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REPRODUCTIVE OR GENETIC SELECTION.*

1. THE object of this memoir is twofold :
first, to develop the theory of reproductive
or genetic selection ¥ on the assumption
that fertility and fecundity may be heritable
characters ; and, secondly, to demonstrate
from two concrete examples that fertility
and fecundity actually are inherited.

The problem of whether fertility is or is
not inherited is one of very far reaching
consequences. It stands on an entirely dif-

“ferent footing to the question of inheritance
of other characters. That any other organ
or character is inherited, provided that in-
heritance is not stronger for one value of
the organ or character than another, is per-
fectly consistent with the organic stability
of a community of individuals. That fer-
tility should be inherited is not consistent
with the stability of such a community, un-
less there is a differential death-rate, more
intense for the offspring of the fertile, <. e.,
unless natural selection or other factor of
evolution holds reproductive selection in
check. The inheritance of fertility and the
correlation of fertility with other characters
are principles momentous in their results
for our conceptions of evolution; they
mark a continual tendency in a race to pro-
gress in a definite direction, unless equili-
brium be maintained by any other equi-

* Mathematical Contributions to the Theory of
Evolution. Part I, Theoretical : By Karl Pearson.
Part 1I, On the Inheritance of Fertility in Man: By
Karl Pearson and Alice Lee. Part III, On the In-
-heritance of Fecundity in Thoroughbred Race-horses :
By Karl Pearson, with the assistance of Leslie Bram-
ley-Moore. Abstracts read before the Royal Society,
December 8, 1898. :

T I have retained the term ‘reproductive ’ selection
here, although objection has been raised to it, be-
cause it has been used in the earlier memoirs of this
series. Mr. Galton has kindly provided me with
‘genetic’ and ‘prefertal’ selection. The term is
used to describe the selection of predominant types
owing to the different grades of reproductivity being
inherited, and without the influence of a differential
death-rate.
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pollent factors, exhibited in the form of a
differential' death-rate on the most fertile.
Such a differential death-rate probably ex-
ists in wild life, at any rate until the en-
vironment changes and the equilibrium be-
tween natural and reproductive selection is
upset. How far it exists in civilized com-
munities of mankind is another and more
difficult problem, which I have partially
dealt with elsewhere.* Atany rate it be-
comes necessary for the biologist either to
affirm or deny the two principles stated
above. If he affirms them, then he must
look upon all races as tending to progress
in definite directions—not necessarily one,
but possibly several different directions,
according to the characters with which fer-
tility may be correlated—the moment na-
tural selection is suspended ; the organism
carries in itself, in virtue of the laws of in-
heritance and the correlation of its charac-
ters, a tendency to progressive change. If
on the other hand, the biologist denies these
principles, then he must be prepared to
meet the weight of evidence in favor of the
inheritance of fertility and fecundity con-
tained in Parts IT and III of the present
memoir.

2. The theory discussed in Part I opens
with the proof that if fertility be a function
of any physical characters which are them-
selves inherited according to the law of an-
cestral heredity, then it must itself be in-
herited according to that law. As fertility
would certainly appear to be associated
with physique, we have thus an-a prior:
argument in favor of its inheritance.

3. In the mnext place the influence of
‘record’ making on apparent fertility is
considered. The mother with more off-
spring has a greater chance than one with
fewer of getting into the record which ex-
tends over several generations, and, further,
if every possible entry be taken from the

* Essay on Reproductive Selection in ¢ The Chances

of Death and other Studies in Evolution,’ Vol. 1, p. 63,
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record, she is again weighted with her fer-
tility. Thus a record is not a true account
of the fertility of successive generations.
The fertility of mothers is always found to
be more and their variability less than the
fertility and variability of daughters. Ac-
cordingly from the apparent fertility and
variability of the record the actual values
in each generation must be deduced. The
difficulties and the theory of this investiga-
tion are developed at some length, and
methods determined by which it can be
ascertained whether a secular change in
fertility is actually taking place. The re-
sults obtained are extended to fecundity.

4. In the case of thoroughbred horses
their number is so few and in-breeding so
great, owing to the fashion in sires and
stocks, that we have to deal with a large
array of offspring of the same sire. It is
easy accordingly to obtain 50,000 to 150,000
pairs of a given relationship, e. ¢., half-
gisters, and we rapidly get numbers too
large for forming correlation tables in the
usual manner. Accordingly methods are
developed for finding correlation coefficients
from the means of ‘ arrays.” These methods
are of considerable importance, for they
enable us to ascertain the correlation be-
tween a latent character in one sex and a
patent character in another, or between
characters latent in two individuals. Thus
it is shown that the correlation between the
brood-mare’s fecundity latent in two related
stallions can be deduced from the correla-
tion between the mean fecundities of their
two arrays of. daughters. In this way a
numerical estimate can be formed of the
inheritance of latent characters.

5. The brood-mare is for many causes,
detailed at length in the paper, a highly ar-
tificial product, and accordingly the record
gives a considerable percentage of fictitious
fecundities. The effect of a mixture of
correlated and uncorrelated material on
correlation and and variation is next inves-
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tigated, and it is shown that the former is
more seriously affected than the latter.
Hence results based on variation are more
likely to be trustworthy than those which
use correlation. Incidently the problem of
the mixture of heterogeneous materials un-
correlated in themselves is investigated,
and it is shown that a correlation will re-
sult in the mixture. This spurious correla-
tion is of some importance for the question
of mixtures of classes in fertility problems,
but it is also significant of the general
danger of heterogeneity in bio-statistical
investigations, and further indicative of the
possibility of creating correlation between
two characters by breeding between small
heterogeneous groups in which this correla-
tion is zero. This illustration suffices to
indicate how correlation between characters
does not necessarily indicate a causal rela-
tionship.

6. Part IT of the memoir deals with the
inheritance of fertility in man. It is first
shown by large numbers that fertility is
undoubtedly inherited from mother to
daughter, but that if we include all types
of marriages the inheritance is largely
screened by other factors. An attempt is
made to remove one by one these factors,
and the more stringently this is done the
more nearly the regression of daughter on
mother moves up towards the value re-
quired by the law of ancestral heredity.
If we could take only marriages in which
both daughter and mother were married
during the whole of their fecund period
there is little doubt that we should find in-
heritance according to the law of ancestral
heredity. The sparseness of homogeneous
material hinders, however, such an investi-
gation.

The inheritance of fertility from father
to son is then considered; this is really
rather an inheritance of sterility or ten-
dency to sterility, for the full fecundity of
a man is not usually exhibited in mono-
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gamic union. It is rather a problem of
whether his fecundity lasts as long as his
wife’s. 'We find definite inheritance of this
sterile tendency from father to son, although
for the reason just given it falls below that
indicated by the law of ancestral heredity.

Lastly, the inheritance of fertility in the
woman through the male line is dealt with,
and it is shown that a woman’s fertility is
as highly correlated with that of her pater-
nal as with that of her maternal grand-
mother. In other words the latent char-
acter, fertility in the woman, is transmitted
through the male line, and with an in-
tensity which approximates to that required
by the law of ancestral heredity. Inci-
dentally the problem of ¢ heiresses’ is dealt
with. It is shown that in the case of wo-
men that are chiefly ¢ heiresses ’ there is at
once a considerable drop in the correlation
between their fertility and that of their
mothers, while there is a small drop only in
their average fertility. In other words, an
“heiress ’ is not to be looked upon as com-
ing in general from a sterile stock, but as
having a mother whose fertility has a fic-
titious value, <. e., the apparent fertility of
the record is not the potential fertility, the
inherited character, in the mother. In
other words, ‘ heiresges ’ are not as a rule
due to sterile mothers, but in the bulk are
due to such causes as late marriages, re-
straint, incompatibility of husband and
wife, absence of sons or death of other
children, etc.

7. Part III of the memoir contains the
results of a somewhat laborious investiga-
tion into the fecundity of brood-mares,
which has been a number of yearsin prog-
ress. Had better material been available
for the inheritance of fecundity we would
gladly have adopted it in preferance to
dealing with such an intricate 'subject as
the breeding of race-horses. Unfortunately,
the absence of place and means hindered
any experimental investigation on our part
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into the inheritance of fecundity in some
simpler type of life. Such investigation
ought certainly to be made by a trained
biologist, with the knowledge and the lab-
oratory at his disposal.

After discussing at length the steps taken
by us to measure and tabulate the fecundity
of brood-mares, we deduce the following
conclusions:

(i.) Fecundity in the brood-mare is in-
herited from dam to mare.

(ii.) It is also inherited from grand-dam
to mare through the dam.

In both cases the intensity is much less
than would be indicated by the law of an-
cestral heredity, but the divergence is not
such that it could not be accounted for by
a percentage of fictitious values such as
the peculiar conditions of horse-breeding
warrant us in considering probable.

(iii.) The latent quality, fecundity in the
brood-mare, is inherited through the sire ;
this is shown not only by the correlation
between half-sisters, but by actual deter-
mination of the correlation between the
latent character in the sire and the patent
character in the daughter.

(iv.) The latent quality, fecundity in the
brood-mare, is inherited by  the stallion
from his sire. This is shown not only by
the fecundity correlation between a sire’s
daughters and his half-sisters, but also by
a direct determination of the correlation
between the latent quality in the stallion
and in his sire.

In both these cases of latent qualities the
law of inheritance approaches much more
closely to that required by the Galtonian
rule. This is probably due to the fact that
the determination of the correlation is
thrown back on the calculation of the means
and variabilities of arrays, and not on the
direct calculation of the correlation between
fecundities, a large percentage of which are
probably fictitious (see § 5).

8. Parts IT and III accordingly force us
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to the conclusion that fertility is inherited
in man and fecundity in the horse, and,
therefore, probably that both these charac-
ters are inherited in all types of life. It
would, indeed, be difficult to explain by evo-
lution the great variety of values these
characters takein allied species if this were
not true. That they are inherited accord-
ing to the Galtonian rule seems to us very
probable, but not demonstrated to certainty.
It is a reasonable hypothesis until more
data are forthcoming.

The memoir concludes with a discussion
of the meaning of reproductive selection for
the problem of evolution and with sixteen
correlation tables, giving the dressed ma-
terial on which our conclusions are based.

THE NEW YORK MEETING OF THE AMERI-
CAN PHYSIOLOGICAL SOCIETY.

TrE American Physiological Suciety held
its eleventh annual meeting in New York,
December 28, 29 and 30, 1898. The first
day’s sessions were held at the physiolog-
ical laboratories of the College of Physicians
and Surgeons, the medical school of Colum-
bia University. The forenoon session of the
gsecond day consisted of a joint meeting of the
Society and the American Psychological As-
sociation at Schermerhorn Hall, Columbia
University ; in the afternoon the members
attended at the same place the joint meet-
ing of the Affiliated Scientific Societies. The
gessions of the third day were held at the
physiological laboratories of the University
and Bellevue Hospital Medical College. In
attendance and the number of papers pre-
sented the meeting was the most successful
yet held, and demonstrated the fact that a
large amount of research in physiology is
being carried on in the laboratories of this
country.

The forenoon session of Wednesday, the
first day, was devoted largely to the pre-
sentation of the chemico-physiological com-
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munications. Professor J. J. Abel (Johns
Hopkins) discussed ¢ Epinephrin, the ae-
tive constituent of the suprarenal capsule,
and its compounds.” He has succeeded in
isolating from the suprarenal capsule a
specific chemical body which produces the
peculiar physiological effects heretofore
recognized with extracts of the capsule. He
has carefully determined its chemical prop-
erties and classes it with the alkaloids with
the formula C,H /NO,. Drs.J.B. Wallace
and W. Mogk, through Professor G. C.
Huber, presented a report of an experi-
mental study wupon the ‘Action of
suprarenal extract on the mammalian
heart,’ performed in the laboratory of Pro-
fessor A.. R. Cushny (Michigan University).
The extract was found to stimulate the
vagus center, thus inhibiting the heart, to
stimulate the heart muscle directly and to
cause a constriction of the systemic arteri-
oles. Dr. Walter Jones (Johns Hopkins)
and Professor R. H. Chittenden (Yale) re-
ported the results of independent investiga-
tions of the melanines, the black pigment
occurring in hair and in the skin of the
negro. The former obtained the pigment
from black borsehair by treatment with
hydrochloric acid. Fusing with caustic
potash gave a sulphur melaninic
free, which when oxidized in an alka-
line medium is easily decomposed into
carbonic acid and ammonia, but in an
acid medium yields certain more complex
bodies. The facts presented by Professor
Chittenden tended to show that melanines
or melanine-like pigments can ke prepared
artificially from antialbumid and hemipep-
tone by long heating with 109 sul-
phuric acid at 100°C. The exact com-
position of the melanine thus formed
depends largely upon the extent of the hy-
drolytic cleavage of the proteid. By invita-
tion, Dr. Beattie Nesbitt (Toronto) read a
paper on ‘ The presence of cholin and neurin
in the intestinal canal during its complete



