of
account the other two layery of tho embryo—namely,
the mesoderm and the entoderm, It is this groove,
which thus early makes its appearance, which is sub-
sequently to play such a twremendous part in the for-
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mation of the most important structures. It is called
the ‘“medullary groove.,” As growth proceeds and the
cells continue to multiply and inorease in numbeds,
the two edges or lips of the groove gradually approxi-
mate, and ultimately *fuse together. Ohvinuily the
stfect, of this is to transform what was the groove into
a olosed cavity or canal, which is therefore now termed
the medullary canal. Arising in this simplo manner,
this equally simplo structure is destined to become the
central canal of the spinal cord, and the cavities in the
brain, known as tho ventricles. The walls of this
canal, be it remembered, are composed of cells of the
layer of cctoderm, and it is theso cells which, as we
saw, appeared very early in the dovelopment of the
embryo that are now to proceed to develop into the
brain, spinal cord, and, in fact,®the whole central
nervous system. At first tho cells appcar all similar,
but, as dovclopmcnt goes on, thoy begin to differentiato
themselves into different kinds, some forming the actual
nervous cells of the brain and spinal cord, others
developing into protective structures.

The hinder or posterior part of this medullary groove
and canal is narrower than tho anterior portion. This
posterior narrower part is that which gives riso to the
spinal cord. It very soun changes its character by
the appearance of a number of constrictions at intervals
running along its whole length. It becomes. ag it is
termed, segmented. A Lttle later these successive
segments aro seen to correspond to the pairs of spinal
nerves which arise from the cord. For the first part
of embryonic life the developing spinal cord is of the
same length as the canal, but as time goes on the canal
grows longer than the cord. This involves the nerves
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coming from the hinder portion growing longer than
others. It is tho front or antcrior portion of this
médullary canal which is concerned in the development
of the brain itsclf, and here, at an early stage, two
very obvious constrictions appear in the region of
what is to be the brain, and these constrictions divide
that brain area into three distinct parts, or vesicles,
Part of the posterior vesicle ultimately develops into
the cerebellum, or little brain. Another part forms the
medulla oblongata, that important hind brain in which
lie so many of the vital centres of nervous energy.
The central cavity formed by these constrictions is of
comparatively less importance, forming ultimately what
is known as the mid-brain. The foremost or anterior
vesicle, however, is of the very greatest importance,
and its subsequenf changes arc more marked than
either of the other two. From it is developed the
great mass of the corebrum itself, together with various
outgrowths from it which have most important func-
tions. Thus two of these outgrowths appear project-
ing from the lower part of the sides of the walls, and
ultimately coming to reach the outer ectoderm. These
two projections, or pouches, ultimately form the optic
vesicle, Still later in development the whole of the
anterior vesiclo is again constricted, thus forming two
distinct parts, the foremost of which, growing rapidly
in two halves on either side of the middle line, ulti-
mately give rise to the two cerebral hemispheres.
These two cerebral hemispheres, therefore, arise, in
the first place, as lateral enlargements of the anterior

part of one of the primitiye constrictions of the medul-
la.ry canal. In their outer layers cells continue to
make their appearance with great rapidity, and thus
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is formed the cerebral cortex; and the remarkable
thing about this all-important part of the brain itsclf
i# that all the cells of this ccrebral cortex appear to
be produced during the life of the embryo; there
being in all probability none‘added after birth has
occurred. That is to say, the possibilities of the actual
physical growth of brain tissue in any given embryo
are fixed from the beginning. Brain tissue, in other
words, is born, not made. It is the mannecr in which
it is trecated afterwards upon which depends whether
that given quantity of brain-cells displays its best
potentialitics or not.

We have secn that the optic structures are con-
cerncd with this front portion of the developing brain.
The same is truo of the organs which are concerned
with the special settso of smell; for about the fourth
week of the life of a human embryo there appears on
the under surface of cach of the cercbral hemispheres,
towards the front, a prolongation which becomes the
olfactory lobes.

It is well known that the surface of the brain of an
adult human being, or, indeed, of any of the higher
vertebrates, shows upon its surface a number of con-
volutions, and il is generally recognised, from a study
of the comparison of different vertebrate brains, that
the more convoluted is the surface of the adult brain
the more highly developed is the animal concerned,
from the point of view of brain power. The surface of
the cerobral hemispheres, hLowever, is quite smooth
for some months of embryonic life, and the depres-
gions which give rise to the appearance of the con-
volutions do not show themselves until about the fifth
month, at which stage the brain is relatively large.
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We referred on a previous page to the origin in
evolution of visual sensation, and it may be of interest
here to note a little more fully the beginnings of ¢he
oye ituelf in the embryo. As has been said, the very
first appearanco of these organs takes the form of a
pair of outgrowths, or processes, which are hollow,
from the front part of the anterior vesicle of the brain.
These grow until they rcach the cctoderm. A remark-
able change then takes place. The portion of the
hollow vesicle which reaches the outermost embryonic
layer becomes folded in upon itself so as to form a cup
with a double wall; just as one might form a cup in
a blown-up paper bag by forcibly pressing one portion
of it into the other. This double-walled cup is of special
interest, because from its walls is ultimately developed
that very important structure in connection with sight,
namely, the rctina. As soon as this is completed
cells begin to grow from it towards the brain in the form
of nerve fibres, and these in time convert what was
originally a hollow process or growth into a solid mass
of nerve tissue. This masy is thoe optic nerve. Thus
is completed the conmection between tho outer surface
of the eye and the brain itself, which is to rececive the
sensation. Then the cctoderm on the surface over
the cup begins to thicken, grows into the cup itself,
and ultimately forms a rounded hollow mass which we
afterwards recogniso as the Zens of the oye. Still later
this becomes separated from the surface by another
layer of cells constituting the correa, and outside that
again is still anothor layer which makes the conjunctiva.

Subsequently the contents of this cup become filled
up from other sources with a soft gelatinous tissue.
Then the eyelids in time make their appearance in the
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shape of folds of skin growing over the eye, and re-
maining in contact until very shortly before birth occurs.
And so we see that from this wonderful layer of ectoderm
there comes gradually into existonce not only the brain
itself and the spinal cord, with all the nerves, but also
the spccial sense organs of sight and smell. .



CHAPTER X ,
THE BEGINNINGS OF THINGS (continued)

WrTHOUT entering into the description of the develop-
ment ui the whole circulatory system, we may, just
mention briefly the origin of the heart itself, which
begins at a very early stage by the appearance of a
small body of cells, which come to arrange themselves
in a tubular form enclosed in tho mesoderm. The two
halves of this tube are at first qujfe separate from each
other, but gradually come together and finally unite
into a single tube with walls, The folds of these ulti-
mately form the heart muscle. The organ, at this stage
of its development, does not lie within the region of
the chest cavity, as it afterwards does, but more an-
teriorly in the region of the neck. The simple tubular
arrangement, however, i3 quite a passing phase, and as
the fube increases in length it becomes bent upon
itself, somewhat in the form of the letter S. One end
of it now enlarges and forms a pouch on each side,
these forming the two auricles, right and left. From
these auricles a partition grows vertically, and when
complete, cuts them off from each other, except that
& communication is left in the upper part (the foramen
ovale) which closes up after birth. This partition allows
of the blood from one side of the heart passing to the
other. Another partition ,gventua.lly divides off that
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portion which has formed the auricles from the remain-
ing portion which develops into the ventricles, which
in_ their turn become again divided by a still further
partition. In this way tho heart which, in the first
place, was & simple tube, grows ultimately into an
organ with four distinct chambers, two auricles and twb
ventricles, the only diffcrence from this and the adult
heart being the communication which exists through
the partition separating the two auricles.

'The development of the organ of hearing is somewhat
comyplicated. The first part to apperar is a portion of
the inner ear, which shows itsclf as a round, hollowing
of the ectoderm. This depression beccomes deeper
and sinks further in, while its floor becomes thicker,
and finally the whole assumcs the shape of a closed
cavity. An outgrowth from this gives rise to the
cochlea. 'The cavity becomes divided into two portions,
in one of which tho semicircular cunals arive. Around
the wholo, the embryonic tissue has been forming into
a strong protective covering, somoe of which finally
becomes cartilage, and some bone. 'The middle portion
of the ear i3 the remains of a cleft in the side of the
embryo. This cleft becomes changed into a canal by
the closing of its edges, the upper part ultimately
forming tho tympanic cavity, and the rest of it remaining
as tho FEustachian canal. This canal opens into the
pharynx. In the cavity there are subsequently de-
veloped three small bones which play an important part
in the process of hearing. After the birth of the embryo,
air roaches the tympanic cavity, which then enlarges.
One of the walls of thiy cavity persists as the tympanio
membrane or drum. Finally the outer car, that portion
which is popularly spoken of as the ear, is formed from
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the upper portion of the same cleft which gave rise to
the tube of the tympanum.

We have referred in the preceding description to the
origin of some embryonic structures from a cleft in
tho early embryo itsclf. As a matter of fact no less
than four of thuse clefts, or fissures, appcar in the region
of the neck on cach side, and are of the very greatest
interest and importance in connection with embry-
ology. They are termed thc  branchial clefts,” and
are seen in the embryos of all vertebrate:. In the
human embryo there are four. They are situated on
each side of the pharynx, and they correspond to
the gill slits in lower vertebrates.

Amongst other structures which arise from the
important layer of cctoderm are the tceth. Of thess
there are during lifo two scts, a demporary and a per-
mancnt. The temporary tecth, though thoy do not
make their appearance till after the birth of the embryo,
still are partly developed during embryonic life, lying
embedded in the tissues until the familiar process
known as ‘ cutting the teeth” takes place. This is,
of course, mercly the time of their external appear-
ance. The first stage in the dovelopment, however, is
a thickening of the epithelium of the gums in a direc-
tion which is to correspond with the line where the
teeth will eventually pierce. This thickening is called
the “ dental ridge.” 'Thix grows downwards into the
underlying tissue in flask-shaped growths. From the
neck of cach of these flasks thero is a small projection
which indicates wherc the permanent teeth will ulti-
mately be. This first stage is termed that of the enamel
germ. This becomes surrounded by cells which ulti-
mately form a dental sac. Next, tissue from below
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grows into tho flask, and the further growth of this
gives rise to the enamel organ. Finally, enamel itself
and dentine are developed, and the embryonic tooth
remains covered under the gums until it cuts them.

So far we have considered merely the mode of develop-
ment of the most important organs of the body, but
we have zaid nothing of the most important supporting
structure, namely, the skeleton. The earliest appear-
ance of anything in the shape of a skeleton is the
structure known as the notochord, a structure of
imnrense importance and interest in the embryology
of all vertebrate animals, in which it is a temporary
thing only. The first appearance of this notochord
in lower animals is the earliest indication of the verte-
brate type, because it is feund that in the higher
vertebrates it is the forcrunner of the bony spinal
column and the skull. It appears first as a groove
underneath the medullary groove, of which we have
already spoken, and its iwo lips unite to form a cavity,
as did those of the medullary groove. In this case,
however, the groove becomes a solid rod, then termed
the notochord, and it lies immediately under the medul-
lary groove itself, which, as we have seen, gives rise
to the oentral nervous system. In the course of
development, masses of cells come to arrange them-
selves on each side of tho nutochord, which they even-
tually include, and at the same time they grow upwards
and around the spinal cord which is thus enclosed.
Later on these surrounding portions become cartilage,
and, still later, bone ; the notochord meanwhile gradu-
ally disappearing where the bony spinal column appears.
This primitive vertebrate structure therefore, of the
notochord, has the all-important function of coming to
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enclose, and thus protect, the spinal cord and nervous
system.

As regards the other bones of the body, all that
need he said here is that they are precedod by fhe
structure which we know as cartilage, and in the bones
of the limbs at two or three different jownts this carti-
lage begins to be transformed into bone. These points
are known as centres of ossification.



CHAPTER XI

HOW THE EMBRYO IS NOURISHED

Havinag noted how the embryo itself takes its origin,
and then studied something of the beginnings of some
of its mosb important parts, we may now very briefly
refer to the subject of its own nourishment. This has
more than a mere academic interest, because obviously
the proper growth angd development of all the various
tissues and structures in the ombryo must depend
ultimately upon tho nourishment with which they are
supplied. Their own inherent characters cause them
to divide and subdivide so as to give rise to the millions
of cells which are required to make the body, but these
cells, in their turn, are dependent upon outside sources
for tho nourishment which enables them to kecp on
growing, or to maintain their full growth when they
have arrived at that stage.

Nature has made many varied arrangements for
this nutrition during embryonic life in different classes
of animals. In some a considerable quantity of yolk
is so arranged with reference to tho embryo that the
latter can draw upon it for some time for its supplies.
This is the case, of course, in birds, and in some reptiles.
We need here, howeover, only consider the case of the

h bryo.
uman embryo s
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Three sets of structures are concerned in hunlan
cmbryonic nourishment, namely, tho Allantois, the
Villi of the Chorion, and the Placenta.

The Allantois is developed in the form of a holldw
bud from the posterior part of the primitive alitmentary
canal, and ultimately comes t{o form the wnilical cord,
and the embryonic part of the placenta. It is this
structure, the allantois, which allows at a very early
date of tho embryo establishing a blood-connecotion
with the maternal tissues, and hence it plays a very
import==! part in the transmission of nourishmen{ to
the embryo. Not only does it do this, but it allows
of the removal of waste products.

Tho villi of the chorion are outgrowths by means
of which the very carly embryo attaches itself to the
walls of the cavity, which it has mu,do for itself in tho
wall of the uterus. As they grow larger, these villi
push their way into many of the small blood-vesscls
in the uterine wall, and so come to lie actually in a
mass of blood from which they abstract the elements
of nutrition. At first the villi themselves contain no
blood-vessels. Nourishment passes through them by
a simple process of osmosis. Lator on, vesscls grow
into the villi themselves. The nutriment supply is
secretion, in the first place, of the uterine glands,
which these villi ecasily absorb. This process takes
place during the first two or three months of
embryonic life. At the end of this time most of the
villi disappear, and the few that remain take part
in forming the fwctal or embryonic portion of the
placenta.

After the third month the embryo is nouriched by
the placenta itself, which is at this stage developed.
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As ‘we have scen, it arises partly from the villi of the
chorion, which is its embryonic porbion The other
part of it is maternal in orlgm arising from the portion
of the uterine wall which is immediately over the
embryo. The connection between this structure, the
placenta and the embryo, is constituted by means of
the umbhilical cord. The function of the placenta is
partly to supply nuftrition, partly to serve as an organ
of respiration for the embryo, whose lungs are, of course,
not functional, and partly it acts in the samo way as
tho kidney does in after life, by excreling certain pro-
ducts. From the placenta the embryo derives those
food elements at first provided by the secretion of the
uterino glands. Afterwards theso clements are supplied
by cells which lie between the foetal villi and the blood
of the mother. TIts, respiratory function consists in
allowing oxygen and carbonic acid gas to pass by
osmosis bctween the embryonic and tho maternal
blood. The process is exactly analogous to that which
takes place between the gills of a fish and the water
in which the fish lies. Of course, it will bo easily
understcod that there is as yct no great need for 3
large supply of oxygen, because the embryo is merely
growing, and not using its various organs.

It should be clearly understodd that under ordinary
conditions of embryonic life there is no direct mixture
of the blood of the mother and that of the developing
embryo. All the processes which contribute to its
growth and maintenance, including those of respiration
and excretion, take place through the intermediate
structures above mentioned. This is an extremely
important point, because it means—and evidently that
is the object of the arrangement—that there may be
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much of an injurious character in the blood of the
mother which never reaches the embryonic tissues a
all. Doubtless the cells which form the organs eof
nutrition for the embryo have a capacity for selecting
tho elements requircd for purposes of nutri‘ion. It
is their business to look after this process. How per-
fectly it is performed can at once be understdod when
we recollcct how very frequently the tissues of the
mother hersolf are in anything but perfect health, and
yet the embryo is born healthy. Were it not for this
intermdiucy process, the embryo could hardly help
being poisoned or otherwiso injured by all the varied
unhealthy products and substances which the ignorance
of some mothers allows to be present in their blood
during this important period. Even with this means
of protection, the maternal bloods may bhe so utterly
deficient in nutritive qualitics, or so actively injurious
from saturation with alcohol, or from some cqually
toxic substance, that the fluids which reach the em-
bryonic cells may be very much impaired in quality.
Nevertheless, it is astonishing how much danger can
be avoided in this way by Nature’s provision in tho
method of nourishing the embryo.

If the development and growth of the embryo in a
human being runs a perfectly normal and uninter-
rupted course, the following points could be observed
at various stages. At the end of the fourth week in
growth, tho embryo is distinctly curved, so that the
two ends—the hcad and the tail—are closwe together,
the whole being about half an inch in length. Even
at this very early stage, the canal which gives rise to
the brain and spinal cord is closed in. The vesicles
of the eye and the ear have both made their appear-

¥
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ance, and the limbs are just beginning to show as
buds. The heart is quite obvious, and its division
info its four chambers is commencing. In another
four weeks the embryo has reached the size of one
inch, and the head is beginning to take on a shape
more resembling that associated with a human being,
The tail, on the other hand, has now disappeared.
The limbs have grown to the extent that both hands
and feet are starting growth, and in the region of the
head both tho eyes and the ears, as well as the nose,
can be distinguished. Even at this stage, however,
the sex of tho embryo cannot be made out. A month
later, at the end of the twelfth week, a considerable
development has taken place. The embryo is now
about three and a half inches long. Thcere is a general
growth to be observed, and the bones are beginning
to ossify. In sixteeus weeks, when the embryo measures
about five inches in length, the sex is easily distin-
guishable. The most characteristic thing for tho weeks
succeeding this is the relatively large sizo of the head,
upon which hair appears at about the twenty-fourth
week, In twenty-eight wecks the embryo should weigh
about 2} lb., that is to say at the seventh month of
embryonic life. Should the child be born at this time
as the result of any of the causes which give rise to
premature birth, thcre is a possibility that it may
live, though as a rule it does not. Four weeks later
it should weigh 34 1b., and if born now may frequently
live, if carefully attended to. Tn another four weeks
the embryo is nearly eighteen inches long, and weighs
about 54 1b., and the body has a more rounded appear-
ance, because by this time there has been a consider-
able growth in fat. If born at this stage it ought to
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be quite possible to save the life. Finally, at the end
of forty weeks, the normal full embryonic period of
human life, the healthy child should weigh about 7 Jb.,
having smooth, pink skin, and being otherwise per-
feotly developed.



CHAPTER XII
RECAPITULATION

IN bringing our study of Embryology te a close, we
may glanco briefly at another aspoct of the subject,
namely, that which emphasizes the fact that in its
development the embryo recapitulates the history of
its anoestors.

It is quite obvious that the offspring of any species
of animal, if they aro to live and survive in the same
kind of cnvironment'as that in which their parents
live, must rosemble them somewhat closely. The only
way in which Nature can securo such a sufficiently
close resemblance of offspring to parents is by insuring
that they should develop along similar lines. So it is
that we find that the whole of the life history of an
individual is more or less a recapitulation, with, of
course, variations, of that of the parents and ancestors.
Each successive step from the very beginning of the
fertilisation of the ovum repeats a stage through which
previous generations have passed. If from any accident
a step in this recapitulation is omitted, the embryo is
to that extent deprived of some feature possessed by
a parent or ancestor; and if this be a sufficiently
important omission, it is impossible for such an embryo
to survive. That is one way in which an embryo may
differ from its parents. Thsz:.t is a retrogressive change.
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On the other hand, such an embryo, in addition to
rocapitulating the stages through which its parents
passed in development, may have something hew
added, somcthing which appears for the first time.
Jn other words a progressive variatior may appear.

Now, since the embryo follows the samg develop-
mental track as did tho parent, passing through the
successive stages of germ-cells, fertilised ovum, embryo,
feetus, infant, child, youth, and adult, it f>lows that
shour!? it exhibit any additional peculiarity, unpoted
in the parent, the embryo has obviously varied pro-
gressively. That is to say, it has pursued the same
line of development together with somo new addition.
On the other hand, should the offspring at any of
these slages in its carcer bo obviously without some
of the characters of previous generatlonq it i3 as cer-
tainly duc to tho fact that the recapitulation of the
history of development has been, in that particular,
incomplete.

In all successive cases of multicellular organisms,
development by a process of repetition of what hap-
pened in the previous generation scoms to be the rule ;
and it would appear that only by this means could a
mass of cells which constitute an individual grow into
something sufficiently like the parents as to be recog-
nised for their offspring  Given the fact that a
human iundividual starts from a single germ-cell, it
could only be by following tho same steps in devclop-
ment trodden by the parent that the new individual
could attain a similar growth. The object of this
gimilarity is, of course, to provide that the offspring
may live and survive in an environment more or less
similar to that of the parents. As Dr, Archdall Reid
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puts it, “ the embryo starting from the same point,
must follow the same road to reach the same
goal. The embryo which did not recapitulate the
history of the development of a parent would be a
monstrosity.”

While, however, rccapitulation in development is
a,lwa,ys more or less clear, it does not follow that it
is perfectly complete, nor perfectly identical with the
development of the parent. Indeed, on the other
hand, there is always a certain amount of variation,
e1ther progressive or petrogressive. I’rogressive varia-
tion means that in addition to the development of
all the parental stages, something new has been added.
Retrogressive variation means that from the total
development experienced by the parent, something has
been omitted. We ‘are here speaking of characters
of a specics, and it must not be thought that we are
referring to the characters of the embryo as if they
were derived from thoso of their parents. This was
clearly pointed out in the earlier portion of our study.
The variations in development, to which we here refer,
take their origin in the germ-plasm which tends to
repeat in each generation similar types of development.
In other words the germ-plasm from which individuals
spring iy of such a nature that tho embryos arising
from it show in their development a recapitulation of
the evolution of their particular species. In addition
they may show variations of cither a plus or a minus
character. These variations are frequently inherited,
and persist throughout succeeding generations. In
course of time, if there arc many of such variations,
they accumulate, and to that extent, of course, alter
the life history. That is why in watching the develop-
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ment of a human embryo it is impossible to trace
accurately the early ancestral development of the race
from it, It passes through the stage of a single cell,
then becomes multicellular, and gradually assuhes
the form of a higher and higher type of organism,
o Manifestly the additions and subtra: rions have been
vast, Il possesses, for instance, a placenta., an organ
by which it is attached to the mother, through which
it is nourished, and which at ono time is larger than
the embryo itsclf; but which, of course, «ould not
have L.ca present in its prototypes. Nevertheleys the
lifo history unfolded by the clild is just as real, just
as complete, and prohably moro accurate than any
written chronicle that attempts to describe the whole
past of a race.” (Reid.)

“ Thore is a history in all men’s lives
Figuring the nature of the times decoased.”

Hero we must conclude this brief sketch of some
of the principal facts in the science of Embryology,
in the hope that cnough has been said to stimulate
the interest of our rcaders in thiy subject to such
an extent that they may bc encouraged to pursue
its study still further in one of the many text-
books that are devoted entirely, or partly, to this
matter,

Wo would urge in conclusion that the study is well
worth while, even for those to whom it has a non-
professional interest. It should be sufficiently obvious
to any earnest thinker that the problems which are
involved in the study of cmbryology are precisely
those which are ot the very grcatest importance to
humanity at large. With this subject is most inti-
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ma,tély bound up that of heredity itsclf, which has
been dealt with “In another volume of this series. No
trup understanding of what can be done, or what
should be done, in the dircetion of improving the lot
of gencrations to come, or of making the most of tho
generation at present existent, can be obtained by any
who are*absolutely ignorant of thieeo topics. It is
only by their study that we realisec that the human
embryo, which is to bhecome the buman individual,
consists, to a very large extent, of characters and
features which are unalterably settled for it before-
hand, to which nothing can be added, and from which
nothing can be taken away. In other words, the possi-
bilities for any individual are those which are pre-
existent in the germ-plasm: from which he or she
originates. These powsibiiitics, however, depend upon
the environment in whkich the embryo, infant child,
and adult is subscquently placed for their full expan-
sion. In many directions the inherited tendencies
transmitted by the continuity of germ-plasm are un-
alterably and strictly defined. In many other direc-
tions these inherited tendencies can be so modified,
drawn out, or even partially suppressed, by suitable
surroundings of a hygicnie, educative, and moral nature,
that if the process be taken in hand sufliciently carly
wonderful successes may rve<ult. ‘These results are
those for which tho social reformer and the philan-
thropist and the serious stude 1t of sociology are earnestly
striving, but it is only by a study of the sciences of
Heredity and Embryology that accurate data can be
obtained from which ju-tifiable conclusions may be
drawn,

The great fact which embryology teaches is that the
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past is uniolded stage by stage, with certain omissions
and additions, so that in very truth—

“ The softest dimple in a baby's smile
Springs from the whole of past cternity,
Taxed all the sum of things to b. 3, % ihere,”



