ClibPD

282 My. Francis Galton [Feb. 9,

WEEKLY EVENING MEETING,
Friday, February 9, 1877,

Sz 'W. Freperior Pourock, Bart, ML.A, Vice-President,
in the Chair.

Franos Gavron, Esq, F.R.S. F.G.8, M.R.I.
Typical Laws of Heredity.

Wk are far too apt to regard common events as matters of course, and
to accept many things as obvious truths which are not obvious truths
at all, but present problems of much interest. The problem to which
I am about to direct attention is one of these,

Why is it, when we compare two groups of persons selected at
random from the same race, but belonging to different generations of
it, we find them to be closely alike? Such statistical differences
a8 there may be, are always to be ascribed to differences in the general
conditions of their lives; with these I am not concerned at present ;

“but so far as regards the processes of heredity alone, the resemblance

of consecutive generations is a fact common to all forms of life.

In each generation there will be tall and short individuals, heavy
and light, strong and weak, dark and pale; yet the proportions of the
innumerable grades in which these several characteristics occur tend
to be constant. The records of geological history afford striking
evidences of this statistical similarity. Fossil remains ot plants and
animals may be dug out of strata at such different levels, that thou-
sands of generations must have intervened between the periods in
which they lived ; yet in large samples of such fossils we seek in vain
for peculiarities that will distinguish one generation taken as a whole
from another, the different sizes, marks, and variations of every kind,
occurring with equal frequeney in both. The processes of heredity
are found to be so wonderfully balanced, and their equilibrium to be
so stable, that they concur in maintaining a perfect statistical resem-
blance so long as the external conditions remain unaltered.

If there be any who are inclined to say there is no wonder in the
matter, because each individual tends to leave his like behind him,
and therefore each generation must resemble the one preceding, I can
assure them that they utterly misunderstand the case. Individuals do
not equally tend to leave their like behind them, as will be seen best
from an extreme illustration.

Let us then consider the family history of widely different groups,
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say of 100 men, the most gigantic of their race and time, and the same
number of medium men. Giauts marry much more rarely than me-
dium men, and when they do marry they have but few children. It is
a matter of history that the more remarkable giants have left no issue
at.all. Consequently the offspring of the 100 giants would be much
fewer in number than those of the medium men. Again, these fow
would, on the average, be of lower stature than their fathers, for two
reasons, First, their breed is almost sure to be diluted by marriage.
Secondly, the progeny of all exceptional individuals tends to ““revert”
towards mediocrity. Consequently the children of the giant group
would not only be very few, but they would also be comparatively
short, Even of these the taller ones would be the least likely to
live. It is by no means the tallest men who best survive hardships ;
their circulation is apt to be languid and their constitution con-
sumptive.

It is obvious from this that the 100 giants will not leave behind
them their quota in the next generation. The 100 medium men, on
the other hand, being more fertile, breeding more truly to their like,
being better fitted to survive hardships, &c., will leave more than their
proportionate share of progeny. This being so, it might be expected
that there would be fewer giants and more medium-sized men in the
second generation than in the first. Yet, as a matter of fact, the
giants and medium-sized men will, in the second generation, be found
in the same proportions as before. The question, then, is this: How
is it, that although each individual does not as & rule leave his like
behind him, yet successive generations resemble each other with great
exactitude in all their general features ?

Tt has, I believe, become more generally known than formerly, that
although the characteristics of height, weight, strength, and fleetness
are very different in themselves, and though different species of plants
and animals exhibit every kind of diversity, yet the differences in
height, weight, and every other characteristic, among members of the
same species, are universally distributed in fair conformity with a
single law,

The phenomena with which that law deals are like those per-
spectives spoken of by Shakespeare, which, when viewed awry, show
nothing but confusion.

Our ordinary way of looking at individual differences is awry : thus
we naturally, but wrongly, judge of differences in stature by differences
in heights measured from the ground, whereas on changing our point
of view to that whence the law of deviation regards them, by taking
the average height of the race, and not the ground, as the point of
reference, all confusion disappears, and uniformity prevails.
© Tt was to Quetelet that we were first indebted for a knowledge of
the fact, that the amount and frequency of deviation from the average
among members of the same race, in vespect to each and every cha-
racteristic, tends to conform to the mathematical law of deviation.

The diagram contains extracts from some of tho tables by which
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. . P These tables serve another purpose; they enable those who have
:llfe (i:)elirgo}h(;rﬁ_eig:r?zgzztl(])gl‘lr.eni]’n‘;efdolt;efilgag:r;e;:pg:;t;}::ll;’ ;%%rﬂtg not had experience of such statistics to appreciate the beautiful balance

fourth to the strength of Belgians.

parallel columns, one entitled “ observed,” and the opher o ca.lqul.ated,”
and the close conformity between each of the pairs is very striking.

In each series there are two of the processes of heredity in ensuring the repetition of such finely

graduated proportions as those that the tables record.
The outline of my problem of this evening is, that since the cha~
racteristics of all plants and animals tend to conform to the law of

deviation, let us suppose a typical case, in which the conformity shall
American Soldiers France Belgium, Quetelet. be exact, and which shall admit of discussion as a mathematical pro-
Seale of (26,878 Observations). (Hargenvilliers). 20 years’ Observations. blem, and find what the laws of heredity must then be o enible
Heights. : successive generations to maintain statistical identity. .
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= I = I shall have to speak so much about the law of deviation, that it is
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absolutely necessary to tax your attention for a few minutes to explain
100 100 the principle upon which it is based, what it is that it professes to

ClibPD www fastio.com

Vor. VIII. (No. 66.) x



ClibPD

286 ) My. Francis Galton [Feb. 9,

show, and what the two numbers are, which enable long series to be
caleulated like those in the tables just referred to. The simplest way
of explaining the law is to begin by showing it in action. For this
purpose I will use an apparatus that I employed three years ago in
this very theatre, to illustrate other points connected with the law of
deviation. An extension of its performance will prove of great service
to us to-night ; but I will begin by working the instrument as I did on
the previous occasion. The portion of it that then existed, and to
which I desire now to confine your attention, is:shown in the lower
paxt of Fig. 1, where I wish to direct your notice to the stream issuing
from cither of the divisions just above the dots, to its dispersion among
them, and to the little heap that it forms on the bottom line. This
part of the apparatus is like a harrow with its spikes facing us; below
these are vertical compartments; the whole is faced with a glass
plate. I will pour pellets from either of these divisions or from any
other point above the spikes ; they will fall ageinst the spikes, tumble
about among them, and after pursuing devious paths, each will finally
sink to rest in the compartment that lies beneath the place whence it
emerges from its troubles. : :

The courses of the pellets are extremely irregular; it rarely happens
that any two starting from the same point will pursue the same path
from beginning to end; yet, notwithstanding this, you will observe
the regularity of the outline of the heap formed by the secumulation
of pellets.

This outline is the geometrical representation of the curve of
deviation. If the rows of spikes had been few, the deviation would
have been slight, almost all the pellets would have lodged in the com-
partment immediately below the point whence they were dropped, and
would then have resembled & column ; if they had been very numerous,
they would have been scattered so widely that the part of the curve
for » long distance to the right and left of the point whence they were
dropped would have been of uniform width, like an horizontal bar.
With intermediate numbers of rows of teeth, the curved contour of
the heap would assume different shapes, all having a strong family
resemblance. I have cut some of these out of cardboard ; they are
represented in the diagrams 2, 8, 4 and 5, below. Theoretically
speaking, every possible curve of deviation mey be formed by an
apparatus of this sort, using extremely numerous and delicate spikes
and minute pellets, and by varying the length of the harrow and the
number of pellets poured in, Or if I draw a curve on an elastic sheet
of indiarubber, by stretching it laterally I produce the effects of
increased dispersion; by stretching it vertically I produce that of
increased numbers. The latter variation is shown by the three curves
in each of the four diagrams; but it does not concern us to-night, as
we are dealing with internal proportions, which are not affected by
the absolute number of the sample employed. To specify the variety
of curve so far as dispersion is concerned, we must measure the
amount of lateral stretch of the indiarubber sheet. The curve has no
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