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1. | ORGANIC STABILITY. 21

likings of each individual inscct in a flying swarm may
be supposed to determine the position that he occupies
in it. Every particle must have many immediate neigh-
bours. Even a sphere surrounded by other spheres of
equal sizes, like a cannon-ball in the middle of a heap,
when they are piled in the most compact form, is in
actual contact with no less than twelve others. We may
therefore feel assured that the particles which are still
unfixed must be affected by very numerous influences
acting from all sides and varying with slight changes of
place, and that they may occupy many positions of tem-
porary and unsteady equilibrium, and be subject to
repeated unsettlement, before they finally assume the
positions in which they severally remain at rest.

The whimsical effects of chance in producing stable
results are common enough. Tangled strings variously
twitched, soon get themselves into tight knots. Rub-
bish thrown down a sink is pretty sure in time to choke
the pipe ; no one bit may be so large as its bore, but
several bits in their numerous chance encounters will
at length so come into collision as to wedge themselves
into a sort of arch across the tube, and effectually plug
it. Many years ago there was a fall of large stones from
the ruinous walls of Kenilworth Castle. Three of them,
if 1 recollect rightly, or possibly four, fell into a very
peculiar arrangement, and bridged the interval between
the jambs of an old window. There they stuck fast,
showing clearly against the sky. The oddity of the
structure attracted continual attention, and its stability
was much commented on. These hanging stones, as
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and invariably tends to establish the following staff of
officers : President, vice-Presidents, a Council, Honorary
Secretaries, a paid Secretary, Trustees, and a Treasurer.
As Britons are not unfrequently servile to rank, some
seck a purely ornamental Patron as well.

Every variety of Crowd has its own characteristic
features. At a national pageant, an evening party, a
race-course, a marriage, or a funeral, the groupings in
each case recur so habitually that it sometimes appears
to me as if time had no existence, and that the ceremony
in which T am taking part is identical with others at
which I had been present one year, ten years, twenty
years, or any other time ago.

The frequent combination of the same features in
Landscape Scenery, justifies the use of such expressions
as “true to nature,” when applied to a pictorial com-
position or to the descriptions of a novel writer. The
experiences of travel in one part of the world may
curiously resemble those in another. Thus the military
expedition by boats up the Nile was planned from
experiences gained on the Red River of North America,
and was carried out with the aid of Canadian veyageurs.
The snow mountains all over the world present the
same peculiar difficulties to the climber, so that Swiss
experiences and in many cases Swiss guides have been
used for the exploration of the Himalayas, the Caucasus,
the lofty mountains of New Zealand, the Andes, and
Greenland. Whenever the general conditions of a
new country resemble our own, we recognise character-
istic and familiar features at every turn, whether we
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are walking by the brookside, along the seashore, in
the woods, or on the hills.

Even in Cookery it seems difficult to invent a new
and good dish, though the current recipes are few, and
the proportions of the flour, sugar, butter, eggs, &e.,
used in making them might be indefinitely varied and
be still eatable. I consulted cookery books to learn the
facts authoritatively, and found the following passage :
“I have constantly kept in view the leading principles
of this work, namely, to give in these domestic recipes
the most exact quantities. . . . I maintain that one
cannot be too careful ; it is the only way to put an end
to those approximations and doubts which will beset the
steps of the inexperienced, and which account for so
many people eating indifferent meals at home.”

It is the triteness of these experiences that makes
the most varied life monotonous after a time, and many
old men as well as Solomon have frequent occasion to
lament that there is nothing new under the sun.

The object of these diverse illustrations is to impress
the meaning I wish to convey, by the phrase of stable
forms or groupings, which, however uncertain it may be
in outline, 1s perfectly distinct in substance.

Every one of the meanings that have beecn attached
by writers to the vague but convenient word “ type " has
for its central idea the existence of a limited number

' The Royal Cookery Bool. By Jules Gouffé, Chef de Cuisine of the Paris
Jockey Club ; translated by Alphonse Gouffé, Head Pastry Cook to H.M.
the Queen. Sampson Low. 1869, Introduction, p. 9.
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of frequently recurrent forms. The word etymologically
compares these forms to the identical medals that may
be struck by one or other of a set of dies. The central
idea on which the phrase “ stable forms” is based is of
the same kind, while the phrase further aceounts for
their origin, vaguely it may be, but still significantly,
by showing that though we know little or nothing of
details, the result of organic groupings is analogous to
much that we notice elsewhere on every side.

Subordinate positions of Stability.—Of course there
are different degrees of stability. If the same structural
form recurs in successively descending generations, its
stability must be great, otherwise it could mnot have
withstood the effects of the admixture of equal doses of
alien elements in successive generations. Such a form
well deserves to be called typical. A breeder would
always be able to establish it. It tends of itself to
become a new and stable variety; therefore all the
breeder has to attend to is to give fair play to its
tendency, by weeding out from among its offspring such
reversions to other forms as may crop up from time to
time, and by preserving the breed from rival admixtures
until it has become confirmed, and adapted in every
minute particular to its surroundings.

Personal Forms may be compared to Human Inven-
tions, as these also may be divided into types, sub-types,
and deviations from them. Every important inven-
tion is a new type, and of such a definite kind as to
admit of clear verbal description, and so of becoming
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intended to illustrate the meaning of primary and sub-
ordinate stability in organic structures, although the
conditions of these must be far more complex than
anything we have wits to imagine. The model and the
organic structure have the cardinal fact in common, that
if either is disturbed without transgressing the range of
its stability, it will tend to re-establish itself, but if the
range is overpassed it will topple over into a new
position ; also that both of them are more likely to
topple over towards the position of primary stability,
than away from it. '

The ultimate point to be illustrated is this. Though a
long established race habitually breeds true to its kind,
subject to small unstable deviations, yet every now and
then the offspring of these deviations do not tend to
revert, but possess some small stability of their own.
They therefore have the character of sub-types, always,
however, with a reserved tendeney under strained con-
ditions, to revert to the earlier type. The model further
illustrates the fact that sometimes a sport may occenr of
such marked peculiarity and stability as to rank as a
new type, capable of becoming the origin of a new race
with very little assistance on the part of natural selection.
Also, that a new type may be reached without any large
single stride, but through a fortunate and rapid succession
of many small ones,

The model is a polygonal slab, the polygon being one
that might have been deseribed within an oval, and it is
so shaped as to stand on any one of its edges. When the
slab rests as in Fig. 1, on the edge A B, corresponding to
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the shorter diameter of the oval, it stands in its most
stable position, and in one from which it is equally diffi-
cult to dislodge it by a tilt either forwards or backwards.
So long as it is merely tilted it will fall back on being
left alone, and its position when merely tilted corre-
sponds to a simple deviation. But when it is pushed
‘with sufficient foree, it will tumble on to the next
edge, B ¢, into a new position of stability. It will
rest there, but less securely than in its first position ;
moreover its range of stability will no longer be dis-
posed symmetrically. A comparatively slight push from
the front will suffice to make 1t tumble back, a com-
paratively heavy push from behind is needed to make
it tumble forward. If it be tumbled over into a
third position (not shown in the Fig.), the process
just described may recur with exaggerated effect, and
similarly for many subsequent ones. If, however, the
slab is at length brought to rest on the edge ¢ b,
most nearly corresponding to its longest diameter, the
next onward push, which may be very slight, will suffice
to topple 1t over into an entirely new system of stability ;
in other words, a “sport” comes suddenly into exist-
ence. Or the figure might have been drawn with its
longest diameter passing into a projecting spur, so that
a push of extreme strength wounld be required to topple
it entirely over.

If the first position, A B, is taken to represent a type,
the other portions will represent sub-types. All the
stable positions on the same side of the longer diameter
are subordinate to the first position. On whichever of
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between an omnibus and a hansom, and it would be
difficult between an omnibus and a four-wheeler.

Evolution not by Minute Steps Only.—The theory
of Natural Selection might dispense with a restriction,
for which it is difficult to see either the need or the
justification, namely, that the course of evolution always
proceeds by steps that are severally minute, and that
become effective only through accumulation. That
the steps may be small and that they must be small are
very different views; it is only to the latter that 1
object, and only when the indefinite word “small ” is used
in the sense of “barely discernible,” or as small com-
pared with such large sports as are known to have been
the origins of new races. An apparent ground for the
common belief is founded on the fact that whenever
search 1s made for intermediate forms between widely
divergent varieties, whether they be of plants or of
animals, of weapons or utensils, of customs, religion or
language, or of any other product of evolution, a long
and orderly series can usually be made out, each member
of which differs in an almost imperceptible degree from
the adjacent specimens. But it does not at all follow
because these intermediate forms have been found to
exist, that they are the very stages that were passed
through in the course of evolution. Counter evidence
exists in abundance, not only of the appearance of con-
siderable sports, but of their remarkable stability in
hereditary transmission. Many of the specimens of
intermediate forms may have been unstable varieties,




























1v.] SCHEMES OF DISTRIBUTION AND OF FREQUENCY. 41

position will be exactly Middlemost, after the Strengths
of all the men in the group have been marshalled in
the order of their magnitudes. In other words, he is
of mediocre strength. The accepted term to express
the value that occupies the Middlemost position is
“ Median,” which may be used either as an adjective or
as a substantive, but it will be usually replaced in this
book by the abbreviated form M. I also use the word
“Mid " in a few combinations, such as “ Mid-Fraternity,”
to express the same thing, The Median, M, has three
properties. The first follows immediately from its con-
struction, namely, that the chance 1s an equal one, of
any previously unknown measure in the group exceeding
or falling short of M. The second is, that the most
probable value of any previously unknown measure in
the group is M. Thus if N be any one of the measures,
and u be the value of the unit in which the measure 1s
recorded, such as an inch, tenth of an inch, &e., then
the number of measures that fall between (N — Ju) and
(N + Ju), is greatest when N=M. Mediocrity is always
the commonest condition, for reasons that will become
apparent later on. The third property is that whenever
the curve of the Scheme is symmetrically disposed on
either side of M, except that one half of it is turned
upwards, and the other half downwards, then M is
identical with the ordinary Arithmetic Mean or Average.
This is closely the condition of all the eurves I have to
discuss. The reader may look on the Median and on

the Mean as being practically the same things, throughout
this book.
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both the ratios and the differences between either pair of
values would be sensibly the same.

A different way of comparing two Schemes is some-
times useful. It is to draw them in opposed directions,
as in Fig. 5, p. 40. Their curves will then cut each
other at some point, whose Grade when referred to
either of the two Schemes (whichever of them may be
preferred), determines the point at which the same
values are to be found. In Fig. 5, the Grade in the
one Scheme is 20°; therefore in the other Scheme it is
100°—20° or 80°. In respect to the Strength of Pull
of men and women, it appears that the woman who
occupies the Grade of 96° in her Scheme, has the same
strength as the man who occupies the Grade of 4° in his
Scheme,

I should add that this great inequality in Strength
between the sexes, is confirmed by other measure-
ments made at the same time in respect to the
Strength of their Squeeze, as tested by another of
Salter’s instruments. Then the woman in the 93rd and
the man in the 7th Grade of their resective Schemes,
proved to be of equal strength. In my paper' on the
results obtained at the laboratory, I remarked: “ Very
powerful women exist, but happily perhaps for the
repose of the other sex such gifted women are rare.
Out of 1,657 adult women of all ages measured at the
laboratory, the strongest could only exert a squeeze of
86 lbs., or about that of a medium man.”

1 Journ. Anthropol. Inst. 1885, Mem. : There is a blunder in the para-
graph, p. 23, headed “ Height Sitting and Standing.” The paragraph
should be struck out.
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The Shape of Schemes is Independent of the Number
of Observations.—When Schemes are drawn from dif-
ferent samples of the same large group of measurements,
though the number in the several samples may differ
oreatly, we can always so adjust the horizontal scales
that the breadth of the several Schemes shall be uniform.
Then the shapes of the Schemes drawn from different
samples will be little affected by the number of observa-
tions used in each, supposing of course that the numbers
are never too small for ordinary statistical purposes.
The only recognisable differences between the Schemes
will be, that, if the number of observations in the
sample is very large, the upper margin of the Scheme
will fall into a more regular curve, especially towards
either of its limits. Some irregularity will be found in
the above curve of the Strength of Pull; but if the
observations had been ten times more numerous, it 1s
probable, judging from much experience of such curves,
that the irregularity would have been less conspicuous,
and perhaps would have disappeared altogether,

However numerous the observations may be, the
curve will always be uncertain and incomplete at its
extreme ends, because the next value may happen to be
greater or less than any one of those that preceded it.
Again, the position of the first and the last observation,
supposing each observation to have been laid down sepa-
rately, can never coincide with the adjacent limit. The
more numerous the observations, and therefore the closer
the perpendiculars by which they are represented, the
nearer will the two extreme perpendiculars approach the
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Data for Eighteen Schemes.—Sufficient data for re-
constructing any Scheme, with much correctness, may
be printed in a single line of a Table, and according to
a uniform plan that is suitable for any kind of values.
The measures to be recorded are those at a few definite
Grades, beginning say at 5°, ending at 95°, and including
every intermediate tenth Grade from 10° to 90°. It is
convenient to add those at the Grades 25° and 75°, if
space permits. The former values are given for eighteen
different Schemes, in Table 2. In the memoir from
which that table is reprinted, the values at what I now
call (centesimal) Grades, were termed Percentiles. Thus
the values at the Grades 5° and 10° would be respectively
the 5th and the 10th percentile. It still seems to me
that the word percentile is a useful and expressive
abbreviation, but it will not be necessary to employ it
in the present book. It is of course unadvisable to use
more technical words than is absolutely necessary, and
it will be possible to get on without it, by the help of
the new and more important word * Grade.”

A series of Schemes that express the distribution of
various faculties, 13 valuable in an anthropometrie labora-
tory, for they enable every person who is measured to
find his Rank or Grade in each of them.

Diagrams may also be constructed by drawing parallel
lines, each divided into 100 Grades, and entering each
round number of inches, Ibs., &e., at their proper places,
A diagram of this kind is very convenient for reference,
but it does not admit of being printed; it must be
drawn or lithographed. I have constructed one of these
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by the process of comparison. Suppose the second
Scheme to refer to the successes of students from another
hospital, we should draw the two Schemes in opposed
directions, just as was done in the Strength of Pull of
Males and Females, Fig. 5, and determine the Grade
in either of the Schemes at which success was equal.

Schemes of Frequency.—The method of arranging
observations in an orderly manner that is generally
employed by statisticians, is shown in Fig. 3, page 38,
which expresses the same facts as Fig. 2 under a different
aspect, and so gives rise to the well-known Curve of
“Frequency of Error,” though in Fig. 3 the curve is
turned at right angles to the position in which it is
usually drawn. It is so placed in order to show more
clearly its relation to the Curve of Distribution. The
Curve of Frequency is far less convenient than that of
Distribution, for the purposes just described and for
most of those to be hereafter spoken of. But the Curve
of Frequency has other uses, of which advantage will
be taken later on, and to which it is unnecessary now
to refer.

A Scheme as explained thus far, is nothing more than
a compendium of a mass of observations which, on being
marshalled in an orderly manner, fall into a diagram
whose contour is so regular, simple, and bold, as to
admit of being described by a few numerals (Table 2),
from which it can at any time be drawn afresh. The
regular distribution of the several faculties among a

large population is little disturbed by the fact that its
E
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form of M+ (£D). If M=O0, or if it is subtracted
from every measure, the residues which are the different
values of (+D) will form a Scheme by themselves.
Schemes may therefore be made of Deviations as well as
of Measures, and one of the former is seen in the
upper part of Fig. 6, page 40. It is merely the upper
portion of the corresponding Scheme of Measures, in
which the axis of the curve plays the part of the base.

A strong family likeness runs between the 18 different
Schemes of Deviations that may be respectively derived
from the data in the 18 lines of Table 2. If the slope
of the curve in one Scheme is steeper than that of
another, we mneed only to fore-shorten the steeper
Scheme, by inclining it away from the line of sight, in
order to reduce its apparent steepness and to make it
look almost identical with the other. Or, better still,
we may select appropriate vertical scales that will enable
all the Schemes to be drawn afresh with a uniform slope,
and be made strictly comparable.

Suppose that we have only two Schemes, A. and B.,
that we wish to compare. Let L.,, L., be the lengths of
the perpendiculars at two specified grades in Scheme A.,
and K., K., the lengths of those at the same grades in
Scheme B. ; then if every one of the data from which
L.,—L..
K. -1 K :
series of transmuted data will be obtained for drawing
a new Scheme B., on such a wvertical scale that its
general slope between the selected grades shall be the
same as in Scheme A. For practical convenience the

Scheme B. was drawn be multiplied by a
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selected Grades will be always those of 25° and 75°
They stand at the first and third quarterly divisions of
the base, and are therefore easily found by a pair of
compasses. They are also well placed to afford a fair
criterion of the gemeral slope of the Curve. If we call
the perpendicular at 25°, Q.;; and that at 75°, Q.,,
then the unit by which every Scheme will be defined
is its value of 1(Q.,—Q.), and will be -called its
Q. As the M measures the Average Height of the
curved boundary of a Scheme, so the Q measures its
general slope.  When we wish to transform many differ-
ent Schemes, numbered 1., IL., IT1., &e., whose respective
values of Q are ¢, go, ¢y, &c., to others whose values of Q
are in each case equal to ¢, then all the data from which

Scheme I. was drawn, must be multiplied by 0 ; those
1

from which Scheme II. was drawn, by 90 and so on, and

¥

new Schemes have to be constructed from these trans-
muted values.

Our Q has the further merit of being practically the
same as the wvalue which mathematicians ecall the
“ Probable Error,” of which we shall speak further on.

Want of space in Table 2 prevented the insertion of
the measures at the Grades 25° and 75°, but those at
20° and 30° are given on the one hand, and those at 70°
and 80° on the other, whose respective averages differ
but little from the values at 25° and 75°. 1 thereforce
will use those four measures to obtain a value for cur
unit, which we will call Q’, to distinguish it from Q.
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These are not identical in value, because the outline of
the Scheme is a curved and not a straight line, but the
- difference between them is small, and is approximately
the same in all Schemes. It will shortly be seen that
Q'=1:015 x Q approximately ; therefore a series of De-
viations measured in terms of the large unit Q" are
numerically smaller than if they had been measured in
terms of the small unit (for the same reason that the
numerals in 2, 3, &e., feet are smaller than those in the
corresponding values of 24, 36, &ec., wnches), and they
must be multiplied by 1.015 when it is desired to
change them into a series having the smaller value of Q
for their unit.

All the 18 Schemes of Deviation that can be derived
from Table 2 have been treated on these principles, and
the results are given in Table 3. Their general accord-
ance with one another, and still more with the mean of
all of them, 1s obvious.

Normal Curve of Distribution.—The values in the
hottom line of Table 3, which 1s headed * Normal Values
when Q = 1,7 and which correspond with minute pre-
cision to those in the line immediately above them, are
not derived from observations at all, but from the well-
known Tables of the “ Probability Integral ” in a way
that mathematicians will easily understand by comparing
the Tables 4 to 8 inclusive. I need hardly remind the
reader that the Law of Error upon which these Normal
Values are based, was excogitated for the use of astro-
nomers and others who are concerned with extreme
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inside out, as it were, deriving the “arguments” for
Tables 7 and 8 from the entries in the body of Table 6,
and making other easily intelligible alterations.

Comparison of the Observed with the Normal Curve.
—1 confess to having been amazed at the extraordinary
coinecidence between the two bottom lines of Table 3,
considering the great variety of faculties contained in
the 18 Schemes ; namely, three kinds of linear measure-
ment, besides one of weight, one of capacity, two of
strength, one of vision, and one of swiftness. It 1s
obvious that weight cannot really vary at the same rate
as height, even allowing for the fact that tall men are
often lanky, but the theoretical impossibility 1s of the
less practical importance, as the variations in weight are
small compared to the weight itsell. Thus we see from
the value of Q in the first column of Table 3, that half
of the persons deviated from their M by no more than
10 or 11 lbs.,, which is about one-twelfth part of the
value of M.  Although the several series in Table 3 run
fairly well together, I should not have dared to hope
that their irregularities would have balanced one another
so_beautifully as they have done. It has been objected
to some of my former work, especially in Hereditary
(Gentus, that T pushed the applications of the Law of
Frequency of Error somewhat too far. I may have done
so, rather by ineautious phrases than in reality; but
I am sure that, with the evidence now before us, the
applicability of that law is more than justified within
the reasonable limits asked for in the present book. I
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am satisfied to claim that the Normal Curve is a fair
average representation of the Observed Curves during
nine-tenths of their course; that is, for so much of
them as lies between the grades of 5° and 95°. In
particular, the agreement of the Curve of Stature with
the Normal Curve 1is very fair, and forms a mainstay of
my inquiry into the laws of Natural Inheritance.

It has already been said that mathematicians laboured
at the law of Error for one set of purposes, and we
are entering into the fruits of their labours for another.
Hence there is no ground for surprise that their Nomen-
clature is often cumbrous and out of place, when applied
to problems in heredity. This is especially the case
with regard to their term of *“ Probable Error,” by which
they mean the value that one half of the Errors exceed
and the other half fall short of. This is practically the
same as our Q.! It is strictly the same whenever the
two halves of the Scheme of Deviations to which it
applies are symmetrically disposed about their common
axis.

The term Probable Error, in its plain English inter-
pretation of the most Probable Error, is quite mis-
leading, for it is nof that. The most Probable Error
(as Dr. Venn has pointed out, in his Logic of Chance)

1 The following little Table may be of service :—

Values of the different Constants when the Prob. Error is taken as unity, and
their corresponding Grades.

Prob. Error............... 1'000 ; corresponding Grades 25°0, 75°0
MTRINInE o BOOT S s 8, 921
Mean Error............... 1'183 ; o T
Error of Mean Squares 1'483 ; 5 s 1650 8470
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is zero. This results from what was said a few pages
back about the most probable measure in a Scheme
being its M. In a Scheme of Errors the M is equal to
0, therefore the most Probable Error in such a Scheme
is 0 also. It is astonishing that mathematicians, who
are the most precise and perspicacious of men, have not
long since revolted against this cumbrous, slip-shod,
and misleading phrase. They really mean what I
should call the Mid-Error, but their phrase is too firmly
established for me to uproot it. I shall however always
write the word Probable when used in this sense, in the
form of “ Prob.”; thus “ Prob. Error,” as a continual
protest against its illegitimate use, and as some slight
safeguard against its misinterpretation. Moreover the
term Probable Error is absurd when applied to the
subjects now in hand, such as Stature, Eye-colour,
Artistic Faculty, or Disease. I shall therefore usually
speak of Prob. Deviation.

Though the value of our Q is the same as that of
the Prob. Deviation, Q is not a convertible term with
Prob. Deviation. We shall often have to speak of the
one without immediate reference to the other, just as
we speak of the diameter of the cirele without reference
to any of its properties, such as, if lines are drawn from
its ends to any point in the circumference, they will
meet at a right angle. The Q of a Scheme is as de-
finite a phrase as the Diameter of a Circle, but we
cannot replace Q in that phrase by the words Prob.
Deviation, and speak of the Prob. Deviation of a
Scheme, without doing some violence to language. We
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should have to express ourselves from another point of
view, and at much greater length, and say ‘the Prob,
Deviation of any, as yet unknown measure in the Scheme,
from the Mean of all the measures from which the
Scheme was constructed.”

The primary idea of Q has no reference to the existence
of a Mean value from which Deviations take place. It
i half the difference between the measures found at the
25th and 75th Centesimal Grades. In this definition
there 1s not the slightest allusion, direct or indirect, to
the measure at the 50th Grade, which is the value of M.
It 1s perfectly true that the measure at Grade 25° is
M—Q, and that at Grade 75" 1s M + Q, but all this is
superimposed upon the primary conception. Q stands
essentially on its own basig, and has nothing to do with
M. It will often happen that we shall have to deal
with Prob : Deviations, but that is no reason why we
should not use Q whenever it suits our purposes better,
especially as statistical statements tend to be so cum-
brous that every abbreviation is welcome.,

The stage to which we have now arrived is this. It
has been shown that the distribution of very different
human qualities and faculties is approximately Normal,
and it is inferred that with reasonable precautions we
may treat them as if they were wholly so, in order to
obtain approximate results. We shall thus deal with an
entire Scheme of Deviations in terms of its Q, and with
an entire Scheme of Measures in terms of its M and Q,
just as we deal with an entire Circle in terms of its
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radius, or with an entire Ellipse in terms of its major
and minor axes. We can also apply the various beau-
tiful properties of the Law of Frequency of Error to
the observed values of Q. In doing so, we act like
woodsmen who roughly calculate the cubic contents of
the trunk of a tree, by measuring its length, and its girth
at either end, and submitting their measures to formulse
that have been deduced from the properties of ideally
perfect straight lines and cireles. Their results prove
serviceable, although the trunk is only rudely straight
and circular. I trust that my results will be yet closer
approximations to the truth than those usually arrived
at by the woodsmen.

The value of a single Deviation at a known Grade
determines a Normal Scheme of Deviations.—When
Normal Curves of Distribution are drawn within the
same limits, they differ from each other only in their
general slope ; and the slope is determined if the value
of the Deviation is given at any one specified Grade.
It must be borne in mind that the width of the limits
between which the Scheme is drawn, has no influence on
the wvalues of the Deviations at the wvarious Grades,
because the latter are proportionate parts of the base,
As the limits vary in width, so do the intervals between
the Grades, When measuring the Deviation at a speci-
fied Grade for the purpose of determining the whole
Curve, it is of course convenient to adhere to the same
Grade in all eases. It will be recollected that when
dealing with the observed curves a few pages back, I
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used not one Grade but two Grades for the purpose,
namely 25° and 75°; but in the Normal Curve, the
plus and menus Deviations are equal in amount at all
pairs of symmetrical distances on either side of grade
50° ; therefore the Deviation at either of the Grades 25°
or 75" is equal to Q, and suffices to define the entire
Curve.

The reason why a certain value Q' was stated a few
pages back to be equal to 1°015 Q, is that the Normal
Deviations at 20° and at 30°, (whose average we called
Q) are found in Table 8, to be 125 and 0'78; and
similarly those at 70° and 60°. The average of 125
and 078 is 1015, whereas the Deviation at 25° or at
75° 13 1000,

Two Measures at known Grades determine a Normal
Scheme of Measures.—If we know the value of M as
well as that of Q we know the entire Scheme. M ex-
presses the mean value of all the objects contained in
the group, and Q defines their variability. But if we
know the Measures at any two specified Grades, we can
deduce M and Q from them, and so determine the entire
Scheme. The method of doing this is explained in the
foot-note.

! The following iz a fuller description of the propositions in this and
in the preceding paragraph ;—

(1) In any Normal Scheme, and therefore approximately in an observed
one, if the value of the Deviation is given at any one specified Grade the
whole Curve is determined. Let D be the given Deviation, and d the
tabular Deviation at the same Grade, as found in Table 8 ; then multiply

every entry in Table 8 by j] As the tabular value of [} is 1, it will become

changed into g
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The Charms of Statistics.—It is difficult to under-
stand why statisticians commonly limit their inquiries
to Averages, and do not revel in more comprehensive
views, Their souls seem as dull to the charm of variety
as that of the native of one of our flat English counties,
whose retrospect of Switzerland was that, if its moun-
tains could be thrown into its lakes, two nuisances
would be got rid of at once. An Average is but a
solitary fact, whereas if a single other fact be added to
it, an entire Normal Scheme, which nearly corresponds
to the observed one, starts potentially into existence.

Some people hate the very name of statisties, but I
find them full of beauty and interest. Whenever they
are not brutalised, but delicately handled by the higher
methods, and are warily interpreted, their power of
dealing with complicated phenomena is extraordinary.
They are the only tools by which an opening ¢an be cut

(2) If the Measures at any two specified Grades are given, the whole
Scheme of Measures is thereby determined. Let 4, B be the two given
Measures of which . is the larger, and let a, b be the values of the tabular
Deviations for the same Grades, as found in Table 8, not omitting their
gigns of plus or minus as the caze may be.

Then the () of the Scheme = iH. (The sign of () is not to be re-

garded ; it is merely a magnitude.)
M=4-al;orM=5-10]

Frample : A, situated at Grade 55° = 1438
B, gitnated at Grade 5% = 912
The corresponding tabular Deviations are :—a = 4019 ; b = —244.
1438 — 912 526
Therefora || = e
M=1438 - 0119 X 2 = 140
or = 9124 244 X 2 = 140
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succession of rows of pins stuck squarely into the back-
board, and below these again are a series of vertical
compartments. A charge of small shot is inclosed.
When the frame is held topsy-turvy, all the shot runs
to the upper end ; then, when it is turned back into
its working position, the desired action commences,
Lateral strips, shown in the diagram, have the effect of
directing all the shot that had collected at the upper
end of the frame to run into the wide mouth of the
funnel. The shot passes through the funnel and issuing
from its narrow end, scampers deviously down through
the pins in a curious and interesting way ; each of them
darting a step to the right or left, as the case may be,
every time it strikes a pin. The pins are disposed in a
quincunx fashion, so that every descending shot strikes
against a pin in each successive row. The cascade
issuing from the funnel broadens as it descends, and, at
length, every shot finds itself eaught in a compartment
immediately after freeing itself from the last row of
pins. The outline of the columns of shot that accumulate
in the successive compartments approximates to the
Curve of Frequency (Fig. 3, p. 38), and-is closely of
the same shape however often the experiment is re-
peated. The outline of the columns would become more
nearly identical with the Normal Curve of Frequency,
if the rows of pins were much more numerous, the shot
smaller, and the compartments narrower ; also if a larger
quantity of shot was used.

The principle on which the action of the apparatus
depends is, that a number of small and independent

%
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lar line drawn from its starting point, and each shot
will have a Prob: Error that we will eall 5. Do this
for all the AA compartments in turn; b will be the
same for all of them, and the final result must be to re-
produce the identically same system in the BB com-
partments that was shown in Fig. 7, and in which each
shot had a Prob: Error of ¢.

The dispersion of the shot at BB may therefore be
looked upon as compounded of two superimposed and
independent systems of dispersion. In the one, when
acting singly, each shot has a Prob: Error of a; in
the other, when acting singly, each shot has a Prob:
Error of b, and the result of the two acting together is
that each shot has a Prob: Error of q. What is the
relation between «, b, and ¢? Caleulation shows that
¢=a’+0°. In other words, ¢ corresponds to the hypo-
thenuse of a right-angled triangle of which the other two
sides are a and D respectively.

(2) It is a corollary of the foregoing that a system Z,
in which each element is the Sum of a couple of inde-
pendent Iirrors, of which one has been taken at random
from a Normal system A and the other from a Normal
system B, will itself be Normal." Calling the Q of the Z
system ¢, and the Q of the A and B systems respectively,
a and b, then ¢° =a® + 07,

1 We may see the rationale of this corollary if we invert part of the
statement of the problem. Instead of saying that an A element deviates
from its 3, and that a n element also deviates independently from its a, we
may phrase it thus: An A element deviates from its a, and its M deviates
from the B element. Therefore the deviation of the B element from the
A element is compounded of two independent deviations, as in Problem 1,
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Feversham Terrace, York ; Cust, Lady Elizabeth, 13 Eccleston Square, S.W.;
Fry, Edward, Portsmouth, 5 The Grove, Highgate, N. ; Gibson, G. A., M.D,,
1 Randolph Cliff, Edinburgh ; Gidley, B. Courtenay, 17 Ribblesdale Road,
Hornsey, N. ; Gillespie, Franklin, M.D., 1 The Grove, Aldershot ; Griffith-
Boscawen, Mrs., Trevalyn Hall, Wrexham ; Hardeastle, Henry, 38 Eaton
Square, S.W. ; Harrison, Miss Edith, 68 Gloucester Place, Portman Square,
W. ; Hobhouse, Mrs, 4 Kensington Square, W, ; Holland, Miss, Ivymeath,
Snodland, Kent ; Hollis, George, Dartmouth House, Dartmouth Park Hill,
N.; Ingram, Mrs, Ades, Chailey, Lewis, Sussex ; Johnstone, Miss C. L.,
3 Clarendon Place, Leamington ; Lane-Poole, Stanley, 6 Park Villas East,
Richmond, Middlesex ; Leathley, D. W. B.,, 59 Lincoln’s Inn Ficlds (in
trust for a competitor who desires her name not to be published) ; Lewin,
Lieutenant-Colonel T. H., Colway Lodge, Lyme Regis; Lipscomb, R. H.,
East Budleigh, Budleigh Salterton, Devon ; Malden, Henry C., Windlesham
House, Brighton ; Malden, Henry Elliot, Kitland, Holmwood, Surrey ;
McCall, Hardy Bertram, 5 St. Augustine’s Road, Edgbaston, Birmingham ;
Moore, Miss Georgina M., 43 Chepstow Place, Bayswater, W. ; Newlands,
Mrs., Raeden, near Aberdeen ; Pearson, David R., M.D., 23 Upper Phili-
more Place, Kensington, W. ; Pearson, Mrs,, The Garth, Woodside Park,
North Finchley : Pechell, Hervey Charles, 6 West Chapel Street, Curzon
Street, W, ; Roberts, Samuel, 21 Roland Gardens, S.W.; Smith, Mrs,
Archibald, Riverbank, Putney, S.W.; BStrachey, Mrs. Fowey Lodge,
Clapham Common, S.W. ; Sturge, Miss Mary C., Chilliswood, Tyndall’s
Park, Bristol ; Sturge, Mrs. R. F., 101 Pembroke Road, Clifton ; Wilson,
Edward T., M.D., Westall, Cheltenham.

A PRIZE oF £5 WAS AWARDED TO EACH OF THE 44 FOLLOWING
CoNTRIBUTORS.

Allan, Franeis J., M.D., 1 Dock Street, E. ; Atkinson, Mrs, Clare College
Lodge, Cambridge ; Bevan, Mrs, Plumpton House, Bury St. Edmunds ;
Browne, Miss, Maidenwell House, Louth, Lincolnshire ; Cash, Frederick
Goodall, Gloucester ; Chisholm, Mrs, Church Lane House, Haslemere,
Surrey ; Collier, Mrs. R., 7 Thames Embankment, Chelsea; Croft, Sir
Herbert G. D., Lugwardine Court, Hereford ; Davis, Mrs. (care of Israel
Davis, 6 Kings Bench Walk, Temple, E.C.); Drake, Henry H., The
Firs, Lee, Kent ; Ercke, J. J. G., 13, Brownhill Road, Catford, S.E. ;
Flint, Fenner Ludd, 83 Brecknock Road, N.; Ford, William, 4 South
Square, Gray's Inn, W.C,; Foster, Rev. A. J., The Vicarage, Wootton,
Bedford ; Glanville-Richards, W. V. 8., 23 Endsleigh Place, Plymouth ;
Hale, C, D. Bowditch, 8 SBussex Gardens, Hyde Park, W. ; Horder, Mrs.
Mark, Rothenwood, Ellen Grove, Salisbury ; Jackson, Edwin, 79 Withington
Road, Whalley Range, Manchester ; Jackson, George, 1 St. George's Terrace,
Plymouth ; Kesteven, W. H., 491 Holloway Road, N.; Lawrence, Mrs,
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that I need specify were the very first that I used ; they
refer to the sizes of seeds, which are equivalent to the
Statures of seeds. I both measured and weighed them,
but after assuring myself of the equivalence of the
two methods (see Appendix C.), confined myself to
ascertaining the weights, as they were much more
easily ascertained than the measures. It is more
than 10 years since I procured these data. They
were the result of an extensive series of experiments
on the produce of seeds of different sizes, but of
the same species, conducted for the following reasons.
I had endeavoured to find a population possessed
of some measurable characteristic that was suitable
for investigating the causes of the statistical similarity
between successive generations of a people, as will here-
after be discussed in Chapter VIII. At last I determined
to experiment on seeds, and after much inquiry of very
competent advisers, selected sweet-peas for the purpose.
They do not cross-fertilize, which is a very exceptional
condition among plants; they are hardy, prolific, of a
convenient size to handle, and nearly spherical ; their
weight does not alter perceptibly when the air changes
from damp to dry, and the little pea at the end of the
pod, so characteristic of ordinary peas, is absent in sweet-
peas. 1 began by weighing thousands of them individ-
ually, and treating them as a census officer would treat
a large population. Then I selected with great pains
several sets for planting. Each set contained seven
little packets, numbered K, L, M, N, O, P, and Q,
cach of the seven packets contained ten seeds of almost
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collected from time to time and put into bags that I
had sent, lettered from K to Q, the same letters having
been stuck at the ends of the beds. When the crop was
coming to an end, the whole remaining produce of each
bed, including the foliage, was torn up, tied together,
labelled, and sent to me. Many friends and acquaint-
ances had each undertaken the planting and culture of
a complete set, so that I had simultaneous experiments
going on in various parts of the United Kingdom from
Nairn in the North to Cornwall in the South. Two
proved failures, but the final result was that I obtained
the more or less complete produce of seven sets; that is
to say, the produce of 7 x7 x 10, or of 490 carefully
weighed parent seeds. Some additional account of the
results is given in Appendix C.

It would be wholly out of place to enter here into
further details of the experiments, or to narrate the
numerous little difficulties and imperfections I had to
contend with, and how I balanced doubtful cases; how
I divided returns into groups to see if they confirmed
one another, or how I conducted any other well-known
statistical operation., Suffice it to say that I took im-
mense pains, which, if I had understood the general
conditions of the problem as clearly as 1 do now, 1
should not perhaps have cared to bestow. The results
were most satisfactory. They gave me two data, which
were all that I wanted in order to understand in its
simplest approximate form, the way in which one
generation of a people is descended from a previous one ;
and thus I got at the heart of the problem at once.
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thicknesses of more than a hundred bodily parts, each
so distinet from the rest as to have earned a name by
which it can be specified. The list includes about fifty
separate bones, situated in the skull, the spine, the
pelvis, the two legs, and in the two ankles and feet.
The bones in both the lower limbs have to be counted,
because the Stature depends upon their average length.
The two cartilages interposed between adjacent bones,
wherever there is a movable joint, and the single
cartilage in other cases, are rather more numerous than
the bones themselves. The fleshy parts of the scalp
of the head and of the soles of the feet conclude the
list.  Account should also be taken of the shape and
set of the many bones which conduce to a more or less
arched instep, straight back, or high head. I noticed
in the skeleton of O'Brien, the Irish giant, at the College
of Surgeons, which is the tallest skeleton in any English
museum, that his great stature of about 7 feet 7 inches
would have been a trifle inereased if the faces of his
dorsal vertebree had been more parallel than they are,
and his back consequently straighter.

This multiplicity of elements, whose variations are to
some degree independent of one another, some tending
to lengthen the total stature, others to shorten it,
corresponds to an equal number of sets of rows of
pins in the apparatus Fig. 7, p. 63, by which the cause
of variability was illustrated. The larger the number of
these variable elements, the more nearly does the varia-
bility of their sum assume a “Normal” character, though
the approximation increases only as the square root of
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their number. The beautiful regularity in the Statures of
a population, whenever they are statistically marshalled
in the order of their heights, is due to the number
of variable and quasi-independent elements of which
Stature is the sum.

Marriage Selection—Whatever may be the sexual
preferences for similarity or for contrast, I find little
indication in the average results obtained from a fairly
large number of cases, of any single measurable personal
peculiarity, whether it be stature, temper, eye-colour,
or artistic tastes, in influencing marriage selection to
a notable degree. Nor is this extraordinary, for though
people may fall in love for trifles, marriage 1s a serious
act, usually determined by the concurrence of numerous
motives. Therefore we could hardly expect either
shortness or tallness, darkness or lightness in com-
plexion, or any other single quality, to have in the
long run a large separate influence.

I was certainly surprised to find how imperceptible
was the influence that even good and bad Temper
seemed to exert on marriage selection. A list was made
(see Appendix D) of the observed frequency of marriages
between persons of each of the various classes of Temper,
in a group of 111 couples, and I caleulated what would
have been the relative frequency of intermarriages be-
tween persons of the various classes, if the same number
of males and females had been paired at random. The
result showed that the observed list agreed closely with
the calculated list, and therefore that these observations
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The effect of Artistic Taste on marriage selection is
discussed in Chapter X., and this also is shown to be
small. The influence on the race of Bias in Marriage
Selection will be discussed in that chapter.

I have taken much trouble at different times to
determine whether Stature plays any sensible part in
marriage selection. I am not yet prepared to offer
complete results, but shall confine my remarks for the
present to the particular cases with which we are now
concerned. The shrewdest test is to proceed under the
guidance of Problem 2, page 68. I find the Q of
Stature among the male population to be 17 inch,
and similarly for the transmuted statures of the female
population. Consequently if the men and (transmuted)
women married at random so far as stature was con-
cerned, the Q in a group of couples, each couple
consisting of a pair of summed statures, would be
v/2 x 17 inches = 241 inches. Therefore the Q in a
group of which each element is the mean stature of a
couple, would be half that amount, or 1'20 inch. This
closely corresponds to what I derived from the data
contained in the first and in the last column but one
of Table 11. The word ‘ Mid-Parent,” in the headings
to those columns, expresses an ideal person of composite
sex, whose Stature is half way between the Stature of
the father and the transmuted Stature of the mother. I
therefore conclude that marriage selection does not pay
such regard to Stature, as deserves being taken into
account in the cases with which we are concerned,

I tried the question in another but ruder way, by



88 NATURAL INHERITANCE. [cnar.

dividing (see Table 9) the male and female parents re-
spectively into three nearly equal groups, of tall, medium,
and short. It was impracticable to make them precisely
equal, on account of the roughness with which the
measurements were recorded, so I framed rules that
seemed best adapted to the case. Consequently the
numbers of the tall and short proved to be only ap-
proximately and not exactly equal, and the two together
were only approximately equal to the medinum cases.
The final results were :—32 instances where one parent
was short and the other tall, and 27 where both were
short or both were tall. In other words, there were 32
cases of contrast in marriage, to 27 cases of likeness,
I do not regard this difference as of consequence,
because the numbers are small, and because a slight
change in the limiting values assigned to shortness and
tallness, would have a sensible effect upon the result.
[ am therefore content to ignore it, and to regard the
Statures of married folk just as if their choice in manr-
riage had been wholly independent of stature. The
importance of this supposition in facilitating caleulation
will be appreciated as we proceed.

Issue of Unlike Parents.—We will next discuss the
question whether the Stature of the issue of unlike
parents betrays any notable evidence of their unlikeness,
or whether the peculiarities of the children do not rather
depend on the average of two values; one the Stature
of the father, and the other the transmuted Stature
of the mother; in other words, on the Stature of



vit.] DISCUSSION OF THE DATA OF STATURE. 89

that ideal personage to whom we have already been
introduced under the name of a Mid-Parent. Stature
has already been spoken of as a well-marked instance
of the heritages that blend freely in the course of
hereditary transmission. It now becomes necessary to
substantiate the statement, because it is proposed to
trace the relationship between the Mid-Parent and the
Son. It would not be possible to discuss the relationship
between either parent singly, and the son, in a trust-
worthy way, without the help of a much larger number
of observations than are now at my disposal. They
ought to be numerous enough to give good assurance that
the cases of tall and short, among the unknown parents,
shall neutralise one another; otherwise the uncertainty
of the stature of the unknown parent would make the re-
sults uncertain to a serious degree. I am heartily glad
that I shall be able fully to justify the method of deal-
ing with Mid-Parentages instead of with single Parents,

The evidence is as follows :—If the Stature of children
depends only upon the average Stature of their two
Parents, that of the mother having been first trans-
muted, it will make no difference in a Fraternmity whether
one of the Parents was tall and the other short, or
whether they were alike in Stature. DBut if some children
resemble one Parent in Stature and others resemble the
other, the Fraternity will be more diverse when their
Parents had differed in Stature than when they were
alike. We easily acquaint ourselves with the facts by
separating a considerable number of Fraternities into
two contrasted groups: (@) those who are the progeny
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were 8o few in number that I could not well afford to lop
off more. These Tables were constructed by registering
the differences between each possible pair of brothers in
each family : thus if there were three brothers, A, B,
and C, in a particular family, I entered the differences
of stature between A and B, A and C, and B and C.,
four brothers gave rise to 6 entries, and five brothers to
10 entries. The larger Fraternities were omitted, as the
very large number of different pairs in them would
have overwhelmed the influence of the smaller Frater-
nities. Large Fraternities are separately dealt with in
Table 14. _

We can derive some of the constants by more than
one method ; and it is gratifying to find how well the
results of different methods confirm one another.

Mid-Stature of the Population.—The Median, Mid-
Stature, or M of the general Population is a value of
primary importance in this inquiry. Its value will be
always designated by the symbol P, and it may be
deduced from the bottom lines of any one of the three
Tables. I obtain from them respectively the values
682, 685, 684, but the middle of these, which 1s
printed in italics, is a smoothed result. It is one of the
only two smoothed values in the whole of my work, and
was justifiably corrected, because the observed values
that happen to lie nearest to the Grade of 50° ran out of
harmony with the rest of the curve. It is therefore
reasonable to consider its discrepancy as fortuitous,
although it amounts to more than 015 inch. The
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series in question refers to R.F.F. brothers, who, owing
to the principle on which the Table is constructed, are
only a comparatively small sample taken out of the
R.E.F. Population, and on a prineiple that gave greater
weight to a few large families than to all the rest.
Therefore it could not be expected to give rise to so
regular a Scheme for the general R.F.F. Population
as Table 11, which was fairly based upon the whole
of it. Less accuracy was undoubtedly to have been
expected in this group than in either of the others.

Variability of the Population.—The value of Q in
the Statures of the general Population is to be deduced
from the bottom lines of any one of the Tables 11, 12,
and 13. The three values of it that I so obtain, are
165, 17, and 1'7 inch. I should mention that the
method of the treatment originally adopted, happened
also to make the first of these values 17 inch, so I have
no hesitation in aecepting 1°7 as the value for all my
data.

Variability of Mid-Parents.—The value of Q in a
Scheme drawn from the Statures of the R.F.F. Mid-
Parents according to the data in Table 11, is 1-19
inches. Now it has already been shown that if marriage
selection is independent of stature, the value of Q in the
Scheme of Mid-parental Statures would be equal to its
value in that of the general Population (which we have
just seen to be 1'7 inch), divided by the square root of
2 ; that is by 1°45. This calculation makes it to be
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Anthropological Committee to the British Association
in 1880, and published in its Journal.

I concluded after carefully studying the chart upon
which each of the individual observations from which
Table 11 was constructed, had been entered separately
in their appropriate places, and not clubbed into groups
as in the Tables, that the value of Q in each Co-
Fraternal group was roughly the same, whatever their
Mid-Parental value might have been. It was not quite
the same, being a trifle larger when the Mid-Parents
were tall than when they were short. This justifies
what will be said in Appendix E about the Geometrie
Mean ; it also justifies neglect in the present inquiry of
the method founded upon it, because the improvement
in the results to which it might lead, would be insignifi-
cant, while its use would have added to the difficulty
of explanation, and introduced extra trouble through-
out, to the reader more than to myself. The value that
I adopt for Q in every Co-Fraternal group, is 1°5 inch.

Regression.—a. Filial : However paradoxical it may
appear at first sight, it is theoretically a necessary fact,
and one that is clearly confirmed by observation, that
the Stature of the adult offspring must on the whole,
be more mediocre than the stature of their Parents :
that is to say, more near to the M of the general
Population. Table 11 enables us to compare the
values of the M in different Co-Fraternal groups
with the Statures of their respective Mid-Parents,
Fig. 10 is a graphical representation of the meaning of
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parents, partly from his ancestry. In every population
that intermarries freely, when the genealogy of any man
is traced far backwards, his ancestry will be found to
consist of such varied elements that they are indistin-
guishable from a sample taken at haphazard from the
general Population. The Mid-Stature M of the remote
ancestry of such a man will become identical with P ;
in other words, it will be mediocre. To put the same
conclusion into another form, the most probable value
of the Deviation from P, of his Mid-Ancestors in any
remote generation, 1s zero.

For the moment let us confine our attention to some
one generation in the remote ancestry on the one hand,
and to the Mid-Parent on the other, and ignore all
other generations. The combination of the zero Devia-
tion of the one with the observed Deviation of the other
is the combination of nothing with something. Its
effect resembles that of pouring a measure of water
into a vessel of wine. The wine is diluted to a con-
stant fraction of its alcoholic strength, whatever that
strength may have been.

Similarly with regard to every other generation.
The Mid-Deviation in any near generation of the
ancestors will have a value intermediate between that
of the zero Deviation of the remote ancestry, and of the
observed Deviation of the Mid-Parent. Its combination
with the Mid-Parental Deviation will be as if a mixture
of wine and water in some definite proportion, and not
pure water, had been poured into the wine. The process
throughout is one of proportionate dilutions, and the
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joint effect of all of them is to weaken the original
aleoholic strength in a constant ratio.

The law of Regression tells heavily against the full
hereditary transmission of any gift. Only a few out of
many children would be likely to differ from mediocrity
so widely as their Mid-Parent, and still fewer would
differ as widely as the more exceptional of the two
Parvents. The more bountifully the Parent is gifted
by nature, the more rare will be his good fortune
if he begets a son who is as richly endowed as himself,
and still more so if he has a son who 1s endowed yet
more largely. But the law is even-handed ; it levies an
equal succession-tax on the transmission of badness as of
goodness. If it discourages the extravagant hopes of a
gifted parent that his children will inherit all his powers ;
it no less discountenances extravagant fears that they
will inherit all his weakness and disease.

It must be clearly understood that there is nothing in
these statements to invalidate the general doctrine that
the children of a gifted pair are much more likely to be
gifted than the children of a mediocre pair. They
merely express the fact that the ablest of all the
children of a few gifted pairs is not likely to be as
gifted as the ablest of all the children of a very great
many mediocre pairs.

The constancy of the ratio of Regression, whatever
may be the amount of the Mid-Parental Deviation, is
now seen to be a reasonable law which might have been
foreseen. It is so simple in its relations that I have
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Thus 56 is written in the position of 60°48 inches, which
is equal to 56 x 108. Similarly, 60 is written in the
position of 64'80, which is equal to 60 x 1-08.

It is obvious that raising M will cause F to fall, and
vice versd, without affecting the wheel AB, and there-
fore without affecting SD ; that is to say, the Parental
Differences may be varied indefinitely without affecting
the Stature of the children, so long as the Mid-Parental
Stature is unchanged. But if the Mid-Parental Stature
is changed to any specified amount, then that of SD
will be changed to 2 of that amount.

The weights M and F have to be set opposite to the
heights of the mother and father on their respective
scales ; then the weight SD will show the most probable
heights of a Son and of a Daughter on the eorresponding
scales. In every one of these cases, it is the fiducial
mark in the middle of each weight by which the reading
is to be made. But, in addition to this, the length of
the weight SD is so arranged that it is an equal chance
(an even bet) that the height of each Son or each
Daughter will lie within the range defined by the upper
and lower edge of the weight, on their respective scales.
The length of SD is 3 inches, which is twice the Q of
the Co-Fraternity ; that is, 2 x 1°50 inch.

d. Fraternal : In seeking for the value of Fraternal
Regression, it is better to confine ourselves to the
Special data given in Table 13, as they are much
more trustworthy than the R.F.F. data in Table 12.
By treating them in the way shown in Fig. 13, which
is construeted on the same principle as Fig. 10, page 96,
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Throw A into the form of a Squadron and not of a
Scheme, and let us begin by confining our attention
to the men who form any two of the rectangular files
of A, that we please to select. Then let us trace
their connections with their respective Kinsmen in Z.
As the number of the Z Kinsmen to each of the A files
is considered to be the same, and as their respective
Stature-Schemes are supposed to be identical with that
of the general Population, it follows that the two Schemes
in Z derived from the two different rectangular files in
A, will be identical with one another. Every other
rectangular file in A will be similarly represented by
another identical Scheme in Z. Therefore the 1,000
different rectangular files in A will produce 1,000 iden-
tical Schemes in Z, arranged as in Fig. 14.

Though all the Schemes in Z, contain the same
number of measures, each will contain many more
measures than were contained in the files of A, because
the same kinsmen would usually be counted many
times over. Thus a man may be counted as uncle to
many nephews, and as nephew to many uncles. We
will therefore (though it is hardly necessary to do so)
suppose each of the files in Z to have been constructed
from only a sample consisting of 1,000 persons, taken at
random out of the more numerous measures to which it
refers. By this treatment Z becomes an exact Squadron,
consisting of 1,000 elements, both in rank and in file,
and 1t is identical with A in its constitution, though
not in its attitude. The ranks of Z, which are Schemes,
have been derived from the files of A, which are reect-
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In cach generation, individuals are found to be tall
and short, heavy and light, strong and weak, dark
and pale; and the proportions of those who present
these several characteristics in their various degrees,
tend to be constant. The records of geological history
afford striking evidences of this stafistical similarity.
Fossil remains of plants and animals may be dug out of
strata at such different levels, that thousands of genera-
tions must have intervened between the periods at which
they lived ; yet in large samples of such fossils we may
seek in vain for peculiarities that distinguish one
generation from another, the different sizes, marks, and
variations of every kind, occurring with equal frequency
in all.

If any are inclined to reply that there is no wonder
in the matter, because each individual tends to leave his
like behind him, and therefore each generation must, as
a matter of course, resemble the one preceding, the
patent fact of Regression shows that they utterly
misunderstand the case.

We have now reached a stage at which it has
become possible to discuss the problem with some
exactness, and I will do so by giving mathematical
expression to what actually took place in the Statures
of that sample of our Population whose life-histories
are recorded in the R.F.F. data.

The Males and Females in Generation I. whose M has
the value of P (viz., 68} inches), and whose Q is 17
inch, were found to group themselves as it were at
random, into couples, and then to form a system of









vIL] DISCUSSION OF THE DATA OF STATURE. 119

hopeful case among my 18 schemes, but found the gain,
if any, to be so small, that I did not care to go on
with the experiment. It did not seem to deserve the
additional trouble, and I was indisposed to do anything
that was not really necessary, which might further
confuse the reader. But had I possessed better data,
I should have tried the Geometric Mean throughout.
In doing so, every measure would be replaced by its
logarithm, and these logarithms would be treated just
as if they had been the observed values. The conclusions
to which they might lead would then be re-transmuted
to the numbers of which they were the logarithmic
equivalents,

In short, we have dealt mathematically with an ideal
population which has similar characteristics to those of
a real population, and have seen how closely the
behaviour of the ideal population corresponds in every
stage to that of the real one. Therefore we have
arrived at a closely approximate solution of the problem
of statistical constancy, though numerous refinements
have been neglected.

Natural Selection.—This hardly falls within the
gecope of our inquiry into Natural Inheritance, but it
will be appropriate to consider briefly the way in
which the action of Natural Selection may harmonise
with that of pure heredity, and work together with it
in such a manner as not to compromise the normal
distribution of faculty. To do this, we must deal
with the case that Dbest represents the various possible
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ties, so all were disregarded that contained fewer than
four individuals, In (2) and (3) I could not with
safety use large Fraternities. In (4) the method of
selection was, as we have seen, quite indifferent. This
makes the accordance of the results derived from the
Special data all the more gratifying. Those from the
R.F.F. data accord less well together. The R.F.F.
measures are not sufficiently exact for use in these
delicate calculations. Their results, being compounded
of b and of their tendency to deviate from exactness,
are necessarily too high, and should be discarded. I
gather from all this that we may safely consider the
value of b to be less than 1°06, and that allowing for
some want of precision in the Special data, the very
convenient value of 1'00 inch may reasonably be
adopted.

Trustworthiness of the Constants—There 1s difficulty
in correcting the results obtained from the R.F.F. data,
though we can make some estimate of their general
inaccuracy as compared with the Special data. The
reason of the difficulty is that the inaccuracy cannot
be ascribed to an uncertainty of equal & amount in
every entry, such as might be due to a doubt of
““ shoes off” or “shoes on.” If it were so, the Prob.
Error of a single value of the R.F.F. would be grea.i;er
than that of one of the Specials, whereas it proves to
be the same. It is likely that the inaccuracy is a com-
pound first of the uncertainty above mentioned, whose
effect would be to increase the value of the Prob. Error,
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and secondly of a tendency on the part of my corre-
spondents to record medium statures when they were
in doubt, whose effect would be to reduce the value of
the Prob. Error. The R.F.F. data in Table 12 run so
irregularly that I cannot interpret them with any
assurance. The value they give for Fraternal Regression
certainly does not exceed }, and therefore a correction,
amounting to no less than } of its amount, is required
to bring it to a parity with that derived from the
Special data (because 1 + 4 x 4 = 3). Hence it
might be argued, that the value of Regression from
Mid-Parent to Son, which the R.F.F. data gave as 2,
ought to receive a similar correction. If so, it would
be raised to 3 + 2 = §; but I cannot believe this
high value to be correct. My first estimate made
from the R.F.F. data, was 2, as already mentioned. If
this be adopted, the corrected value would be £, or &;
instead of §, which might possibly pass. Curiously
enough, this value of ¢ for Regression from Mid-Parent
to Son, coincides with the value of 2 for Regression
from a single Parent to Son, which the direct observa-
tions showed (see page 99), but which owing to their
paucity and to the irregularity of the way in which
they ran, I rejected and still reject, at least for the
present. While sincerely desirous of obtaining a
revised value of average Filial Regression from entirely
different and more accurate groups of data, the pro-
visional value already adopted of 3 from Mid-Parent
to Son may be accepted as being near enough for the
present. It is impossible to revise one datum in the
K 2
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R.F.F. series without revising all, as they hang together
and support one another.

General View of Kinship.—We are now able to deal
with the distribution of statures among the Kinsmen 1in
every near degree, of persons whose statures we know,
but whose ancestral statures we either do not know, or
do not care to take into account. We are able to calcu-
late Tables for every near degree of Kinship on the form
of Table 11, and to reconstruct that same Table in a
shape free from irregularities. We must first find the
Regression, which we may call w, appropriate to the
degree of Kinship in question. Then we calculate a
value f for each line of a Table corresponding in form to
that of Table 11, in which f was found to be equal to
1-50 inch. We deduce the value of f from that of w by
means of the general equation p*w’+f*=p’ p being
equal to 17 inch. The values to be inserted in the
several lines are then calculated from the ordinary table
(Table 5) of the “ probability integral.”

As an example of the first part of the process, let us
suppose we are about to construct a table of Uncles and
their Nephews, we find w and f as follows: A Nephew
is the son of a Brother, therefore in this case we have
w=}x§=4%,; whence JF=1%6.

The Regression, which we call w, is a convenient and
correct measure of family likeness. If the resemblance
of the Kinsman to the Man, was on the average as
perfect as that of the Man to his own Self, there would
be no Regression at all, and the value of w would be 1.
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TABLE oF DATA FOR CALCULATING TasLES oF DISTRIBUTION OF
STATURE AMONG THE KINSMEN OF PERSONS WHOSE STATURE IS

ENOWN.
Frt?:rqllﬁrmmn“:n?:ﬁlni:gmi E:ﬁsﬁm' mgr:::rol;lw. — :-cq-,,.fz{{- wI),
Mid- parents to Sons............ 213 1:27
Brothers to Brothers ......... 2/3 127
Fathers or Sons to :
Sons or Fathers } 1/3 1:60
Uncles or Nephews to :
Nephews or Uncles } s 180
Practically
Grandsons to Grandparents... LS that of Popu-
: : lation, or
Cousins to Cousins ............ 2 /27 T

On the other hand, if the Kinsmen were on the average
no more like the Man than if they had been a group
picked at random out of the general Population, then
the Regression to P would be complete. The M of the
Kinsmen, which is expressed by P+ w(%D), would in
that case become P, whatever might have been the value
of D; therefore w must=0. We see by the preceding
Table that as a general rule, Fathers or Sons should be
held to be only one-half as near in blood as Brothers,
and Uncles and Nephews to be one-third as near in
blood as Brothers. Cousins are 4} times as remote as
Fathers or as Sons, and 9 times as remote as Brothers.
I do not extend the table further, because considera-
tions would have to be taken into account that will be
discussed in the next Section.

The remarks made in a previous chapter about
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heritages that blend and those that are mutually exclu-
sive, must be here borne in mind. It would be a poor
prerogative to inherit say the fifth part of the peculiarity
of some gifted ancestor, but the chance of 1 to 5, of
inheriting the whole of it, would be deservedly prized.

Separate Contribution of each Anecestor.—In making
the statement that Mid-Parents whose Stature is P4D
have children whose average stature is P4=2D, it is
supposed that no separate account has been taken of
the previous ancestry. Yet though nothing may be
known of them, something is tacitly implied and has
been tacitly allowed for, and this requires to be elimi-
nated before we can learn the amount of the Parental
bequest, pure and simple. What that something is, we
must now try to discover. When speaking of converse
Regression, it was shown that a peculiarity in a Man
implied a peculiarity of % of that amount in his Mid-
Parent. Call the peculiarity of the Mid-Parent D, then
the implied peculiarity of the Mid-Parent of the Mid-
Parent, that i1s of the Mid-Grand-Parent of the Man,
would on the above supposition be 1D, that of the Mid-
Great-Grand-Parent would be 3D, and so on. Hence
the total bequeathable property would amount to
D(1+%+ 3%+ &e)=D3.

Do the bequests from each of the successive genera-
tions reach the child without any, or what, diminution
by the way ? I have not sufficient data to yield a direct
reply, and must therefore try limiting suppositions.

First, suppose the bequests by the various generations
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the influence, pure and simple, of the Mid-Parent may
be taken as 1, and that of the Mid-Grand-Parent as 1,”
and so on. Consequently the influence of the individual
Parent would be {, and of the individual Grand-Parent
&, and so on. It would, however, be hazardous on the
present slender basis, to extend this sequence with con-
fidence to more distant generations,

Pedigree Moths.—I am endeavouring at this moment
to obtain data that will enable me to go further, by breed-
ing Pedigree Moths, thanks to the aid of Mr. Frederick
Merrifield. The moths Selenia Illustraria and Hlunaric
are chosen for the purpose, partly on account of their being
what is called double brooded ; thatis to say, they pass
normally through two generations in a single year, which
is a great saving of time to the experimenter. They are
hardy, prolific and variable, and are found to stand chloro-
form well, previously to being measured and then paired.
Every member of each Fraternity is preserved along
three lines of descent—one race of long-winged moths,
one of medium-winged, and one of short-winged moths.
The three parallel sets are reared under identical con-
ditions, so that the medium series supplies a trustworthy
relative base, from which to measure the increasing
divergency of the others. No one can be sure of the
success of any extensive breeding experiment, but this
attempt has been well started and seems to present no
peculiar difficulty. Among other reasons for choosing
moths for the purpose, is that they are born adults, not
changing in stature after they have emerged from the
chrysalis and shaken out their wings. Their families
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behaviour than perhaps any other common qualities.
Parents of different Statures usually transmit a blended
heritage to their children, but parents of different Eye-
colours usually transmit an alternative heritage. If one
parent is as much taller than the average of his or her
sex as the other parent is shorter, the Statures of their
children will be distributed, as we have already seen, in
nearly the same way as if the parents had both been
of medium height. But if one parent has a light Eye-
colour and the other a dark Eye-colour, some of the
children will, as a rule, be light and the rest dark; they
will seldom be medium eye-coloured, like the children
of medium eye-coloured parents. The blending in
Stature is due to its being the aggregate of the quasi-
independent inheritances of many separate parts, while
Eye-colour appears to be much less various in its
origin.  If notwithstanding this two-fold difference
between the qualities of Stature and Eye-colour, the
shares of hereditary contribution from the warious
ancestors are alike in the two cases, as I shall show that
they are, we may with some confidence expect that the
law by which those hereditary contributions are found
to be governed, may be widely, and perhaps universally
applicable.

Data.—My data for hereditary Eye-colour are drawn
from the same collection of “Records of Family
Faculties” (“ R.F.F.”) as those upon which the inquiries
into hereditary Stature were principally based. T have
analysed the general value of these data in respect to
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Stature, and shown that they were fairly trustworthy.
I think they are somewhat more accurate in respect to
Eye-colour, upon which family portraits have often
furnished direct information, while indirect information
has been in other cases obtained from locks of hair that
were preserved in the family as mementos.

Persistence of Eye-colour in the Population.—The
first subject of our inquiry must be into the existence of
any slow change in the statistics of Eye-colour in the
English population, or rather in that particular part of
it to which my returns apply, that ought to be taken
into account before drawing hereditary conclusions.
For this purpose I sorted the data, not according to the
year of birth, but according to generations, as that
method best accorded with the particular form in which
all my R.F.F. data are compiled. Those persons who
ranked in the Family Records as the “children” of the
pedigree, were counted as generation L ; their parents,
uncles and aunts, as generation II. ; their grandparents,
oreat uncles, and great aunts, as generation 1L ; their
oreat grandparents, and so forth, as generation IV. No
account was taken of the year of birth of the “ children,”
except to learn their age; consequently there is much
overlapping of dates in successive generations. We
may however safely say, that the persons in generation
I. belong to quite a different period to those in genera-
tion IIL, and the persons in II. to those in IV. I had
intended to exclude all children under the age of eight
years, but in this particular branch of the inquiry, I
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fear that some cases of young children have been acci-
dentally included. I would willingly have taken a later
limit than eight years, but could not spare the data
that would in that ecase have been lost to me.

A great variety of terms are used by the various
compilers of the “Family Records” to express Eye-
colours. I began by eclassifying them under the follow-
ing eight heads;—1, light blue; 2, blue, dark blue;
3, grey, blue-green ; 4, dark grey, hazel ; 5, light brown ;
6, brown ; 7, dark brown ; 8, black. Then I constructed
Table 15.

The diagram, page 143, clearly conveys the signifi-
cance of the figures in Table 15. Considering that
the groups into which the observations are divided arc
eight in number, the observations are far from being
sufficiently numerous to justify us in expecting clean
results ; nevertheless the curves come out surprisingly
well, and in accordance with one another. There ean
be little doubt that the change, if any, during four
successive generations is very small, and much smaller
than mere memory is competent to take note of. 1
therefore disregard a current popular belief in the exist-
ence of a gradual darkening of the British population,
and shall treat the eye-colours of those classes of
our race who have contributed the records, as having
been statistically persistent during the period under
discussion.

The concurrence of the four curves for the four
several generations, affords internal evidence of the
trustworthiness of the data. For supposing we had
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curves that exactly represented the true Eye-colours for
the four generations, they would either be congurrent
or they would not. If these curves were concurrent,
the errors in the R.F.F. data must have been so
curiously distributed as to preserve the concurrence.
If these curves were not concurrent, then the errors
in the R.F.F. data must have been so curiously distri-
buted as to neutralise the non-concurrence. Both of
these suppositions are improbable, and we must con-
clude that the curves really agree, and that the R.F.F.
errors are not large enough to spoil the agreement.
The close similarity of the two curves, derived respee-
tively from the whole of the male and the whole of
the female data, and the more perfect form of the curve
derived from the aggregate of all the cases, are
additional evidences in favour of the goodness of the
data on the whole.

Fundamental Eye-colours.—I1tis agreed among writers
(cf. A. de Candolle, see footnote overleaf) that the one
important division of eye-colours is into the light and
the dark. The medium tints are not numerous, but
may be derived from any one of four distinct origins.
They may be hereditary with no notable variation, they
may be varieties of light parentage, they may be
varieties of dark parentage, or they may be blends.
Medium tints are classed in my list under the heading
“4, Dark grey, hazel;” these form only 12'7 per
cent. of all the observed cases. In medium tints, the
outer portion of the iris is often of a dark grey colour,
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and the inner of a hazel. The proportion between the
grey and the hazel varies in different cases, and the
eye-colour is then described as dark grey or as hazel,
according to the colour that happens most to arrest
the attention of the observer. For brevity, I will
henceforth call all intermediate tints by the one name
of hazel.

I will now investigate the history of those hazel eyes
that are variations from light or from dark respectively,
or that are blends between them. It is reasonable to
suppose that the residue which were inherited from
hazel-eyed parents, arose in them or in their prede-
cessors cither as variations or as blends, and therefore
the result of the investigation will enable us to assort
the small but troublesome group of hazel eyes in an
equitable proportion between light and dark, and thus
to simplify our inquiry.

The family records include 168 families of brothers
and sisters, counting only those who were above eight
years of age, in whom one member at least had hazel
eyes. For distinction I will deseribe these as “ hazel-
eyed families;” not meaning thereby that all the
children have that peculiarity, but only one or more of
them. The total number of the brothers and sisters
in the 168 hazel-eyed families is 948, of whom 302 or
about one-third have hazel eyes. The eye-colours of
all the 2 x 168, or 336 parents, are given in the records,
but only those of 449 of the grandparents, whose
number would be 672, were it not for a few cases of
cousin marriages. Thus I have information concerning

I i i o
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also shown from his data, that yeux gris (which I take
to be the equivalent of my hazel) are referable to a
light ancestry rather than to a dark one, but his data
are numerically insufficient to warrant a precise estimate
of the relative frequency of their derivation from each
of these two sources.

In the following discussion I shall deal only with
those fraternities in which the Eye-colours are known
of the two Parents and of the four Grand-Parents.
There are altogether 211 of such groups, containing
an aggregate of 1023 children. They do not, however,
belong to 211 different family stocks, because each
stock which is complete up to the great grand-parents
inclusive (and I have fourteen of these) is capable
of yielding three such groups. Thus, group 1 contains
@, the “children;” b, the parents; ¢, the grand-
parents. Group 2 econtains «, the father of the
“children ” and his brothers and his sisters; b, the
parents of the father; ¢, the grand-parents of the
father. Group 3 contains the corresponding selections
on the mother’s side. Other family stocks furnish two
groups. Out of these and other data, Tables 19 and
20 have been made. In Table 19 I have grouped
the families together whose two parents and four grand-
parents present the same combination of Eye-colour,
no group, however, being accepted that contains less
than twenty children. The data in this table enable
us to test the awverage correctness of the law I desire
to verify, because many persons and many families
appear in the same group, and individual peculiarities
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of the total number of children in the family will
probably possess it.  Also, as a consequence of this
view of the meaning of a fractional chance, it follows
that the residue of 0'40 must be rateably assigned
between light and dark Eye-colour, in the proportion
in which those Eye-colours are found in the race
generally, and this was seen to be (see Table 16) as
61'2:26°1; so I allot 028 out of the above residue
of 0:40 to the heritage of light, and 0°12 to the heritage
of dark. When the parent is hazel-eyed I allot § of
his total contribution of 030, e, 020 to light, and
1, 4e 010 to dark. These chances are entered in the
first pair of columns headed I. in Table 17.

The pair of columns headed I. in Table 18 shows
the way of summing the chunces that are given in the
columns that have a similar heading in Table 17. By
the method there shown, I ecalculated all the entries
that appear in the columns with the heading I. in Tables
19 and 20.

IT. Eye-colours given of the four Grand Parents—

Suppose D to be possessed by G, and that nothing
whatever is known with certainty of any other ancestor
of 8. Then it has been shown that the child of G,
(that is F) will possess 4D ; that each of the two parents
of G; (who stand in the relation of G, to. S) will also
possess 5D ; that each of the four grandparents of G,
(who stand in the relation of G; to 8) will possess 1D,
and so on. Also it has been shown that the shares
of their several peculiarities that will on the average

be transmitted by F, G,, G,, &c., are $, % ¢ &,
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in any person might be somehow measured, and its
amount determined, just as we may measure Strength,
the power of Discrimination of Tints, or the tenacity of
Memory. Let us then suppose the measurement of the
Artistiec Faculty to be feasible and to have been often
performed, and that the measures of a large number
of persons were thrown into a Scheme.

It is reasonable to expect that the Scheme of the
Artistic Faculty would be approximately Normal in
its proportions, like those of the various Qualities and
Faculties whose measures were given in Tables 2 and 3.

It is also reasonable to expect that the same law of
inheritance might hold good in the Artistic Faculty
that was found to hold good both in Stature and in
Eye colour; in other words, that the value of Filial
Regression would in this case also be 2.

We have now to discover whether these assumptions
arc true without any help from direct measurement.
The problem to be solved is a pretty one, and will
illustrate the method by which many problems of a
similar class have to be worked.

Let the graduations of the scale by which the
Artistic Faculty is supposed to be measured, be such
that the unit of the scale shall be equal to the Q of
the Art-Scheme of the general population. Call the
unknown M of the Art-Scheme of the population, P.
Then, as explained in page 52, the measure of any
individual will be of the form P + (4 D), where D
is the deviation from P. The first fact we have to
deal with is, that only 30 per cent. of the population
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Artistic parents will be Non-Artistic, and the re-
mainder of 17 per cent. will be Artistic. Observation
gives the values of 79 and 21, which is a very fair
coincidence.

When one parent is Artistic and the other Not, their
joint hereditary influence would be the average of the
above two cases; that is to say, & (40 + 83), or 61}
per cent. of their children would be Non-Artistic, and
(60 + 17), or 38%, would be Artistic. The observed
numbers are 61 and 39, which agree excellently well.

We may therefore conclude that the same law of
Regression, and all that depends upon it, which governs
the inheritance both of Stature and Eye-colour, applies
equally to the Artistic Faculty.

Effect of DBias in Marriage—The slight apparent
disinclination of the Artistic and the Non-Artistic to
marry in their own caste, is hardly worth regarding,
but it is right to clearly understand the extreme effect
that might be occasioned by Bias in Marriage. Suppose
the attraction of like to like to become paramount, so
that each individual in a Scheme married his or her
nearest available neighbour, then the Scheme of Mid-
Parents would be practically identical with the Scheme
drawn from the individual members of the population.
In the case of Stature their Q would be 1-7 inch, instead
of 1'7 divided by +/2. The regression and subsequent
dispersion remaining unchanged, the Q of the offspring
would consequently be increased.

On the other hand, suppose the attraction of contrast
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to become suddenly paramount, so that Grade 99°
paired in an instant with Grade 1°; next 98° with 2°;
and so on in order, until the languid desires of 49° and
51° were satisfied last of all. Then every one of
the Mid-Parents would be of precisely the same stature
P. Consequently their Q would be zero; and that of
the system of the Mid-Co-Fraternities would be zero
also ; hence the Q of the next generation would con-
tract to the Q of a Co-Fraternity, that is to 1°5 inch.

Whatever might be the character or strength of the
bias in marriage selection, so long as it remains constant
the Q of the population would tend to become con-
stant also, and the statistical resemblance between
successive generations of the future Population would
be ensured. The stability of the balance between the
opposed tendencies of Regression and of Co-Fraternal
expansion is due to the Regression increasing with the
Deviation. Its effect is like that of a spring acting
against a weight ; the spring stretches until its gradually
increasing resilient force balances the steady pull of the
weight, then the two forces of spring and weight are
in stable equilibrium. For, if the weight be lifted by the
hand, it will obviously fall down again as soon as the
hand is withdrawn ; or again, if it be depressed by the
hand, the resilience of the spring will become increased,
and the weight will rise up again when it is left free to
do so.

M 2
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well understood cause of such clouds is the deflection
of a wind laden with invisible vapour, by means of
the sloping flanks of the mountain, up to a level at
which the atmosphere is much colder and rarer than
below. Part of the invisible vapour with which the
wind was charged, becomes thereby condensed into the
minute particles of water of which clouds are formed.
After a while the process is reversed. The particles
of cloud having been carried by the wind across the
plateau, are swept down the other side of it again to a
lower level, and during their descent they return into
invisible vapour. Both in the cloud and in the
population, there is on the one hand a continual supply
and inrush of new individuals from the unseen ; they
remain a while as visible objects, and then disappear.
The cloud and the population are composed of elements
that resemble each other in the brevity of their exist-
ence, while the general features of the cloud and of the
population are alike in that they abide.

Preliminary  Problem.—The proportion of the
population that dies at each age, is well known, and the
diseases of which they die are also well known, but the
statistics of hereditary disease are as yet for the most
part contradictory and untrustworthy.

It is most desirable as a preliminary to more minute
inquiries, that the causes of death of a large number of
persons should be traced during two successive genera-
tions in somewhat the same broad way that Stature
and several other peculiarities were traced in the pre-
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ceding chapters. There are a certain number of recog-
nized groups of disease, which we may call A, B, C, &e.,
and the proportion of persons who die of these diseases
in each of the two generations is the same. The pre-
liminary question to be determined is whether and to
what extent those who die of A in the second genera-
tion, are more or less often descended from those who
died of A in the first generation, than would have been
the case if disease were neither hereditarily transmitted
nor clung to the same families for any other reason.
Similarly as regards B, C, D, and the rest.

This inquiry would be more difficult than those
hitherto attempted, because longevity and fertility are
both affected by the state of health, and the circum-
stances of home life and occupation have a great effect
in causing and in checking disease. Also because the
father and mother are found in some notable cases to
contribute disease in very different degrees to their
male and female descendants,

I had hoped even to the last moment, that my
collection of Family Records would have contributed
in some small degree towards answering this question,
but after many attempts I find them too fragmentary
for the purpose. It was a necessary condition of success
to have the completed life-histories of many Fraternities
who were born some seventy or more years ago, that
is, during the earlier part of this century, as well as
those of their parents and all their uncles and aunts.
My Records contain excellent material of a later date,
that will be valuable in future years; but they must
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bide their time ; they are insufficient for the period in
question. By attempting to work with incompleted life
histories the risk of serious error is incurred.

Data.—The Schedule in Appendix G, which is illus-
trated in more detail by Tables A and B that follow it,
shows the amount of information that I had hoped to
obtain from those who were in a position to furnish
complete returns. It relates to the “Subject” of the
pedigree and to each of his 14 direct ancestors, up to the
great-grandparents inclusive, making in all 15 persons.
Also, to the Fraternities of which each of these 15 per-
gons was a member. Reckoning the total average
number of persons in each fraternity at 5, which is
under the mark for my R.F.F collection, questions
were thus asked concerning an average of 75 different
persons in each family. The total number of the
Records that I am able to use, is about 160; so the
aggregate of the returns of disease ought to have been
about twelve thousand, and should have included the
causes of death of perhaps 6,000 of them. Asa matter of
fact, T have only about one-third of the latter number.

T'rustworthiness of R.F.F. data.—The first object was
to ascertain the trustworthiness of the medical informa-
tion sent to me. There is usually much disinclination
among families to allude to the serious diseases that
they fear to inherit, and it was necessary to learn whether
this tendency towards suppression notably vitiated the
returns. The test applied was both simple and just.
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If consumption, cancer, drink and suicide, appear among
the recorded cases of death less frequently than they do
in ordinary tables of mortality, then a bias towards
suppression could be proved and measured, and would
have to be reckoned with ; otherwise the returns might be
accepted as being on the whole honest and outspoken.
[ find the latter to"be the case. Sixteen per cent. of
the causes of death (or 1 in 64) are aseribed to consump-
tion, 5 per cent. to cancer, and nearly 2 per cent.
to drink and to suicide respectively. Insanity was not
specially asked about, as I did not think it wise to put
too many disagreeable questions, however it is often
mentioned. I dare say that it, or at least eccentricity,
is not unfrequently passed over. Careful aceuracy in
framing the replies appears to have been the rule rather
than the exception. In the preface to the blank forms
of the Records of Family Faculties and elsewhere, I had
explained my objects so fully and they were so reason-
able in themselves, that my correspondents have
evidently entered with interest into what was asked for,
and shown themselves willing to trust me freely with
their family histories. They seem generally to have
given all that was known to them, after making much
search and many inquiries, and after due references to
registers of deaths. The insufficiency of their returns
proceeds I feel sure, much less from a desire to suppress
unpleasant truths than from pure ignorance, and the
latter 1s in no small part due to the scientific ineptitude
of the mass of the members of the medical profession
two and more generations ago, when even the stetho-
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the one of an obvious hereditary tendency to disease
and the other of the reverse. There are far too many
striking instances of coincidence between the diseases of
the parents and of the children to admit of reasonable
doubt of their being often inherited. On the other hand,
when [ hide with my hand the lower part of a page such
as those in Tables A and B, and endeavour to make
a forecast of what I shall find under my hand after
studying the upper portion, I am sometimes greatly mis-
taken. Very unpromising marriages have occasionally
led to good results, especially where the parental disease
is one that usually breaks out late in life, as in the case
of cancer. The children may then enjoy a fair length
of days and die in the end of some other disease;
although if that disease had been staved off it is quite
possible that the cancer would ultimately have appeared.
I have two remarkable instances of this. In one of
them, three grandparents out of four died of cancer. In
each of the fraternities of which the father and mother
were members, one and one person only, died of it.
As to the children, although four of them have lived to
past seventy years, not one has shown any sign of
cancer. The other case differs in details, but is equally
remarkable. However diseased the parents may be, it
is of course possible that the children may inherit the
healthier constitutions of their remoter ancestry. Pro-
mising looking marriages are occasionally found to lead
to a sickly progeny, but my materials are too scanty to
permit of a thorough investigation of these cases.

The general conclusion thus far is, that owing to
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the hereditary tendencies in each person to disease
being usually very various, it is by no means always
that useful forecasts can be made concerning the health
of the future issue of any couple.

CoNSUMPTION.

General Remarks.—The frequency of consumption
in England being so great that one in at least every six
or seven persons dies of it, and the fact that it usually
appears early in life, and is thercfore the less likely to
be forestalled by any other disease, render it an appro-
priate subject for statistics. The fact that it may be
acquired, although there has been no decided hereditary
tendency towards it, introduces no serious difficulty,
being more or less balanced by the opposite fact that it
may be withstood by sanitary precautions although a
strong tendency exists. Neither does it seem worth
while to be hypereritical and to dwell overmuch on the
different opinions held by experts as to what constitutes
consumption. The ordinary symptoms are patent
enough, and are generally recognized; so we may be
coptent at first with lax definitions. At the same
time, no one can be more strongly impressed than
myself with the view that in proportion as we desire
to improve our statistical work, so we must be in-
creasingly careful to divide our material into truly
homogeneous groups, in order that all the cases con-
tained in the same group shall be alike in every
important particular, differing only in petty details,
This is far more important than adding to the number
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sumption feared, and died of bad chill. Chest colds
with pleurisy and congestion of lungs. Died of an
attack on the chest. Always delicate. Delicate lungs.
Heemorrhage of lungs. Loss of part of lung. Severe
pulmonary attacks and chest affections.

2. Suspicious :—Chest complaints. Delicate chest.
Colds, cough and bronchitis.  Delicate, and died of
asthma. Scrofulous tendency.

8. Somewhat suspicious :—Asthma when young. Pul-
monary congestion. Not strong; ansgemic. Delicate.
Colds, conghs. Debility ; general weakness. [The con-
text was especially considered in this group.]

Parent to Child.—1 have only four casesin which both
parents were consumptive; these will be omitted in the fol-
lowing remarks ; but whether included or not, the results
would be unaltered, for they run parallel to the rest.

There are 66 marriages in which one parent was
consumptive ; they produced between them 413 chil-
dren, of whom 70 were actually consumptive, and others
who were suspiciously so in various degrees. When
reckoned according to the above method of computation,
these amounted to 37 cases in addition, forming a total
of 107. In other words, 26 per cent. of the children
were consumptive. Where neither parent was consump-
tive, the proportion in a small batch of well marked
cases that I tried, was as high as 18 or 19 per cent., but
this is clearly too much, as that of the general population
is only 16 per cent. Again, by taking each fraternity
separately and dividing the quantity of consumption in
it by the number of its members, I obtained the average
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They struck me as so remarkable, in the way shortly
to be explained, that I proceeded to verify them by as
different a set of data as my Records could afford. I
took every fraternity in which at least one member
was consumptive, and treated them in a way that would
answer the following question. “One member of a
fraternity, whose number is unknown, is consumptive ;
what 1s the chance that a named but otherwise un-
known brother of that man will be consumptive also ?”
The fraternity that was taken above as an example,
would be now reckoned as one of nine members, of
whom one was actually consumptive. There were 84
fraternities available for the present purpose, and the
results are given in the line B of the table. The data
in A and B somewhat overlap, but for the most part
they differ.

They concur in telling the same tale, namely, that it
is totally impossible to torture the figures so as to make
them yield the single-humped  Curve of Frequency”
(Fig. 3 p. 38). They make a distinetly double-humped
curve, whose outline is no more like the normal curve
than the back of a Bactrian camel is to that of an
Arabian camel. Consumptive taints reckoned in this
way are certainly not *“normally” distributed. They
depend mainly on one or other of two groups of causes,
one of which tends to cause complete immunity and
the other to cause severe disease, and these two groups
do not blend freely together. Consumption tends to
be transmitted strongly or not at all, and in this respect
it resembles the baleful influence ascribed to cousin



























184 NATURAL INHERITANCE. [cmar,

Let the Q of the Co-Fraternity be called n. The Grade
at which this amount of deviation occurs should be
found in Table 8 opposite to the value of 0°73 divided
by n.

Next as regards the value to be assigned to =, we
may be assured that the Q of a Co-Fraternity cannot
exceed that of the general population. Therefore n
cannot exceed 1. In the case of Stature the relation
between the Q of the Co-Fraternity and that of the
Population was found to be as 15 to 17. If the same
proportion held good here, its value would be 0°9.
This is I think too high an estimate for the following
reasons. The variability of the Co-Fraternity depends
on two groups of causes. First, on fraternal variability ;
which itself is due in part to mixed ancestry, and in
part to variety of nurture in the same Fraternity, both
before as well as after birth. Secondly, it depends upon
the variety of ancestry and nurture in different Frater-
nities. As to the first of the two groups of causes,
they seem to affect consumptive fraternities in the same
way as others, but not so with respect to the second
group. The household arrangements of vigorous, of
moderately vigorous, and of invalided parents are
not alike. I have already spoken of infection. There
18 also a tradition in families that are not vigorous, of
the necessity of avoiding risks and of never entering
professions that involve physical hardship. There is
no such tradition in families who are vigorous. Thus
there must be much greater variability in the environ-
ments of a group of persons taken from the population
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them far from being as exact as is desirable. [See, for
example, the discussion on a memoir by G. Humphreys,
Actuary to the Eagle Insurance Company, read before
the Institute of Actuaries.—Insur. Mag. xviii. p. 178. ]
Considering the enormous money value concerned, it
would seem well worth the while of the higher class
of those offices to combine in order to obtain a collee-
tion of completed cases for at least two generations, or
better still, for three ; such as those in Examples A and
B, Appendix G, but much fuller in detail. Being com-
pleted and anonymous, there could be little objection
on the score of invaded privacy. They would have no
perceptible effect on the future insurances of descend-
ants of the families, even if these were identified, and
they would lay the basis of a very much better
knowledge of hereditary disease than we now possess,
serving as a step for fresh departures. A main point
is that the cases should not be picked and chosen to
support any theory, but taken as they come to hand.
There must be a vast amount of good material in
existence at the command of the medical officers of
Insurance Companies. If it were combined and made

freely accessible, it would give material for many
years' work to competent statisticians, and would be
certain, judging from all experience of a like kind,
to lead to unexpected results.
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variously after different and unlike progenitors. But
the difference between b in a mixed breed such as we
have been considering, and the value which we may
call B, which it would have in a pure breed, would be
very small. Suppose the Prob: Error of the implied
Stature of each separate Grand-Parent to be cven as
oreat as the Q of the general Population, which is 1-7
inch (it would be less, but we need not stop to discuss
its precise value), then the Prob : Error of the implied
Mid-Grand-Parental stature would be +/} x 1°7 inch, or
say 08 inch. The share of this, which would on the
average be transmitted to the child, would be only 1 as
much, or 0'2, From all the higher Ancestry, put
together, the contribution would be much less even than
this small value, and we may disregard it. It results
that b*1s a trifle greater than g*+0:04. But b=10;
therefore g8 is only a trifle less than 0-98.

Sumplification  of Hereditary Inquiry. — These
considerations make it probable that inquiries into
human heredity may be much simplified. They assure
us that the possibilities of inheritance are not likely to
differ much more than the varieties actually observed
among the members of a large Fraternity. If then we
have full life-histories of the Parents and of numerous
Uncles and Aunts on both sides, we ought to have a
very fair basis for hereditary inquiry. Information of
this limited kind is incomparably more easy to obtain
than that which I have hitherto striven for, namely,
family historics during four successive generations.
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collected specially, as no suitable material for the purpose
was, so far as [ know, in existence.  This was done by
means of an offer of prizes some years since, that placed
in my hands a collection of about 160 useful Family
Records. These furnished an adequate though only
just an adequate supply of the required data. In order
to show the degree of dependence that might be placed
on them they were subjected to various analyses, and
the result proved to be even more satisfactory than
might have been fairly hoped for. Moreover the errors
in the Records probably affect different generations in
the same way, and would thus be eliminated from the
comparative results.

As soon as the character of the problem of Filial descent |

had become well understood, it was seen that a general
equation of the same form as that by which it was
expressed, also expressed the connection between Kins-
men in every degree. The unexpected law of universal
Regression became a theoretical necessity, and on
appealing to fact its existence was found to be coun-
spicuous. If the word “ peculiarity ” be used to signify
the difference between the amount of any faculty pos-
sessed by a man, and the average of that possessed
by the population at large, then the law of Regression
may be deseribed as follows. Each peculiarity in a man
is shared by his kinsmen, but on the average in a less
degree. It i1s reduced to a definite fraction of its
amount, quite independently of what its amount might
be. The fraction differs in different orders of kinship,
becoming smaller as they are more remote. When the
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accounted for, but the factor of stability of type has
to be reckoned with, and this has not yet been
adequately discussed.

The ratio of filial Regression is found to be so bound
up with co-fraternal variability, that when either is
given the other can be calculated. There are no
means of dedueing the measure of fraternal variability
solely from that of co-fraternal. They differ by an element
of which the value is thus far unknown. Consequently
the measure of fraternal variability has to be caleulated
separately, and this cannot be done directly, owing to
the small size of human families. Four different and
indirect methods of attacking the problem suggested
themselves, but the caleculations were of too delicate a
kind to justify reliance on the R.F.F. data. Separate
and more accurate measures, suitable for the purpose,
had therefore to be collected. The four problems were
then solved by their means, and although different
oroups of these measures had to be used with the
different problems, the results were found to agree
together.

The problem of expressing the relative nearness of
different degrees of kinship, down to the point where
kinship is so distant as not to be worth taking into
account, was easily solved. It 1s merely a question of
the amount of the Regression that is appropriate to the
different degrees of kinship. This admits of being
directly observed when a sufficiency of data are acces-
sible, or else of being calculated from the values found
in this inquiry. A table of these Regressions was given,
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TapLE 6.

e —F

1
0.4704°

Values of the Probability Integral for Argument that is, when the unit

of measurement = the Probable error.

Multiples I

of the : ; ] . i : ; ; ; =
<ol ISR 1 2 g 4 5 8 7 8 9
Error.

0 000| o65| 011 016 021| o26| 0-31| 036| 041 046
10 50| -54| 58| -62| -ea| 60| -72| 75| 78| -0
90 82| -g4| -86| .s8| -s9| 91| -p2| -93| 84| 95
340 057 | 064 | -o60| -o74| -o7s| -082| -085| -087| -990| -ouo |
40 |-0930 | .9943 | 0954 | ‘0963 | -9970 | 9976 | 0981 | 9985 | 9988 | 9890 |
50 | -9993 | 9994 | -9996 | 0097 | -¢007 | -9998 | -9998 | -9999 | 9900 | -9999 |

whuite |weonl™ X

Tables b and 6 show the proportion of cases in any Normal
system, in which the amount of Error lies within various extreme
valaes, the total number of cases being reckoned as 1:0. Here no re-
gard is paid to the sign of the Error, whether it be plus or minus, but
its amount is alone considered. The unit of the scale by which the
Errors are measured, differs in the two Tables. In Table 5 it is
the “Modulus,” and the result is that the Errors in one half of the
cases, that is in 0-50 of them lie within the extreme value (found by
interpolation) of 0-4769, while the other half exceed that value,
In Table 6 the unit of the seale is 0-4769. It is derived from Table
5 by dividing all the tabular entries by that amount. Consequently
one half of the cases have Errors that do not exceed 10 in terms of
the new unit, and that unit is the Probable Error of the System.
It will be seen in Table 6 that the entry of *30 stands opposite to
the argument of 10.

If it be desired to transform Tables 5 and 6 into others that shall
show the proportion of cases in which the plus Errors and the minus
Errors respectively lie within various extreme limits, their entries
would have to be halved.

Let us suppose this to have been done to Table 6, and that a
new Table, which it is not necessary to print, has been thereby pro-
duced and which we will call 6a. Next multiply all the entries in the
new Table by 100 in order to make them refer to a total number
of 100 cases, and call this second Table 6b. Lastly make a converse
Table to 65 ; one in which the arguments of 65 become the entries,
and the entries of 66 become the arguments. From this the Table 7
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is made. For example, in Table 6, opposite to the argument 1:00, the
entry of 50 is found ; that entry becomes ‘25 in 6a, and 25 in 65,
In Table 7 the argument is 25, and the corresponding entry is 1-00,
The meaning of this is, that in 25 per cent. of the cases the greatest
of the Errors just attains to £ 1'0. Similarly Table 7 shows that
the greatest of the Errors in 30 per cent. of the cases, just attains
to = 125 ; in 40 per cent. to 1'00, and so on. These various per-
centages correspond to the centesimal Grades in a Curve of Distri-
bution, when the Grade 0° is placed at the middle of the axis, which
is the point where it is cut by the Curve, and where the other
Grades are reckoned outwards on either hand, up to + 50° on the
one side, and to — 50° on the other.

To recapitulate :—In order to obtain Table 7 from the primary
Table 5, we have to halve each of the entries in the body of Table 5,
then to multiply each of the arguments by 100, and divide it by
4769. Then we expand the Table by interpolations, so as to
include among its entries every whole number from 1 to 99 inclusive.
Selecting these and disregarding the rest, we turn them into the
argnments of Table 7, and we turn their corresponding arguments
into the entries in Table 7,

TarLE 7.
OrpINATES To NorMAL CurveE oF DisTRIBUTION

on a scale whose unit = the Probable Error ; and in which the 100 Grades run
from 0° to +50° on the one side, and to - 50° on the other,

Grades. 0 1 2 3 4 5 6 i 8 9
|
0 000 | 004 | 007 | 0:11 | 015 | 0.19 | 022 | 026 | 0°30 | 034
10 038 | 041 | 045 | 049 | 0:58 | 067 | 061 | 065 | 069 | 074
20 078 | 082 | 086 | 097 | 095 | 100 | 105 | 110 | 115 | 120
30 1425 | 1°30 | 136 | 1-42 | 147 | 1564 | 160 | 1-67 | 1:74 | 1-82
40 150 | 199 | 208 | 219 | 2-31 | 244 | 260 | 279 | 3°05 | 34D

N o —— —

But in the Schemes, the 100 Grades do not run from—=50° through
0° to + 50° but from 0° to 100°. It is therefore convenient to
modify Table 7 in a manner that will admit of its being used
directly for drawing Schemes without troublesome additions or
subtractions. This is done in Table 8, where the walues from
50° onwards, and those from 50° backwards are identical with
those in Table 7 from 0° to 4+ 50° but the first half of those
in Table 8 are positive and the latter half are negative.
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WORKS ON HEREDITY BY THE AUTHOR.
(Published by Messrs, Macmillan & Co.)

Hereditary Genins. 1869.
English Men of Science. 1874,
Inquiries into Human Faculty, 1883,

Record of Family Faculties,! 1884, 2s. 6d.
Life History Album 2 (edited by F. Galton). 1884. 3s. 6d. and 4s. 6d.

! The Record of Family Faculties consists of Tabular Forms and Directions
for entering Data, with an Explanatory Preface. It is a large thin quarto book
of seventy pages, bound in limp ecloth. The first part of it contains a preface,
with explanation of the object of the work and of the way in which it is to be
used. The rest consists of blank forms, with printed questions and blank spaces to
be fil'ed with writing. The Record is designed to facilitate the orderly collection of
such data as are importaut to a family from an hereditary point of view. It allots
equal space to every direct ancestor in the nearer degrees, and is supposed to be filled
up in most cases by a parent, say the father of a growing family. If he takes
pains to make inquiries of elderly relatives and friends, and to seek in registers,
he will be able to ascertain most of the required particulars comcerning not only
his own parents, but also concerning his four grandparents ; and he can ascertain
like particulars concerning those of his wife. Therefore his children will be pro-
vided with a large store of information about their two parents, four grandparents,
and eight great-grandparents, which form the whole of their fourteen nearest
ancestors. A separate schedule is allotted to each of them. Space is afterwards
provided for the more important data coneerning many at least, of the brothers
and sisters of each direct ancestor. The schedules are followed by Summary
Tables, in which the distribution of any characteristic throughout the family at
large may be compendiously exhibited.

* The Life History Album was prepared by a Sub-Committee of the Collective
Investigation Committee of the British Medical Association., It is designed to
serve as a continuous register of the prineipal biological facts in the life of its
owner. The book begins with a few pages of explanatory remarks, followed by
tables and charts. The first table is to contain a brief medical history of each
member of the near ancestry of the owner. This is followed by printed forms
on which the main facts of the owner's growth and development from birth
onwards may be registered, and by charts on which measurements may be laid
down at appropriate intervals and compared with the curves of normal growth.
Most of the required data are such as any intelligent person is eapable of record-
ing ; those that refer to illnesses should be brief and technical, and ought to be
filled up by the medical attendant. Explanations are given of the most con-
venient tests of muscular foree, of keenness of eyesight and hearing, and of the
colour sense. The 4s 6d. edition contains a card of variously coloured wools to
test the sense of colour. :

*,.% These two works pursne similar objects of personal and scientific utility,
along diflerent paths. The Album is designed to lay the foundation of a practice
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with, first arose simultaneously in the three brothers of a family
who transmitted their peculiarities with unusual tenacity to numer-
ous descendants through at least four generations. Other influences
act in antagonism to the foregoing ; they are the events of domestic
life, which instead of assimilating tempers tend to accentuate slight
differences in them. Thus if some members of a family are a little
submissive by nature, others who are naturally domineering arc
tempted to become more so. Then the acquired habit of dictation
in these reacts upon the others and makes them still more sub-
missive. In the collection I made of the histories of twins who
were closely alike, it was most commonly said that one of the twins
was guided by the other. I suppose that after their many childish
struggles for supremacy, each finally discovered his own relative
strength of character, and thenceforth the stronger developed into
the leader, while the weaker contentedly subsided into the position
of being led. Again, it is sometimes observed that one member of
an otherwise easygoing family, discovers that he or she may exer-
cise considerable power by adopting the habit of being persistently
disagreeable whenever he or she does not get the first and best of
everything, Some wives contrive to tyrannise over husbands who
are mild and sensitive, who hate family scenes and dread the dis-
grace attending them, by holding themselves in readiness to fly
into a passion whenever their wishes are withstood. They thus
acquire a habit of * breaking out,” to use a term familiar to the
warders of female prisons and lunatic asylums ; and though their
relatives and connections would describe their tempers by severe
epithets, yet if they had married masterful husbands their characters
might have developed more favourably.

To recapitulate briefly, one set of influences tends to mix good
and bad tempers in a family at haphazard; another set tends to
assimilate them, so that they shall all be good or all be bad; a
third set tends to divide each family into contrasted portions.
‘We have now to ascertain the facts and learn the results of these
opposing influences.

In dealing with the distribution of temper in Fraternities,! we

1 A Fraternity consists of the brothers of a family, and of the sisters after the
qualities of the latter have been transmuted to their Male Equivalents ; but as
no change in the Female values seems really needed, so none has been made in
respect to Temper,
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very problem. I made certain very simple and not very inaccurate
suppositions concerning average fertility, and I worked to the
nearest integer, starting with 10,000 persons, but the computation
became intolerably tedious after a few steps, and I had to abandon
it. The Rev. H. W. Watson kindly, at my request, took the pro-
blem in hand, and his results form the subject of the following
paper. They do not give what can properly be called a general
solution, but they do give certain general results. They show (1)
how to compute, though with great labour, any special case; (2) a
remarkably easy way of computing those special cases in which the
law of fertility approximates to a certain specified form; and (3)
how all surnames tend to disappear.,

The form in which I originally stated the problem is as follows,
1 purposely limited it in the hope that its solution might be more
practicable if unnecessary generalities were excluded :—

A large nation, of whom we will only concern ourselves with the
adult males, N in number, and who each bear separate surnames,
colonise a district, Their law of population is such that, in each
generation, a, per cent. of the adult males have no male children
who reach adult life; @, have one such male child; @, have two;
and so on up to a;, who have five, Find (1) what proportion of the
surnames will have become extinet after » generations ; and (2) how
many instances there will be of the same surname being held by m
PEI’EDHS.

Discussion of the problem by the Rev. H. W. Warsox, D.Sc., F.R.S,,
Jormerly Fellow of Trinity College, Cambridge.

Suppose that at any instant all the adult males of a large
nation have different surnames, it is required to find how many of
these surnames will have disappeared in a given number of genera-
tions upon any hypothesis, to be determined by statistical investiga-
tions, of the law of male population.

Let, therefore, a, be the percentage of males in any generation
who have no sons reaching adult life, let @, be the percentage that
have one such son, a, the percentage that have two, and so on up to
a,, the percentage that have ¢ such sons, g being so large that it is
not worth while to consider the chance of any man having more
than ¢ adult sons—our first hypothesis will be that the numbers
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Gy G By ofc., remain the same in each succeeding generation.
We shall also, in what follows, neglect the overlapping of genera-
tions—that is to say, we shall treat the problem as if all the sons born
to any man in any generation came into being at one birth, and as
if every man’s sons were born and died at the same time. Of course
it cannot be asserted that these assumptions are correct. ~ Very
probably accurate statistics would discover variations in the values
of @, a,, etc., as the nation progressed or retrograded ; but it is not
at all likely that this variation is so rapid as seriously to vitiate any
general conclusions arrived at on the assumption of the values
remaining the same through many successive generations. It is
obvious also that the generations must overlap, and the neglect to
take account of this fact is equivalent to saying, that at any given
time we leave out of consideration those male descendants, of any
original ancestor who are more than a certain average number of
generations removed from him, and ecompensate for this by giving
eredit for such male descendants, not yet come into being, as are not
more than that same average number of generations removed from
the original ancestors,

B

Let then 1090

o T | L
106" 100" 100’ ete., up to

be denoted by the sym-

bols ¢, t,, t,; ete., up to ¢, in other words, let ¢, ¢,, etc., be the
chances in the first and each succeeding generation of any individual
man, in any generation, having no son, one son, two sons, and so on,
who reach adualt life. Let N be the original number of distinet sur-
names, and let »m, be the fraction of N which indicates the number
of such surnames with s representatives in the rth generation.

Now, if any surname have p representatives in any generation, it
follows from the ordinary theory of chances that the chance of that
same surname having s representatives in the next succeeding gene-
ration is the coeflicient of ' in the expansion of the multinomial

(o + by + 1,2% + , ebe. +227)"

Let then the expression ¢, 4+ #,x + t,2® + ete. 4 ¢a? be repre-
sented by the symbol T.

Then since, by the assumption already made, the number of sur-
names with no representative in the r—1th generation is . m, N, the

R 2
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F, 2. M, 3.

FF, 4. FM, 5. MTF, 6. MM, 7.
FFF,8. FMF, 10. MFF, 12.  MMEF, 14,
FFM, 9.  FMM, il MFM, 13. MMM, 15,

It will be observed that the double of the number of any ancestor
is that of his or her Father; and that the double of the number
plus 1 is that of his or her Mother ; thus FM 5 has for her father
FMF 10, and for her mother FMM 11,

When the word Brother or Sister has to be abbreviated it is safer
not to be too stingy in assigning letters, but to write br, s, and in
the plural brs, srs ; also for the long phraseof * brothers and sisters,”
to write brss.

All these symbols are brief enough to save a great deal of space,
and they are perfectly explicit. When such a phrase has to be
expressed as “the Fraternity of whom FF is one” I write in my
own notes simply FF, but there has been no oceasion to adopt this
symbol in the present book.

I have not satisfied myself as to any system for expressing
descendants.  Theoretically, the above binary system admits of
extension by the use of negative indices, but the practical applica-
tion of the idea seems cumbrous,

We and the French sadly want a word that the Germans possess
to stand for Brothers and Sisters. Fraternity refers properly to the
brothers only, but its use has been legitimately extended here to
mean the brothers and the sisters, after the qualities of the latter
have been reduced to their male equivalents. The Greek word
adelphic would do for an adjective.

Pedigrees.—The method employed in the Record of Family Faculties
for entering all the facts concerning each kinsman in a methodical
manner was fully deseribed in that book, and eould not easily be
epitomised here; but a description of the method in which the
manuseript extracts from the records have been made for my own
use will be of service to others when epitomising their own family
characteristics. It will be sufficient to describe the quarto books
that contain the medical extracts. Each page is ten and a half inches
high and eight and a half wide, and the two pages, 252, 253, that are


































Works by the Same Author.

METEOROGRAPHICA ; or, Methods of

Mapping the Weather. Illustrated by upwards of 600
Printed and Lithographed Diagrams. 4to. 9Ys.

ENGLISH MEN OF SCIENCE : Their

Nature and Nurture. 8vo. 8s 6d.

INQUIRIES INTO HUMAN FAC-

ULTY AND ITS DEVELOPMENT.

With Illustrations and Coloured and Plain Plates. Demy
8vo, 16s.

RECORD OF FAMILY FACULTIES.

Consisting of Tabular Forms and Directions for Entering Data,
with an Explanatory Preface. 4to. 2s. 6d.

LIFE HISTORY ALBUM;
Being a Personal Note-book, combining the chief advantages of
a Diary, Photograph Album, a Register of Height, Weight, and
other Anthropometrical Observations, and a Record of Illnesses.
Containing Tabular Forms, Charts, and Explanations especially

designed for popular use.

Prepared by the direction of the Collective Investigation

Committee of the British Medical Association, and Edited

by FRANCIS GALTON, F.R.S,, Chairman of the Life History
Sub-Committee.

4to. 3s. Gd. Or, with Cards of Wools for Testing Colour
Vision, 4s. 6.

MACMILLAN & CO. LONDON.



MESSRS. MACMILLAN & C€O.'S
PUBLICATIONS,

WORKS BY ALFRED RUSSEL WALLACE, F.R.8.

Darwinism, Being a Bystematic Expesition of the Theory of Natural Selection with soma
of its applications. Crown Svo. [ Shorily,

The Geographical Distribution of Animals, with a Study of the Relations
of Living and Extinct Faunas as eluciﬁati.nl.' the past changes of the
E;:.rth't urface. With Numerous Illustrativns by Zwecker, and Maps, 2 vols,
Medium Svo, 42s

Island Life ; or, The Phenomenn and Caunses of Insular Fammas and Floras, incloding a

revision and ﬁttem]Bat-eﬂ. solution of the Problam of Geological Climates, With INustrations
and Maps, Demy Svo. 18s,

The Malay ﬁrnhitglﬁ : The Land of the Orang Utan and the Bird of Paradise. A
Narrative of Trave th Studies of Man and Nature, With Maps and Diustrations,
Ninth Edition, Crown Svo. Ts Gd.

Anthropology: An Introduction to the Study of Man and Civilisation. By E. B. TYLOR,
F RS With [llostrations., Crown Svo. Ta. .

Bomantic Love and FPersonal Beauty: Their Development, Causal Relation,
Historic and National Peculiarities. By HENRY T, FINCK. 2 wols. Crown &vo. 18s,

WORKS BY SIR JOHN LUBBOCE, BART., M.P.,, F.R.S.,, D.C.L., LL.D.
The Origin and Metamorphoses of Insects. With [llustrations. New Edition.

Crown Svo,  Bs, Bd. i Nature Series,
On British Wild Flowers considered in their REelation to Insects. With
numerous Illnstrations. New Edition. Crown 8vo. ds 6d. [Nature Serics,
Flowers, Fruits, and Leaves. With Illustrations. Crown Bvo. ds, 6d.
[ Nature Series.

WORKS BY THOMAS HENRY HUXLEY, F.R.8.
Lay Sermons, Addresses, and Reviews. FEighth Edition. Svo. Ta 6d.

Essays, selected from Lay Sermons, Addresses, and Reviews. Third
Edition. Crown svo, ls,

Critigues and Addresses. &vo. 10s 6d.

Physio . J4An Introduction to the Study of WNature, With Coloured
ﬁnt&fﬁmﬁdnuw, Twelfth Edition. Crown 8vo. Bf

Amﬁzﬂtilan Addresses, with a Lecture on the Study of Biology. &vo-
. 8

Science and Culture, and other Essays. Demy Svo. 10s 6d.

Lessons in Elementary Physiology. With nomerous Ilustrations, Twenty
second Edition. Feap. 8vo.  4a 6d. Questions, 1s 6d.

Introductory Primer. 15mo. 14 [Seience Primers.

WORKS BY W, K. CLIFFORD, F.R.8.

Lectures and Essays. FEdited by LESLIE STEPHEN and F. POLLOCK, with an
Introduction by F. POLLOCK. With Two Portraits. 2 wvols, 8vo, 2is.  Also an abridged
Popular Edition. Crown Svo, Ba. Gd.

Seeing and Thinking. With Diagrams. Crown Svo, 3. fid. [Nalure Berics,

WORKS BY J. NORMAN LOCEYER, F.R.8., ke
Contributions to Solar Physles. With Illustrations. Royal 8vo, 31s. 6d.
The Chemistry of the Sun. With Illustrations. Svo, 14
Primer of Astronomy, [lustrated. New Edition. 18mo, 1s.

Elementary Lessoos in Astronomy. With numerous Illustrations and Coloured
Dingram. New Edition, 18mo, 5s 84, Questions, 1s, 6d.

ﬂu:‘ﬂgjt of Physiography.—The Movements of the Earth, Crown &Svo,
LN a

MACMILLAN & CO.,, LONDON.













