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If we compare the two sexes, we see that except in the matter of stature the
martied woman iz relatively as variable as the married wan, while in all three
characters the young woman is relatively more variable than the young man. The
supposed preponderance of male variability is thus again very fully negatived,
for large statistics of typical physical characters in mankind*.

Turning to the correlations we see () that in the older generation the mother
is less highly correlated than the father, (b) that in the younger generation the
son is less highly correlated than the daughter, (¢) that the younger generation
of both sexes is more highly correlated than the older generation. Now the effect
of selection is to reduce correlation, hence if selection—a selective death-rate—
be a real factor in the case of man and we know it to be so, we should certainly
expect the correlations between the ages of youth and of middle life to be reduced.
They are thus reduced, but far more markedly so in the case of woman than in that
of man, Now as far as our data at present reach we know that the male baby
is more variable and more highly correlated than the femalet. In youth the
woman is more yariable and more highly correlated than the man; in adult age
after child-bearing she is less highly correlated and perhaps very slightly less
variable. It would thus seem that between birth and manhood the male is
selected and falls in both variability and correlation below his sister. With
womanhood comes her period of selection, sexual selection for wifehood, natural
and reproductive selection for motherhood, These act with a little expected
intensity and leave mothers of adult families with far less variability and corre-
lation than their husbands have.

Of course these changes in variability and correlation may be partly growth
changes, but since on the average the man reaches bis maximum size four or
five years later than the woman and at least four or five years beyond the average
age of our group sons, it is difficult to account for the wide difference in variation
and correlation between daughters and mothers as compared with that between
sons and fathers by growth changes only.

I am inclined to think Table I. is very illustrative of the nature of selection
among mankind, and further that it is also hopeful, not as regards the qoantity,
of which it takes no account, but as regards the quality of the offspring of a fair
sample of the English middie classes.

(v) Direct Assortative Mating in Man.

We have seen above that all women, if they indeed become wives, do not
become the mgthers of adult children, Le. the mothers of the second generation are
not a random sample of their own generation. However it may arise there is

* Bee The Chances of Death, Val, 1. pp. 256--377, A recent criticism by Mr Havelock Ellis of my
view that there is no preponderating variability of man over woman seems ta need no reply, for the
aathor does not appear te understand what weight is to be given to selentific evidence as compared with
vague generalities.

t R. 8. Prac. Vol. 66, p. 24,
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certainly a “preferential mating ”* taking place. I think we may safely assert
that the first factor of sexual selection is active in man. I now turn to the second
factor, “assortative mating.” If certain women are rejected, at any rate as
mothers of adult children, do the remainder mate at random as far as the above
three characters are concerned? The answer is most decidedly in the negative,
there is a very sensible resemblance in size between hushand and wife, which
& priort I should have said was hardly conceivable. Table IL gives the direct
and cross coefficients for assortative mating in man,

TABLE IL
Assortative Mating. Based on 1000 to 1050 Cases of Husband and Wife.

Hushand’s Wife's Carrelation and Sumbol
Character Character Prabakle Errar yrmba

Stature Statnye 2804 + 0189 EaT
TDirect Span Span 1989 + 0204 Ty
orearm Forearm ‘1977 4 -0205 Toa
Stature Span ‘1820 + 0201 e
Stature Forearm ‘1403 + 0204 T4
Cross: Span, Stature 2023 + 0199 Fan
Span Forearm ‘1533 + 0203 Pag
 Forearm Stature 1784 + 0201 Tsn
Forearm Span ‘1545 + 0203 Phy

We see at once that between the same physical characters in the husbhand
and wife of adult children there is a correlation of upwards of 2, a most re-
markable degree of resemblance, greater than that of great-grandparents to
their great-grandchildren (about ‘191), and probably greater than that of first
cousins' to each other, We could hardly want stronger evidence of the existence
of assortative mating in man, ie. of the actuality of sexual selection. I had
previously. found} from Mr Galton's Family Records, that the correlation in
stature hetween Ausband and wife was 09 £ 05, but between father and mother
of adult offspring was ‘18 + ‘02. Considering the comparative smallness of material,
the latter result is in very good agreement with the present, but it seems to
indicate that a portion of the observed resemblance in the parents of adult
offspring is due to reproductive selection, i.e. homogamy being a factor of fertility.
If the parents of adult children are on the average more alike than first cousins,
then it follows that any evils which may flow from first cousin marriage depend
not on likeness of characters, but on sameness of stock§.

That the whole result, further, is not due to a mere general custom of men
and women mating with persons not differing widely from them in stafure, is
* Phril. _T?‘d.ﬂ.;. Vol. 187, p. 253 et s2q. Hee especially p. 258,

1 Biomstrika, Vol. it p. 221. 1 R. 8. Proc. Val. 8, p. 30.
§ I have dizenssed this point more at length, R. 3. Pree. Vol. 66, p. 29.
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shown by the sensible correlation there ig in eye-colour between hushand and
wife, Le. ‘10 + ‘04*, which is closely in agreement with the results for stature of
hushand and wife from the same data. '

We may, however, estimate how far mating with regard to stature would
produce resemblances in span and forearm. Iet the subscripts 1, 3, 5 refer to
three orgaus in a male of the population who marries, and 2, 4, 6 to the corre- -
sponding organs ‘of a female of the marrying part of the population. Then
Pi3s Tas: Ters Tar Tasy Tmr AT OFganic correlations such as we have tabled on p. 870. All
correlations such as 7y, 7, T, Fu, Tass Tssr Tss Tsiy T A€ 2€r0, if we inated pairs at
random. Now let them be assortatively mated and let pi, py, px represent the
degree of resemblance in the sexual selection. Let ry, 1y, ry be the apparent
correlations of mated pairs; then ry, will not be equal to py, for it is partly due
to the degree of assortative mating indicated in p, and pg, because 3 and 5°
are organically correlated with 1, and 4 and 6 with 2; thus the selection of 3's
and B's to associate with 4's and #'s would indirectly influence the relationship
of 1 and 2, even if there were no direct associating of I's and 2's. The relationship
of Tyz, Ta, Tog 60 Pros Pus, Po; MAY be easily found from my memoir on the influence of
selection on variability and correlationt. We have only to put in the formulae of
pp. 16—17 the appropriate values for the population described above and we find :

yy=pyy + pu "ﬁ Toy+ Pos Vs Tog
T =puTufut Pu  FPuPmTa f oorrerearaaaa, (i)
Fue = Poa Vs Pos + PoaPas Tae + Prs _

Now suppose that 1 and 2 represent statures, 8 and 4 spans, and 5 and 6
forearms. Then if all assortative mating be due to selecmon of stature, we might
Put ps and p, zero above and we should have:

Pra="rp, Fu=Ta¥r,, Fyg=Tp¥ry.
But 71 ="T829, r,, = "TH60, ry=— 6397 1y = 5968, and r,="2804. This leads to
Tu= 1660 and T, = 1071,
ag against the observed values :

r, = 1989 and r,=1977.

The former values are too small in both cases and, I think, we may safely
‘assert, that the likeness of hushand and wife in forearm and span iz not solely
due to a selection of stature,

Another e’iﬁ[anation of these high coefficients of assortative mating has been
suggested to me, namely that the population of England ig built up of a number

* Phil. Trans, Vol. 194, A, p. 118, See alsa pp. 148—150, where it is shown that heteropamy rather
than homogamy in eye-colour tends to increased fertility. If this be confirmed, eye-colour differs much
in effect from stature.

t Phil. Trans. Vol. 200, p. 1 £t seq.
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of local races, and that men and .women mate within their locality. Now it
appears to me that this argument would be far more valid, if my material was
drawn in bulk' from local lower middle and artizan classes. But it is very
doubtful how far it is true of the middle classes, such as provide the students at
the London colleges. The middle classes undoubtedly marry in their own “sets,”
but these are hardly loeal sets, Further, a wide series of assortative mating
observations have been made on another, wholljr different class of characters, in
which lacal race is regarded, and the coefficients come out as high as in the
present data. Hence, I think, we are forced to the conclusion that the bulk
of the observed resemblance in physical characters between parents is due to a
direct, if quite unconscious, selection of like by like, and possibly in a contribuatory
degree to a likeness in parents for the characters under consideration emphasising
their fertility. '

The amount of “consciousness” in the selection may possibly be measured by
the difference hetween the stature-stature correlation and those for span-span,
and forearm-forearm.

(vi} Cross-Assortative Moting in Man.

The second part of Table II. gives the cross-coefficients, for example, the
correlation between hushand's stature and wife’s forearm. We might @ priori,
perhaps, anticipate that the correlation between a first organ in the husband
and a second in the wife, would be equal to the correlation hetween the second
in the husband and the first in the wife. This is actually the case for span and
forearm, and, perbaps, we may consider for stature and span; the results for
stature and forearm are less close than we might have anticipated, but the work
has been revised without the discovery of any error. Relations such as:

Fu=Ty, Ty=TgH,
do not, however, appear to be theoretically necessary.

The problem now arises: are cross correlations between characters in husband
and wife, solely due to selection of direct characters?

I think this may be roughly tested in the following manner. Suppose only
these organs to be selected and the direct selection coefficients to be py, pu, pu,
as before, They may be fonnd from equations (1)* and we have the values:

Pra="23T4,  p,="0053, p,="1043.

Thus there is most immediate selection of stature, a sensible selection of
forearm, and practically none of span. '

* These give numerically:
9804 == py, + 5919y, + 3818y,

1989 = "5919p;5 4 py 45087 pgg
“1077 = 3818p,, + 508T pay + g
48—2
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Now, if there be no immediate cross selection of other than these three organs
and no immediate direct selection we should expect to find:
Ty =pufa  +Pufu T Pl
Pu=pury -+ puls  + Pu’uts
Ty = P1a?1s + Pt T g + Psitae .
Pz parse -+ prTats & pus ? ............... Ceranenas (1i)

Yoo = Pra¥1s¥ae + Pruts T PreTas

o= Pratistu + Pautas + Psg¥a

Substituting the p’'s and the organic correlations in (ii) we find :

TABLE IIL

Coefficients of Cross Assortative Mating.
Husband's Wife's ‘ Ohserved Calaulated
Character Character . Value Value

!

Span Stature | -2023 2327
Stature Span ‘1820 ‘9288
Forearm Stature 1784 2171
Stature Farearm 1403 2152
Span Faorearm ‘1533 1929
Forearm Span .[ ‘1545 1894

We conclude from this Table that: since the calculated values are all larger
than the observed, the hypothesis that only direct selection of these three
characters takes place is not valid. There must he direct selection of other
correlated organs, or in some manner, as yet inexplicable, also an immediate cross
assortative mating in man® Generally, the results given in the present and
the previous section for assortative mating, and in section (iv) for preferential
mating, indicate that in future a greater degree of attention must be paid to
gexual selection. It can hardly be so significant in the case of man, where most
people would probably ¢ prior: suppose it of no account, and yet fail to play an
important part in wild life. In particular, experimental enquiry on the relation
of homogamy to fertility,—the likeness not being due to in-breeding—would be
of very great value. It is clear, that “negative”t natural selection accompanied

* My own view, for which I have small evidence at present, is that the funetions of sex are far more
highly carrelated #ith the physical characiers in man than is generally suppozed, and that the fertility
of any given pair is very delicately atuned to the relative proportions of their frames. Hence when we
come to eorrelate the physieal charactera in the parents of adult children, we find not only high direct
but also high cross correlations, which seem inexplicable on any hypothesis of conseions assorting at
meting. The only way to test thia ia to compare the correlations of husbands and wives &t marriage
with those of parenta of adult childrem. We have already seen that these in certain cages sensibly
differ. (See p. 373 and p. 374 footnote.) ’

T A selection for destrustion not survival : see Phil. Trans. Vol. 200, A, p. 59.
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by the correlation of homogamy and - fert‘.lhty would much aid us in comprehending
the origin of species.

Although we are unable at present to account for the high coefficients of cross-
agsortative mating in man, it is possible to give an empirical formula, which
will enable us to determine these coefficients in terms of the direct assortative
mating coefficients and the organic correlations well within the limits of the
probable errors of our results. Clearly the cross-assortative mating coefficients
ought to vanish with both direct and organic correlations. Hence, if p, ¢ refer
to two organs in the husband and g, ¢ to the same pair in the wife, we should
expect the cross correlation 1., to be of the form:

7oy = Crpp Yoy + C'rag oy
Having satisfied myself that ¢ and €’ might be taken as practically equal, I
found € as the mean of the last six entries in Table IT. There resulted the
formulae
Y 5342 (Tpp:?‘j,;qu -+ rqqfrm), }
T = 5342 (7o + 7oy Tre))
whence I found the following results.
TABLE III bis.

Calculated and Observed Oross Coefficients in Husband and Wafe.

Husband's . Wife's Observed Calculated -
Character Character Value Value Difference
Span Stature 202 ‘198 + 004
Stature Span 152 ‘196 ~ 014
Forearm Stature 178 ‘159 +019
Stature Forearm ‘140 157 —-017

- Bpan Forearm ‘153 151 + 002
Faorearm Span ‘155 [ ‘151 + 004

The diffeences are well within the probable errors, and the above formulae may
I think be safely used, if the cross coefficients are unknown,

(vii) Direct Parental Inheritance.

For the resemblance in like organs between offspring and parents we have for
our three organs twelve cases. The correlations deduced from Appendlx Tables
XXIL—XXXIIL are given in Table IV. below.

It is impossible to regard these results without extreme satisfaction, not only
as confirmation of the general reliability of the material, but also for the weighty
evidence they bring for the nature of inheritance in man. When one remembers
the lahour of collecting the measurements, the days spent in tabling and reducing
it, and the doubts which not unnaturally arose as to its value and the value of
the tedious labour spent on it, the sense of satisfaction felt may be considered
pardonable. The surprising agreement of the results—well within the probable
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errors—for each character is to be noted in the first place. Considering that the
measurements are made on more than 4000 individuals of different sexes in more
than 1000 families, the conviction is complete that these numbers correspond to a

TABLE IV.
Coefficients of Heredity. Parents and Offspring.

Character . Father and Mother and

Seu Danghter San Dauguter
Stature 514+ 0156 5104013 494 +-016 507 +£°014
Span ‘454 + 016 454 + 014 457 + 016 452 + 015
Forearm 491+ 017 492 + 015 408 + 017 491 +-015

-reality in nature. From them we may safely draw the following conclusions for
the organs examined:

(@) The son and daughter are equally influenced by their father, and equally
influenced by their mother.

While a change of sex does appear to weaken hereditary influence in the eye-
colour of man*, it does not appear to have any perceptible influence on the size of
the human frame. '

() In their influence on offspring there is no average prepotency of either
father or mother, whatever there may he in individual cases.

(¢) The inheritance of all characters does not appear to be the same.

The inheritance of forearm is for all four cases sensibly less than the inheritance
of span, and that of span less than that of stature. We might as a probability
put forward the following statement for further investigation.

(d) The more complex a character the greater the intensity of hereditary
resemblance.

The fact that the correlation falls below -5 with the simplicity of the character
under consideration seems to suggest, however, that the reduction of the intensity
cannot be due to an “alternative inheritance” in the case of the simple components
of the charactert.

For the mean values we have ﬁhe following results :

Mean parental inheritance, father to son: 463
o » n » to daughter: ‘462
mother to somn: 452

n n "

E ] ” 1 to daughter: 460
Mean parental inheritance for both sexes and all characters: 460.

* Biomstrika, Vol. 11. pp. 237—240,
+ 8ée R. 5. Proc. Vol. 66, p. 142, and Natural Inheritance, p. 139.
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I think we may fairly take the intensity of inheritance for measurable
characters in man to be *46, or even for rougher work 5. It may be as well to
put on record here the principal results for heredity in the direct line so far
reached. I omit the results obtained in my memoir of 1895%, for I consider my
present data to replace that series.

TABLE V.
Parental Inheritance in Different Species.
8pecies Character %ﬁt’; Pfiféu(;fé d Sounree Remarka
Man Stature gilt] 4886 Present Memoir —

" Span -459 4873 ditto —

” Forearm 418 °| 4866 ditbo -—

" Eye Colour 495 4000 | Phil. Trans. Vol. 195, p. 106 —
Horge Coat Colour ‘522 | 4350 | Phil. Trans. Vol 195, p. 83 —
Basset Hound Cloat Colour ‘524 823 R. 8 Proe. Vol. 86, p. 154 | Dams onlyused
Greyhound Coat Colour | 507 | 9279 | Unpublished data for two | Damsand Sires

- ' characters both used
Aphis (Hyolopterus} | Right Antenna | . ) Ratios onl
Trivhodus) . § | Frogtal Breadths | 439 | 368 | Biomatrika, Vol 1.p. 129 |} Ratios ooly
. Protopodite . from growth
Daphnia Magna ... Body Length 466 | . 96 | R. 8. Proc. Vol. 65, p. 154, factor

I consider that this table contains the most reliable data we yet have collected
and reduced for parental influence on offspring.

The general mean of the whole of these series is *48 and so0 far as we have yet
gone, we may I think conclude, that :

() There is no reason for supposing parental heredity to be stronger in one
species than a second.

(b) Its values lie between ‘42 and ‘52 and cluster round 48,

Thus for most practical purposes we may assume parental heredity for all
species and all charaeters to be approximately represented by a correlation of 5.

In the course of the past 8 years many cases of parental inheritance have been
worked out by the biometricians associated with me at University College, some of
the most important of these are still unpublished, others have been replaced by far
more reliable data; in further cases we know that the material was doubtful, eg.
the cephalic index for fathers and children of the North American Indians, or sire
and offspring in the Basset Hounds, In such cases better material has been
sought and our first results modifiedt. But in the present controversial phase of

* Phil. Trans, Vol. 187, p. 253 ot seq. )
t For examypls the greyhounds have shown that anomalies of the Basset Hound results were peculiar

to the material, the cephalie index is inherited quite narmally when we teat it on materizl with reliable
parentage, ete. ete,
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the theory of heredity, it seems well to hold no material back simply hecause one
knows it to be untrustworthy. I therefore give the frequency distribution for
every coefficient of parental correlation I am aware of, neither weighting them
with the number of pairs on which they are based, nor remarking on the relative
reliability of the data, which covers plants, insects and animals.

Frequency Distribution of Correlation Coefficients of Parental Heredrty.

Magnitnde |5 |2 |5 |8 18 815 %) 5% ¥ |5|8(%
of & P A f | L] 1] ] | Total
Corclation | & |5 |2 (S (2in |8 5! 2 [s(alsla
i : )
Frequency | 1| 1| —|—] 2 I 3|3 ‘ 9 | 125 | 14|45 1-5| 5 | 52 ‘

This distribution is represented graphically in the accompanying diagram ; the
mean and standard deviation of the system are 430 + 010 and ‘107 respectively.
The fact of the cluster and its quantitative intensity are thus rendered obvious,
The four extreme observations on the left are due to the Basset Hound Sires and
North American Indian Fathers, both involving doubtful paternity*. If we omit

Dueray VII. Distribution of Correlation Cosficiants in 52 Cases gqf Parental Heradity.

/L

\

N

RN

046 -095 145 195 245 205 345  -385  -445 485 -545 595 845

Intensity of Parental Heredity.

* Both series are alag very small, 100 to 400, a8 compared with the 1000 or mere of most of the other
peries. As to their questionable chsracter see R. 5. Proc. Vol. 62, p. 414, and Vol. 66, p. 1568 and
especially foatnate p. 159,
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these as most certainly questionable the mean vesult is 4563 + 007, the standard
deviation being -071. Thus 45 may, I think, he justifiably taken in fulure to
represent the approximate value of parental heredity, in cases where no direct
observations have been made for the character and species under consideration. I
prefer, however, the 46 to ‘5 of the best of the above series.

I now pass to the prediction formulae, i.e. the regression lines and planes, from
which the probable value of a character in the offspring may be determined when
the value of the character in the parentage is known.

If the subscript ¢ denote child and p parent; and m be the mean, € the
character ; we have for prediction from one parent :

Co=m, + 2T (O, — mp)eeeeaieeeennn. e (iV)
Ty

with a standard deviation for the array of value 3, = o /1 ~7%,.

If we predict from two parents p, and p,, the formula is:

Fo — o ¥ a Ton, — Foy T T
Comm, 4 "B ZTT00 0 (0, gy 4 T TI T2 () ) (V)

L—=%0, 9p L~ on

with a standard deviation for the array of

) e L —_—
s Y — 2%, = Pan, = Poip + 270, Y0, 12
e = g 1 2 .
: — T

Using these formulae we have the following results*:

A. Stature,

For Son:
(1) Probable Stature =83"73 + 5316 (Father’s Stature) + 17386,
(2) Probable Stature = 33”65 + 560 (Mother's Stature)t + 159,

(3) Probable Stature = 14708 + 409 (Father’s Stature)
+ 430 (Mother's Stature) + 142,
For Daughter :

(4) Probable Stature = 3030 + 493 (Father's Stature) + 1751,
(5) Probable Stature = 29”28+ ‘554 (Mother's Stature) + 1752,
(6) Probable Stature = 1082 + ‘386 (Father’s Stature)

+ 431 (Mother’s Stature) + 1733.

* The actual tables of correlation are given in the Appendix and from them it will be seen that all
possible pairg were used in each case for determining the correlation, Thus the standard deviations
and means vary slightly from table ta table, of course well within their probable errors. The formulae
here given were, however, obtained by using the means and standard deviations which were adapted for
Table I. :

t If Father and Mother are to contribuie indifferently to Son’s stature, the parental statorea should
be in the ratio of about 560 io 516, which ia very nearly the ratio of 1085 ta I, and almost exactly equal
ta the 1-083 to 1 of ratio of Father’s ta Mother's average stature.

Biometrika 11 49
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B. Span.

For Son: ._
(7) Probable Span = 38"46 + 458 (Father’s Span) + 1780,
(8) Probahle Span =38"33 + 511 (Mother’s Span) + 1788,

(9) Probablé Span = 18704 + 375 (Father's Span)
+ 423 (Mother's Span) + 1770.
For Daughter:
(10) Probable Span = 34720 + 425 (Father's Span) + 177,
(11) Probable Span = 84”718 + 473 (Mother’s Span) + 17717,
(12) Probable Span = 1470 + 355 (Father’s Span)
+ ‘394 (Mother's Span) + 1761,
C. Forearm.
For Son:
(18) Probable Forearm = 1065 + 430 (Father’s Forearm)
(14) Probable Forearm = 10788 + ‘463 (Mother’s Forearm)
(15) Probable Forearm = 558 4362 (Father’s Forearm)
+ 383 (Mother’s Forearm) + “56.

H
o
=

&
i=)

For Daughter :
(16) Probable Forearm = 9”43 + ‘400 (Father's Forearm) + 756,
(17) Probable Forearm = 940 + ‘445 (Mother's Forearm) + "6,

(18) Probable Forearm = 4”50 + ‘334 (Father's Forearm)
+ 371 (Mother's Forearm) + 51

On the right is given in each case the probable error of the prediction*. We
see from these formulae that with the selection of one parent only, the offspring
rise to within 40 to 30 per cent. of the selected value; with the selection of both
parents to within 70 to 80 per cent. of it. The diminution of the variability of the
array due to two selected parents, is however only slightly less than that due to
the selection of one parent only. '

If we selected for two generations we should have offspring the same very
nearly as the selected ancestryt. With our values for parental correlation, it is
obvious that two or three generations of selection will suffice to brmg the average
of the offspring sensibly up to the selected ancestry, and the regression after this,

* In using these formulae for prediction, those not fully conversant with statistical theory, must
bear in mind that they give only the mean or most probable results of a whole array of offspring due to
all parents of deBuite characters, The validity of the formulae cannot be tested on merely individual
cases, This warning is neeessary because I have sa often had individual cases in man or dogs cited as
upsetting the whole of the ancestral law !

+ ¢“The Law of Anceatral Heredity,” Biometrika, Vol, . pp. 221—46.
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if the stock mates with its like, will be very small or zero*. We cannot unfortu-
nately on the present material determine absolutely its value; for, in the first
place we have no correlations with grandparents or higher ascendants, and in the
second place the assortative mating coefficients are so large, that we cannot afford to
neglect them to a first approximation, as we have done for the case of eye-colour
in man and coat-colour in horses¥-.

What, however, the present investigation impresses upon one is this: Parental
correlation being from ‘45 to 5 in value is much higher than we could anticipate
from Mr Galton's Natural Inheritance data. Hence selection is far more rapid in
its effects than we supposed a few years ago, two to four generations suffice to
effect what we originally considered would need 6 to 8. Further, the regression
after such selection may well be zero. I have not worked out yet the multiple
regression formulae allowing for assortative mating; they present considerable
difficulty owing to the complexity introduced by the correlations between relations-
in-law due to such mating. But neglecting for 2 moment the effect of assortative
mating, the series of ancestral correlations,

46 32 - 28 ‘16

proceeding by a factor *7 would give a zero-regression and not differ widely from

the ancestral correlations we know for eye-colour in mani. I lay no stress on

these particular numbers, but T wish to emphasise the point that a few generations
of selection in the ease of man suffice to establish a breed, and that regression for
this breed may well be insensible.

(viii) Crass Parental Inheridance.

I have defined cross heredity to be the correlation of two different organs in
two blood relations§. We are now for the first time in a position to estimate 1ts

magnitude.

We see at once that these coefficients of cross heredity are for some cases
almost as large as the coefficients of direct heredity, and on the whole sensibly
larger than the values which but a few years ago were supposed to be those of the

* The physical aspect of thia is perfectly easy to understand. When we select one parent the off-
apring advance 35 to 40 p.c. on the general population, when we select two parents 70 to 80 p.e. If we
select twa parents and four grandparents, there iz another percentage inmcrease which brings us up into
the 90 per cents., and if we select for three generations we have nearly the 100 per cent. of the required
character. Now suppose the selected stack to inbreed or atherwise mate with its likes for this speéiat
character, Why will the regression now that selection ceases he zero or insemsible? For this simple
reason, that while we cease to select within the stock, yet each new generation has an additional selected
generation of ancestry behind it, snd the influence of this ancestry balances the regressional
tendency. This is the simple verbal explanation of the cessation of regression with seleetion. The
algebraical expressian of its possibility was first given in my memair of 1898: see R. S. Proc. Vol. 62,
p. 401,

+ Ibid. p. 224, Bee also K. S. Proc. Vol. 62, p. 348,

+ Biometrika, Vol 1. p. 222. ¢ and g of p. 224 would be ‘36 and -44 respectively.

§ Phil. Trans. Vol. 187, A, p. 259. 8ee alzo R. 8. Proc. Vol 62, p. 410.
) 422
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direet coefficients. We have thus, if it were needed, still further evidence that
the original estimates of the strength of heredity were far too low.

TABLE VL

Cross Parental Heredity Coefficients.

Parent's : Offapring’s | Correlation and
Farent Character Offspring Cha?-a.ct.%r Probable Error
Father Stature Son Span 418 +-017
" Span " © Stature 399 + 017
1 Stature " Faorearm 370+ 018
" Forearm W Stature 355 +£-018
» Span. . Forearm 399+ 017
2 Forearm " Span 400 + Q17
Father Stature Daughter Span 4234015
" Span . Stature 407 +-015
» Stature M Forearm 341 +-016
" Forearm " Staturae 383 + 016
" Span » Forearm ‘382 + 016
1 Forearm " Span 396 £ 015
Mother Stature Son Span 424 4017
" Span " Stature 390 £ 017
" Stature " Forearm 356+ 018
» Forearm' " Stature 344+ 018
» Span " Forearm ‘345 + 018
1" Forsarm " Span 365+ 018
Mother Stature Daughter Span. 431 +£-015
" Span " Stature 385 + 016
" Stature - Forearm 387 + 015
" Forearm " Stature 318+ 016
" Span » Forearm 3 +018
” Forearm . Span 362+ 016
L

One of the most difficult points to be sure abous is the theoretical relationship
which 1s to be expected between the inteusities of direct and cross inheritance. If
(i) all organs and characters were inherited at the same rate, and (ii) the organic
correlations in younger and older generations were the same, and (iii) the
variabilities of these generations, as measured by their coefficients of variahility,
were the same, then it follows that the mean of two corresponding coefficients of
cross heredity is the product of the coefficient of direct heredity into the organic
correlation®. But none of the three conditions stated above is accurately fulfilled,
as we have seen, in the present material. Notably we find sensible divergence
from the first. We may possibly attempt to allow for the first disturbing factor in
the following manner: the ecross-correlations should vanish (@) when the direct

* R. & Prac, Vol. 62, p, 411,
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her.edity is zero, and again (b) when the organic correlations are zero. Hence we
might, if 1, 2 represent organs in one of a pair, and 1', 2’ the same organs in the
other of a pair of relatives, expect to find :

’
T =€ PypTyw + 6 Tgls,

" I
iy =€ FoTpy + € i,

FHr

where ¢, ¢, ¢’ and ¢" are at present indeterminate.

Hence :
, cry + ¢y 1oy + 1y
f}g’ (e +r 1’2) = Ty (L"“ﬁ) 2 (M) .
2 2

Now if heredity were constant for all characters, we should have 7y = ry, and
we should reach the above proposition by putting ¢=¢' =¢”" =¢" =5. Thus we
should expect the ¢’s to bé equal to 5 plus functions of ryy, ray, 71, and ryy, which
vanish when r, =7, and r,=74. What those functions may be it would
probably be hard to determine. I therefore propose to write simply

P = ¢ (""11’7'1‘2’ + Ty ""m)l
g = C (r‘)‘x'rl'ﬂ’ + 1‘12)]

and determine the values of €. These are given in the Table VII. below. We see
at once that € is always greater than '3, its mean value is -5683. If we adopt
this value we should have the following empirieal formula to determine a cross

heredity coefficient : . .
T = 5683 (rrrpy + ) eeeeines (vii).

But since the numerical factor is greater than 5, and 7y and ry as a rule some-
what less, we ought to get rough values of the cross coefficients from

Py =3 (Fow + o) coveiiiniiniiiiiiina e oo (i)

The values ealculated from these empirical formulae are given in Table VIIL
below with the differences.

The probable errors of these coefficients of cross correlations are given in
Table VI. Formula (vii) gives 13 values above and 11 below the corresponding
probable error. Formula (viii) gives 11 above it and 13 below it. The mean
deviation of (vii) is 019 and (viii) is also ‘019. Thus the formulae are practically
equally good so far. But (vii) gives 10 above and 14 below, while (viil) gives only
3 above and 21 below the observed values. Thus as an empirical formula (vii) is
somewhat better than (viii), which is really based on the equality of all inheritance
coefficients and their approximation to a value of -5, assumptions only roughly
true.

Praetically either (vii) or (viil) would suffice for most purposes, and the manner
in which they smooth the chserved results, especially in making what we might
d priori expect, near equality* between the pairs of corresponding cross correlations
is itself an argument in their favour. "Hence I should say that when the

* Bee R, 5. Pyoe. Vol. 62, p. 411,
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organic correlations and direct heredity coefficients are known the cross heredity
coefficients may be found very closely from formula (vii), If the organic corre-
lations are known, but no heredity coefficients at all, then the direct heredity
coefficients may approximately be taken as equal to 5. and the cross heredity
coefficients approximately found from the -organic correlations by formula (viii).

(ix) Direct Fraternal Resemblance.

I now turn to the observed degree of resemblance between brothers and sisters
for the three characters we have measured in our Family Records. We have the
following results: '

TABLE IX.
Correlation Coefficients for Divect Fraternal Heredity.
Brother and Sister and - Brother and

Ghz}.ra.cter Brother © Bister Biater Mean
Stature 511+ 028 537 + 022 553 + 013 534
Span 549 + 026 55856 + 021 5254+ 013 H43
orearm 401 + 029 -507 + 023 440+ ‘015 479
Mean 517 -533 506 519
Eye 517 + 020 446 + 023 462 + 022 475

Colour* = = =
Total mean -517 S 495 508

Now. there are certain differences in the entries in this Table, thus resemblance
in siblings seems greater for stature and span, than for forearm or eye-colour, and
again the resemblance of brother and sister seems on the average slightly smaller
than the resemblance between siblings of the same sex, There are also certain
irregularities, which I have no means of accounting for, and which seem larger
than can be explained by random samplingt, Still there cannot be the least doubt
from the above table that ‘5 measures very closely the average degree of hereditary
resemblance in human siblings, and that the correlation clusters closely round this
value. As in the case of parental heredity we see a most marked increase in
the intensity of hereditary resemblance when we compare our results with those

“obtained for stature some years agol. If we compare our Family Records with
the School Records, of which I only cite at present the results for brothers, we

* Prancis (altan's eya-colour record reduced for my paper on Heredity in Man in Phil. Trans.
Vol, 194, A, p. 106.

+ The material, as the reader will see hy conaulting the actual tables, is far less.

I Phil, Trans. Vol. 187, A, p. 281, It waa the difficultiea associated with the data used in 1895 (see
especially pp. 283—5 of above memaoir) that led fo the collection of heredity data which haa been in
progreas dince 1894,
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fied good agreement in the *5 value. In the Table below each series involves
1000 to 2000 cases.

TABLE X.
Fraternal Resemblance tn Boys at School.

Character _ Correlation Character  Correlation
(eneral Health... ... 520 Cephalic Index | 488
Eye Colour ... 539 Head Length 504
H{Lir Colour ... ‘621 Head Breadth ‘593
Straightness of Hair ... 498 Auricular Height 554

Mean of Ez'gﬁ Characters *589.

This compares well with ‘317 of the above Family Records for Brothers. - At
the same time several of the above results are under revision, namely the ahsolute
measurements of the head. In this case every hoy was reduced to a standard age
12 hy adding to or subtracting from his age the average growth found to take place
between his age at measurement and the age of 12. A more subtle methad of
determining the allowance to be made for growth has heen recently given by me
in a paper published this year, only it involves a very great amount of numetrical
work, i.e. five instead of two correlation tables, and thus we have only been able
so far to modify the correlation in the matter of head length* I consider it
better, however, to place above the correlations as found by one uniform method
until we are in position to publish all the results revised. I anticipate that both
head breadth and auricular height will ultimately be found to be really nearer to
‘5 than appears above. Meanwhile it seems quite safe to sum up our results for
fraternal correlation in man as follows:

(i) The degree of resemblance of brethren is ciosely the same for all
characters.

(ii) The two sexes appear to be equally influenced by heredity.

(iii) The intensity of fraternal correlation in man is close to 5, possibly
slightly greater. But for practical purposes we may conveniently work with § as
a round number. '

I now turn to what personally I cousider one of the mast obscure points in the
quantitative determination of inheritance, namely : the manner in which fraternal
resemblance varies from species to species, while paternal inheritance remains fairly
constant. If we look at Table V. we see that within moderate limits parental
influence approximates to the same value for very different species and very
diverse characters. This cannot be asserted with the same accuracy of fraternal
correlation. I have found values of it ranging from 4 to 7 for large and

* R. 8. Proc. Vol. 71, pp. 290—4.
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apparently very trustworthy data for different species. I attribute this, although
I have not been able at present to verify it, to prepotency*. In dealing with
prepotency I think it important to distinguish @b initic between three kinds: sex-
prepotency, unit prepotency, and intermittent prepotency. By sez-prepotency I under-
stand that the offspring of one or other sex or of both sexes are more like the
male or the female parent as the case may be. Its existence is demonstrated by
showing that the correlation for one parent with all the offspring or with one class of
offspring is greater thian for the other parent. An examination of Table IV. seems
to prove that in man for stature, span and forearm there exists no sex-prepotency.
On the other hand in eye-colour in man, there does appear to be a differential sex-
prepotency, fathers are prepotent over mothers for eye-colour in sons, and mothers
are prepotent over fathers for the same character in daughters*. If the paternal
record were trustworthy in the case of Basset Hounds—which I am very doubtful
about—then there would be a large sex-prepotency. for all offspring of the dam
over site in coat-colourt. From this sex-prepotency must he distinguished an
individual prépotency which I term wunit prepotency, and which is independent of
sex. In umt prepotency one or other unit in a mating is prepotent owing to the
possession of some physical character, other than a sexual character. This physical
character may or may not be that in which the prepotency shows itself in the
offspring.  Thus it is conceivable that a dark-eyed parent of either sex might have
a unit prepotency over a light-eyed parent, not necessarily in eye-colour or in eye-
colour ounly, but possibly in hair-colour, or stature or mental characters. The unit
prepotency may, however, in no way depend upon. a simple observable character like
this, but on a subtle combination of physical factors producing individual prepotency
in one unit of the pair. To demonstrate the latter form of unit prepotency will
always be a difficult problem ; it could possibly be attacked by considering the re-

- duction of variability in the array of offspring of supposed unit prepotent matings
below the average variability of arrays in which such prepotency is supposed not to
exist. This method would hardly be possible in the case of man where the number
of offspring is too small to get the varlablhty of an array free from a very large
probable error. It might be effective in the case of snails, moths, many insects
and plants with numerous offspring. When unit prepotency is supposed to be
associated with the possession of a definite physical character, it is perfectly
possible to attack the problem hy the method of association, i.e., investigating the
association between the presence (or absence) of this character in a parent and the
ratio to total offspring of offspring in the array who do (or do not) possess this
character, or some other character of the parent in question. If unit prepotency
were absolute we should have the case of “dominance” as originally propouaded
by Mendel.

While we suppose unit prepotency,—the tendency of one individual out of a
pair to be prepotent,—to be chronis, there is another form of prepotency which we
may describe as intermittent. Ope or other parent may at a particular mating, or

* Phil. Trans, Vol. 195, A, p. 106. 8ee also F. Lutz, Biomstrika, Vol. 1L p, 234,
t R. 8. Proc. Vol. 66, p. 157,

Biometrika 11 50
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may in certain individual offspring of one and the same mating, be prepotent.
On another occasion, or in other offspring of one and the same mating, it may not
be prepotent or even the other parent may be prepotent. Such prepotency might
exhibit itself in “alternative” or “exclusive” inheritance®*, and is distinet from
any unit prepotency or absolute or partial dominance, It does not depend on the
possession by one mate of certain characters, but on the condition of the parents
and other circumstances peeuliar to a special mating.

Now the fundamental point to be borne in mind is this, that apart from
gex-prepotency, neither unit prepotency nor intermittent prepotency need in any
way influence the parental correlations. The average resemblances of offspring
to either parent will not be affected if in some matings the mother, In other the
father is prepotent. Nor again will it be affected, if occasionally the two parents
are intermittently prepotent. But such types of prepotency will largely influence
the degree of resemblance between brethren. If, either invariably or intermittently,
one parent is prepotent, the offspring of all matings of these parents or the
offspring of one litter will be more alike, than the offspring of another species in
which such prepotency does not exist. When therefore we find parental corre-
lation the same for a number of species and fraternal correlation different, I am
strongly of opinion that this will be found to be due to differing amouuts of unit:
prepotency or of intermittent prepotency or of both combined in diverse species.
I have already insisted on this effect of prepotency in disturbing fraternal eorre-
lationt, but it seemed necessary again to refer to it as the probable explanation
of the great differences observable in the fraternal correlations given below in

Table XI.

TABLE XI. Praternal Correlation in Different Species.

: : Brother and | Siater and | Siater and All
Bpecies Characters Brother Biater Brother | Biblings
Man Family Records. Mean of ) . . .
three characters 517 533 506 519
n . gyg. Clolft};w s i 517 “446 ‘462 475
n s . . [ School Records. Mean of - Ela . .
’ sizteen characters 520 519 518 519
(l;asaﬂ; Hoclil;ld goat LColour for-sam% litter —_ — — -508
reyhoun mount of Red in Coat. . . . K
, dame litter ’ 633 710 707 700
voe | Amount of Black in Coat, . i i .

» ' nount; of Black in } 642 680 659 660
Tharoughbred Horse | Coat Colour ... 623 ‘693 583 633
Daphnia (#agna) ... | Ratio of Protopodite to €93

) Bedy Length ... .. - - o
Apbis (Hyalopterus ] | Ratio of Right Antenna to 589
Trirhodus) ... Frontal Breadth - - -

* R. §. Proc. Vol. 66, p. 141, ete. and PhiL. Trans, Vol. 195, A, p. 89 et seq.

t+ R. 8. Proc. Yol €6, p. 152, and Phil. Trans. Vol. 195, A, p. 101.

t Unpublished resulis, tabled by Miss A. Barrington from Mr Howard Collina' data, reduced by

Dr A, Lee,
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I have not placed in this table the resalts for stature as found from Mr
Galton’s Family Data, nor those for Cephalic Index for North American Indians,
because I consider that the results for both these characters are replaced by the
larger series we have now at our disposal, and which are included under “ man”
in the above list. Otherwise it émbraces nearly all the data we have as yeb
at our disposal. Now it is elear that the value for man is about ‘5 and agrees
well with the value found for Basset Hounds, and indeed with that for the Shirley
Poppy, assuming complete cross fertilisation*. On the other hand the horses and
greyhounds, while agreeing well with man for the parental correlations (see Table
V. p. 23), show a much increased fraternal correlation of the same order as that
bhetween the parthenogenetic offspring of Daphnia and Apbist. Now how far is
this due to such factors as unit prepofency or intermittent prepotency ? All we
can do at present’is to suspend our judgment on this point. In the case of dogs,
interraittent prepotency might manifest itself by the. offspring of the same parents
for the same litter being more alike than for different litters. Now will thia
account for the high values of the greyhound results? Unfortunately our records
contain only greyhounds of the same litter, all members being recorded, while the
volumes of the greyhound stud-book contain only a selection of all dogs borm,
colour undoubtedly being a selected character. Further it is very difficult from
those volumes to extract a sufficient number of brethren of full blood from
different litters. Still we hope to be able to throw some light on the problem of
at least intermittent prepotency in the case of greyhounds. It is remarkable that
the fraternal correlation in the Basset Hounds, while according closely with that in
man, is the same sensibly in intensity for siblings from the same and from different
litters, The case of the thoroughbred horses is somewhat different, but here we
propose to draw up separate tables for twin foals and foals from the same parents
in different years, and thus if possible differentiate intermittent prepotency, if it
really exists. The high values, however, found for half-siblings in the case of the
thoroughbreds seem to indicate that we must look rather to unit prepotency than
intermittent prepotency for the source of the high value of fraternal as compared
with parental correlation in the case of the horse.

What is quite clear is that we badly want the measurement of further
characters for siblings in both mammals and insects. The present results show
that while the value ‘5 has overwhelming evidence for it in the case of both
measurable and unmeasurable characters in man, we are yet without like data
for the measurable characters in horse, dog or any other mammal. Should these
ultimately be found to agree with the results given above for the quantitatively
unmeasurable characters, I personally hold at preseut, that the solution for equal
parental and unequal fraternal correlations in these different species should first be
sought in a fuller study of unit and intermittent prepotency.

* Riometrika, Vol. o p. 81.
+ In the ease of these insests differential environment may, of eourse, hava emphasised the

regemblanca.
50—2
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(x) Cross Fraternal Resemblance.

I turn to the relationships between different organs in pairs of siblings, These
are tabulated below.

TABLE XII.
Correlation Coefficients for Cross Fraternal Heredity.
1st Sibling Character %nd Sibling Character %‘;E?;ﬁflaﬁégf

Brother Stature Brother Span 444 + 021
. Stature . Forearm ‘368 + 023

" Span » | Forearm 451+ 021
Sister Stature Sister Span 471+ 0L7
" Stature 5 orearm 438+ 018

» Span o Forearm 453+ 017
Brother Stature Sister Span ' 478 + 014
" Span " Stature 466 + 014

» Stature 1 Forearm 399 + 015

5 Forearm " Stature 412+ 0156

" Span 1 Forearm 419+ 015

" Forearm " Span 423 + ‘015

The same general remark must again be made here, i.e. these cross-correlations
are remarkably high,—as high as a few years ago we anticipated that the direct
fraternal correlations would be.

The series being rather short—three to four hundred brothers*—the results
are more irregular than we might have hoped for. In particular the cross-
correlation between brother’s stature and brather's forearm is distinctly less than we
might have expected. A result of slightly over ‘4 would clearly be more consonant
with the other results, but I have not been able to discover amy slip in the
arithmetic. In the brother-sister correlations we find that within the limits of
the probable errors of random sampling the cross-correlation coefficients are pair
and pair equal, e.g. the relation of brother’s stature to sister's forearm is sensibly
that of brother’s forearm to sister's stature.

To obtain an empirical formula, I assumed that as in (vi) p. 385 we should have

= O (e F Parfia) e (ix).

I determined C from the twelve series and found for its mean value *5585. This
is within two per cent. of the value of € found for the cross-parental relationships,
and I think the agreement is as close as we could hope fort.

* Bee Appendix of eorrelation tables. .
t+ To obtain the desirable end of using one formuls instead of two. I am noi convinced that equality
is & priari to be expected,
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Using the formula :
1‘1.,; = '5 585 '(?‘11' o 4 Faat ?’n) ........................... (x),

I find the following results given in Table XIII. The agreement of the
observed and caleulated results is not as close as in the previous case of cross- .
parental heredity, but the series from whieh the observed values are determined
are not half as large. Further, the calculated values depend on the coefficients
of direct collateral inheritance, and in working out these we have always correlated
elder with younger brother. - On the other hard it did not seem worth while in
caleulating the cross-coefficients to separate our rather small amount of material
up into two groups and distinguish between the relationship of, say, stature of
elder brother to span of younger brother, and again, stature of younger brother
to span of elder brother. This difference of treatment is no doubt a source of some-
of the observed irrégularity, but the bulk of it is due to the smallness of our group
of brothers.

The mean error of the results from (vii) is ‘019 and from (x) is 020, but (vii)
has errors of ‘043, 043 and ‘039 larger than the maximum ‘034 reached by (x).
The first formula gives seven values greater and five less, the second formula gives
six greater and six less than the corresponding probable errors in Table XII. Thus
on the whole Formula (x) is slightly the better, but the advantage is so small
that for practical convenience (vii) might be well used for both. I do not see
why the numerical factors in (x) and (vii) should necessarily be equal or nearly
equal ; still less is there any reason why the factors in. these blood relationship
formulae should be nearly equal to the value of the factor in (iii), the empirical
formula for assortative mating. But it is worth noting that for most practical
purposes a common formula with a mean numerical factor of -555 wilt give results
quite within the limits of the probable errars of our material.

It thus appears that my original propaosition as to cross-heredity, based on the
assumptions of equality of all inheritance-coefficients and of the corresponding
organic correlations in the pair of relatives, is not correct; the factor of 5 in the
original proposition has in the case of man to be replaced by a value lying
between ‘5 and ‘6, the mean value being ‘555. We have not at present material
enough to test how fur this number has any validity beyond cross-heredity in
man* The cases I have data for, however, do show an excess over ‘5 of the
same order as we find in the case of man; and I hope shortly to publish further
results for cross-heredity, closely bearing on this point.

(xi) General Conclusions,

If readers of the. present paper feel that on certain points it is inconclusive,
I think this must be largely attributed to the inherent difficulties of the subject.
The further we advance, the more complex the problem becomes, and the wider

* A short series in Aphis has heen dealt with by Dr Warren: see Biometrika, Vol. 1. p. 142, The
value of the factor there given ia -5 for one character and 68 for the second, giving & mean parental -
tactor of -59 for 4phis as againat -56 for man.



394

JUBA  PIYR[OD[E]) — PoALIS() =V

110. + gk | p00-+ §1%- — — - — — — — — - aedg pue m@ILsI0]
L0p-+ el 00— Q¥ 260 + Gt 180-+ Geh- L10-+ oF¥- £00-+ SF¥- T IesIo] pue uedg
¥a0-+ 998 L10-+ 968 - — — — — — — — WL PUT TRILIO]
L00.+ 068 500+ L68. 180 + LTF. £10-+ cet- 910-— ¥gE- €80 — 168- WIEIO0] PUE 2INBIG
T80 - GoP- £F0- — 66¥- — - — — — — - — Tt oaanyeyg pue usdg
gl0-— 16%- 150-— 66%- FEQ- — <08- £F0. — P19 L[€0.-— Ly 680- — £8%-  wedg pue ey
v pojemOreE) | V| papsuarsn v PIIEInO[E] v pasunareg) v pojenares) v paIs[nore]
{x) mozy {114) moag (z) maxg {1a} moxy (x) wmoxg {ria) moxg 8I910UIRYY) JO A8 J

1049[G PUOSSE PUT 0G0 I8

IS puy AIEIS

19yg0ig PUY 19YJ0g

On the Laes of Inheritance in Man

‘Spupoiffan) pousarnag sS04y fo sangnq peymmIIny pud ﬁmf?ﬁ@

TIIX HTEVL




K. PEARrsoN aND A, LEE 395

the range of new problems which suggest themselves for solution, Yet I think
each large mass of material statistically reduced places a further stratum of firm
ground beneath us. In particular, this first paper on inheritance of the physical
characters in man, has, I hold, epabled s to reach some very definite results.
Indeed, I believe them sufficient repayment for the years spent by my helpers in
measuring upwards of a thousand families and tabling and reducing the data*.
Of the special results obtained I would refer in particular to the following.

(i) We have very definite evidence that the normal curve suffices to describe
within the limits of random sampling the distribution of the chief physical
characters in man. '

This confirms the conclusions of Galton, Macdonell, Fawecett and other workers -
in anthropometry, and is of special value when we come to extend our results to
the inheritance of characters not quantitatively measurahle.

(ify The regression curve between pairs of blood relations, whether we deal
with direct or cross-heredity, is within the limits of random sampling lirear. This
had been already suggested by Galton on the basis of the theory of normal
distribution, and confirmed by his researches on stature. I think we may safely
assume in future that the dimensions of the human body give linear regression-
lines .

(i1i) There is an apparent change in type going on in man, especially
evidenced in the female, but also sensible in the male. The young adult differs
in magnitude, variability and correlation from the old adult and the difference
appears to be significantly beyond growth changes.

We cannot at present determine whether this change is:

(a) Environmental, due to change in physical training and food between the
young and old generations.

(b)) Due to natural selection, the young adults being reduced nearer to the
old adult type by deaths of a selective character in the intervening 20 to 30 years.
If the change of type is due to a selective death rate, it may be either periodie,
oceurring in each generation, or secular, i.e., a progressive change.

(¢} Due to reproductive selection, out of young adults a certain class have a
differential fertility and become in bulk the parents of adult offspring.

But although we are not in a position to effectually discriminate at present
between the amount of change due to (a), (b) and (c), our results immensely
emphasise the view that even in apparently unessential characters mankind is, even
at the present day, not in a stable condition, but that a change of type is very
probably taking place owing to natural or reproductive selection or environmental

* When it is remembered that the whale work of measurement was done by volunteer aid, and without
asgistance from any public fund, I think other workers may take heart, who imagine that problems in
heredity are necessarily confined to extensive breeding experiments of an expensive nature.

+ This is really a very important point. In a fortheoming memoir on skew correlation, I deal with
non-linear regression and show how fa.u:l_}r frequent it is and how complex it renders the treatment of
correlatmn
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influence, and the change is of a magnitude, which would accnmulate, if it be
secular, within a comparatively fow centuries into most significant differences.

(iv) There is a quite unexpected amount of sexual selection even of the
physical characters in man  There is probably preferential mating, there is most
certainly a large amount of assortative mating, and this not only in the same but
in cross characters. The modus operandi of this assortative mating is not clear;
it can hardly in any great part be due to conscious selection ; it may be the result
of reproductive selection, i.e. a subtle combination of physical characters in male
and female being most likely to give a pair with a number of adult children. Be
the source what it may, the existence of this assortative mating most substantially
modifies the form of hiparental inheritance, and its existence can hardly in future
be neglected when we are considering the problems of heredity.

(v) The coefficient of parental heredity varies to some extent from character
to character in man, having a mean value of about *46. This value is, however, in
quite close agreement with the results obtained for other species, and we may
roughly say that parental heredity in the species hitherto dealt with is close to 5.

(vi) Fraternal correlation for the physical characters of man dealt with in
this memoir is also close to ‘5. This is in good agreement with the result
obtained for eight physical and eight mental characters compared in pairs of
brothers in scliools. While, however, parental correlations are in good accord for
different species, fraternal correlations in such species have a much wider range.
This curious result is being further considered, but the tentative suggestion is
made that it is due either to different degrees of unit or of intermittent
prepotency in the members of these species.

‘(vii) For the first time in this paper statistics of an extensive kind are given
for answering the problems of cross heredity, and an empirical formula is given for
determining cross heredity from direct heredity and organic correlations. Some
years ago, I proposed for cross heredity a formula which amounted in the notation
of the present memoir to

Ty =% (P Prw + Tay T12)

where 1, 2 are the organs in the first, 1, 2 the like organs in the second relative,
This formula was based on a theory involving the constancy of the heredity
coefficient for all characters (cf. (v} above). It is shown in the present paper that
on the average & must be replaced by 57 for parental and by ‘56 for fraternal
cross correlations. With these numbers we obtain from the direct and organic
correlations values of the cross heredity coefficients well within the errors of
random sampling. Thus at any rate in the case of man, we are in a position to
determine cross-beredity for the physical characters without direct investigation.
A further research on cross-heredity will, I hope, shortly be published.

(vill} The values of the parental correlations determined for man, show that
two or three gemerations of selection would suffice to raise the mean of the
offspring to the selected standard. Further with quite reasonable values of the
grandparental correlations no regression would take place, and the stock breed true.
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The result is of extreme importance, for two reasons:

(¢) It illustrates the absurdity of the prevalent biological conceptions of
regression as a constant factor, only restrained by the action of persistent selection.
() It emphasises the all-important law that with judicions mating human
A few generations suffice to modify a race of
men, and the nations which breed freely only from their poorer stocks will not be

stock is capable of rapid progress.

dominant factors in civilisation by the end of the century.
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