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A Tueory of Hereprry. By Fraxcs Garron, F.R.S.*

Mr. Darwix stated, in the year 1868, in the preface to his
theory of Pangenesis,+ that ¢ every one appears to admit that
the body consists of a multitude of ¢organic units,” each of
which possesses its own proper attributes, and is to a certain
extent independent of all others;” and it may be safely asserted
that the general expression of biological opinion since that date
has been emphatically the same. We may therefore rest
assured that the hypothesis of organic units, and all that such
an hypothesis implies, must lie at the foundation of the science
of heredity. It remains to determine further particulars; we
have to examine how far the details of such theories as are
based upon the hypothesis of organic units are correct, and to
consider how their deficiencies may be supplied.

The facts for which a complete theory of heredity must ac-
count may conveniently be divided into two groups; the one
refers to those inborn or congenital peculiarities that were also
congenital in one or more ancestors, the other to those that were
not congenital in the ancestors, but were acquired for the
first time by one or more of them during their lifetime,
owing to some change in the conditions of their life.

The first of these two groups is of predominant importance,
in respect to the number of well-ascertained facts that it con-
tains, many of which it is possible to explain, in a broad and
general way, by more than one theory based on the hypothesis
of organic units. The second group includes much of which
the evidence is questionable or diflicult of verification, and

and boy ; (2) boy and gixl; (8) girl and boy ; (4) girl and girl. All these cvents
would in the supposition be equally likely, and they give two cases of the same,
and two of opposite sexes.

*This memoir was in type for publication in the December number of the
Contemporary Review, at the time when it was read before the Anthropological
Institute. I have taken the opportunity afforded by a reprint, to revise it
considerably, and to amend it in many particulars.—F. G.

+ Darwin: “ Variation of Plants and Animals under Domestication,” ii. 370.
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330 Francis Garrox.

which, as I shall endeavour to show, does not, for the most part,
justify the conclusion commonly derived from it. In this
memoir I divide the general theory of heredity into two parts,
corresponding respectively to these two groups. The first
stands by itself, the second is supplementary and subordinate
to it.

No  theory of heredity has been enunciated with more
clearness and fulness than that of Mr. Darwin’s Pangenesis,
and the preparatory statement to that theory contains the most
elaborate epitome that exists, of the many varieties of facts for
which a complete theory of heredity must account. What I
have now to say, is largely based on the arguments and
considerations brought forward by Mr. Darwin in support of
Pangenesis; nevertheless the conclusions in this paper will be
seen to differ essentially from his own. Pangenesis appears
more especially framed to account for the cases which fall in
the second of the above-mentioned groups, which are of a less
striking and assured character than those in the first group,
and it will be seen that I accept the theory of Pangenesis with
considerable modification, as a supplementary and subordinate
part of a complete theory of heredity, but by no means for the
primary and more important part.

Before proceeding, I beg permission to use, in a special sense,
the short word “ stirp,”” derived from the Latin stirpes, a root,
to express the sum-total of the germs, gemmules, or whatever
they may be called, which are to be found, according to every
theory of organic units, in the newly fertilised ovum—that is,
in the earliest pre-embryonic stage—trom which time it receives
nothing further from its parents, not even from its mother,
than mere nutriment. (It is hardly necessary to remind the
reader that not a drop of blood from the mother penetrates.
into the vessels of the embryo, but that the two circulations
are wholly distinct; the placenta to which the embryo is attached,
and with which it is in vascular connection, being itself
nourished from the mother by mere imbibition.) This word
“stirp,” which I shall venture to use, is equally applicable to
the contents of buds, and will, I think, be found very con-
venient, and cannot apparently lead to misapprehension.

The whole of the “stirp,” together with much of mere
nutriment, is packed into a space not exceeding the size of the
head of a pin, for that is about the size of the newly fertilised
ovum, which, curiously enough, is the same in all mammalia.
It is cvident that direct observation can tell us nothing
concerning the form and behaviour of such minute objects as
the germs of which the stirp is composed; they would be far
beyond the ken of the microscopist, even if their separate
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A Theory of Heredity. 331

actions upon light were different. But even this is not the case,
for the fertilised ovum is almost homogeneous in colour. Ova
and their contents are, to biologists looking at them through
microscopes, much what mail-bags and the heaps of letters
poured out of them are to those who gaze through the glass
windows of a post office. Such persons may draw various
valuable conclusions as to the postal communications generally,
but they cannot read a single word of what the letters contain.
All that we may learn concerning the constituents of the
stirp must be through inference, and not by direct observation ;
we are therefore forced to theorise. -

‘We will begin with a statement of the four postulates that
seem to be almost necessarily implied by any hypothesis of
organic units, and which are included in that of Pangenesis.
The first is, that each of the enormous number of quasi-
independent units of which the body consists, has a separate
origin, or germ. The second is, that the stirp contains a
host of germs, much greater in number and variety than
the organic units of the bodily structure that is about to
be derived from them; so that comparatively few individuals
out of the host of germs, achieve development. Thirdly, that
the undeveloped germs retain their vitality : that they pro-
pagate themselves while still in a latent state, and contribute
to form the stirps of the offspring. Fourthly, that organisation
wholly depends on the mutual affinities and repulsions of
the separate germs; first in their earliest stirpal stage, and
subsequently during all the processes of their development.

Proofs of the reasonableness of these postulates are especially
to be found in the arguments of Mr. Darwin : that there is at
least a fair ground to believe in their reasonableness, may
be shown in a cursory manner. Thus, the independent origin
of the several parts of the body may be argued from the
separate inheritance of their peculiarities. If a child has
its father’s eyes and its mother’s mouth, these two features
must have had a separate origin. Now, it is observed that
peculiarities, even of a microscopic kind, are transmissible
by inheritance, and therefore it may be concluded that the
minutest parts of the body have separate origins. That
the stirp contains a much greater variety of germs than
achieve development is proved by the fact that a person is
capable of transmitting a variety of ancestral peculiarities
to his children, that he did not himself possess. But since
everything that reached him from his ancestors must have been
packed in his own stirp, it follows that his stirp contained
i addition to such peculiarities as were developed in his
own bodily structure, those numerous other ancestral pecu-
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332 Francis Garron.

liarities of which he was personally destitute, but which
he bequeathed to one or more of his descendants. Therefore
every stirp must be held to contain a great variety of germs
in addition to those that may achieve development in the person
who grows out of that stirp. It further follows, that these
residual germs retain their vitality, and contribute to form the
stirp of the descendants, as will be explained more fully
further on. The fourth and last postulate, that organisation
wholly depends on the mutual affinities of the separate organic
units, commends itself to acceptation by the simplicity and
sufficiency of what is asked; much of what I have to say
in this paper, will testify to this. 'We must also bear in mind,
that the alternative hypothesis of a general plastic force
resembles that of other mystic conceptions current in the early
stages of many branches of physical science, all of which
yielded to molecular views, as knowledge increased. The
science of heredity is still in an early stage, and analogy
disposes us to expect that its course will be similar to that of
its predecessors. The possibility of such minute objects as the
germs possessing sufficient delicacy of perception to ensure that
each of so enormous a variety of them should find its place,
was illustrated by Mr. Darwin through the delicate perception
of the pollen grains of the different species of plants. He
says:* ¢ About 10,000 composite exist, and there can be no
doubt that if the pollen of all the species could be simul-
taneously or successively placed on the stigma of any one
species, this one would elect, with unerring certainty, its own
pollen.” The partial failures in the action of these affinitics
are most instructive, as where a mark of any kind on the skin
is transmitted by inheritance in an altered situation, to a
neighbouring or to an homologous part. Having stated thus
much by way of preface, we may now proceed freely.

Much wonder is expressed by physiologists at the apparent
fact that none, at least of the higher races, admits of being long
maintained through any system of unisexual parentage; but
that a deterioration, which we may reasonably ascribe to a
deficiency of some of the structural elements, is always observed
to set in and gradually to increase, the race ultimately perishing
from that cause. A system of double parentage is therefore a
very important requirement, some think an essential one,
to secure the indefinite maintenance of any race whose or-
ganisation is complex. 'What is the explanation of this? In
the first place, double parentage should be looked upon as the
primary requirement, and sex as the consequence, not the cause
of that requirement. 'There are not of a necessity two sexes,

* #Variation of Plants and Animals under Domestication,” ii. 380,
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A Theory of Heredity. 333

because swarms of creatures of the simplest organisations
mainly multiply by some process of self-division. On the other
hand, as I shall endeavour to show, there is a theoretical
advantage in a system of double parentage, which grows to be of
paramount importance, as organisations increase in complexity.
But it is through the evolution of sex, that a system of double
parentage is secured, and, therefore, I would submit, it is to the
need of the latter that we must ascribe the existence of the former.
The opposite view is certainly erroneous, namely, that sex is an
inherent necessity, and that double parentage is the simple
consequence of it. Such a sequence, which, perhaps, represents
the common and unreasoned theory, is, to use a common phrase,
« putting the cart before the horse.”” Ashasbeen just remarked,
in many of the lowest forms of organised life, double parentage
exists, but sex apparently does not, because any two cells seem
able to conjugate and to combine their contents within a single
cell ; these forms are also capable of easy unisexual multiplica-
tion by self-division or by budding. Proceeding higher in the
scale of life, the sexual differentiation becomes increasingly
marked, and unisexual propagation is of rarer occurrence. At
length we reach a stage where the differentiation of sex is
complete, and the power of unisexual propagation is wholly
lost. Now the necessity of a system of double parentage in
complex organisations, is the immediate consequence of a
theory of organic units and germs, as we shall see if we fix
our attention upon any one definite series of unisexual descents,
and follow out its history. Suppose we select, cut off, and
plant the second bud, then after it has grown to maturity we
similarly take the second of i¢s buds, and so on consecutively.
At each successive stage there is always a chance of some one
or more of the various species of germs in the stirp dying out,
or being omitted ; and of course when they are gone they are
lost for ever, and are irreplaceable by others. IFrom time to
time this chance must fall unfavourably, and will cause a
deficiency in some of the structural elements, and a consequent
deterioration of the race. If the loss be vital, this particular
line of descent will of course be extinguished at once ; but on the
more favourable supposition, the race will linger on, submitting
to successive decrements in its constituent elements, until the
accumulation of small losses becomes fatal. What is true for
the series of second buds in our example, is of course equally
true for any system we please to specify, and therefore it would
be generally true in the experience of gardeners and others.*

* Tt might be worth the while of the mathematical reader to refer to a
paper on an analogous subject, *The Extinction of Surnames,” by the Rev. H.

‘W. Watson, in the Journal of the Anthropological Imstitute, 1874, p. 138, te
which there is o page of preface by myself.

')
(@]
O
(@)

fas

WA

\

ClibPDI




Woo 0NSe MM - 4adq11D



Woo 0NSe MM - 4adq11D



Woo 0NSe MM - 4adq11D



Woo 0NSe MM - 4adq11D



Woo 0NSe MM - 4adq11D



Woo 0NSe MM - 4adq11D



Woo 0NSe MM - 4adq11D



Woo 0NSe MM - 4adq11D



Woo 0NSe MM - 4adq11D



Woo 0NSe MM - 4adq11D



Woo 0NSe MM - 4adq11D



Woo 0NSe MM - 4adq11D



Woo 0NSe MM - 4adq11D



Woo 0NSe MM - 4adq11D



Woo 0NSe MM - 4adq11D



