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Preface.

" Human genetics has been influenced in three main ways, and partly on
thisaccounlitispossible todistinguish different Lrendswithin Lhisscience.
‘Within anthropology and racial research it has gradually been found
necessary Lo dilferentiate belween heredity and environment. Only
properties conditioned by heredity can be racial properties. Racial
research has been concerned with working oul Lhe reasons why people
attain Lo opulence and a high degree of culture, and then sometimes
degenerate and go under. Problems of this kind have given rise
tothe German designation ¢race biology”, and nowadays a number of
authorities have assembled under Lhis title investigalions not only
dealing with human races but also such as aim at analysing populations
in the light of heredily and environmenl. In so doing, delailed investig-
ations of very different characters have been needed and race biology
has graduslly come to denote human genelics generally. Actually,
however, the term is misleading. It is not a question of working oul
which race is best; the problem is more general: to find how the
inherited characteristics in a people ave changed in the one or the other
dircction. Racial rescarch has, however, added to human genelics a
social attitude and an important aspect of the above problem.

Bolanicul and zoological genelics have also proved important influences
Mendelism was established and took form within these fields, and has
subsequently begun to be applied to investigations on human beings
also, Attention was at first primarily paid to rare characleristics; it is,
of course, easiest fo show that Mendel's laws are applicable to such
chyracteristics. Gradually, however, an immense amount of proof has
been collected, and we now have no reason to doubt that Mendel's -
laws also hold good of the human being, Nowadays, therefore, in-
vestigations of Lhis kind are not so important. Rare characteristics are
in themselves interesling more as curiosities than from the social view-
point. To get further, wemusi try to get some idea of the parl heredity
plays in more common characteristics.

The applicalion of slafistical methods to social questions has in a
number of cases led to problems touching heredity and environment.
The bomelrical school tried for a long time to solve such problems
wilhgut using the more special assumptlions eoniained in Mendelism,
Gragually, however, the Mendelian attilude has becn generally ac-
cepted. ‘Fluman genelics has received important statisticel and fer
mctrical ¢ontributions in respect of method, acquiring thereb¥ megns to
investiggte the nature of populations from the poiit of viewénf kedbdity
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In human genetics theie has gradually grown up a trend aimed
ai solving problems as to theinfluence of heredily on characlersin human
populalions, Laking Mendelism as point of departurc and using slatisfico-
malhematical methods. The investigations made hilherlo are compara-
tively few, however. There is al present no work giving a satisfactory
survey of the underlying theoretical queslions. This work is inlended
as a survey of this kind, but it also suggests new solutions to a number
of problems. It should perhaps be stated at this point that as Lthis is a
first attempl at a synthetic presentation of problems of heredity from
ihe population aspect, it is natural that the presenlation should have
those deficiencies which are unavoidably linked up wilh such an attempt,.

In this book, the aim of the author has been throughout to make
it comprehensible 1o persons with no mathematical {raining. In order
for the reader to accustom himself in successive steps 1o the methods of
calculation used here, the presentation has heen given a very clemenlary
form, especially in Lhe {irst part of the book, which to malhemalically
trained readers must seem irritating and {edious. This does not neces-
sarily mean that a number of other readers may notl find Lhe book
difficull to read. (In this case, the reader may perhaps e recommended
to resort to the old method of rcading the last chapler first, in order
to stimulate interest,) It has in any case been possible to complele the
preseniation by using elementary mathematical melhods. The diffi-
culties in Lhis sphere lie not so much in the mathematical calculations
as in grasping the ideas and outlining the problems.

Human genetics has on the whole gone too far in imitating ihe
methods and problems pertaining to experimental genelics. The anuthor
hopes that this work will bring aboul a different view of human genetics,
and also arouse interest in some problems of social importance. It has
naturally been particularly difficult to take into account the literature
in this field, partly on account of the times, partly because works
tonching on the problems treated here are scatlered in journals of very
different types. The references to literalure given are therefore without
doubt incomplete, A German edition of this book was published as
supplement No. 148 to Acta Medica Scandinavica, 1943. I believed al
the time thal ihe Germans would especially need sensible information
on the subject after the war. In the English edilion now published
very few alterations have heen made. I have warmly to thank Professor
Leslie Dunn for reading the first part of the book and Doclor D. J.
Finney for reading the last part of it.
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Division of characteristies from a hereditary viewpoint.

Strictly speaking, all characteristics in living organisms arc deter-
mined by heredilary tendencies, genes, and also, at the same Lime,
by cnvironment. The genes in a fertilized egg must have a certain
nature for the egg to be able to develop for a longer or shorler period.
The constitution of the genes can, however, vary within cerlain limits
If the constitulion of Lhe genes deviales Loo much from the average
of the species, the lerlilized egg cannot develop, or will only do so for
a short time. The environment, too, can only vary within certain limits
if there is to be development. If the environment diverges too much
from what is normal for Lthe species, there can be no development.
Genes and environment, then, can vary within the limits set by death.
The characteristics of an individual are therefore always delermined
both by genes and environment. Nalurally, Lhe state of an individual
at a given moment is also dependent, on his age. A certain characteristic
is therefore, striclly speaking, always determined by 1. hereditary
factors, 2. environmental factors, and 3. an age factor,

When assessing an individual’s characteristics, we often try lo eli-
minaie the age factor by comparing individuals of the same age. In a
number of presentations of the problem, this factor isleft out of account.
Particularly in problems of heredily and environment is the age factor
often Lacitly disregarded, a proceeding naturally justified if Lhis factor
is of no importance for ihe special characteristic or characteristics in
gueslion, or if ihe argument postulates a comparison between indivi-
duals of a certain definite age. Generally the constitulion of the indivi-
duals in adulthood, before increasing age has become noticeable, is
discussed. It is not possible to say exactly how long this period is. We
assume, however, that the limils are drawn Lo be on the safc side.
During Lhis period we have certainly right to consider the importance
of the age factor to be little or nothing in most of the cases. Yet this
is by no means always the case, in particular with regard to disease,
‘When in the following chapiers Lhe age factor is in general passed
gver in the theoretical argument, this implics a conscious simplification,
When solving a specific practical problem this must be kept in wmind,

i
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In a given case particular investigation must, if necessary, determine
the part played by this factor.

‘We must assume, then, that a certain characteristic in an individual
is always determined by bolth environmental and hereditary factors.
Which group of factors 1s lo be assigned the greatest importance
depends on their respective {requencies. Assume that a characteristic
is determincd by a heieditary factor and an environmental faclor.
If both the hereditary and the environmental factor is present in all
mdividuals, the characleristics will always be there. This, then, is of
no interest from the pomnt of view of genelics. Characteristics present
in all individuals are considered of inteiest only in discussions of dii-
{erences between human beings and closedly allied animal spccies, but
they arc, of course, of no importance when the problems bear on
differences hetween human beings. I the environmental factor is always
present and the hereditary faclor presenl in a parl of the population,
but not in all individuals, this means thal those individuals without
that hereditary factor have anolher such factor. The population falls
into two groups, between which there is a difference determined by
heredily. If, on the olher hand, the heredilary factor is found in all
individuals but the environmentlal {actor only in a group of the popu-
lation, there is a difference determined by environment between the
two populalion groups. I} a populalion shows two hereditary factors
and iwo environpmental factors, which have a different distribution, the
appearance of the characteristics must be determined by a coincidence
of heredilary and environmental factors. There is a dilference between
two gioups, condifioned by the fact ihal in one group a heredilary
and an environmental factor have coincided, whereas in the other group
only the hereditary factor is present, or only the environmental factor,
or nejther. In the lalter case, the characteristics are absent. (It is of
course possible that there are differences of characteristics between the
three last-mentioned groups, also.) On these theoretical starling-points,
we thus arrive at Lhe following classification.

- The first group consists of heredifarily delermined characteristics in the
proper sense. These characteristics are butlittle affected by environment.
‘They depend upon a ceridin combination of genes for their exislence.
H this comhination is there, the characteristic is always present in the
individual, no matler how the environment varies. If the envirgnment
diverges unduly from the normal, bath characteristic and individual
cease to. exist, In other words, the characteristic has little or no
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variabilily condilioned by the environment; or, expressed otherwise,
the necessary environmenlal factors are always present. Now as, 1n
practice, one as a rule never knows how individuals with this combin-
ation of genes1eact Lo all conceivable environmental factors, il is clear
that the statement thal a characteristic in Lhe actual sense is heie-
ditarily condilioned can only claim a certain limited validily. It is
conceivable that some rare and untested environmental factor mmght
change the way in which the combination of genes manifests itself.
‘When we pronounce a characleristic in the proper sense to be hereditary,
we reler, then, only o the more usual environmental faclors, “‘normal”’
for the species.

The second g1oup consists of characleristics whose existence is in the
first place delermined by one or more nol unduly common environmeniul
jaclors. The genes necessary for the environmenial factors in queslion
Lo produce the characteristics exist in practically speaking all indivi-
duals in {he species or population investigated. The environmental
factors in question affect only some of the individuals in the population.
Under such conditions it will be ithe environmental factors that play
the deciding part. An example of Lhis is {yphus. Practically speaking,
everyone has the hereditary constitution that disposes them to fall ill
if infected with typhus germs. We say, therefore, that the disease is
delermined by the occurence of ihe infcetion; strictly speaking, how-
ever, a certain hereditary constitution is necessary here, too. Dogs,
for example, are immune to typhus. If a dog is infected by typhus
germs, he does nol contract Lhe disease; his hereditary make-up is
different from that of man. Thus certain genes are necessary for the
existence of these environmentally determined characieristics, too, but
when {he genes are commonly present, they do not play the deciding
part in any one case.

The third group comprises characteristics defermined by a coincidence
of environmental and hereditary factors, which are neither of them always
present in the individuals in the population. The hereditary factors
oceasion a certain dispasilion, a leaning to react in a cerlain way Lo
definite environmental factors. Individuals lacking this disposition do
not react at all, or very litile, to the special environmental factors;
whether these exist or not is of very little consequence to them. Indivi-
duals with the disposilion determined by special genes reacl to the
special environmental factors in a different way, on the other hand,
Such chgracters may be termed conslellationally determined, »
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In all groups the question may be one of characteristics which can
be tound in heailthy individuals, and which do not make tor any limit-
ation of litness for life, and such as make for a more o1 less reduced
adaptation 1o the demands of life. T the reduced adaptability is very
modcrale, so small that the individual is inconvenienced by the
characleristic more by way ol exception, we speak of wnomalies. 1€, on
Lhe other hand, the reduction is grealer, we speak of disease.

In any case, it is clear that in all the groups Lthe characleristics may
be of either more incidental or more permanent nalure. A hereditary
characteristic is, ot course, lairly independent of environment, and il
1t is of a more incidental nature, Lhis merely means that il is present
for a shorl time at a certain age. Particularly slriking is the accidental
nature ol hereditary diseases, which rapidly lead to death. There arc
many examples of accidental characteristics among those determined
by environment; among these may he reckoned a number of inlectious
diseases, such as typhus, measles, elc, More permanent characteristics
determined by environment include a number of diseases, e.g. syphilis,
and the immunily consequenl on cerlain accidental, environmentall3;
determined diseases, e.g. measles. The group of constellalional char-
acteristics shows a special need for a division in respect of the accidenlal
or permanent nalure of the characteristic. The accidenlal constellational
characteristics include a large number of infeclions diseascs, suscep-
tibility to which hardly seems to be gencral in human populations,
e.g. encephalitis lethargica and poliomyelilis. A constellational char-
acteristic of a more permanent nature is, for example, a disease like
inberculosis, which postulates a certain disposition, certain genes, and
an environmental factor, tuberculosis infection, and which resulis in a
characteristic which in many cases has a fairly permanent nature.

As the last example shows, the limil between our different groups
is by no means sharp. It is to a certain extent a mattier of taste whether
a characterislic be regarded accidental or permanent, as also whether
a certain combination of genes is so usual that its reaction to more
infrequent environmental faclors shall be thought to make for char-
acterisiics possible to denote as determined by environment. It is also
clear that when genes of this kind react to some more nsual environ-
mental Factor in one way, and ip apother more unusual factor in
another, it is also to & certain extent a matter of taste whether the ore
or the other ehdractetistic is to be considered abnormal or nofmal
respectipely. ) *

! . -
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As regards environmental faclors, we can also discuss whether such
a facior is common enough to enable us to put the main stress on the
hereditary factor. If we assume thal general paralysis 1s, at bottom,
due Lo a special way of reacting, determined by hercdity, we can also
say that the disease is conditioned by environment in so far as only
those infected with syphilis are affected with paralysis. In a population
where syphilis is very widespread, so thal nearly everyone becomes
infected, we would, however, have reason to consider the disease deter-
mined by heredity.

Summing up, it may be suggested that, in classifying characteristics,
the frequency of the hereditary and environmental factors which play
a part thus comes to be of great importance {or the designation of the
characteristic. If the hereditary and Lhe environmental factor alike are
of importance for the genests of the characteristic, and both kinds of
factors oceur with moderate frequency, the characteristic is Lermed
constellational. If the environmental {actor is very usual and is present
in almost the entire population, the characteristic is termed hereditary
in the proper sense of the word. If, on the other hand, Lhe hereditary
genes have a very high frequency and the environmental factors a low
one, the characteristic is taken 1o be delermined by environment.
If both hereditary and environmental factors occur in the whole of
the population, then all individuals possess the characteristic and there
are no hereditary differences in the population; if the hereditary and
environmental factors disappear, then the characteristic disappears
from the population.

The syslem proposed and the limils we have set are therefore to a
gertain extent arbitrary. The classification nsed here of characteristics
from the point of view of heredity and environment has only recently
been presented by the aulhor (Dahlberg, 1939 a), and is therefore not
universaily accepled. Whether the system and the terminology based
on this system is practicable remains to be seen. For ihe present,
however, the system should suffice to clarify the rdle of heredity and
the importance of the environment, and to give a more differentiated
grasp of these problems.



The conception of race and the laws of Mendel.

As was staled in the preface, human genelics has acquired impetus
from racial research, and oblained a fundamental presentation of the
problems from this quarler. We are thercfore justified in secking to
analyse in more delail the concepiion of 1ace [rom a Mendehan point
of view.

The designation “race” is used, and questions of race arc discussed,
in an unclear way. Definitions of the conception of race are usually
content with staling that a race is a group of individuals differing in
respect of heredilarily delermined characteristics from other groups.
This definition may at {irst sight seem clear and unequivocal, bul as
a matter of facl il is in many respecls extremely vague.

The conception of race is older than Mendelism, and this has meant
that its elaboration has been based on views of heredily exisling belore
Mendel. These older views were never clearly defined, or at all clearly
thought out; they have, nevertheless, gone on being used long ufter
the advent of Mendelism, though to a cerlain extent simullaneously
with the ideas of this last. The result of this has been Lhat the word
“race’” has come to cover very obgcure and elastic conceplions.

Aclually, the definition given above must in its turn be defined more
exaclly in three respects.

‘We must first and foremost be clear as to what is meant by a
characieristic defermined by heredity. This queslion has already been
discussed here, and it appears from the analysis which has been made
that we cannot only differentiate between hereditary and environ-
mental characteristics. Obviously, constellational characterisiics can
be racial characteristics in Lhe extent Lo which hereditary factors affegt
such characleristics.

This side of the matter is of less importance, however. A more im-
portant side is that racial research, as has already been stated, proceeds
from pre-Mendelian ideas a$ to the nature of inheritance. When an-
alysing the nature of matter, there are {wo assumptions to choose from
We can assume that matter is constructed of homogeneous substance
which may have different, natures and which may mix in dif;[erfnt ways
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he scientists worked for a long lime with this conception of matter
nly when 1t was assumed thal matter was made up of small parts,
.1olecules, atoms, etc., Lhat could nol he sphit up withoul being
lestroyed, was il possible to rcach an agreement belween the experi-
wmental resulls and the theoretical ideas. There are the same aller-
natives Lo choose from as regards the nalurc of ihe inheriled mass.
I3efore Mendel it was assumed that this mass was a substance. Among
the pure 1aces, Lhis substance had a certain constitution, and matings
between different races made for mixed races i the same way as mix-
fures ot different metals give alloys of different characler. If a negro
and a white man are crossed the result should be a hybrid race, a
mulatto. If mulattoes are crossed, the offspring should be mulattoes, {or
the same reason as the mixture of 1wo poitions of an alloy gives the
same alloy as before. The fact that Lhe offspring of mulattoes vary does
not agree with what one would theoretically expect.

Mendelism implies an important step forward, since it made theory
and empiticisim agree. As we know Mendel assumed the inherited mass
to consist of small parts, genes, which could combine in different ways.

The pre-Mendelian view is still used 1o a certain exlent in racial
research, however. It is assumed Lhai pure races have existed. The
constilution of the race is taken Lo be of very greal importance in the
appraisal of separate individuals. The individuals can, it is true, display
differences, bul those of the same race are, in cssentials, nevertheless
alike, The argument is illustrated by saying that certain metals may
also have a different conslitution and be kilchen utensils or ornaments,
but must all the same be considered, in essentials, to be similar. Both
lhe assumption of originally pure races and that which ascribes funda-
mental importance to the racial constitution are incorrect.

The individuals of a race vary very greatly. Two persons have never
quite the same genotype. Individuals who can be relegaled to different
JFaces in respect of derivation may be far more like one another as

jragards imporlanl genes Lhan those belonging to the same race. Two
normally gifted individuals belonging to different races are in crucial
matlers more alike than a normally gifted person and a genetical idiotl
who belong to Lhe same race. Two races may show heredilarily deter-
.mined differences as regards certain gencs, so that the genes are absent
‘in the oneand present in the other. The differences may, however, be
_ﬁirelative, and only mean that certain genes have a ditferent frequency
“n the iyo races. .
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To be able to determine Lhe racial difference heyond all doubl we
would need to know the nature of the gencs in every individual 1n the
two groups we wish to compare. Our knowledge al present is exiremely
patchy, so thal the statements that mighl be made about racial consti-
tutions must have a very limiled value. However, there are without
doubt distinct dilterences betwcen dulercnt groups of individuals.
These ditierences must have a name. We are therefore justified in
speaking of racial differences. It must always be remember ed, however,
that statements can only be made about ceilain investigated char-
acteristics, and that we cannol construct {rom what we know further
differences about which we know nothing. It may seem unnecessary
to say this, but the very facl of dealing with pre-Mendelian views
means theie 1s always a stzong temptation to let our actnal knowledge
over-reach itself. If a difference has been eslablished belween Ltwo
chemical subsiances, thereis reason to suspect fur ther diflerences. In the
same way, if a difierence is estabhshed hetween Lwo groups on pre-
Mendelian postulales, it is tempting to assume further duferences, and
ihis stimulales speculations leading to an over-estimation of the im-
portance of the racial differcnces.

It is also necessary to go into whal may be meant by a group of
individuals, when defining the conception of race. We do nol jump to
the conclusion {hat the tall persons in a nation belong Lo one race and
the shorler to another, although both can be said to form groups, and
both display differences conditioned by heredity. This is because
individuals of different height have for many generalions inlermarried.
Actually, when talking of a group in connexion with race, wt mean a
group of persons who for a very long time have been mated mainly with
cach other, and not at all or to a lesser extent with the other group com-
pared with it, In actual fact Lhe group 1s to constitute an isolate (or a
number of isolates), which are either geographically or socially lipmted.

Finally, the deftnilion says that the two groups must display different
characteristics. ' We then ask how many characteristics are required to
enable us to speak of a particular race, The smallest difference possihle
refers to a single characteristic; thus, theoretically, we only need to
establish one difference concerning a characteristic to be justified in
speaking of a particular race. (Cf. Dahlberg, 1941,) Under such cir-
cumstances, we thus get the following definition;

A ruce is anisolgfe or it group of isolales consisting of individuals dlsplqy-
ing at least one harthtgzry dbsolufe or reldtivedifjerence fromi other zsolates.
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In other words, a characteristic is a racial characteristic if il ocems
in an isolate or a group of isolates, but 1s missing or occurs with another
frequency in some other 1solate. Strictly speaking we should falk not
of racial characteristics but of racial ditferences. IL is furthermoze clear
that the racial differences may have very different orders of magnitude,
and il is therefore desirable Lo gek a gauge for them. This question will
be dealt with Further on, for before this it is necessary to discuss in
more detail the mechanisms which may set up differences in the genetic
constitution in a people.



Different forms of inheritanee.

Monohyhrid diallelism.

1 there is only one kind of gene in a pair of allelomorphs all the
individuals in a population will be homozygotcs and of the same genetic
constitution. In a population of this kind, the differences between the
individuals are determined solely by a variability occasioned by the
environment. In monohybrid diallelism, the characleristics in question
are, on the other hand, dcteimined by two different genes (diallelism),
belonging to an allelomorphic pait (inonohybridity). Lel us call these
genes R and D. The gameles which are formed may be of Lwo kinds:
those containing R genes and those containing D genes. When the
gameles unite as zygoles, they form three kinds: zygoles resulting from
the union of R gameles, which thus coniain Lwo R genes and are called
homozygous for the R gene, those containing two D genes, called
homozygous {or the D gene, and those produced from the union of R
gametes and D gametes, called helerozygotes, As regards the char-
acteristics corresponding to this hereditary composition of the zygoles,
we have different possibilities. 1. One gene may dominale over the
others, If the D gene is dominani, the heterozygotcs resemble the
homozygotes for the D gene in characteristics. 1L is impossible to see
that the respeclive individuals have a different hereditary make-up;
only by demonstrating with mating experiments or the like that the
heterozygoles produce two different kinds of gametes can it be esta-
blished that they are not identical as to composition with the homo-
zygotes for the D gene, If the D gene dominates, the R gene is
said to be recessive. In this case, then, we gel two different kinds of
characteristics. 2. The heterozygotes may occupy an infermediate
position hetweén the homozygotes. If the homozygotes for the R gene
are white and those for the D gene are hlack, the heterozygotes in
such a case will be gray. We then speak of intermediale inheritance.
3. The heterozygotes may be quite different from the homozygates.
Lét us gssume that the R hdmozygot?s are white and the D homo-,
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zygotes black. If in this case the heterozygotes are red in colour, thal
is to say quile dilferent from bolh kinds and outside the range of
variation that can be thoughl to connect the Lwo kinds of homozygotes,
we speak of eviramediale inheritance (the term is previously used by
Gunnar Dahlberg, 1942 a; Johannsen, 1926, speaks in Lhis case of
“heterozygolic constructions”, a term which may easily prove mis-
leading). There is, of course, no hard and fast line between intermediate
and exiramediate 1nherilance.

Sex-linked monchybrid diallelism.

In this form ot inheritance, males have only one of the two possible
genes, Thus, we have two different kinds of males: those with an R
gene, agreeing in characleristics with homozygotes for the R gene
(which latter appears only in females), and thase with a D gene,
agreeing in characterislics with homozygotes for the D gene (which
are likewise only found 1n females). So ithat we have only Ltwo different
kinds of male both as 1cgards genes and characteristics, In females,
on the other hand, the genes occur in allelomorphic pairs, giving the
different possibilities in genes and characteristics as we described above
in monohybrid diallelism. A recessive gene only present in the Y chromo-
some cannot have any effecl. If the gene is dominant, the characteristics
are found only in males and are inherited only by sons. The females
are not conductors. This theoretically conceivable mechanism of inherit-
ance has not been observed, however, with human beings.

Monohybrid pelyallelism.

There are three different kinds of genes in monohybrid friallelism,
of which, however, only two at most can he present at the same {ime
in a zygote. The characterislics investigated are determined, therefore,
by a pair of allelomorphs (monohybridity) and by genes of three dif-
ferent kinds (triallelism). Let us assume thal the genes in question
are D, R, and I. Since ouly one of the genes can be present in one
gamete, we get three different kinds of gamele corresponding to these
different kinds of gene. Since only two gameles can unite into one
zygole, we get three differeni kinds of homozygotes, namely DD, RR,
and 11, Further we have three kinds of heterozygotes: DR, RI, and DI,
As regards the characteristies in these different kinds of individual,
we have differeni possibilities. The homozygotes may each haye a dif-
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ferent characteristic, the helerozygotes may be inteimediate or exira-
mediate, Finally, ihere may also be a question of dominance here,
The possibility most readily presenting iiself 15 that one gene dominates
over the two others, thus D over R and D over I, and thal the second
gene is dominanl over the third, e.g. R over I. In this case we get
three different kinds of character-bearers: DD, DR, and DI individuals,
all of whom have the same characleristic, RR and RI individuals,
who have another characteristic, and fially IJ individuals, who have
a third characteristic. Another possibility is that two of the genes each
dominate over the third, but that Lhe heterozygoles with these two
dominanl genes have intermediary or extramediary composition. In
this latter case we say that there is simple dominance, whereas in the
former case, when one gene dominates over the other two, we say Lhat
there is double dominance.

Now, of course, an unhmited number of genes, of which only lwo
are present at the same iime, is conceivable. We group all cases
where there arc more than iwo different kinds of genes under the
title of monohybrid polyallelism. To clarily the possibilitics in mono-
hybrid polyallelism, we assume we are dealing wilh an arbitrary num-
ber of genes which we will call n. This being so, we can get n different
kinds of gametes. With ithe help of the combination rules we can
calculate how many different kinds of zygotes can be formed through
combination of these different kinds of gametes, In this case we have
a series of elements (gametes) of n different kinds. We take two ele-
ments from this series and make them into a pair; the question then
is: how many different kinds of pairs can we make? In the firsi place
we can combine every gamete carrying a cerlain kind of gene with
itself. This gives us homozygotes, and these have the same number
of kinds as the gametes, i.e. n. We get the heterozygotes by making
two groups of the differenl elements, without, however, taking their
order ino account; it is of no consequence whether gene No. 1 is com-~
bined with gene No. 2 or gene No. 2 with gene No. 1. In this case,

-1
then, we gel according to the rules given above, a 1<n 5 ) different kinds

of heterozygotes. Thus in monolybrid polyallclism where there are
n different genes and therefore n different gametes, we get altogether

nt n (n-1)

individuals of different hereditary composition. The process

~
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Fig. 1. Cf. the text,

is shown graphically in Fig. 1. The different kinds of gameles (genes)
in question are enlered along Lhe iwo sides of a square. Let us call the
gametes G;, G,, Gg, G, and Gg; Lhe scheme then covers ihe formation
of zygotes in monohybrid quiniallelism. The homozygotes are obtained
by entering in the diagonal squares the designations verlically and
horizontally above the squares al the sides. The heterozygotes are
obtained by the same procedure with ihe squares above (or below)
the diagonal ones. The squares helow will contain the same designations
(though in inverled order) as those above.

As regards the constitulion of these individuals, we have to take
inlo account different combinations of simple or manifold dominance,
and intermediate or extramediate inheritance.

Sex-linked monohyhrid polyallelism.

In this form of inheritance the samec conditions prevail for the
females as were previously described for monohybrid polyallelism. The
males, on the other hand, have only one of the differeni kinds of gene
in question. If this number is n, we thus gel n kinds of heredilarily
differing individuals, all of whom also have different characteristics.
If, then, sex-linked monohybrid polyallelism (or diallelism) manifests
more dilferent kinds of characlerislics among females than among men,
we can assume ithat the females with no equivalents in the men are
heterozygotes.

Polyhybrid diallelism.

There are two pairs of allelomorphs in dihybrid diallelism, and the
two genes in each pair are differenl. Let us assume that the one pait
is madeaip of the genes D, and R, and the other of thegenes Ds and R,
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When the gametes are formed, only one of the genes 1n each pair will
be included. We now combne the D, gene with each of the 1wo genes
m the other pair, and get D, 1), and D R, gameles, We then combine
the R, gene with each of those in the other pair and gel the gametes
R,D, and R,R,. This means four duferent kinds of gamete, which can
be calculaled by mulliplying D+ R, by Dy+ R,. Thus:

(D P Rl) * (D 2t Ra) = D1D2+D1Rs‘|‘ R1Dz+ Rle-

D, R,
D, D; D, R, Dy
Ril Dl Rl Rl R)

Fig. 2 Cf. the texl.

Fig. 2 shows the process diagiamatically. The paus of genes are
written along the horizontal and Lhe vertical sides of a square respecliv-
ely. The square is divided into four, and the composilion of the gameles
is obtained in each quarier by entering the respeclive horizontal and
vertical designations.

As the gameles combine with one another to form zygotes, the same
argumeni and formula as in monohybrid polyallelism can be used.
In 1his case we are dealing with four different kinds of gametes, four
different elements, which combine at random Lo form pairs. To start
with, similar elements can unile, and since we have four differcnt
kinds of element, we get four different kinds of homozygotes, The
n (n-1)

7
Thus we get six different kinds of heterozygotes. The diagram for the
process is similar to that in. monohybrid polyallelism.

In this case n=4.

heterozygotes are found by the formula

Dy Dy
D, R,
R; D,
Ry R,

-

D; D,

DRy

Ry Dy

Ry R,

D; D3 Dy Dy

DD, Dy R,

DR DDy

D, R, D, R,

D; DD Ry

D, D; Ry R,

DR, D3Ry

Dy Ry Ry Ry

DyR, D, D¢

DyR; Dy Ry

R, R, D, D,

Ry Ry Dy Ry

Dxﬂi D, H,

DRy Ry Ry

R,y D, Ry

RyR;R, R,

Fig. 8. CL the text,

I3
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We wrile Lhe different kinds of gamete along the sides of a square
(Fig 3), which 18 divaded into smaller squares. By Lransferiing Lo the
diagonal squares the gamete constructions from the vertical and hon-
zonlal outer rows, we obtain the homozygotes. By filling in the small
squares above (or below) these diagonal squares, we get the hetero-
zygotes. It is plain that the squaies above and below the diagonal will
have the same composition.

The different possibilities for Lhe zygotes are obtained maihematically
by multiplying the following cxpressions by each other:

(D1Dg+D Ryt Ry Dy+ R Ry) « (D1 Dg+Dy Ryt Ry De+-Fy Ry).

The coefficienls are of no interest in {h1s connexion, so thatl in this
case we gel four dulferent kinds of homozygotes and six different kinds
of heterozygoles, m all ten differanl kinds.

It is of course conceivable that intermediate or exiramediate in-
heritance, prevaihng throughout, is in question. In this case we also
get ten different kinds of characteristic. Another possibilily is simple
dominance: then the one gene dominales over the other in each pair,
while on the other hand neither gene from one pair is dominant over
one in the other. This gives us four differeni kinds of characterislic.
Finally there is the possibihty thai the one dominant gene dominates
over the other, and then we get only three different characterislic
bearers.

We linally want Lo know the resull if we are dealing with a larger
number of gene pairs combining with one another. Let us assume m
pairs of allelomorph genes; we then get 2m differeni kinds of gene.
We assume, then, that the different pairs have the following com-
position:

DyRy; Dy Ry; DgRy; ... Dy Ry,

The gametes are formed by the union of one gene from each pair
with one of the genes from all the others, Mathematically, the kinds
of gamete are eliciled from this expression:

(Di+Ry - (DatRy) » (DgtRy) -« - (Dpt-Ry)-

The number of differenil kinds of gamete is thus 2™

When the gameles combine with one another, we have in the first
place to take into aiceount the possibility of different kinds of gamete
uniting with one another to form homozygotes. We have 2™ different
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kinds of gamete, and therefore get 2™ different kinds of homozygotes.
In the formation of the helerozygotes we combine as usual 2™ gametes
with each other regardless of ihe order between the gametes in the
pairs obtamned. We thus get

om(gm__1)
2

*

As regards the nature of the characterislics in these individuals this
situation natwally also provides a laige number of possible combina-
tions hetween difterent kinds of dominant and inlermediaie or extra-
mediate inherilance.

Sex-~linked polyhybrid diallelisme.

In sex-linked polyhybrid diallelism we have as usual as many
heredilarily different kinds of individual and different kinds of cha-
racleristic-bearers as we have gametes—i.e. in this case, using the
previous designations, 2™ men dilferent in respect of heredilary con-
stitution and characteristic. For {he females, Lhe conditions are as in
polyhybrid diallelism. As regards inlermediale or exiramediate in-
herilance, therefore, the diifereni kinds of characteristic bearers are
more numerous in females than 1n men.

Polyhybrid polyallelism,

In theory, of course, there is also the possibility of an arbifrary
number of allel pairs, one or more of which may have an arbitrary
number of genes, of which, however, only two can he preseni at the
same time. Clearly, this is an extremely complicated situation, all the
more so as, on the appearance of the characteristics, we must also
take into account different kinds of dominance, inlermediate and extra-
mediate inheritance. It can hardly be of any interest to go into these
different possibilities in more detail; we have only drawn atteniion
1o the matter for the sake of completeness.



Composition of populations in panmixia.

‘When investigaling heredity in human populations, it is assumed in
the first place ithal the mariages in the population are contracted at
random, as it weite, and that diftereni groups of charactleristic-bearers
propagale themselves 1o the same exient. In a population where this
is the case, panmixia is said to obtain. In many cases this assumption
undoubtedly holds with sulficient accuracy.

But panmixia is not always present, of course. Deviations from the
results which would be obtained in random mating, panmixia, can be
caused only in five ways (cf. Dahlberg, 1941).

1. One cause of deviation from the composition in panmixia is
selection. The hereditarily different kinds of individuals 1n a population
may be varyingly fertile, so that sharp progressive displacements in
the composition of a population are set up from generation to genera-
tion. As, in point of fact, the generalions overlap one anolher and are
not shaiply delimifed, this makes for a population composition diverg~
ing continuously from panmixia.

2. Consanguincous marriages increase the probability of homozygosis.
The assumption of panmixia involves the further assumption that
relatives, {00, will marry at random. The degiee of homozygosis thus
occasioned is therefore included in the results calculated on the as-
sumption of panmixia. If, however, there is inmarriage 10 a greater
or & lesser exlent than that which we would expect in panmixia, this
nalurally occasions a divergent composition of the population.

3. I individuals marry at random, they nevertheless do so only
wilhin a cerfain limited area and among a certain number of indivi-
duals. Obviously, an individual belonging 10 a ceriain social class and
a certain geographical area has the chance of marriage only with a
limited number of individuals in Lhe population of the country. From
this poinl of view a larger population falls into part populations, which
we call isolates. These are separated off by geographical and social
isolate limits. Panmixia can be assumed to obtain within these isolates.
If they differ from one another in constitution, a lumping together of
the isolages to form a population gives another composition of ¢he total

b L ]
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material than would be obtained if panmixia obtained throughout the
population,

4. Deviations from panmixia can be occasioned by assorfative mating,
which term implies the mairiage ol character-bearers to a greater (or
less) extent than that determined by coincidence. The process makes
for an increase (or decrease) of the homozygous frequency in a popu-
lation.

5. Mulalions may, theoretically, aller the hereditary constitulion of
a population irom one generation Lo another, and thus give it a com-
position deviating from that expected in panmixia.

Variants of Lhe different mechanisms for deviations from panmixia
fall under these main headings. Theoretically, it should be possible Lo
relegate every devialion Lo one of them. In many cases panmixia may
undoubtedly be assumed. The composition of the population then
remains constant, and the proportion of the genes does not change
from one generation 1o another, as the different genes are propagated
to the same extent. If, however, formulas constructed on the assump-
tion of panmixia are to he employed i any one case, it is of course
necessary to see that ihis assumption really does hold with a saiis-
factory degree of accuracy.

Composition of a population in monohybrid dialielism.

1f we want to calculate the composition of a population in respect

of a monohybrid diallelous character in panmixia, an appropriate
starting-point is the nalure of the gametes in the population. Let us
assume Lhat, among the gametes produced by the individuals, the reces-
sive gene R occurs with a frequency of r, and the dominant gene D
with a frequency of d, The probability of picking at random a gameie
with the recessive gene is consequently r, and 4 for one with the domi-
nant gene. As these two probahilifies exclude ane another, their total
is 1. Thus

r4+d=1
and

r=1—d,

f

Now, wheh the individuals producing these gametes marry one
another.this rogans a certain lim,itaﬁon of the gametes’ freedom of
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movement. In any one marriage, zygoles can be produced only through
union ot the kinds of gametes the married pair produced. Monogamy
thus means a certain limilation in ithe gametes’ random frecdom of
movement. For our purposes, however, this hmitalion is of no con-
sequence, as shown by Dahlberg, 1926. We can imagine all the gametes
produced by the individuals in the population as constiluting a single
mass and collected in a lake, where they meel by chance. In reality,
the mechanism is more complicaled, but it gives the same results as
the simple process described above. Let us, Lhen, assume that the
gameles meet by chance; the probabilities for the combinations then
arising can be easily calculated, since we know the probability for the
different kinds of gamete.

‘When Lhe probahility for an R gamete is r, an R gamele will have
the probability r - r = * of meeting with another R gamecte to form
a zygote with the composition RI.

‘When the probability for a D gamete is d, a D gamete will have
the probability d - d = d? of meeting with another D gamete io form
a zygole with the composition DD.

And, finally, the probabilily for a meeting between an R gamele
and a D gamete to form a zygote with the composition RD (or DR)
is 2rd.

Therefore:

The probability for recessive homozygotes (RR), i.e. recessive
character bearers, is , . . r2.

The piobability for heterozygotes (RD) is ... 2rd.

The probability for dominant homozygotes (DD) is .. . d®.

Thus the probability for the production of dominani character-
bearers (RD+-DD) is =2rd4-d* =1—1r?
and further, since r4d =1,

1 2rd - d? = 1. o))

Now we know thal the homozygotes produce only R ar D gamates
respeclively, whereas {he heterozygotes produce half of each. As-
suming, thercfore, Lhat the rate of propagation is the same for all
the individunals, the proportion of gametes in ihose they produce rust
be obtained from the number of recessive homozygotes - half the
number,of heterozygotes. The same holds for the D gametes,« Thus



1 ==r24rd
and

d = dt4-rd.

If then, the number of recessive character-bearers (and hence the
number of dominant bearers also) is known in a population of a certain
size, r and d can easily be calculated from the expression above. With
the help of the values obtained for r and d, the number of hetero-
zygotes in the populatlion can be computed?).

1
T A -

~

|/

rd
"l (RR) (RD)

i rd d?2
| ®D) (D)

Fig. 4. Diagram showing the types of zygotes in a population (RR, RD and DD)
when the gene proportion r:d = 2:3, (After Dahlberg-Hultkrantz, 1927.)

The composition of a population according to these equations is
illustrated in Fig. 4. In this figure the side of the square is divided in
the proportion r:d (in this case 2:3). The size of the field r%, of the
two fields rd, and of the field d* shows the frequency of the different
kinds of individuals (RR, RD, and DD individuals) in a population
with this gene content. The field r2, that is to say, corresponds to the

recessive characler-bearers, and the other fields fogether to the do-
minant character-bearers.

1) It was Hardy (1908) who Tirst suggested the use of formuls for the composition
of a population in panmixia, als¢ showing that in panmixia the nature of heredity of

the population remaimns constant, This was already previously pointed out by Pearson
(1908) formhe ratios 1:2 1 1.

-
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Fig. 5. Dlagram showing the types of zygotes in a population with increasing gene
propoition (broken line). The numerical values are read off m vertical direction.
(After Dahlberg-Hultkrantz, 1927.)

The diagram, Fig. 5, shows the composition obtained in panmixia
with different gene proportion in the population. The broken diagonal
gives the diflerenl possible proportions of R and D gametes (from
-‘1’— to % ; 7 above, d below the line). The vertical distance between the
fulldrawn curves gives the corresponding percentage of heterozygotes.
The distance from the curves to the upper and lower limit of the
square respectively gives the percentage of dominani and recessive
kinds of homozygotes respeclively. The ordinates for the upper curve
give the percentage of dominant character-bearers.

In Fig. 6 the fnll-drawn curve indicales the percentage at different
frequencies for recessive and dominant character-bearers, whose per-
centages. are found under the abscissa. The broken symmetrical curve
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Fig. 6. Percentage figures of helerozygotes with, different proportion of recessive and
domnani character-beaiers (whole line ; thefigures below) and with different proportion
of recessive genes (broken Iine; the figures above). (After Dahlberg-FHultkrantz, 1927.)

in the same figure indicates also the percentage of heterozygoles, but
in relation to the proportion of R genes (r) given in the ligure. Table 1
gives exact figures for a number of possible population compositions
in monohybrd diallelism,

It appears from the diagrams and the lable that the heterozygotes
can at mosl constitute 50%, of a population, and that this maximum
is reached when R and D genes are equally common, i,e. each has the
probability of & %> the recessive homozygotes thus comprising 4 1 In this
case the composition of the pnpulatwn will be characterizad by the
classical Mendelian numbers: + 3! -5 --;; The greater the difference be-
comes petween ihe frequencies for the R and the D genes, the less
will be the frequency of the helerozygotes compared with the popu-
lation in its entirety.

The equations drawn up above are thus of inlerest for one thing
because they make it possible to calculate the number of the hetero-
zygoles in monohybrid diallelous recessive-dominant inheritance (and
naturally, in intermediate or extramediate inheritance also)., As in
'this form of inheritance the heterozygotes agree in appearance with
the dominant homozygotes, they cannot be directly observed and
assessed,

-~



TABLE1 Percontage of heterozyg. with ditferent gene proportions in a population. 23

RR RD DD RR RD DD
zygotes zygotes zygotes zygoles zygales zygotes
100 72 100 2:d 100 42 100 r® 100 2 rd 100 4%
() 198 a8 01 45 4416 10 84
0.05 4.37 95.58 46 43 65 1035
01 612 03 78 47 4311 9.89
0.2 8 54 91.26 48 42 56 9,44
03 1035 89.35 49 42 9
0.4 11 85 87.75 50 41.42 858
06 13.14 86.36 51 40 83 8.17
06 14.29 85 11 52 4022 .78
0.7 1533 83 97 53 39 60 7.40
08 16.29 82.01 54 38 07 7.03
0.9 17.17 81.93 55 38 32 668
56 37.67 633
1 18 81 57 37 8
2 24 28 7372 58 3632 5 68
3 28.64 68 36 59 35.62 5.38
4 32 64 60 34 92 5,08
5 34.72 60 28 61 34.20 480
6 36.99 57.01 62 33.48 4,52
7 3802 54 08 63 32,75 4.25
8 40.57 51.43 64 32 4
9 42 49 85 31.26 3.75
10 43.25 48.75 66 30.48 3.52
11 44 33 44,067 87 20.71 329
12 45.28 4272 a8 28 92 3.08
13 46.11 40.89 69 28.13 2.87
14 46 83 39.17 70 2733 2.67
15 47.46 37.54 n 26 52 2,48
16 48 36 72 25.71 2.29
17 48 46 34.54 73 24.88 2,12
18 48.85 33.18 74 24.06 195
19 40,18 31.82 75 23.21 1,79
20 49.44 30.56 76 22.36 1.64
21 49 65 29.35 77 21,5 1.5
22 49.81 28,19 78 20.64 1.36
23 49,92 27.08 79 19,78 124
24 40.98 26,02 80 18,89 1,11
25 50 25 81 18 i
26 49 908 24,02 82 1741 0.89
27 49.92 23.08 83 16.21 0.79
28 49,83 22.17 84 1530 Q.70
20 49.70 21.30 86 14.39 0.61
30 49,54 20.46 86 13.47 0.53
31 49.36 19.64 87 12.55 0,45
32 49,14 18.86 88 11.62 0.38
33 48.89 18.11 89 10.68 032
34 48.62 12.38 80 9,74 0.26
1 48,32 16,68 a1 8.79 0.21
36 43 16 g2 7.83 0.17
37 47.66 15.34 93 6.87 0.18
a8 47,29 14.71 04 5.01 0,00
39 46 90 14.10 95 4.04 0.08
40 48,49 18.51 06 3.06 0.04
4 46.06 1294 97 2,98 0.02
42 45.61 12.39 98 1.99 0.01
43 45,15 11.85 99 00975 0.0025
44 44.68 11.34 100 0 0
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It is of partjcular interest to cxamine the relation of the hetero-
zygotes to lhat ot recessive and dominant homozygotes respectively.
With Lhe aid of the expressions drawn up above, we find that:

Heterozygotes 2rd 21 —D0 5
Recessive characler-bearers 12 r ' @
Heterozygoles 2 2r 3
Dominant character-bearers d® -+ 2rd 141 3

Now, if we look first al the equation for the relation between he- _
terozygotes and 1ecessive character-bearers, we find that if r is a small
number, approaching 0, the relation betwecn them approaches oo.
If r is a small fraction the [requency of the recessive characler-bearers
(r®) will be exiremely small. I, then, ihe recessive characler-bearers
are very rare in a population, there will be relatively many hetero-
zygotes or lalent character-bearers. From the point of view of the
population both the laten! and Lhe manifest bearers are rare, the
latler, however, incomparably more so than the former.

This also applies to the relation of the heterozygotes to the domi-
nant homozygotes. If a rare character is in queslion, the main part of
the bearers are heterozygotes. Conversely, in questions of a very
common dominani gene (approaching 1), the heterozygotes constitute
a dwindling fraction of the dominant bearers.

These conclusions as to the relation of the heterozygotes to the
homozygoles have a certain imporiance for the methods of geneties.
If, for example, we start from the characler-bearers and examine their
brothers and sislers, we get a different composition of these lattér
circles in different frequencies of one gene. In theory, it is possible to
calculate from the constitution of such groups the frequency of the
genes in the relevant population—pravided the mode of inheritance
is known (cf. Dahlberg-Ilulikraniz, 1927). In practice, however, it
would hardly be possible to reach reliable frequency figures along
these lines. Tn theory, again, it is possible Lo compute from the heredi-
tary constifution of dichorial twins the frequency of genes in the
population from which the pair was taken. Rife (1938) bas drawn
up equations for caleutations of this kind, also reproduced in Dahl-
berg (19421). In the latter work the designations used in this book
have bgen used.
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(omposition of a population in sex-linked monohyhrid diallelism.

In sex-linked monohybrid diallelism the characteristic in question
is determined by one gene only in the males, and by a pair of genes
in the females. The males produce geim cells either with no gene at
all having anything to do with the character in question, or con-
laining one gene; both these iwo kinds of cell are produced to the
same extent, 1.e. each have a probability oi -3—. The [emales produce
only cells with one gene. In lertilizalion there aiise eilther individuals
with only one gene with the characler in question and which are
always of Lhe male sex, o1 individuals with two genes for the characters,
which are always female. Thus, the males constilute two kinds of
sperms, and the sex of an individual is determined by the nature of
the sperm fertilizing the ovum whence he or she developed.

Mathematically, the simplesi problem is offered by the populational
composilion in sex-hnked monohybrid diallelism in the case of man.

Let us assume as hefore that the composition of the population is to
be calculated in respect of a recessive gene R wilh Lhe frequency r,
and a dominant gene D with the frequency d. In women we then get
the same condilions as in monohybrid diallelism, i.e. recessive char-
acter-bearers or RR individuals with the probability 12 and dominant
heterozygotes with the probability 2rd, and also dominant homo-
zygotes with the probabililty d®. As regards the other conditions, we
refer Lo what has been said above on monohybrid diallelism.

As far as the males are concerned, the state of affairs is even more
simple. The different kinds of character-bearer have the same fre-
quency as the different kinds of gene. Thus we get individuals with
the recessive character in r cases and those with the dominant char-
acter in d cases. Since the two genes can never be present in the same
male, the one gene in the males can never dominate over lhe other.
Thus, the designation recessive and dominant character-bearer is
improperly used as regards males; however, the individuals with
R genes, whom we consequently call recessive character-bearers,
will agree in respect of the characters with the recessive bearers in
females,

Now follows a particularly interesting fact: if the frequency of the
recessive character-bearers in males is known, then the square of their’
prabability among the males gives the probability for these characters
among the females; conversely, if we know their probability*among

* 3
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the [emales, we can get from ils square rool Lheir probability among
ihe males. According to our equations the relation belween recessive
character-bearers among the males and the females respectively is:

“recessive’ characler-bearers among males

r
- =

1
recessive character-bearers among females r r

We can illustrate this by an example. An invesligation of colour
blindness in boys and girls gave the following ligures (Waaler, 1927):
Among boys, 1%, protanopia, 1%, protanomaly, 19, deuteranopia,
59, deuteranomaly: i.e. 89, in all. We would Lhen expect to find
among the girls 0.01 %, protanopia, 0.01 %, protanomaly, 0.01 %, deuter-
anopia, and 0.25%, deuteranomaly, i.e. a total of 0.28 %,. The theo-
retical figurcs have been obtained according to the equalion given by
squaring the frequency figures for the boys. The observed figure for the
girls is 0.44 + 0.07 %,; thus the expected and the ohserved figures agree
Lo within 3 times the standard error. (It should also be iaken into
account that the observed figures for boys have a standard error which
affects the calculated ones.)

The equation we used is inleresting from another point of view, too.
The ratio of male recessive character-hearers to female is 1:r. Now,
if r is a very small number, i.e. if male character-bearers are exiremely
rare in the population in question, they will even so bhe infinilely more
common than the female ones; these lalter will itherefore be still rarer
than the male ones. If we assume, for example, that male character-
bearers are present in 1:1,000 individuals, female character-bearers will
be present in 1:1,000,000. :

Another relation, also interesting, is that between female carriers
and male characler-bearers. This relation is expressed by 2rd:r,
which when simplified gives 2 (1-):1. This expression shows that if
the male character-bearers are rare (r approaches (), the female
carriers will double their number. In a more common character, the
preponderance is less. If the recessive characler is present in half the
male population, the female bearers will constitute an equally large
number, If it is even commoner, the relative number of bearers among
the women will sink even more. The relation is illustrated by the
accomphnying diagram (Fig. 7). ) "
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The relalion belween male character-bearers and the female
dominant character-bearers is determined by ihe expression

1 . .
,which simplified gives 5 . This expression shows that if a

a2 4 2rd —d
gene is rare in a population (d approaches 0), there will be nearly half as
many male asfemalc dominanl character-bearersin the population. If the
gene is more common, the female character-bearers preponderate less.
If the male bearers constitute half of the male populaiion, the female
bearers will make up % of the male—i.e. % of 1he female part of the
population. Finally, if the gene is extremely common (d approaches 1),
male and female character-bearers will constitute practically Lhe whole
of the population and be ahoul equally common. The relation is
illustrated in the accompanying diagram (Fig. 8).

A postulate we have used ahove all the time is that men and women
each constitute one half of the population. Actually, this postulate
only holds approximately. The proportion of the sexes deviates some~
what in thal the boys preponderate slightly among ihe new-born. The
proportion is subsequently displaced so that in higher age-goups the
relative number of the boys gels less and less until their ratio is
finally reversed, giving a preponderance of women. The deviation from
the assumed sex proportion is, however, so small that it can hardly
affect {he problems we are concerned wilh here. If, on the other hand,
more exact caleulations are desired in any one case, there is of course
nothing to prevent a modification of the above equations in respect
of a sex proportion differing from the one agsumed hera. .

L ]
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The eomposition of a population in panmixia and
monohyhrid triallelism.

In monohybrid triallelism the genes determining the characlers in
question here occur in pairs, formed from the Lhree different kinds
present in ihe population. According to a previous calculation (p. 12)
this would give us six didfereni kinds of individuals, namely, ihree
different kinds of homozygotes and heterozygotes respectively. Let us
assume that we have an R gene with the probabilily of r in the popu-
lation, a D gene with the probabilily d, and an I gene with the pro-
bahility i. Thus, r4-d-i = 1. We then get the following diffcrent
kinds of individuals in the following frequencies:

RR individuals with the piobabihity .... 12, who have the character 0 and the
frequency p in Lhe population.

DR ndividuals with the probability..... 2rd | who have the character A and the

DD individuals with the piobabihity..... @ | frequency g 1n the population.

RI individuals with the probability..... 2m ] who have the character B and Lhe

IT individuals with Lhe probabihty..... 2 j fiequency s m the population.

DI individuals with the probability.....2d:, whohave the characler AR and the

* frequency 1 — p—g-—s.

Above, we have assumed Lwo dominant and one recessive gene, and
also that individuals possessing the iwo dominant genes deviate in
appearance from the iwo kinds possessing only one dominant gene.
This is of course hy no means the only possibility: one gene may he
recessive, another dominant over it, and a third dominant over both.
However, we will now take the first possibility, assuming in addition
that the different character-bearers have the frequency in the popula-
tion that we assumed above in the scheme. We then get the following
equations:

= D

2I'd+d’ = {,
2rideif == g,

2di = 1—p—rg——5.
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From these equations we get:

r=1p, @

and by inserting this value in the second and third equation we get:
d=yp+q— \/—131 (5)

i=yp+s—vp (6)
‘We know besides that:
r4-d-4i=1. )

As we now know the value of d and i, we can calculate the frequency
of the group A B, which according to our scheme is 2di. This gives the
equation: s = 14-p—+q-4-2 \/E——Z Vp+g—2 Vp (p +g). By comparing
this total with the fiequency of this group found empirically, we can
check whether a population consisting of four different kinds of char-
acter-bearers in given frequencies can conceivably have arisen from
monohybrid triallelism. We get another check from ihe equation
r+d<4-i = 1. If there is inheritance according 1o this mechanism, the
total values of the gene frequencies calculated from the cquations
should give 1.

In monohyhrid triallelism we also have to iake into account the
possibility, already mentioned, thal one of the three gemes, R, with
the frequency r, is recessive, one gene, Dy, with frequency dy, dominates
over both the first and the second gene, which we call D, with frequency
d;. This then gives us three different kinds ol character-bearer in the
population. We then get the following different individuals wilh their
frequencies:

RR individuals with probability...... 1% who have the characler @ and the

frequency p.
Dy R individuals with probabillty...... 2rdy | who have the character A and the
DDy individuels with probabiligy...... d7 | frequency .
DyR individuals with probability ... ... 2rdy
DD, individusls with probubslity ... . .. . & ;‘;“ have ';h° character B and the
D, tndiyidnals with probability . . ... .2ad, | odeReY I-p-g.
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With the help of these expressions we get the following equations:

rt=np,
21d; +df = ¢,

2rd, -+ d3-+2dydy = 1—p—g.
‘We know that:

14ddy = 1. ®)

These cquations give:

r=yp, ()

nd by inserting this value in the second equation:

d=Vp+q—Vp (10)

mnd by inserlion in the third equation:

dy=1—yp-+g, (11)

ind this is the only check we can make in this case,

Thus, if we have three different types of character-bearer in a popu-
ation, our first inlerest will be to see whether the frequency of the
ypes agrees with the assumption of monohybrid diallelism with inter-
ncdiale heredity. From the frequencies of the individuals assumed to
e homozygotes, we calculate Lhe frequency of the respeclive genes;
:he sum of these frequencies should be 1. From these frequencies can
‘urther be compuled the frequency of Lhe heterozygotes. On both ithese
soints (agreement between calculated and observed heterozygote fre-
juency and the facl that the sum of the gene frequencies shall be 1)
we can now check whether the composition of the population agrees
within (he limits of the standard error with this assumptiion. Should
:his not be the case, we can suspect monohybrid Lriallelism with double
dommance. To check this, we calculate the frequency of the three
genes: their sum should be 1. Any other result argues against mono-
hybrid triallelism with double dominance.

If, on the other hand, there is agreement, it nevertheless does not
indicate monohybrid triallelism with double dominance and mono-
hybrid diallelism with intermediate heredity respectively. A mare
complicated course of heredity may be in question, which none the
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less sometimes gives the required agreemeni with Lhe simpler me-
chamsm. A more definite proof can only be obtained from an analysis
of the relalions of the character-bearers.

The composition of a population in dihybrid diallelism.

In dihybrid diallelism the characlers in question are determined by
two pairs of genes. In the first we assume thal ihe gene R, has the
probability r;, and Lhe gene D, the probability d,. In the other pair
we assume that R, has the probability r,, and D, the probability d,.
The genes can now combine to form the following Lypes:

Ry R, RyR; wilh the frequency rir3,  which have the character 0 and the fre-
quency p in the populabion.

R, R R,D, with the frequency  2riryd, } which have the chaiacter A and the fre-

R, R, DD, with the fiequency rid} | quency g in the population.

R,D,R.R, with the ficquency 2r,d,rS | whuch have the character B and the fre-

DD, R, R, with the frequency dird } quency s 1n the population,

R, D, RyD, with the frequency 4ryd,r.d,

R,D,D,D, with the hiequency 2r,d,d3 | which have the character AB and the fre-

D,D,R,D, with the liequency 2djr,d, | quency 1— p—g— s 1n the population.

DD, D, D, with the frequency ad:

Above we have assumed two gene pairs, each composed of one
recessive and one dominant gene; further that when the two dominant
genes are present at the same Lime, one in no wise dominates over the
olher, but gives instead a character or complex of characters deviating
from those conditioned by a solc dominant gene in heterozygous or
homozygous form. If we take the {requency of Lhe different character-
bearers in the population according 1o the scheme above, we get the
following equalions in the derivation of which we use the expression
ryedy = 1, rg-f-dy == 1, and consequenlly d, = 1—r,, dy = 1—ry:

g-=p

Rl—r) =g

I% (1—”1?) =8

(1—r) (1—rd) = l—p—g—s.
From the first three equations we find that:

p=(p+9 (p+9.



32

The solution with regard Lo ry, ry, ete. gives:

rl=\/ P —o+a, (12)

s4+p
and:
=\ /-£ = \pFs, (13)
g+p
and also- .
dy=1— [P, 14
! \/S-i—p ah
and:

p
dy==1— /. 15
: \/(1+p )

As well as this we know that-

p(l—p—q—s) = 1§ (1—1) F (1—1}) = ¢s, (16)
and:

q+1—p—q—9) (s+1—p—q—8) = [} (1—r) +

+ (1—r)) A—13)] [13 1—) + (1—) (1—1)] =

= (1~13) [ + U—1D] @—1}) [ + —rI)] =

= (1~ (1—) = 1—p—q—s. (17)

The last condifional equations give a possible check of the values of
ry, d, and 1,, and d,, which are calculated trom the previous equations.

‘We havc described above the composition of a population in di-
hybrid diallelism with two dominant genes, neither of which domi-
nates over the other. We must also take into account the possibilily
of double dominance, however, i.e. wherc we have two recessive and
two dominant genes, but where the one dominani gene is epistatic
over the others, We then gel only three different kinds of character-
bearer according to -ihe following table, where we assume that the
gene d; dominates over all the other genes.

R, R R, R, with the fraquency rirk.  winch have the character 0 and the he-
quency p 1o the populalion.

Ry R R, D, with the frequency  2rird, | which have the character A and the fre-

RR.D,Downih the fraquency 794} | quency g in the popplation. .



R,D;RyRy with the fiequency  2rydyr;

D,D; R, R, with the fiequency dr

R,D; R, D, wnth the fiequency trydyrydy | which have the characler B and the fre-
R,D,D,D, with the flequency  21,4,d; | quency 1-p—q m the population
D,D,R,D, wiih the fiequency  2dar,d,

D,D;D,D, wath Lhe frequency did;

If we Lake the frequency in the population of the dilferent character-
bearers from the ahove scheme, we get the following equations. We
know that 1,-d; = 1, and consequently d, = 1—ry; also 1,-+dy = 1
and consequently dy == 1 —1,

12-r3=p,
B—1) =g

13 (I—D+(—r} —1) = 1—rf=1—p—q,

which gives:

rn=Vp-tgq (18)

and: )
P

=\ [ —— (19)

? p+q
and also:

d, =1—\p+u (20)
and:

p
dy = 1y [~ 1)
’ p+q

The composition of a population in polymerie diallelism.

In ihis form of heredity we have a larger or smaller number ot
allelomorphic gene pairs, each gene having the same effect as the
others; consequently any gene is replaceable by any other one without
this cavsing any noticeable difference as regards ihe composition of
the individual's characters.

Let us assume that we have ithe gene pairs DiR,; DyR,; DgR;;
+ « » Dy Ry, which genes have the frequency dyry; dor; dyrgs . . . dp e
If the genes combine at random 1o form gametes, we get the combi-
nations arising from the equation:

(dyt11) (g 1) * (dg+1g) oo« (dip 1)
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1f the gameles are then assumed to unpile at random with one
another, we get lhe frequency of the zygole combinations by multi-
plying the above expression by itself. The different zygote combina-
Lions will thus have the frequencies produced by the following ex-
pression:

[(d1+1'1) +(dg+-r) - (dy+r13) - .. (dm+"m)]2-

If we now assume that the different genes all have precisely the
same effecl, a zygole with only R genes will have base composition,
whereas a zygote wilh one D gene and the rest R genes can be said
to diverge by one unit from Lthe basic composition, a zygote with lwo D
genes can be said 1o diverge two units, and so on. Let us further
assume that all D genes are equally common (the frequency == d)
and all R genes also have the same frequency (= r). This would then
simplify the above expression to:

(r 4 dy2m.

r=d= 71‘-, i.e. R and D genes are equally common, we then get
a binomial distribution. Individuals with only R genes will be com-
paratively rare, as also those with only D genes. Between these two
extremes we get a so-called binomial distribution, which when the
number of characlers is greal approaches the distribulion of the
‘““probability”’ equation. Characters determined by an inherilance
mechanism of this kind should, then, give a distribution agreeing
fairly closely with a normal curve, The aspect of the distribution
otherwise depends first and foremost on whether the characters are
strictly hereditary, unaffected by environment, or whether environ-
ment causes a greater or lesser variability. In the first case we will get
a distribution with the classes sharply marked off. We get a polygon,
agreeing with some one binomial distribution, and can then compute
how many polymeric genes we have from the number of sharply de-
marcated classes, If, for example, there are three gene pairs in question,
we get the following frequency for the seven different classes:
1:6:15:20:15:611,

This special case is probably so rare, however, thak it is hardly to
be realized, In the first place, the environment usually has some small
effect on the chardcters in question here. This effect may be expected
to be disiributed according to a probabjlity equation over every her-
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editarily ditferent class of characler-bearer. The population will then
show a distribution according to a probability function made up of
several probability distributions. A curve thus constiluted cannol
as a rule be analysed hefore quite a number of arbitrary assumptions
have been made, A number of crileria for such a distribution can
nevertheless be obtained from a closer analysis of the hereditary
data as gaihered from families and relations.

Already in this latter case, however, our starting-points have heen
very much schemalized. It is hardly likely that the R and the D genes
are equally common. If the /) genes are commoner and a smaller
number of polymerics is in question, we must expeclt a more or less
skew distribulion. If, on the other hand, there is a large number of
genes, or the genes in the different pairs have frequencies with an
opposite trend (i.e. in one allelomorphic pair the D gene is commoner
Lhan the R gene, in another, the R gene is commoner than the D gene)
the skewness will gel less and perhaps disappear. We have assumed
that D genes dominate over R genes. It is naturally also possible 10
reckon with infermediate inheritance, i.e. that RD individuals of a
certain pair of genes occupy a middle position between RR and DD
individuals,

Summing up, then we can say thal in polymeric polyhybrid diallel-
ism we are likely to get a distribution agreeing more or less well with a
probability curve, but which may show a more or less marked skew-
ness. It is, of course, also conceivable that the distribution shows a
curtosis possibly due to the modifying effect of the environmental
factors. If the effect of the factors varies in strength, the excess may
also be atiributed to hereditary factors.

For the rest, it may be said that the same result is to be expected
in questions of polymeric polyallelism. It is hardly necessary to go
into the lines of thought here in more delail, since they are analogous
Lo those on which our presenl argument is based.

As an example of characlers which may be assumed {o have a
heredilary mechanism of this kind, we can take the stature of man.
Anthropological investigalions have shown that the stature in a
population displays a distribution agreeing fairly well with a normal
curve. Most of the materials also show a slight skewness, and some-
Limes, an unimportant curtosis. It is at once clear that the variability
depends in part on environmental factors. It is shown, however, that
most of jt derives from hereditary factors. When, despile this, there
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is a distribution of this kind it must be due to the heredilary factors
also causing a distribution according to a normal curve; Lhis indicates
with fairly greai certainly a polymeric hercdilary mechanism. At
present, however, it is impossible more closely to analyse the problem
and establish how many hereditary factors are in question, how great
an effect each one has, and wilh what frequency the respective genes
are represented in a given population.

The composition of a population in more complicated
forms of heredity.

In the previous pages we have worked out Lhe composition of a
population in monohybrid diallelism, sex-linked monohybrid dialle-
lism, monohybrid iriallelism, dibybrid diallelism and polymeric
diallelism. Taking the calculation methods used here as model, it
should not be very difficult to draw up equations for more complicated
forms of heredity. I would hardly be worth while to draw up general
formulse for the different forms of heredity conceivable; wc may
remember that we have 1o reckon with an infinite number of possi-
bilities. Firstly, ithere may be an arbitrary number of allelomorphic
genes (polyhybridism). Secondly, an arbitrary number of genes go to
make the different pairs, bul only two genes are contained in any one
pair (polyallelism). Thirdly, we must lake into account, in respect of
the nature of the character, the possibilily of simple or varying degrees
of manifold dominance, and further, that of intermediate or extra-
mediate inheritance. Lastly, there is the possibility of sex-linked
inherilance to be considered.

If we know the number of character-bearers of different kinds in a
population, if is possible with the formule found above or with Lhose
made for the purpose to reach—at any rate in a number of cases—
the simplest genetical pattern, agreeing with the frequency of the
character-bearers. For all that, it is not proved that there is not a
more complicated mechapism in reality. Certain figures agree as well
with a simpler inheritance formula for the population as they do with
a more complicated one. Under such circumstances it is, of course,
most corract Lo try with investigations of family groups and relations
to reach an idea of the ipheritance mechanism in a given case, and
then try to verify the results by a comparison with the congitions in

t
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the population as a whole—provided Lhal malerial is available. The
fact is, however, that for most of ihe characters, there are no popu-
lation slatistics, so that such a comparison is only possible by way of
exceplion. This is a further 1eason why we have not thought 1t worth
while to go in more detail into the different possible population com-
positions from the poinl of view of heredity. Neveriheless, the com-
paratively brief and incomplete account given above has brought us
to certain general principles both interesting in themselves and also
helpful when drawing up formule used in human genetics., For a
belter appraisal of Lhese conclusions, however, il is necessary to work
out in more detail how far the primary postulate of panmixia can be
said to hold wilh adequate accuracy.



The eifect of mutations on the composition
of a populatlion in panmixia.

We know {rom zoological and botanical genetics Lthat mutations
very rarely appear in various organisms. We know little about them
in man, however. We have no exact idea of Ltheir frequency, but we
do know that they have been very rarely observed or ihe dala would
not be so scanly. Haldane (1935) has tried to calculate ihe approxi-
mate mutation frequency for certain characters, and obtained the
figure 105, The mere fact that the mulatlions musl be so rare means
that their imporlance for the composition of the population must, in
so much as a short view is laken, be very small. If we compare the
composition of the population now and one or several generations
ago, we can at once assume Llhat possible mulations are so infrequent
that they cannot set up any noticeable difference between the two,
But this does nol mean thal the mutations are of no consequence when
investigating how a population develops over a very long period.
Although they are rare it is nol out of the question thati they then
cause quite distinct changes.

Let us take a population with panmixia, and assume that the
mutations are primarily in the form of heterozygotes with the muta-
tive gene R. We also assume that the frequency of the mutations
among the genes during one generation is x; further, that the mulated
individuals have as much chance of propagaling themselves as the
others, and that no mutations take place among the mutaled genes.
If the genecration we start with is taken as the first, in the a™ gen-
eration the mutated genes will have a frequency among the tolal
genes according to the following formula:

T—(1—p)", (22)
and the non-mutated genes will have the frequency

(I—p)™, (23)
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On the assumption that yx is a very small number, lhe frequency
of the mutated genes will be very nearly expressed thus:

1-ewm, (24)
and the non-mutaled genes thus:
eH, (25)

where, as before, n is the number of generations and pz the mutation
frequency per generation.

The formula shows that if the mutation frequency approaches 0 the
gene composition of the population will not at first be noticeably
changed. Only after a long lime does ihe effect begin 1o be noticeable,
and after an infinite number of generations all genes will have
mutated. But in reality we do not have infinite spaces of time to reckon
with. Furthermore, mutated individuals in whom the gene manifests
itself often have not the same chances of propagation as those lacking
the character determined by the mulaied gene. In a number of cases
the new character-bearers have greater chances of propagation, and
then the change proceeds more rapidly than appears irom ithe formuls
above. In other cases the new character-bearers have less chance of
propagation, and then the process is slower, or slops at a slate of
balance, or else the mutation dies out. As has been indicaled above,
problems of this kind are extremely inleresting when explaining the
genesis of new species, though as regards man they are less important.
Our possibilities of forecasting the future are very limited, so that it
can hardly be of interest to try and discuss what will have come fo
pass al'ler a considerable number of generations. IL may be remembered
thot if we sel so-called historical time at 6,000 years, and reckon each
generalion as covering 25 years, this Lime corresponds io0 240 genera-
tions. For a fly, in whose world Lhere is a new generation every month,
this would correspond to 20 years. We shall be touching on the question
of the mutations’ importance in the discussion on the effect of selection
in man, ’



The effect of selection on a population.

Total negative selection.

There may be many reasons why individuals with a certain hereditary
romposition have ferlility helow the average of the populalion. The
1eredilary composition may be such Lhal they die before reaching
iexual maturity, thal they become sterile, or that their marriage value is
sarticularly low. Sterilizing measures or other steps laken {or eugenic
‘easons may stop individuals of a certain herediiary type from propa-
zation, ete.

To illustrate the effect of selection in principle we will assume that
Ml character-hearers of a cerlain Lype are entirely prevented from prop-
agation (total selection); we shall furthermore assume monohybrid
liallelism.

It then becomes immediately clear that if ihe dominanf character-
dearers are prevented from propagating themselves, the gene will at
ance be eradicated. There is no doubt that this is why there are, practic-
ally speaking, no very serious hereditary diseases which appear regularly
before sexual maturity, and which are ioherited as a dominant.
Such character-bearers practically never get as far as propagation, and
are therefore unable to pass their gene on to any offspring. A practical
example of this is juvenile amaunrotic idiocy. Children suffering from
this hereditary disease begin to change at age 6—8 and 1o exhibit
dulled intelligence and a gradual onsel of blindness. The process
is such that they die befare becoming adult. I this character were
inherited as a monohybrid dominant one, it would disappear from the
population affer a generation. But it cannot be inherited thus, as '
character-bearers oceur, albeit in a low frequency.

The situation is quite different for Lhe recessive character-bearers.
Let us assume that we have an, R gene with the frequency . The reces-
sive character-bearers, RR individuals, will therefore have the fre~
quency 7% These latter are then prevented from propagating., The
gametes giving rise fo the next generation will be decreased by this
numbewand their frequency vyiﬂF thus be 1—r%; among theser—r® are
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R gametes. In Lhe next generation, the frequency of R gametes
(rg) will therefore be the following:

As a result, the frequency of RR individuals in the next generation

will be:
2 ..L)z
l‘2 === (] T .

These character-bearers are again prevented from propagating, and
the next generation will thus be produced by the following number of

gameles:
r 2
1— ()"
Among these, the following number are R gameles:
r ro\e
14-r 14r/"°

Thus we find that in the third generation the frequency of R gametes
(ry) is:

's= 14ar

and, finally, in the n*® generation their frequency is:

r
=i =1

1t is easy to show that if the formula holds for n generations, it also
holds for n4-1 generations.

If we now use this formula to calculate the compaosition of the zygotes
in a population after n generalions, we get the following:
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Frequency of recessive character-bearers RR:

2
2 _ I‘
PO F =) @)
Frequency of heterozygotes RD:
21 +(n—2) 1]
2rpd, = D). " (27)
Frequency of dominant homozygotes DD:
1 —92)-rl2
p_ Lt (n—=21 )

"=

From these formule, the diagram, Fig. 9, and Table 2 have been
drawn up. The diagram shows how the percentages for the different
kinds of individuals are displaced in a population if the recessive charac-~
ter-bearers are always prevented from propagation. In the generation
taken as starting-point, lhe recessive bearers have the frequency25 9.
To start with, they are eradicated very rapidly. No later than the {fourth
generation their frequency has dropped to 4 %, If, on the olher hand,
we begin with a population with 0.1 9, character-bearers (30*® generation
in the diagram), in ten generations their frequency will have sunk not
quite half (0.06 %). It is also noticeable that the gifect on the hetero-
zygotes is considerably weaker. Between the fgirth and the ninth
generation the recessive homozygotes are dec-.reafc;L from 49, to 19,
while on the other hand the heterozygotes decreafig! only from 82 Y, to
18 9%, After 100 generatijons we have only 0.01 ")Q character-bearers,
but 200 tmes as many heterozygotes, that is t§ say 1.96 %. This
means, then, firstly, that selection has a strong effett on Lhe character-
bearers at the beginning, but that these are never completely eradicated,
and secondly, that the effect on the heterozygotes is appreciably less.
Even after a very large number of generations and a selection of the
stnctest kind imaginable they may still be there in a low frequency.
This agrees with our previous conclusion that, though the recessive
character-bearers may be very rare, yet the heferozygotes are relatively
HumeToys.
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Fig. 9 Decreasung frequency of recessive characler-bearers in successive generations
when they aie prevented from propagation.

TABLE 2

Frequency of indlviduals of different genotypes in suecessive generations in monohybrid
dinliellsm and total selection of recessive character-hearers, CI. Jormwles 26, 27 and 28,

Generation RR RD DD

1 0 2500 0.5000 0 2500

2 0.1111 0.4444 0 4444

3 00625 0.3750 0.5625

4 0.0400 0.3200 06400

5 0.0278 0.2778 06944

] 00204 0.2449 0.7347

7 0.0156 0.2188 0 7656

8 00123 01975 0.7901

9 0.0100 0.1800 Q8100
10 00083 0.1663 0 8264
20 0 0023 0.0907 09070
30 0.0010 00624 09365
40 0 0006 00478 0.9518
50 0.0004 0.0384 09812
100 0.0001 00196 0.0803
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In questions of selection, where the characler-bearers are completely
prevented from propagation, the thought of sterilizing measures is
readily resorted to. The situation here is that a small group of members
of the community are considered unsuitable as parents o a coming
generation; consequently they are prevented from propagation. Before
calculating ihe effect to be expected bere, il should, of course, be
known what the propagation of the group would presumably have been
if left unslerilized. Further, il is necessary Lo know Lhe type of heredity
for the characters in question. Finally, the frequency of the different
kinds of character-bearers composing the group must naturally also
be known. The group is assuredly nol uniform. (For cxample, there are
cerlainly more than 10 types of hereditary blindness.) If, then, the
group consists of a very large number of different character-bearers,
each one of which is very rare, il is clear ithat the calculalion cannot
be made on the assumption of homogeneity in the group. The effect
of selection on an extremely rare chaiacter comes very near {0 0. If the
measures are taken against several different kinds of rare character-
bearers, the total effect will similarly be very small, and by no means
as great as would doubtless have been if the group had been homo-
geneous and consisted of a single kind of character-bearer.

Analogous to the formule and the line of reasoning for recessivity
it is fairly easy to work out formule for sex-linked inheritance. There-
fore such formulx are not given in this book. As an example il may be
mentioned that the formula for total selection in sex-linked recessivityis:

r
n = =T ;1) (29)

where r,, is the frequency of the gene after selection in n generations,
the first generation being that in which the effect of the selection is
first apparent and which is a third after selection sets in.

‘Wehave now to investigate the effect of selection in more comiplicated
inheritance. 1f a character is determined by two dominant genes,
and if the one gene is assumed to have the frequency d’ and the other
the frequency d', and if, further, d’ = id"/, in total seleclion after n
generations ihe first gene will have the frequency

t d'
dn= - (30)
1+@—1) +
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and the second the frequency
dl'

d” S S,
"= 1Y (n—1)id”

(30D)

It i=1,i.e d =d"=d, the expression for both genes will be:

d

= TF D)

(1)

which means that the process takes the same course as in monohybrid
recessivity. The formula shows Lhat if the one gene is more and the
other less common, the frequency of the former will decrease slowly
and that of the latter relatively quickly. In the extreme case where
the one gene occurs in the entire population and the other has a lower
frequency, this latler will disappear after one generation, after which
the more common gene will maintain its subsequent frequency un-
changed. In other complicated forms of heredity, the displacements will
take place more slowly than in recessivity. In dihybrid recessivity, for
example, the process must, if both genes are equally common, be appre-
ciably slower Lthan in monohybrid recessivity. If the one gene is common
and is found in the whole of ihe population, and the olher gene is not
s0 common, the displacements will proceed as in monohybrid recessivity.

Partial seleetion.

In regard to sclection it is customary to think exclusively of nega-~
tive selection, e. . measures aiming al decreasing or preventing the
propagalion of persons with a certain character. Obviously, however,
negalive seleclion also has a poesitive aspect. If one prevents the pro-
pagalion of the possessors of a certain character, it implies that, rela-
tively speaking, one {avours the propagation of the ones who do not
have the characler. In England one generally speaks of positive and
negative eugenic measures or faclors, in Germany sometimes of selec-
tion and contra-selection. Anyhow, it is pessible to calculale the effect
of positive as well as of negative selection with the help of the same
formule. )

In establishing the formulee for total negative selection, we have
argned 3s though the gametes were mixed in the sea and unjted in a
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random way Lo [orm zygotes. Haldane has given formulse for partial
negalive seleclion, valid for aquatic organisms ‘“‘which shed their
gametes inlo water”. If in each generalion a proportion (= k) of the
character-bearers are prevented from propagating and if this means
that the frequency of a recessive gene, which was originally r, is de-
creased to r, by the n'" generation, the frequency of the gene will be
lowered by k2 in this generation, and there will also be a corresponding
decrease for the 1olal population. In the nexl generation, therelore, the
character-bearers R, .y will bave the frequency:

r,—ki21?
JC R ni 39
n+41 {1 __krg ( )

The formula is, in fact, quite correct in lethal selection. With positive
ferlility seleclion the deviation is of great significance, but with partial
negative selection the dewiation is slight and with total negative selec-
tion the formulz give the same result. We have spoken of ¢lethal” sclec-
tion and “lertility” selection. The difference is of course that in the
latter case the partner who is married to a character-bearer is also
affected by the selection. In the former case the character-bearer dies,

To obtain a formula for fertihily selection we assume thal the frequency
of heterozygotes cannol necessarily be deduced from the frequency of
homozygotes as in panmixia. We assume that homozygoles for the
recessive characler when selection has been going on for n generations
have the frequency RR == a, and that the dominant homozygotes then
have the frequency DD = ¢,; we further assume that the frequency
of heterozygotes is RD =b,,.

The frequency of the different genotypes in the next generation is
given in Table 3, when k of the recessive homozygotes are prevented
from propagation’), By means of this 1able we obtain the following
frequency of genotype in the next generalion.

By means of this table the following recursion formula can be derived
for the frequency of recessive homozygotes, a, , 4:

(an + bn)z + k- an (an + 2bn)
1+ k-a, (1 +2b,+¢cy)
1) I the propagation of the ::eeesslve character 1s 1k, the propagation of the

cdrresponding Qomidnant charadter is = T + T3 lhe propagation of the 16cessive ‘homo-
#ygotey bang put ps unity. N

-

Inpy = (33a)
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TABLE 3
Cf. the teat.
Combination q,f::;y Children
of n YFrequency of
parents ﬁloff:; RRp, +1 RD, +1 DDn+1
RR,x RR,| a? a? 4+ k-a?
RR, x RD,| 4ab 2ab4-k-2ab 2ab 4+ k-2ab
RR,, x DD,| 2ac 2ac 4+ k-2ac
RD, x RD,| 4b? b2 2b% b?
RD, x DD} 4bc 2be 2be
DD, x DD,| «c? c®
RRpyq = RDp 1 = DDt
Total {(a+bR+k-a(a+2b){2(b+c)(a+b4k-a) (b4-c)®
i4+k-a(l+2b +¢)

For heterozygotes b, , , the formula is as follows:

2h . 2(bn+cn) (an+bn+k'an)

= 33b
i 14 keoa, (1+2b,+¢,) (33b)

and for dominant homozygotes c,,, , as follows: )
On T )" 33¢)

1 T ka, 425, 40y

These formule have a general validity and can be used to compute
the results of both posilive and negative selection, If k = 0, there is
no selection, If k is negative but <C 1, parlial negative selection is oc-
curring; if k = -— 1, complete negative selection is occurring. If k is
positive, positive selection is occurring. The formula is valid for selec-
tion affecting all recessive homozygotes. Their reproduction is helped
or hindered irrespective of whom they are married to. If seleclion is
negative for these cases it follows that it is positive for dominant homo-
zygotes, when they marry one another. To deduce the effact of selection
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acting on all the dominant homozygotes ohe may calculate Lhe effect
of selection acting only on unions belween recessive homozygotes. The
following expression is then obtained for the recessive homozygotes in
the same way as above:

(ap+ b2 + k- a2

= 34
an +1 1 + k , a’:_: ( a‘)
For heterozygotes the following expression is obtained:
2 (@, +b,) Gpt+cn)
2b = n_n__ = (34h)
n+d 14k aﬁ
and finally for dominant homozygotes the following expression:
b+ cn)?
Ont o) (31¢)

These formule can be used Lo calculate the effect of parlial nega-
tive selection and of positive selection on a dominant character. In the
case of iotal negative selection, of course, the character disappears
at once from the population.

It follows from these formulee that negatlive seleclion always has a
comparatively large effect on a recessive characler which is rather com-
mon, but a smaller one on such characters when they are rare. We ap-
pend fables io illustrate this, In the case of pariial negative selection
where the reproduction rate is half that of the rest of Lhe population
(i.e. h = 3), the frequency will have fallen to 0.075% afier 10 gener-
ations (cf. Table 4a). The effect. of selection is, 1n other words, insignif-
icant. If equally strong negative selection works against a dominant
character with a frequency of 0.1, the effect will be that the frequency
of the character will be reduced to 0.0001%, (cf. Table 44). Here, in
other words, the effect is greater.

On the other hand, where positive selection operates the effecl is
powerful. If a recessive character has a frequeney of 0.1, and the re-
production of all the individuals manifesting it is so favoured that it is
double that of the rest of the population, the frequency of the character
will have risen to mearly 0.29, after 10 generations (cf. Table 4b).
In the cas¢ of all the dominant characters being lavoured to the same
extent/we get, after ad equal number of generations, a risg to 349,
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(cf. Table 4b). Of course, ihis strong effect of positive selection on very
infrequent characters corresponds Lo a strong effect of negutive sclec-
tion on very frequent characters.

TABLE 4a.

The etfect of partial negative selection durlng suecessive generatlons on recessive
and dominant characters of different frequency by varylng Intensity, k&, of the seleetion,
Cf. formulze 33 and 34.

Frequency of recessive characler { Frequency of dominant character
Gen. RR, RR, RR, |RD, + DDGRD, + DDYRD, + DD,
= 0.19% =19 =19 =0.1% - 019% =19
1 1 1 1
0 0100 1.00 1.00 0100 0.1000 100
1 0.097 0.98 091 0067 0.0500 0.91
2 0.094 0.97 081 0.045 0 0250 0.83
3 0091 0.95 077 0030 0.0125 076
4 0.088 0.93 07 0.020 0.0063 0.69
5 0.086 092 065 0013 0 0032 0.63
8 0 084 0.90 001 0 009 0 0016 0.57
7 0.081 089 0.56 0.006 0.0008 0.52
8 0.079 0 87 053 0 004 0.0004 0.47
9 0.077 .86 049 0.003 0.0002 0.43
10 0.075 0.84 046 0.002 0.0001 0,32
TABLE 4b.

The effect of partial positive selection during suceessive generations on recessive
and dominant characters of different frequeney by varying intensity, k, of the selection.
Ct, formulwe 33 and 34.

Frequency of recessive character Fleque:}::zr:ig&minant
Gen. RR, RR, RR, R}, |RD, <+ DDy RD, 4 DD,
=019 =19, =19% =19% =0.1% =19%
1 1 1 1
k=41 k=+fo' k=+-2— k=41 k=—ﬁ k=—g,
0 0.100 1.00 1,00 1.00 0.100 0.10
1 0.106 1.02 108 1.17 0.111 0.20
2 0.113 1.04 1.19 1.39 0,123 0.40
3 0.120 1.05 1,30 168 0.137 0.79
4 0.128 1.07 1.43 2.05 0.152 1.556
5 0.137 1.09 1.58 2.53 0.160 3.00
8 0.147 111 1.75 3.18 0.188 5.85
7 0,158 113 1.94 4.06 0.209 10.14
8 0.170 1.18 2.17 b.26 Q.232 16,77
9 0.183 1.18 2.44 6.91 0.257 25.20
10 . 0.199 1.20 2.75 9.17 0.286 - 94,16




Selection and mutations.

If, now, mutations appear in a population, and if the character-
bearers arising thence are subjected to selection, the process must
approach a state of balance, when the number of mutations correspond
to the number of character-bearers disappearing as a result of selection.
For example, in monohybrid recessivity if the gene has the frequency r

and the mutations the frequency y, a state of balance should be sel
up when rf = 2 u.

The frequency of the leilerozygotes, 2rd, will then be:
2rd =2 y2u (1 — y2u).

If only k of the recessive character-bearers arc prevenled from propaga-
tion, we gel the following expression:

2
P = TF’ (35)

20 = 2\/; (1-/%) 36)

The expression within brackets is, of course, so near to 1 {hat it can
be disregarded.

T the balance of the character-bearers is upset, there will be an
increasingly slower return to it in subsequent generations, finally
reached only after infinite time. The problem will be dealt with later,
when we discuss processes which may upsetl a state of balance once
attained.

We have hitherto assumed that selection and mutations occur in a
population where panmixia otherwise obtains. If there are other devia-
tions from panmixia, this may affect the processes, and we shall in the
following pages therefore oteh on selection and mutations again, in
differend conne:uons by

of i
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The fiist to try and compute the effect of selection was, as far as I
can discover, Warren (1917), who carmed out simple numerical calcula-
tions. The fundamental work in this ficld was carried out by J. B. S. Hal-
dane (1924-1932). Haldane deall with the problem from an evolutionary
point of view, and used an intricate mathematical apparatus. The work
was published in a httleread (at least outside England) periodical, and
parily on this account no atlention was at first paid fo it in any wider
circles. While Haldane's work was still unknown to him, the present
author had earlier submitled several basic formule and discussed
their application to man (Dahiberq, 1926, and Dahlberg-Hultkraniz,
1927). Other authors, also not acquainted with Haldane’s work, since
have sought to analyse the problem mathematically, for example
Bodewig (1932-1933). Correct [ormule for positive and negative
selection in human populations were given by Dahlberg (1946).



The effect of inmarriage on a population.

Reflection makes it plain thal inmarriage i.e. marriage between
relations encourages homozygosis and discourages helerozygosis. If, in
a certain person, 2 mutation gives rise to a gene in recessive form, it
can unile in homozygous form only through a marriage between the
offspring, i.e. an inmarriage. The homozygotes there will be in later
generations will all depend on consanguineous marriages, Lhough the
relationship between the individuals may nol be close enough Lo be
demonsirable.

Now, a population is composed of families and relatives. Conse-
quently, when panmixia is assumed in a population, a cerlain
amount of inmarriage musl also be assumed io lake place. If the
population is large in relation to the separaie families and their
branches, then a stipulated panmixia means a comparatively small
number of consanguineous marriages; if the reverse is the case, then
it means a greater number. We should remember that the assumplion
of evolulion implies that all individuals are related if the human
race js taken to have evolved from a single mutation or from a small
number whose offspring have heen crossed. The same conclusion is
reached if we calculate the ancestors of a given person for a large
number of generations back. This would soon bring us {0 numbers far
cxceeding the conceivable size of the population of the earth at the
time in queslion. Thus, if the ancestors are assumed not Lo have in-
married during the space of 30 generations back, their number will be
1000 millions, and 100 generations back, 1030 millions. This shows that
losses of ancestors—that is to say consanguineous marriages-—must
have taken place to a very great extent during earlier generations.
Even if the marriages are contracted at random, we must expect a
greater ar smaller number of inmarriages. The question then is; How
great a deviation from normal panmixia do the consanguineous mar-
Tiages occasion if they ocpur to a greater or less extent than is to be ex-
pecied in panmixia? To solve this problem we must first get some
gaugeof the effect tonsangnineons marriages have.

o~
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The composition of the offspring in eonsanguineous marriages.

We will first calculate the composition of the offspring in the mar-
riage of a brother and sister, in monohybrid diallelism. We assume that
Lhe recessive gene R has the frequency r; the dominant gene D therefore
has the frequency 1—r. A certain one of Lhe four genes in the persons
we starl with has a chance of —;— of getting as far as into a new genera-
tion, and again the chance of % of gelting into Lthe next following
generation. (CL Fig. 10.) Allogether, then the chance is -— That is

O

Fig. 10. Marriage of a brother aund sister. The circles connected with two lines
represent a gene pair.

to say, the prospect of ithis gene’s encountering itself i IS‘I -% = 1 . But
we have four genes, which may all be the starting-point for a homozygote
of this kind. The prospect will therefore be quadrupled, i.e. 4 - ~1175 = %.
Thus in a fourlh of the children, one of the primary genes will
combine 1o form a homozygote, and in r cases the starting-point will
be an R gene. This gives us a recessive character-bearer, becauae the
primary gene encounters itself in - of the cases. In the other 3 o the
genes unile at random with one another, giving rise to a recessive
homozygole. This should take place with the same frequency as an
encounter of this kind has in the population, i. e. in 12 of these % of
the cases. Altogether, we get character-bearers among the offspring

from the marriage of a brother and sister in

el @7
It —TI% Cases,
4 4
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The probable {requency ol characler-bearers among the oftspring
from the marriage of cousins is calculated similarly. (Cf. Fig. 11.)

@

Nr3 Nr4

Fig 11. Marniage of cousins The cizcles connecled with two lines represent a gene pair.

The chance that a cerlain gene goes Lo onc of the children 1s
% for a grandehild it is 4, and for a great~grandchild <. In the marriage
of cousins, then, the pmspect ol a union of a certain gene in the off-
springs with itself 1s E = —— But we have four primary genes for
such a union 1n the common paternal grandparents; these genes have
the probabibily r of being R genes. The probability of a gene uniting
with itself to give rise to a recessive character-bearer is therefore
Ar-g-g= r In the remammg 5 of the offspring, character-bearers
arise from random unions of genes w1th, onan average, the same chance
as in the population, i. e. in r® cases In all, then, the frequency of

recessive character-bearers among the offspring in a marriage between
cousins will be:

r 15 r2

and the frequency of dominant character-bearers:

1
) @ +2rd — 7= rd, (39)



The composition of large populations under inmarriage.

Let us assume that we are dealing with a very large population
Relatively, therefore, the separate families and branches are exLremely
small, so that in panmixia we must only expecl an extremely small
number of marriages between cousins, approaching 0. If a characler
is determined by recessive monohybrid diallehsm, and the R gene has
the frequency 7, we get recessive character-bearers with the fiequency r2.

‘We now assume that only marriages hetween cousins are contiacted
in the population. In this case 1t will have the composition 116 r4 ;15 1,
according io the equation deduced above. This extremely intensive
inmarmnage will raise the frequency of the recessive homozygotes thus:

1 15
6 te” ™
Simplified, this gives:
1 2:1d

This expression shows that the heterozygotes are decreased by 1‘—6, and
that half of this decrease, é = 3.139, of the heterozygotes, 15 met
by an equal increase of recessive and dominani homozygotes respecti-
vely. The inerease reaches its maximum when r = -;—. ‘We then have
25 9, recessive characler-bearers mn panmixia. When there is nothing
but marriage between cousins, a further 311 (1. e 1.56 %) of the popula-
tion will be character-bearers, giving us mnstead 26.56 %,. If the gene
is rarer, the displacement of the population’s composition which this
extreme inmarriage occasions will be even less (See Table 5and Fig.12.)
The diagram shows how the effecl of inmarriage slowly increases
to a maximum at r = f.,:, and then gradually diminishes, Fig. 13 illus-
trates the increase in a rising percentage of character-bearers in the
populalion.

+The diagrams and table show that there is a comparalively unimpor-
tant displacement of Lthe composition of the population even in this
extreme situation when there is only marriage between cousins. Now,
inmarriage can never reach such high degrees in a human population.
According to official slatistics, we can rather reckon with gn in-
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TABLE &.

Increase of (he percentage of reeessive, monohyhrid eharactexr-bearers in inereasing
frequency of a recessive gene in a population where only marriages beiween eousins
are contracted.

Increase of the
haracter-
Frequency of the number ot ¢
Freque:lez:lye of the character-bearers p obl ::‘11:5275 :vhf:re
g N
in a population iniril g:gg}ﬁ;‘i'gn only marriages
belwecen cousins are
conlracted
0.001 0.0001 0.000619
0.1 0.01 0.00562
0.2 0.04 0.01000
0.3 0.09 0.01313
0.4 0.16 0.01500
0.5 0.25 0.01562
0.6 0.36 0.01500
0.7 0.49 0.01313
0.8 0.64 0.01000
0.9 0.81 0.00562

0.02

o ~

r 0 0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9 10

Fig. 12, Increase of the frequency of monohybrid, recessive character-bearers in a

population where only marriages belween cousing are contracted, compared with

panmixia when the percentage of genes is increasing, To make the curve clearar the
seale has been made ten times larger in vertical direction than horizontally.

rd

16

0.02

’(b— e,

0.01 [Z ol — \4\

rt 0 0.1 0.2 03 04 Q.5 06 07 0.8 0.9 1.0

Fig. 13, Increase of the fréquency of monohybrid, recessive character-bearers in a

population where only marriages between, cousing are contracted, In comparison with

panmixia when the 'proportion of character-bearers is Inereasing. To make the curve
. eclrarer the scale is ten fimes Iarger in vertical direction than horizontally.
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marriage {requency of at most about 19, marriages belween cousins,
and 0.075 %, marriages between parenis’ brothers and sisters and their
children. And cven if these latter marriages give rise to a somewhat
grealer increase (Lwice as intensive) as Lhe marriages between cousins,
it must nevertheless be iaken into account Lhat, with the frequencies
and degrees Lhat inmarriage can reasonably bethoughl to have in human
populations, it should not appreciably change the conslitution of the
population, compared with panmixia. In other words, the changes we
can cxpect are so mild ithat for a single character they can hardly be
demonstrated statistically. No doubt the sources of error which are
inevitably bound up with all populalion statistics are usually large
enough Lo prevent us from demonstrating in any single inslance
such differences as are under discussion here.

The composition of a population in inmarriage
in small pepulations.

If is conceivable that a population may be so small as to lead one
to expect a comparatively large number of consanguineous marriages
in panmixia, but that for some reason these are not forthcoming. We
will again choose an extreme example. Lel us assume a population
where, in panmixia, we would expect marriages to be in a certain
frequeney, a, between brother and sister. If a = '1'1'6 and if families
have the same number of children of marriageable age, say two, the
population will consist of about ten families. Now, there are no
marriages between brother and sister in these populations, and
this sets up a deviation from the populational composition lo be
expected from panmixia. If the recessive gene R has the frequency r,
we get r? recéssive character-bearers in panmixia. In marriages
between brother and sister the composition of the offspring is,
as we have already shown, -}r-}- %r'-". In panmixia, a of the popu-
lation have, in thig case, this composition. We will assume that
the remaining 1—a have the composition z. This gives us the follo-
wing equation:

r }* ?—r“ + (I—a) =
-—a(4r+4 ) a) =z,
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If this is solved, we get:

4r2—ar—3ar?
TET T aq
If marriages between brother and sisier are not contracted, the popu-
lation will have the same composition as that part where such marriages
do not occur. If we wanl Lo make a comparison with complete pan-
mixia, we oblain the decrcase in the number of Lhe recessive character-
bearers, 4 z, from the formula:

42 =x—r12,

a(f—r) ard

=i~ " 1a=9

(41

This expression is O when r=0 or r = 1. Belween these {wo, {he
expression is negative, which implies that the non-contracted marriages
hetween brother and sister cause a decrease of the recessive characler-
bearers. This decrease is maximal if r = % 3 if, for example, a = TIG'
the decrease is then 1.3994. In this case, then, we gel 23.61 9, recessive
character-bearers, instead of 259,. Thus, although the population
copcerned is extremely small, the maximal decrease ihat the non-
contracted marriages between brother and sister set up is of small
importance. It should furlher be remembered that for rarer
genes the increase is even less noticeable. It can also be siated ihat,
if the size of the population in relation to that of the family leads one
to expect 1% of marriages belween brother and sister ih panmixia.
the nonfulfilment of these marriages will accasion a maximal decrease
of 0.12% in the number of character-hearers. If Lhere are {wo children,
the population will then comprise about 50 families, or approximately
100 individuals,

These ,calculations show that, even with comparatively small
populations and fairly common characters, a nonfullilment of mar-
riages between brother and sister will make for a relatively slight.
difference in ihe proportion of a certain kind of character-bearer,
compared with panmixia. The exarples we chose to demonstrate this
are probably far mare extreme than what we can expect in human
pepulations, apart from extremely rare exceptions. As, for such popu-
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lations, inmarriage is a reasonably unimportant phenomenon, we
can probably maintain that it has no noticeable importance for the
normally experienced size of a population. As will be shown later, we
have reason to assume that the size of a “‘population’ in Western
Europe amounts to several hundreds of individuals,

We have carried out our calculaiions solely for marriages between
brother and sisler, though such marriages are never contracled in hu-
man populations. The effect of any other non-contracted consangui-~
neous marriages is considerably less than 1l is for the brother and sister
marriages and we can certainly expecl Lo {ind no very marked absien-
Lion from ihese marriages. There is hardly reason to suppose that cou-
sins marry one another to any appreciably greater or lesser extent than
other persons in the population, who are nol related (cf.below). Mar-
riages between cousins and other relations (apart from brothers and sis-
ters and parents and children, which last should, however, be very rare
in panmixia on account of the difference in age) can therefore, in many
populations, be assumed Lo occur to about the same extent as is to
be expected in panmixia, taking into accounl the size of the popula-
tion. Deviations (which will be discussed later) will doubtless be of
very low numerical value.

Inmarriage and complicated mechanisms of heredity.

The conclusions drawn apply to monohybrid diallelism, but they
also hald good for other forms of recessive inheritance. It is possible
to show that the effect of inmarrage in dihybrid diallelism on the
frequency of certain character-bearers is less than in the case of mono-
hybrid diallelism. The effecl will be smallest when both the genes are
equally common; it will be stronger when one gene is commoner {han
the other, and will reach its maximum if the one gene is preseni in prac-
tically all of the population, in which case we more or less have mono-~
hybrid diallelism. In higher forms of polyhybridity the effect becomes
even slighier. We can say that the effect of inmarriage is more
powerful the rarer Lthe genes are,and at a certain frequency of character-
bearers we get the highest degree of rarity it there is monohybridism.

It now remains 1o deal with the question of the effect of inmarriage
in dominance. In monohybridism, dominanee can be said to be the re~

verse of recessivity. The increase of recessive character-bearers is ob-
”
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tained at the expense of the dominant character-bearers. I{ must, how-
ever, also be remembered that it a recessive geneisrare, the correspond-
ing dominant gene is common, and vice versa. Now, if the recessive gene
is common, we get no statistically noticeable change of the population
constilution from inmarriage. This implies thal the same 1s truein the
case of rare dominant genes. If a recessive gene is rare, there is also no
noticeable change of Lhe populabion’s composilion, which similarly
imphes thal this last 1s not aifected by consanguineous marriage, even
in questions of common dominani genes. We can draw the same con-
clusions for different forms of polyhybridism. Imnmarriage is of no
consequence for Lhe character-bearers who are determined by recessive
genes, whether these last are rare or commen, and it is also of no con-
sequence for polyhybrid dominant genes.

Hitherto we have discussed inmarriage with reference to the sepa-
rale characters. But inmarriage affects simuilaneously all rare genes,
and the total effect cannot be summarily dismissed. We shall be return-
ing to this question in a subsequeni chapter where the frequency of
inmarriage among the parents of character-bearers will be dealt with.

The usual idea probably is that inmarriage is very rmportant,
since ity intensive practice in breeding animals gives a very powerful
effect. Here brothers and sisters are consistently mated generalion after
generation. In such matings, the helerozygotes disappear relatively
quickly, as was shown by Sewall Wright (1921) for onc. Even if in-
marnage has, in principle, the same effect in man, i.e. sets up a dimin-
ished heterozygotism, the effect displayed here is very much less, as
in practice only marriages between cousins oceur in a relatively small
frequency, and such marnages repeated generation after gencrafion are
g0 rare that such matings lack importance.

Formule for human populations have been presenied hy the author
(Dahlberg, 1929). Subsequently, Hogben (1933 a) has calculated formu-
lee for more removed degrees of inmarriage. These calculations are

laborous, and Hogben has provided a simple way of arriving at the
formules,

Jnmarriage from the point of view of the character-bearers.

It has been stated above that inmarriage is of importance for the

* frequency of very rgre recessive characters, From this it follows that, if

| e tah',rare,oharaeternhearers as starting-point, -we find that their
it I ' ™
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patents are very frequenlly cousins As early as 1919 Lenz deduced
an equalion for calculating the fiequency to be expected in different
frequencies of a monchybrid diallelous characier. The deduction 1s only
approximate, however; Lenz only takes helerozygotes and disregards
homozygotes, and he also disregards the fact that a number of marriages
between cousins are 1o be expected in panmixia. The correct equalion
for large populations has been given by Dahlberg (1929).

Let us assume that the gene has the {recquency 1 and the marriages
between cousins the frequency ¢. The fiequency of marnages not
belween cousins will then be 1-r. If we assume ihe population to be
very large, so that in panmixia there would be practically speaking no
marriages belween cousins, ¢ then implies an 1ncrease of such marnages
beyond what is to be expected in panmixia,

I'rom marriages between cousins are derived character-bearers wilth
the following frequency:

[}
g1 +162

In the population there are character-bearers with the following
frequency:

(1—¢) r® + -1956 1 + 151,

The ratio of character-bearers derived from marriages between cous-
ins to that of the total number of character-bearers, k, will be:

: 2 (14157)
. 16

(1-—c)r=+~1°_;(1+ 151)

(4
6(0—0ar
14157 »

k=
42)
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If ¢ is a very small number in this equation, we can put 1 —e¢ =1,
and if we also venture to put 14-15r==1 (which 1s very doubtiul), the
equation will be as follows:

[4

k=c +16r

(43)

This is the approxmmale equation thal Lenz deduced (cf. also
Hogben, 1933 b).

If we assume thal marriages between cousins actually do occur with
a certain frequency, ¢,, and are to be expected in panmixia in a certain
frequency, c,, character-bearers from marriages between cousins will
have the following frequency:

ar .
16 (1 + 151).

In the population we should, in panmixia, expect character-bearers
with the frequency r2. But we get an increase of their frequency by

(cr—~ &) 75 (1 + 167).

In all, then, the frequency of character-bearers in the population
will be:

(1— ¢y + ) I+ (cs— Q) {E ( -+ 151).

Therelore, the ratio of characler-bearers from cousins to the lotal
number will be:

L+ 157

k=

(e + 6 At (e —0) T2 (1++157)

. e &
ok 167 (1—ey + ¢) (44)
. cl——c¥+ 1+151‘
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If ¢; = 0, 1.e. 1f Lhe population is so large Lhat the random frequency
of cousin marriages to be expected is small enough 1o be ignored, we
get formula 43, if we also set 1+ 157 == 1, which imphes a very
doubtful approximation. If ¢, = ¢y = ¢, i.e. il the marriages between
cousins occur in the frequency to be expected in panmixia, the equation
will be:

k=150 (45)

16r

TABLE ¢

Proportion of ¢haracter-beare1s (In per cent) deriving from marriages between cousins
=, in different frequencies of a reeessive, monohyhid, diallelous charncter RR and
in difie1ent frequeneles of marrlages between ecousins In a population = ¢, (1. formnula45.

k when
RR
ce=019% c=0259% c=059% c=19
0.000001 6344 15 860 31.721 63 439
0 00005 0978 2444 4,888 0.776
00001 0.719 1797 3594 7.188
0 0005 0373 0933 1866 3.733
0001 0291 0.729 1.457 2912
00025 0,219 0.547 1.094 2.188
0.005 0182 0.455 0911 1.821
001 0.156 0391 0.78L 1.563
0.05 0.122 0304 0.609 1.217
0.1 0114 0.284 0 568 1.135

Table 6 and Fig. 14 give figures for the percent of character-bearers
deriving from marriages between cousins in different frequencies of a
recessive monohybrid diallelous character and of such marriages. The
approximate formula 43 gives slightly lower values than the correct
formula 45, if we assume that mariages between cousins occur to the
same extent which one should expect in panmixia. For very rare genes
and particnlarly in small populations with a high frequency of cousin
marriages, the difference is not negligible. For instance, where the
ratio for Lhe geneis 1:10 000, and the praportion of cousin mariiages
is 1 per cent, we find by Lhe approximate equation that the number of
cousins among parents of character-bearers is 5.88 per cent, whereas
the true figure is 7.19 per cent. The differences can thus sometimes be
substantial ones. ~
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Fig. 14, Proportioy of character-bearers (in per cent) derrving fiom marriages between
cousins (%) in populations where the frequency of marriages hatween consins (c) and
the frequency of a recessive character is varymg. Cf. Table 6.

It may also be mentioned in this connexion thal a similar increase
iy to be expected in more complicated forms of inheritance.
(In dihybrid dominance, when the two genes are equally common,
the increase is maximally equal to that in monohybrid recessivity;
when the one gene is commion and the other rare, we have an extremely
slight increase of marriages between cousins in the parents) Indeed,
'gvlaeq we wank to prove that hereditary factors play a parE in the
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appearance of such characters as diseases and the like as are relatively
1are, we can pursue two hines. We can demonstratean increased irequency
of the character in near relations of Lthe character-bearer (brothers
and sisters, parents, children, etc.) and we can also show an increased
frequency of consanguineous marriages between the parents of the
character-bearers. This latler line has been followed to a certain
extent, but should be used still more, since an increased frequency
among the relations may be connecled wilh environmental factors.
That tubercular parents have children suffering from tuberculosis may,
for example, be due to infection. On the other hand, an increase in the
inmarriage frequency in parents of {ubercular children may not be
connected with anything other than hereditary factors, and is therefore
of greater value as proof.

It is of interest to try and get some idea of the rise to be expected
in polyhybrid inheritance. Let us assume that a recessive polyhybrid
character is composed of the genes R, R;, Ry R, ... R, R, with
the frequencies r3, r3, ... r2. Let usassume further that for each pair of
genes, marriages between cousins cause increases of 4, 8, ...6,. In
panmixia we would expect character-beaters 1o have Lhe frequency
13, 13, ... r2 On account of inmarriage we get (12 + &), (12 + &y,
vv. (r248,). If we now go on to assume that mmarriage in pan-
mixia is to be expected with a frequency of ¢; and occurs in the popula~
tion with the frequency of ¢, that proportion of the character-
bearers, k, deriving from cousins, will be:

- c(348) (B 8) ... (1248, '
A—ci ) 2. P2 (—c) (ra+8) o+ 80) -0 . (Tp+ 8

If there is dihybridism, for example, and if r = r, = r,=r, etc., the
formula will appear as follows:

c
(1—ac)* 256 r*
N L TR T

k=

(46)

We may remind readers that character-hearers in this case have the
frequency rt, The formule show that when more marriages ocour
between cousins than is normal in panmixia with a given frequency
of char::\'cter—bearers the increase 10 be expected is Jower in dhybrid

k]
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or polyhybrid recessivity than in monchybrid recessivily. Ib is
further seen that that proporlion of characler-beaters deriving
from marriages of cousins is also less in polyhybridism than in mono-
hybridism. We may remember in this connection that Haldane (1938)
showed that if there is monohybrid iriallelism and a gene in homozygous
form is the lethal factor, then we get a lower proportion of character-
bearers from marriages between cousins and lesser increase from such
marriages than we would expect here. A mechanism of this sort has
not as yet been established in human populations, however.

It may finally be asserted that if the inheritance mechanism and
ihe frequency ol cousin marriages between the parents of character-
bearers is known, the equalions submitted here can, of course be used
to calculate the frequency of the genes. If, {or example, 159, of the
characler-bearers are cousins, and lhe gencral frequency of maririages
between cousins is 29, the gene will have ithe frequency 1: 105,
and if the general frequency of cousin marriages is 19, Lhe gene
will have the frequency 1:225, or 0.449,. If ihe gencral frequency
of cousin marriages is 0.5 %, the corresponding figures will be 1 : 465,
or 0.22 %, With knowledge of the mode of inherilance, the frequency
of ithe character-bearers, and the proportion of these latier deriving
fiom cousins, it is of course also possible to calculate the frequency
of the marriages between cousins in the population.

One reason why the frequency of inmarriage has not been very
extensively investigated nor used in genetic research is the difficulty
of getling normal figures. There are official figures from a number
of countries (cf. Dahibery, 1938). Bul they cannot by themselves be
used for comparison with materials collected in other populations,
even though they may be thought to provide an approximate starting-
point. We can probably assume that the frequency of inmarriage
seldom exceeds 1%, and, at present, probably not infrequenily keeps
well below ,:1; %. We shall be returning to this question later.

It may be pointed oul in this connexion thal figures obtained from
paiients treated at hospitals are nol representative for the conditions
in a population, The patients naturally include a number of cases
of hereditary diseases, the parents of these cases having a considerably
higher inmarriage frequency, Even if the group is small, it never-
theless tends to raise the average figure. Julia Rell (1940) has sub-
mitted-fignres from patients treated in English hospitals and reached
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a figure of 0.61 %, marriages between cousins. This seems an unexpect-
edly high figure for a country like England, where the communications
are good and where the isolates are probably relatively large. If we
assume that the real figure for the population is 0.25 %, and that the
material includes a number of persons suffering from rare hereditary
diseases, whose parents are cousins in 109, for example, we can
calculate that this group should constitute 3.79%, of the malterial.
It is in itself nol unreasonable Lo assume that the sum of rare hered-
ilary diseases amounts to one or two more percent, 1.e. that children
from marriages belwecn cousins are over-represented (longer time
of Lreatment), and that this means thai the material is of doubtful
value as a basis for a discussion of the conditions in the populalion.

Linkage and inmarriage.

In panmixia we should expect characters to occur together at ran-
dom in the same person. If Lhere is linkage, they should occur together
more often. In other words, there should be a correlation between the
occurence of certain hereditarily determined characters. Recent gene-
tical research has been greatly concerned with linkage in man, and
special methods have been worked out to eslablish linkage in investi-
gations of families and among siblings.

In ihe preseni work, ithe siudy of ithe problem is limited io the
constitution of entire populations. As regards linkage, we can then
content ourselves with stating that correlations between the ocenrrence
of characters may be due to linkage. They may also be duc to something
else, however. We shall be returning to this problem later. In this
connexion we shall only discuss the correlalion that may be due to
inmarriage

‘When we wanl {o invesligate how characlers occur Logether in a pop-
ulation, we must also take into account that the population falls into
two groups: oflspring to closely related persons, and others. In this
connexion we will only take marriages between cousins into account,
and disregard olher consanguineous marriages, since, as has been
maintained before, it is rare to find a closer kind with a powerful
effect, and marriages between more distant relatives camse a very
much smaller increase of homozygosis. Now, recessive characters
have a different frequency in these parts of the population. Among

’
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oifspring from marriages between cousins the frequency is higher for
rare characters than among offspring from other marriages. The proba-
bility that two rare non-linked characters will occur together is
therefore larger among the offspring of cousins than among those of
persons who are not cousins, If we now calculate how often character-
bearers ought to coincide on the basis of their frequency in the whole
population, and nvestigate how ofien they aclually do coincide, we
find an increase implying a corrclation between the characters,

Let us assume marriages belween cousins in ihe population with a
frequency ¢, so Lhat other marriages have the frequency 1—c¢. Let us
further assume that two recessive characlers have the frequency
p, and p,, and, {inally, that %, of the character-bearers derive from
cousins for the character p;, and k, for the character p,. The frequency
of character-bearers among offspring from marriages between cousins is

29,
¢

k
P ! ond

respeclively, and among the rest of the population

Py (1—ky) and Da (1““1"2).
1—c¢ 1—¢

‘We would expect the character-bearers to meet at random in the
frequency p; py. Actually they meet in the frequency:

P1Pa(l—k) (1—ky) | pypakiky
1—¢ + e

The ratio between actnal and expected frequency is thus:

1—Fky) (1—k ky ke

— ( 11) ( 2) + 1 9. (47)
— ¢

Table 7 and Fig. 15 show the importance of inmarriage for the
coznc:d,ence of characters. The figures have been calculated on the
assumntmn that py=py, and also k;=k, The effect is stronger the
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TABLE 7.

Mesting of two recessive, monohyhrid, diallelous charaeters (g) with the same frequeney,

when the Irequency ol mairiages hetween eousins (¢) and the proportlon of character~

bearers deriving irom such marringes (%) varies, (This depends on (he varying frequency
in the population of the character-bearers.) Cf. formula 47.

k, y when
o,
% ¢ = (0.001 ¢ = 0.0025 ¢ = 0.005 ¢=0.01
1 1,081 1.023 1005 1.000
2 1.361 1,123 1045 1.010
3 1.842 1.303 1.126 1.040
4 2.523 1.564 1.246 1.001
5 3 403 1.905 1.407 1.162
10 10.811 4,812 2,814 1.818
15 23.223 9.724 5.226 2.980
30 90.491 36.491 18.493 9.455

lower Lhe frequency of the marriages between cousins and the greater
the proporlion of the character-bearers deriving from such marriages.
As has already been shown, this proporlion is greater the rarer the
characler and the greater the frequency of the marriages between
cousins. By using the figures in Tables 6 and 7we get an orientation.
If, for example, we assume that the marriages between cousins have
the frequency of 0.25 %, which seems Lo be a reasonable figurc, we find
a noticeable effect in the form of an increased correlation, when over
2%, of the character-bearers come from such marriages; this means
a character frequency of ssmewhat less than 1 in 10 000, If the cousin
marriages have the frequency of 0.5%, we get a marked effect in a
frequency of character-bearers of somewhat more than 1 in 10 000,
By using formule 46 and 47, we can, finally, calculate the relation
between actual frequency and Lhe frequency to be expected in panmixia
for the meeting of the characters, if the respective genes have Lhe fre-
quency r; and r,, and if the frequency of cousin marriages is ¢ and
corresponds to the one to be expecled in panmixia, The formula will

then he:
(l_c(1+15r1)> (1_c(1+15rn)>
g = 161‘1 161'2) 4‘__+

1—c¢

¢(14-15r) (1+15r)

+ 266 r; 1y

(48)
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Fig. 15. Meethig of two recessive characters (y) wilh ihe same frequency in th
population, in different frequencles of marriages between cousins and varying pro
portion of character-bearers deriving from such marriages (k). Cf. Table 7.

| ¢ =0.002

Using this formula some values have been worked out in Table 8, on thi
assumption that ry==ry==r, It is seen that the quotient more noticeabl:
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TADLE 8.

Meeting of two recessive, monohyhiid, diallelous charaecters (i) with the same frequency,
in different frequencles of marriages hetween counsins (¢) and varying frequency of
character-hearers (IXY). CI. formula 48.

y when
RR —

e = 0001 ¢ = 0,0025 ¢ = 0005 e=001

0.000001 | Lk, 63 | 4902 k,16.9 | 10771 | k, 31.

1.7 | 20.591 | &, 63.4 | 40.378
000005 | 91.0 | 1.077 | % 2.4 | 1.193 | % 4.
3

1387( 9% 98| 1778

7

9
0 0001 0.7 | 1.038 18] 1.096 4] 1192 7.2 | 1387
0.0005 0.4 ] 1008 091 1.019 19| 1.038 3.7 1075
0,001 0.3 | 1.004 0.7 | 1.009 1.5 | 1018 29 | 1037

excecds 1 when the irequency of the character-bearers is 1 in 10 000,
or lower. At a certain frequency of Lhe gene the cffect 1s more marked
the higher the frequency of cousin marriages. It is plain thal we
must expect a correlation between characters primarily for rare
genes, and with very rare characters we can obtain an extremely
strong effect. So from these calculations we may conclude thal only
in very rare genes is it possible 10 determine a decidedly greater fre-
quéncy in the coincidence of characters in one and the same person
due to marriages between cousins. The effect is of no importance for
common characters.

It must be remembered here that, with rare characters, the effect
concerns all characters inherited recessively or in a more compli-
cated way. Actually, an eflect of this kind mighl explain why various
sorts of malformations are relatively often found in the same per-
son. A number of malformations are due to intra-ulerine, environ-
mental factors or to genes which cause injuries to several organs al
the same time. However, the literature on hereditary malformations
contains reports of the coincidence of independeni characters, e.g:

* syndactylia, polydaclylia, palatoschisis, congenital defect of the heart,
etc. Such correlation may indicate linkage, but the difference in
character of the hereditary maliormations which are correlated may
imply that marriages between cousins play a decisive part, The prob-

lems have not been studied in more detail from {he viewpoints
applied here, however, so that no definite statement can be made,

Naturally, inmarriage is also of importance as regards the fre-
quency of ithe character in the siblings of the bearer. There,is an
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increased homozygosis for rare hereditary characters among children
from marriages between cousins. When selecting character-bearers
deriving to a special extenl from such marriages, it is Lo be expected that
their brothers and sisters will display increased frequency ot other rare
recessive characlers. A correlation of this kind between brothers and
sisters cannot therefore summarily be interpreted as indicating linkage.
Luzenburger (1927) has, for example, Lried Lo show a hgher frequency
of Luberculosis among the relations of certain mental cases (schizo-
phrenes) than would be expected from a random estimate. Hisinvestiga-
tions have been keenly criticized (Alsirom, 1942). All ihe same, Lhe
pioblem is nol fully worked oul, even if the figures submuited by
Luvenburger are unsound. If heredilary {actors play a part both
Tor Lubercunlosis and schizophrenia, marriages belween cousins may sel
up a correlation between the characters within the brother-and-
sister circles, provided the genes are sufficiently rare. This mechanism,
hitherto disregarded, may also be of importance when il is desired to
show linkage through family mvestigalions; as has been stated above,
however, this problem falls outside the province of this work.

Surnming up, it may be said that inmarnage has no importance
for ordinary characters. It plays a larger part [or rare recessive or
complicatedly heredilary characters, and in exiremie cases, when a
gene appears for the first time as a mutalion, this gene can meet in
homozygous form only through marriage between descendants of the
individual with Lhe mulated gene, ie. through consanguineous
marriage. If a characler 15 rare, it 15 of no noleworthy importance for
the composition of the population, however. The eflect of in-
marriage is counterbalanced by the frequency of the genes, so thatl
inmarriage never makes for noteworthy importance of a single
character in a population. Thus, while selection has a considerable
effect on ordinary characters but has no appreciable importance for
very rare ones, the situation is the reverse for inmarriage: in this
case ordinary characters are not affected, but rare ones very much °
so0 from the point of view of the characier-bearers. Selection only affects
single rare characters, whereas a change of the frequency of in-
marriage brings about, on the other hand, a change in the frequency
of all rare characters. The total etfect may be important from the
viewpoint of society. These aspects will be followed up in connexion
with the subsequent discussion on the effect of inmarriage and isolate

./ hoondaries. '
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As inmarriage effects the frequency of the rate characlers, we
would expect the parents ol rare character-bearers to be relaled
(cousins) to a comparatively large extent. Conversely, we expect a
correlation between the occurrence of rare characters, because, when
choosing such, we staii from persons who to a relatively large extent

are cousins, and among whose offspring we would expect an incrcase
of rare character-bearers.



Inmarriage and selection.

It has been staied earlier on ihal a certain frequency of inmairiage
is to be expected in panmixia. We have furthermore given formulas
for the effect of selection in panmixia. The question then is, what
effect on the selection process has a frequency of inmarriage higher
orlower than the one to be expecled in panmixia ? A human population
contams both possibilities in so far as, in a number of populations,
the frequency of marriages between cousins is lower than would be
expecied in panmixia, because such marriages are more or less for-
bidden. A somewhat higher frequency of such marriages than that
corresponding to panmixia is probably to be found in populations
where the marriage is arranged by the parenls of ihe pair. In other
words, both aspects of the problem are of practical interest.

In the first place, then, we ask whal importance the absence of
marriages between cousins can be thought to have, II they are per-
petually prevenied, and would, in panmixia, have the frequency e,
the population will have the following composition:

B r+15r’
16 16 )

The pari that drops out is thus:

1 15
or, relative to r2:
1 15
‘ (Te_ + 125)*

If the marriages between cousins increase beyond what is to be
expected in panmixia, the same equations apply, but the sign before
¢ must be reversed. The increase or decrease of character-bearers
which. i4 10 be expected at different values of ¢ and r* is easy to oblain
from the formulée, )
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It must be remembered that a decrease compared with panmixia
cannot be greater than the frequency of marriages between cousins
to be expected 1 panmixia, while, on the other hand, the increase
theoretically can be 1009,

The expressions 1n the table show that, in accordance wilth what
has been shown before, marriage between cousins is not of importance
for the [requency of character-bearers until the gene is rare in a popu-
lation; we also see that the effect sels n earlier when there is a larger
change in the frequency of marrages belween cousins compared with
panmixia, ithan if the change 1s small. In principle, this means that
the effect of selection will be larger on rare characters when such
marriages occur more often than in panmixia. The increase they give
is, however, of no fundamental importance in so far as when the
frequency of marriages between cousins is as high as 1 9, an increase
of the bearers by 63 9, i.e. rather over half, is obtained only when the
frequency of the character-bearers is aboul 1:1 000 000. At a certain
mutation frequency, devialions in the frequency of inmarriage
will have a certain importance for the state of balance reached. That
is to say, the heterozygous frequency corresponding to the state of
balance will be somewhat higher if inmarriage occurs fo a lesser
extent than would be cxpected in panmixia, and will be somewhatl
lower in the opposite case. However, the displacement is probably of
no very great importance in human populations, We shall be returning
to the problem in connexion with the discussion of the effect of isolates.
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Assortative mating.

Assortative mating denoles crossings between persons with certain
characters to a greater extent than one would expect at random;
thus, crossings of the opposite sort to a corresponding exient have a
lowered frequency. No very detailed investigations of the extent of
assortalive mating in man have been made. It has, however, been
established that tall and shorl people respectively marry one another
more seldom than might be expected at random crossings, since a
tall and a short person together make a slightly comical contrast
(Pearson and Lee, 1903). In other words, there is a certain resistance
to marriage between tall and shorl individuals. We have furthermore
reason for saying that deaf-mules relalively often marry deaf-mutes
The affliclion makes contacl wilth healthy persons more difficult, but
is a bond of union between those possessing the character. We can
suspect musical persons of marrying one anolher particularly often,
and, generally, expect hereditary characlers of importance for special
interests to make for a certain degree of assortative mating: interests
unite people. It is less cerlain whether we can go so far as to slate that
intelligent people marry theirlike more frequently than chance demands.

However,\wc must take inlo account not only positive assortative
mating, where persons with the same characlers prefer one another;
the possibility of negative assortative mating, where there is a resistance
to marriage between persons with the same characters, is also conceiv-
able. For example, it is possible that extremely obstinate or tempera-
mental persons fall into conflict with one another relatively easily, and
that in so far as such characters are determined by heredity there is
negative assortative mating, It is furthermore easy to assume that, as
regards certain defects, there should be negative assortative mating to
a certain extent, As regards those characters occasioning a certain
helplessness (hereditary blindness, lameness), the actual helplessness
may constitute an obstacle to marriage between persons suffering from
the same defect, while marriage with normal individuals, on the other
hand, is not checked to the same extent. Direct investigations showing
the ocrurrents ﬁﬁnagative assortative mating have not hitherto been
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made, however. As, up till now, there has been no very general interest
mm problems regarding genetics of population, there are very few
empirical investigations to back up an analysis of processes like this.

Now, we can further differentiate between tolal assortative mating,
where character-bearers exclusively marry each other, and where
no one possessing ihe characler marries anyone without it, and partial
assortalive mating. In the latter case, it is only that character-bearers
marry one another rather more often ihan is to expecled in panmixia.
The effect of tolal posilive assorlative mating has been computed by
Robbins (1918). Recursion lormulee for parlial posilive assorlative
mating have been submitted by Koller (1938), who has also used them
to arrive at limit values. Both these authors use a complicaled system
of designation. Koller has used the assnmption that a certain proportion
of unions between dominant and recessive character-beareis are not
forthcoming. In the following pages formul® of a simpler form are
deduced, and a new siartingpoint for the solution of the problem,
giving a more general resull, has also been used.

The effect of negative assortalive maling has nol previously been
analysed.

Pasitive total assortative mating.

According to designations used earlier, persons with the composition
RRwill, in positive total assortative mating and monohybrid diallelism,
always marry one another. In ihe first generation we then get the
matings given below, and offspring from these crossings. Cf. Table 9.

If we continue in this way, we find after n generations

n*d  (n+1)r?

2 g2 —= 50
Tn + 14+n 14-nr 0

character-bearers of the type RR,
2 2 Tl 61)

n 1+ nar
of the type DD and
2nrid

2rpdy = 2rd 4 Txnr (52)

of the type RD.
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In the next generation, i.e. the generation n - 1, we then get the
following probability for characler-bearers of the type RR:

,2 _ n+2)r
T Y+

The validity of this formula is shown thus: In the n'® generation the
proportion of the recessive gene among the heterozygotes and the
dominani homozygotes in the population is:

[r___(n-{—l)r"]2
14-nr

0k -’
- 14-nr

1

The character-bearers in i1he n*™® generation marry each other ex-
clusively, and give in the (n 4 1)*® generation the same proportion of
characler-bearers as they themselves constituted in the nt®, To these
bearers, however, are added others derived from random crossings
between non-character-bearers. These latter crossings yield a number
of character-bearers which is given by the formula below.

(n-1)r% |2
r-— 1+nr r(l—rn

@+Dr  [Afar—@+1) 0 [ +ard
1+ ar

1 —

In all, then, we get in the (2 -~ 1)™ generation the following number
of characler-bearers:

2 __(n—l-l)r‘ r(l—rn . (n4-2) r®
"I ar  [bar— (40 f] L] 14+ @41 s

This shows that if the forminla holds for n generations, il also holds
for (n--1) generations, It is easy to show that the formula holds for
the 1** generation.

The limit value is obtained by inserting n = co. 'We then find that
the hetfrozygotes disappear and that the population comes 18 consist
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of persons of the type RR, with the frequency r, and persons of the
type DD, with the frequency d. We get an idea of lhe swiftness of the
process {rom Figs. 16 and 17 and Table 10.

90 ~— +—~ — — - 10
80 —d |~ 1 20
) u
70 — —— 1 r- 30
80 —ﬂ r__‘ L ] 40
GO R D ‘ H D | 1 50
40 b ——1 — ﬁ 60
30 — - —— — — 70
20 RIR —— ——( — |}— 1 80
10 — b ’—- 90
s g E — —
0 2 4 8 8 10 15 20 50 100 1000
Generation

Fig. 16, Fiequency of heterozygotes at tolal, positive assortative mating in successive
generations when a recessive gene has the frequency r = 0.5. Cf. Table 10.

% 1 T m%
90 L 10
80 — — — = 20
70 ] —{ 1 —130
60 Dp ] ]
50 b ] - |50
40 L < ] eo
30 AR [ A U i 7
20 T [t P —— 1 80
TR D ' e ] 90

—a 13 b 171 LRR L 1 L

0 2 4 6 8 10 15 20 50 100 1000

Generation '

Fig, 17. Frequency of hetupzyg::tes at total, positive assortative mating in successive
«  fenerations when a recessive gene has the frequencyr = 01. Ci, ‘l‘ablt;«\lo-
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TABLE 10.

Effect of positive, total assortative maiing in suecessive generations in monohybrid,
recessive diallellsm when the frequency of ¢haraeter-bearers is varying,
Cf. formulee 30, 51 and 52.

r2 = 0.019% =19 2 =49, =259,
Generation

RR{RD| DD {RR{RD|DD{RR{RD (DD {RR|RD (DD
0 001(1,98(98.01} 1.0 |18.0 {810} 4.0(320!64.0]25.0|50.0|25.0
1 0.02(196/98.02} 1.8 (164 | 81.8] 6.7]26.7(66.7}33333.3{33.3
2 0.0311.94:98,031 25 |150|825] 8.61229168.6]37.5]25.0|37.56
3 0.0411.92|9801§ 31 113.8|83.11100)20.070.0 )40 0}20.0)40.0
4 0.05|1900(98.05| 3.6 |12.0]83.6]11.1|17.8|71.1]41.7]|16.7 |41.7
5 0.0611.88 198.06] 4.0 | 12.0 | 84.0112.0 )16 0] 72.0}42.9[14.342.9
6 0.07|1.86 {9807} 4.4 | 11.2 ] 84.4112.7 [14.5{72.7 } 43.8 12,5 43.8
7 0.0711.86 (98,07 4.7 } 10.6 | 84.7|13.3 (13.3|73.3 | 44.4 | 11.1 | 44,4
8 008)1.84|98.08| 5.0 | 10.0 { 85.013.9 [ 12.3|73.9 | 45.0|10.0}45.0
9 0.0911.82(98.09| 5.3 | 9.5(85.3{143|11.4|71.3}145.5} 9.1]45.5
10 0.10|1.80(98.101 5.5 | 9.0]85.5|14.7110.7|74.7{45.8| 8.3]45.8
15 0.1411.72198.14] 6.4 | 7.2 |86.4|16.0| 8.0|76.0 |47.1] 5.9]47.1
20 0.18(1.64(98,18] 7.0 | 6.0 [87.0116.8| 6.4[76 §§47.7| 4.5{47.7
50 0.34]1.32198.34] 85 | 3.0}885|186| 2.09|78.6]49.0} 2.0/49.0
100 0.51[0.08[9851} 9.2 | 1.6]80.2{19.2| 1.5}70.2|49.5{ 1.01495
1000 0.91{0.13({98.901] 9.9 | 0.2180.9/19.9| 0.2|79.9150.0] 0 |50.0
Limit value |1.00 99.00 j10.0 90.0]20.0 80.0 | 50.0 50.0

Now, total assorlative mating can hardly be found in human popu-
lations. The problem has practical interest for the breeding of animals,
and it was from this viewpoint that the problem was originally dealt
with by Robbins, on the basis of cerlain crossing schemes submitted by
Jennings, 1916 and 1917.

Positive partial assortative mating,

As regards human beings, we have only 1o take into account partial
assortative mating, i.e. the crossing of certain character-bearers with
one another to a rather greater extent than in panmixia. The process
should in principle have ihe same irend as total assortative mating,
i.e. it should make for an increase of the homozygotes at the expense
of the frequency of the heterozygotes. We ask ourselves how quickly

T
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a process of this kind advances, and towards what limit value? Does
1his process, too, advance towards pure homozygosis? A difficulty
in solving this problem is that if we assume character-bearers to prefer
one another to a cerfain frequency, which frequency is greater than
the one to be expected in panmixia, Lhen the frequency of homozygotes
is hereby raised. But when their frequency has become higher, it is
difficult to determine whal an “‘unchanged tendency” is 1o be assumed
to imply in the changed situation. Having no experience 1o back up
the assumption, all we can do is to content ourselves with such solutions
as seem reasonable—although we do not venture to asserl that they
with certainty agree with the aclual state of affairs in human popul-
ations. The assumption most readily presenting itself is that there is a
constant resistance to unions between character-beareis of opposite
type. A constant proportion of the unions between character-bearers and
non-characler-bearers, to be expecled in random crossings in cach
generation, is not forthcoming, and the bearers who do not marry one
another marry those of the same type. Now, if we assume panmixia and
take it that 2% of the marriages hetween character-bearers and non-
characler-bearers are not contracted, the process will make for a de-
crease of the frequency of heterozygotes, and the gencs of opposed kind,
thus prevented from coming together, form homozygotes. If we assume
that in a certain generalion the decrease of heterozygotes is 24, each
of the homozygoie types must have increased by 4,. We can now
calculate the change taking place from this generation o the next one,
and thus arrive at a recursion formula making possible a computation
of successive terms. If the generation we started with consists of RR
types, with the frequency r® 4 4,, RD individuals with the frequency
2rd—24,, and DD individuals with the frequency d*+- 4,,, we gel the
frequency of crossings and offspring which is given in Table 11.

The recursion formnlse will then be as follows:

2kd? RR, _,
1—RR,_

4kd® RR
RD, = 2rd w+ R
” " 1— RRﬂ*-l

2kd? RR, _,
1f~ ‘R'R!lv—];'

RR, =~ r* + (53)

G

¢ DDy= & 4 (55)
o

t
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The limit value for the series can be reached as follows. We assume
panmixia and calculate the successive changes during a number of
generations. We further assume a population in which lolal assortative
mating has taken place for so Iong that heterozygotes have completely
disappeared. If, with this starting-poini, we calculate the effect of
partial assortative mating with the help of the recursion formula given
above, we get a successive increase of helerozygosis and decrease of
homozygosis. We now tfind that, after only a moderate number of
generalions, the values obtained on the assumption of panmixia, and
proceeding from Lhe lirmit value for Lotal assortative maling at a certain
gene frequency, lie very close to one another. The limit value of the
process must hie between the Lwo values, and afier 6—7 generations tlis
value has been so narrowed down that no more exact idea of it is
required in practice.

Figures 18 and 19 and Table 12 indicate the course of the process,
and the limit values. It is seen that even a very powerful assortalive
mating has a moderate effect. The effect is greater on rare characlers
than on more common ones. Bul even if we assume a very marked
assorlative maling for a rare character, the decrease of the hetero-
zygotes and the increase of the homozygotes will not be very great.

RR
049

045

T
1

041

0371

0.83

- L

0.20 A4

k=030

0.25
6 1 2 3 4 & 6 7
Generation

Fig 18 Elfeot of positive, partial assortalive mating in successive generations with

the inlensity 2 = 0.80, when the frequency of the recessive genc1s r = 0.5. (Cf, Table

“12.) Im the caloniations we have started from panmixia and 2150 assumed that because

of total assortative mafang dt the start there ave no heterozygotes in the population.
~
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RR
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005 - \
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oot __:*: ﬁ_ k=030
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Generalion

Fig. 18, Effect of posttive, parlial assortative mating in successive generations with
the intensity k = 0.30, when lhe friequency of the recessive gene 18 r = 0.1, (Cf. Table
12.) Intihe calculations we have starled from panmixia and also assumed that because
of Lotal assoitative mating at the stait there are no heterozygotes in the population.

TADLE 12.

Effect of different intensity (k) of pesitive, partial assortative mating in suceessive
generatlons and in monohybrid, recessivo diallelism when ihe frequency of recessive
charaeler~hearers is varylug. Cf. formula 53.

7% = 0001 =001 =025
Generation
k=010 { k=030 | k=010 | k=030 | A =0.10 |} k = 0.30

0 0.00100 0.00100 0 0100 0.0100 0 2500 0.2500
1 000119 000156 0.0116 0.0149 0.2667 0.3000
2 0 00122 0.00188 0.0119 0.0174 0.2682 0 3143
3 0.00123 0.00206 0.0120 0.0186 0.2683 0.3188
4 0 00216 00192 0.3202
5 000222 00195 0.3207
6 000225 0 0197 0.3208
i 0 00227 0.0198 0.3209
8 0 00228

Let us say that a character has a frequency of 19, for example; the
increase, if 60 9, of the marriages hetween character-bearers and non-
character-bearers are not contracted will all the same not be more than
about 98 %,. That is to say, the number of bearers is nol quite doubled.
The heterozygotes drop from 18 9 to 16.14 %,. For a still rarer charae-
ter, with a frequency of 0.1 %, for example, the final result will be a
frequency of the character-bearers of 0.12 %, when 20 % of the mar-
riages belween character-bearers are prevented. .

-
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Another way of solving the problem is to assume that unions be-
iween character-bearers are contracled in a constant proportion, b, of
the number we would get in each generation if these unions were
contracted at random. It is difficult to determine whether an assurap-
Lion like this is reasonable; we have maintained above that it is by no
means Lo be regarded as self-evident. If, however, this assumption is
made, we get the unions and offspring given in Table 13.

The recursion formula oblained is as follows:

2 RR, (r— RR,) (1—1)
1—RR,

RR, (1—H)
r — RR,) [ ! —T:EH} (56)

1—RR,

If h = r®, there is no change. The composition of ithe population will
be constant—the same as in panmixia. If h is greater than 1his value,
then we have positive assorfative mating, If we put h=1, we get
1otal assortative mating and the same formula as before for this process.
(If h is less than r®, we have negative assortative mating.) It should be
remembered that i does not mean the same as k did in the formule
obtained earlier on. Now it is assumed that a cerlain constant propor-
tion of the recessive homozygotes contract marriage—in the earlier
formulee it was assumed that a constant proportion of the expected
marriages between heterozygotes were not contracted.

RR,, = RR h +

-+

Negative total and partial assortative mating.

The effeet of negative assortative mating has not previously been
worked out. As has been maintained abave, it is not established whether
there be such a process in human populations, thongh it is certainly
nol inconceivable. We now find that the same formulz hold for a
process of this kind as for positive partial assortative mating. If we
assume that marriages hetween heterozygotes increase by a certain
proportion, k, then the sign between the terms is changed in the
recursion formula, which thus hecomes:

2kd* RR,
e FRag=r— 1—RR,

67
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If, on the other hand, we assume that a certain constant proportion

of the recessive homozygotes, i.e. A (less than r?, do not marry one
another, then the recursion formula (56) given earlier on holds.

2 RR, (r— RR,) (1—H)

RR,, 1= RRh+

1—RR,
RR_(1—H)
— 2| {7
(r — RR, [1 1—RE, ]
+
1—RR,

If we want to use these formule to get the values for negalive total
assortative mating, we can put i = 0 in the latter one. On the other
hand, we cannot put k = 1 in the first, as this implies that marriages
between persons with opposed characters wounld in certain cases in-
crease by a greater proportion than is possible in respect of the fre-
quency of character-bearers. In negative tolal assortative mating the
limit value will be:

e BFn-1 (58)
2( — RR, _y)
If this expression is inserted in the first formula, and if we put k=0

in the second, we get the following expression for the relation between
two consecutive terms:

d* RR2

RR =r———— .
n+1 r (1___RRn3

(59)

The values in diagram 20 and Table 14 have been calculated with
the help of these formulee. The heterazygotes are found to increase
during a moderate number of generations, and the series to oscillate~
towards a limit value. The reason for this is that, if negative assortative
mating is introduced in panmixia, the heterozygotes are considerably
increased in the first generation. This means that the next generation
is fairly extensively recruited from marriage between helerozygotes.
From these marriages, however, spring relatively many homozygotes,
so that their frequeney in the third generation will be greater than it
was In the second. After 4 comparatively small number of generations,
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however, a state of balance is reached, which nevertheless diverges to

a moderate extent fro;P panmixia. If, for example, r = %, and there
are thus recessive character-bearers in 25%, of the population, fotal
negative assortalive mating brings about a change after 3—4 genera-

tions to a fairly stable state of 22.8 ¢/,

RR
0.25
0.24
0.23
r=0.5
0.22
0 1 2 3 4 5 6
Generation

Fig. 20. Total, negative assortative mating in successive gencrations when the reces-
sive gene has the frequency r = 0.5. Cf. Table 14.

TABLE i4.

Total, negative assorlative mating in suecessive generations in recessive, monohyhrid
diallelism, when the frequency of character-bearers is varylng. Cf. formula 59,

Generalion ? = 0.001 r =001 2 = 0,1 e 0,25
0 0.001000 0.01000 0.10000 0.2500
1 0.000909 0.00992 0.09423 0.2222
2 0,00999 0.09404 0.2206
3 0.00486 0.2278
4 0.09487 0.2282
5 0.00436 0,2281
6 0.2282




Assortative mating, inmarriage, selection,
and mutation.

In principle, positive assortative maling has a similar eflect to in-
marriage, i.e. it scts up an increase of homozygosis al the expense of
heterozygosis. OLher ithings being equal, the effect is in bolh processes
stronger on rare characlers than on common ones. It must, however,
be remembered that assortalive mating can hardly be thought to play
any very greal part for very rare characters, since ihe bearers will not
then have any appreciable prospects of meeting one another. It
is scarcely likely, therefore, thal assortalive maling should play any
great partin human populations, and Lhe deviation from panmixia which
it, together with inmarriage, occasions can doubtless be more orless
disregarded in most cases. Nor is it likely, then, that these processes
would particularly influence the heterozygous frequency in the state of
balance obtaining in a given situation between mutations and selection,
(Nevertheless, owing to the developmenl of communicalions, moving in
to lowns, elc., there is reason to suppose that the balance has been
upset, and that assortative mating plays a rather greater part now-
adays in civilized communities than earlier on.) At present, however, it
is not paossible to reach definitive numerical gauges of the importance
of these different processes when they move along at the same time, as
we have no expericnce to back up the calculations. This problem will
be discussed more thoroughly in a following chapter.

The importanee of the isolate for the composition -
of populations.

‘When drawing up §ormu1aa in the previous pages, we have started
from a population with panmixia, but we have nol discussed the con-
ceplion of populalion in more detail. Strictly speaking, a population is
in this connexion the mumber of people among whom panmixia prevails.
In practice, we can of course establish with certainly that panmixia
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never oblains beyond the political boundaries of a country. A more
natural assumption scems 1o be that panmixia obtains within a nation.
It 15 nevertheless clear Lhat this assumplion is not juslified, particularly
if a large natlion is in queslion. An individual living in a certain pail
of a couniry has Lhe possibility of marrying within a certain limited area
of that country, and within a cerlain social stratum. A nation, a great
populalion, consists then of partial populations — minor unils within
which we have a greater right to assume panmixia. The partial popu-
lations thus conslituting a laige nation are called isolates. The boun-
daries in question here are partly of a geographical kind, e.g. woods
and waler-courses, and partly of a social kind. An individual in a
cerlain class of society does not have much possibilily of marrying
above or beneath the class to which he belongs.

The size of the isolates.

It is now of a cerlain inlerest to gel an idea of the size of the isolates.
As Dahlberg showed (19209), Lhis can be done with the help of the
inmarriage frequency. We have already maintained that, in panmixia,
consanguineous marriages must take place al random. The frequency
of these marriages will naturally depend partly on the size of Lhe popu-
lation, and partly on that of the siblings. Let us assume that 5 is the
average number of children who become adull and marry in each
sibling-group, and that n is the number of individuals of this kind in the
entire population,

If we now select an individual at random from the population,
he will have on an average b (b—1) cousins to whom he can get married.

n
The total number of individuals to whom he can get married is o

The probabilily for a cousin marriage c is thus:

2 (b—1 20 (b—1
c= —-———(————) and n = —~——£~————) 60y
n 4

When drawing up this formula it was not necessary to iake into
account differences of sex since an individual cammot marry an-
other of the same sex. This factor exerts the same check on marriage
between relations as on that between non-related individual$ in the
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population. As regards the difference of age between members of a
population, we might venture io say that this is greater rather for the
tolal number of individuals than for cousins. If, in other words, we
take two cousins at random, the probable difference in their ages is
less than that between two non-related individuals similarly selected.
This means that the actual frequency figure for marriages belween
cousins should be somewhatl greater than ihe formula indicates.
At present il is hardly possible Lo gauge the importance of these
factors exactly, Nevertheless, it is a priori hardly likely that they
should have any great importance; we can no doubt thus assume that
the {requency figure for marriages between cousins, which we f{ind
empirically, corresponds more or less Lo what the formula would lead
us lo expecl—at any rate in a number of populations. The number
of children per marriage in Western Europe is approximately two.
1t may be remembered that the question is one of adult children,
contracting marriages. If this number is, on an average, two per famuly,
the population remains constant. If the number is three, the popu-
lation increases by 509 in one generation. As the populations are
fairly constant as to size, this means ihat the number of children is
approximately two. If the number of children is set at two, we find
in different frequencies of marriages between cousins the values given
in Table 15. It should, however, be remembered thal these values

TABLE 15

Size of the Isolates (= n), when marriages betieen cousins are eontracted at random
in different Irequencles (= ¢), Ci. formula 60.

[ n
0.0001 40 00D
0.001 4000
0.0025 1600
0,006 800
0.01 400
0.05 80
0.1 40

are approximate. We have assumed that the size of the family is
constant, or ‘varies only slightly. If the variation is more eonsiderable,
this st ntean we have t0 expect a higher frequency of marriages
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belween cousins; this 1 1ts turn means that the figures given in the
table are, throughout, rather too low. However, it would hardly be
of any inlerest to make more correct calculations, since we are only
concerned with getting an idea of the size of the isolates. It must be
stated in this connexion that the isolale conception used here ideal-
izes the situation. Strictly speaking, the 1solates for two individuals
never coincide exactly, and the isolate for certain persons merges
gradually into the population without 1L always being possible Lo
speak of shaip boundaties. The greater the distance between Lwo per-
sons of the opposite sex is, Lhe smaller are their prospects of marrying
one another. When the dislance exceeds a cettain limit, there s,
practically speaking, no possibihty of these individuals marrying.
A group of persons near one another have, on the whole, a commeon
isolate, however. In other words, the differences between the isolates
of the ditferent persons are negligible. The conditions are, of course,
different in diflerent populalions. In some therc are sharp isolate
boundaries, in others Lhey are less sharp. But in these latter, too, there
is, of course, isolation in so far as one person has the opportunity of
marrying only a limited number of individuals. It must further be re-
membered that anisolate is nol sharply limited in time. The generations
pass inlo one another without clear dividing-lines. Here, 100, we have
allowed ourselves to idealize, Like the generalions, the isolates we
assume are thus fictitious, and are sharply demarcated units, replacing
the indeterminate isolates and generations of reality. It is necessary
to bear this in mind when using the isolate conception.

‘When out to gel an idea of Lhe size of the isolate, it should first and
foremost be remembered that this naturally varies to a high degree.
The one exireme is the large iown with its never-resting human
masses. The other exireme is country of wild, deserted nature, e.g. in
Northern Europe, with small isolaled villages. As well as ibis, the
- size of the isolates is al present undergoing violent changes, on account

of the devclopment of communications, emigration to towns, ete.
Going on available figures, we can probably assume that in older
times the marriages belween cousing stood at aboub 1%, which
corresponds to an isolate of 400 individuals. Nowadays, marriages
between cousins seam to approach 0.25 %, which corresponds to an
isolate of 1600 individuals. This would mean ihat, on an average, a
person, contracling a marriage has the possibility of choosing from
800 persons nowadays, and from only 200 previously. »
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Now it is clear that if two isolates effecting exchanges have dilferent
compositions, then this exchange must bring aboul a levelling-oul
of the difference between them, provided there is no selection in the
crossings taking place beyond the isolate boundary. IL is obvious that
there is greater reason lo expect a selection of this kind in respect
of social houndaries than in respect of geographical ones, If there
is no selection, the crossings heyond the isolate boundary must make
for a levelling-out of any possible hereditary difference belween the
isolates. When this has been done, the boundaries have no importance.
‘We can then take it that panmixia obtains for the whole of the popu-
lation.

Our next interest is to investigate what the resull will be if the
isolates differ from one another in composition.

The importance of the isolate houndaries in monohybrid diallelism.

Lel us consider a population consisting of two isolates, between which
there are crossings. In each isolate there is panmixia. Lel us call the
isolates 7 and H, and assume that their size is in the ratio g: &, and
that g4 h==1. The gametes with the recessive gene R have in G the
frequency r,, and in H the frequency r,. The frequencies of the corres-
ponding dominant gene D are d, and d,, respectively; r,+d, =1, and
ry+dy=1. The constitution of the isolales is shown in Table 16
{which, together with Table 17, is taken from a work by Wallund [1928].
Wahlund was the first who dealt with these problems. We are here
following his exposition.)

TABLE 16,
Cf, the iext.
Proportions
Zygotes
inG in K
2 2
Recesstve homozygotes, RR . . . . . 1, T
Heterozygotes, RD  , . , . . . - ar n;lu 2"112"!;
Domivant homozygotes, DD . . . . . dy dy
Recessive character-hearers, RR . . . rg 7
| Duminant dhavacter-beavers, RD + DD | 1~15 | 1-1}
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‘We get the conditions in the entire population by amalgamating
Lthe isolates in proportion to their size. The result is seen in Table 17.

TABLE 17.
Ci. the tend.

Proportions in the total population (G+ 1)
Calenlated from
YAY
ygotes Observed (1) the proportions Surplus
of gametes In | (1) — (2) = (3)
panmixia (2)
Recessive homozygotes, RR glf, | hrg (grg + hry)? +gh (rq —r)?
Ileterozygotes, RD | | 2 o, dﬂ +2- Z(grg +hr) | —2gh (ra— rh)’
“hry d, (g + hly)
Dominant homozygoies, DD gd; 4 hdf (ng + hd,)? + gh (rg—- rh)’l
Recessive character-
bearers, RR . . . . .. gr2 -+ hu (gr, + hr,)? + gh(r,— rp)®
Dominant characler- g h g h gk
bearers, RD + DD . . .} 1— grg —hrf | L (org+ b | —gh (rg— rp?

In ihe total population we thus get more homozygotes (RR and DD
individuals) than we would have done had panmixia obtained in the
whole of the populaiion and had there becn no isolale boundaries
(column 2). The surplus of either kind of homozygote is determined
by the positive expression gh (r,—ry)® This expression also gives
the increase of the recessive character-bearers and double the decrease
of the heterozygotes.

Fig. 21 gives the homozygous surplus under different conditions.
The difference between Lhe gamete proportions (r;—r;) in the isolates
is given along the abscissa. The ordinates of the curves give the homo-
zygote increase according to ihe expression given above.

The greater ihe differences between the gamete proportions in
the two isolales, the greater will the homozygote increase be. The
smaller the difference in size between the isolates, the greater the
surplus. The maximal effect of the isolates is obtained if they are
equally large, and if the difference belween the gamete proportions in
them is equal 16 1, In this case each isolale will consist of the respeclive
kind of homozygotes; there will be no heterozygotes. If the isolates
are of the same size, we should get 50 %, helerozygotes with this gamete

—
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gh (ra —rp)?

025 g=h=05
A 9=0.3
0.20 |- / h=07
o5 f LS Aos
| 77
010 f / g=0.1
X /7 / / h=0.9
005} Z4ﬁ L 7
E—%/’/

o 01 02 03 04 05 06 07 08 09 1.0 (rq-rh)

Fig. 21, Difference gh (rg —ry)* between the real proporlions and those calculaled
from the gamets proportions calculated ralios of homozygotes RR or DD, when ihe
difference (rg—rh) between the gamete frequencies in two isolates of the population
and also the respective share in the population of the two isolates, g and A, varies.

composition, and lheir disappearance is thus the maximal effect the
isolates can have. The smaller the one isolale is in relation to the
other, and the smaller the difference in their gene composilion, the
smaller will be the importance of the isolate boundaries.

In an analogous way we can show that, if we have m isolales, which
have proportionally the size i,iyig ...i,, with the gene content
ryraTy .« . Iy, and if the frequency of R genes in the whole population
is r, the surplus of recessive (or dominant) homozygotes will be:

Bty (=)t iy TP+ Iy =12 1 1 P—r) (61)

'We will call this expression ¢?, for it is the same as the square of the
standard deviation for a series vompased of the gamele proportions
in the different jsolates in proportion to the size of the isolates.

This fack bas practical interest, Let ns say we make an empirical

, dpvestigation of 2 certain population, and divide up the invesligated

N nitaﬁaﬁgl inlo & :fxumber of distrlots;* we should then find a certain
iy | ¢
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variability in the proportion of recessive monohybtid character-bearers
due to a random variation whose extent is delermined by the size of
the material. We will call the standard deviation derived from this
source 6,,. We get, further, a variability determined by a possibly dif-
ferent genc content in the different isolates. We found an expression for
Lhis standard deviation above, and we called it ¢,. The composite,
empirically discovered standard devialion, o,, is thus made up of two
kinds of standard deviation according to the formula:

0, = Vo2 + o, (62)

The standard deviation to be expected on the basis of ihe size of
the isolates and the avcrage gene contenl can easily be computed
iheoretically. As we know o, and o, in the equation above, we can
by calculation assess Lhe variation due to the isolates,

Now, if the isolates at one’s disposal are large, the standard devia-
tion due o their limited size will become extremely small. The empiri-
cally found standard devialion will then be due almost enlirely to the
differences between the isolates of the population. With very exten-
sive material, the standard deviation found in division into minor but
not unduly small districts may thus be practically entirely attributed
to, and taken as an expression of the homozygole surplus occasioned
by the isolate boundaries, If, then, this standard deviation is small
or non-existent, ithe boundaries lack importance; the population is, as
regards heredity, homogeneous.

In a population of this kind the Irequency of the recessive homozy-
gotes is r%, of the dominant homozygotes a2, and of the heterozygotes
2rd. We can thus calculate r from the frequency of recessive character-
bearers. If the isolate boundaries are of consequence, and if the gene
content of the isolates therefore differ from one another, a caleulation
like this gives an incorrect value for the frequency of R gameles.
. The correct value for their frequency, ry, is obtained if we call Lhe fre-
quency of the recessive character-bearers r* and calculate o2 in the way
given above from 1he expression:

1= r+ ot (63)

The corrected value for the frequency of the D genes is obtained

from:
1—yre4dh ~  (64)
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On the whole, we might well expect the isolate boundaries to
be of importance, primarily for rare characters. In questions of
ordinary characters (if we excepl racial differences; cf. below) it
is not so likely that there should be differcnces belween isolates so
exlensive as to cause appreciable divergences from what is 1o be
expecied in panmixia throughoui ihe entire population. The very
fact that a characler is common, i.e. occurs generally, to a certain
exlent excludes major differences hetween Lhe isolates of a population.
If, on the other hand, a character is rare, it must by virtue of its very
Tarity he able Lo occur only in some isolates, while it is absent from
others. In a situation like this we must take the isolate boundaries into
account if we want to calculate the heterozygous frequency. If, for
example, we investigate how a rare disease occurs in a countiry, and
find that il only appears in limited centres, we cannot when calculating
the heterozygous frequency postulate panmixia throughout the whole
of the population: this would plainly give us far 1oo high a value. We
must confine the caiculation to the isolates where ihe disease occurs
(and a corresponding number of isolates without the character): Lhis
will yield a cansiderably lower heterozygous frequency for the whole
country than is oblained afler the erroneous method of calculation.
(Sjogren, 1931, for example, has computed the heterozygous frequency
for juvenile amaurotic idiocy in Sweden at 19%. The correct figure is
a fraction of this.)

One reason why the isolate boundaries are of interest is that they
explain why we {ind serious, rare recessive diseases in remote demar-
cated districts. To understand this we have only to remember that
when a mutation appears in a population in a certain isolate and spreads
inside (but hardly outside) this isolate the probability of the gene
meeting in a double dose is greater if the isolate is small than if it is
large. The conditions in a little, remote village, with poor communie-
rlions, are favourable for the appearance of diseases of this kind.
In large isolates, e¢.g. in a metropolis, the chance of such a gene's™
manifesting itself is, on the other hand, slight. It is for this reason
that we find serfous nervous diseases, forms of idiocy, and the
like, in districts situated far from the madding crowd where the
communications are poor, In these districts the mode of life is as a
rule rather primitive and the population seems to be on a low cultural
level. We are therefore very inclined Lo associate the hereditary disease
with the primitive culfure, and imply more or less definitely that
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both phenomena are due to ‘a degeneration with its rools in in-
marriage. In poinl of facl it is the lack of communications that is
the cause, since the isolate boundary is thereby maintained. The cul-
tural level is naturally of no consequence {rom the point of view of
heredity. Inmarriage can, of course, be said to play a part, but this
inmarriage need only be whal we have Lo expect in panmixia within
the isolate.

. Isolate~breaking in monohybridism.

These considerations lead us on to the question of how important the
breaking of isolate boundaries may be. We will first investigate the
importance of isolate-breaking in monohybrid diallelism, assuming
we are dealing with a rare gene, not [ound in the surrounding isolates.
(CE. Dahiberg, 1938.) If the frequency of the gene is r, and the isolate
increases by a part of itself, a, the gene frequency in the new isolate

r
will be Tta and the {requency of the character-bearers:
re
R =
1+ a?

If, in other words, an isolale is doubled, the frequency of the character-
bearers will drop to % of the original frequency. If, however, the fre-
quency of the character-bearers is diminished in this way, it must be
remembered from the poinl of view of the population that the size
of the isolate has increased to 1-4-a. The lower frequency thus applies
to this increased isolate, so Lhat as regards the population the frequency
of the character-bearers decreases according to the formula:

- r2

=1+a-

RR (65)
"This means thal the frequency of the character-bearers in & population
decreases in proporiion to the isolale-breaking there. If the isolate
is doubled, the character-bearers drop to half. In other words, a process
of very crucial importance is at present going on as regards the fre-
quency of monohybrid recessive defects, Industrialisation, the develop-
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men! of communicalions, and the moving in to the towns mean that
the isolates are broken; one of the things showing this is a decrease
in the frequency of marriages belween cousins, as has already been
pointed out. However, this decrease 1s due in part to the increase of
the population. When a people increases in number, then the separate
isolates must needs also increase. The increase due to an isolate growing
within itself has no effect on Lhe frequency of the genes within the
isolale, unless selection or mutations cause changes heie. Even if we
take it thal part of the decieased frequency of marriages between
cousins is due to a population increase, a considerable pari of 1l
must be due Lo 1solate-breaking, If we want {o he cautious, we can
reckon on the isolate’s being at leasl doubled, and perhaps trebled,
lo judge from figures for the Irequency of cousin marriages in
certain parts of Germany. This should have meant thal the frequency
of rare monohybrid recessive defects dropped to round about a half
or a third, (The fact that ihe frequency of defeciive individuals has
increased in official statistics is probably connecled wilh a better
system of registration.)

It may finally be stated that the difference between town and country
as regards the frequency of defeclive individuals is partly determined
by the fact that those who have emigrated to the towns constitute
a selected material, among which the defective are underrepresented.
There is no doubt, however, that this difference is partly due 1o Lhe
fact that the towns are major isolates, in which the genes only appear
in heterozygotes, thus having small chance to meet in homozygous form.

We have investigated the breaking of isolates on the assumplion
that we are dealing with very rare genes, only occurring in a minor
number of the isolates in a population; at the same time we assumed
that the isolates increase in size on account of isolaie-breaking. We
can go a step further and investigale ihe effect of an isolale-breaking
when there are only dilferences in gene frequency between the different.
isolates. (Cf. Wahlund, 1928.) For the sake of simplicity we will assume "
that an exchange takes place between the isolales without their
changing the proportion of the population they constitute. In a constant
population, 1hen, the isolates are assumed to be constant; ihis means
that an immigration into a given isolate is accompanied by an emigra-
tion of the same extent, Let us assume that in a given isolate the gene
has the fregmency r,, and that a certain part of the isolate, a, consists
of immigranls who are exchanged lor emigrants. The immigrants

s EY 1 N
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have the gene propoilion r,. We then get the following proportion

of the gene.
r,={(1 —as.) ry+ a, I

2
In the next generation we get the proportion:
r, = (1—ay) g, Uy, Ty
and afier n generations*
Te, = 11— a,n) Ty (nt) 4 by, Ty (66)
If the immigrants have a constant gene content, r,, after n gener-

ations the difference between Lhe gene content of the isolate and that
of the immigrants will be:

r.'ln_ r:r;= (1 - asn) (rs(n_n - rz) *
The tolal change will then be:

Fog—Ta= (1—2,) (1—a,) (1—a,) ... (1—a,) (f;—7p);

and if we put:

1—a, =V (1—a,) (1—a,) (1—a,) .. (1—a, ),

n

we get the following formula:
ry, —rp= (1—a)" (ry—ry). 67)

.. Asa,is a proper fraction, (1—a,)" gets nearer and nearer the value 0

as n increases; this means that the difference in gene content between
the immigrants and the isolate gradually disappcars and that the
change at first proceeds quickly, and then more slowly.

‘We can now replace an immigration, of varying magnitude and
with varying conient, from a population into an isolate, by an immi-
gration of varying magnitude but constant content, carresponding
to that of the population. In so déing we must correct in respect
of the proportion of the population which the isolate constifittes. In
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a particalar 1solate, e.g the s'™® whose proportion of the total popu-
lation is assumed to be 1, and whose original recessive gamete popu-
lation is gtven by 1, 1t can easily be shown that the first immigration
will have the following gene content.

1 1,

r, = r— 1
' T, 1—1,

g*

The proportion in the sccond mmmugration will have the following
character:

and so on It 1s assumed, that s to say, a levelling-out process takes
place; further, that in each isolate the immigiation consists of a repre-
sentative selection from the other 1solaies. For

g, Aoy Ggyy + oo Oy

we can substitute
s, ) a4, 2, n

1—1, 1—i, 1—1,  1—1,

a,

This gives us the following equation-

rs~—1=:(1-— %, )<1——- as'_)(l—-———g”—_—>...
n 1—1, 1—i; 1—i
a
1= ) e —D),
( 1——-ls> 8

1—by== y (1—b,) (1—by) (1—b,) ... (1—by), -

It - % _ is put = b, and if

.—-la

we get.:
Tog—T== (L—0)" (r,—1). (68)

If the immigralion and emigration constitute a proportion, p,, of the
population, then
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In panmixia the probability of a crossing between the 1solates and
the rest of the populalionis 2i; (1—1). As we assumed that emigration
and immigration are equal, half of the marriages will take place within
the isolate and half in the population. In panmixia, then, the propor-
tion of immigrants and emigiants s 1, (1 —1,) The real proportion 1s p,
and the expression Lherefore shows thal b, 1s the propertion which the
immigrants constitute of that immigiation we would gel 1n panmixia.
If there is no immigration, b,=0 And i panmixia b;==1. If the
divergence from 1 15 called 8,, so that B, =1-—b, we get a direct
measure of the strength of Lhe wsolation. Thus 8, 1s a measure of the
isolation, an wsolalion jaclor. We can thus write the formula

Ig,—Tr= (BY" (rg—1). (69)

Analogous formule can be drawn up for other 1solates; we therefore
get Lhe following expression for the 1solates’ diveigence from ihe gene
content of the populatlion after n 1inmigrations:

GA=n (B2 — 0+ 1a (B2 (1s— 1)+ 1, (B)2N (r,— )% (70)

If we replace the wsolabion factors 8,, fi, .. B, by an average factor 8,
we get the lollowing formula:

. ah=(f)*" o (71)
or
Oy = (ﬂ)na
From Lhis we get:
log—d.'-‘_
ag
= - 72
. logp 72

With the help of this formula we can calculate how many generations
Thust pass at a certain intensity of the isolation before a cerlain degree
of levelling-oul has taken place between the isolates, For example, we
can demand that the levelling-oul should involve a decrease of the
standard deviation to -, or -210-. It is found that if the isolation factor
is 0.5, a homogeneity of the population has been reached after 3 genera-
tions, winch means that the standard devialion has decreased 10 -
After 4 generations the standard deviation is —210 . If the isolation factor
is 0 9, the corresponding figures are 22 and 29 generations. Cf. Table 18§.

LIS B 1
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TABLE 18,

Rapidity of the levelling-out of the gamete proportions in a population at different
values of the isolation factor.

In a population re- homogeneity is reached after the following

garded as homo- number of generations, 1f the isolation factor 15 =
geneous, when Lhe

standard deviation
is decreased to

0t 102703 1{04105 06107108109

Bl Bln o
-
-
Y
w
o
o
™
s
B

The breaking up of isolates in polyhybridism,

‘When the isolate boundarics are completely broken, balance is
reached in a single generation as regards monohyhrid characlers; on
the other hand the dilution is not so rapid for polyhybrid characters.
To work this out, let us assume that there is an admixture of two
populations, in which a dihybrid character occurs in different fre-
quencies. (Cf, Wahlund, 1928.)

In diallelic dihybridism we will call the two recessive genes R; and
R,, corresponding to the dominant genes D, and D,. The former are
assumed to appear in a population with the frequencies r, and r,, the
latter with the frequencies d, and dy; 1y +d; =1 and ry-+-dy = 1. The
genes are formed into the gametes R, R, R,Dy,, DR, and D) D,,
whose frequencies are denoted (ryry), (r; dy), (d,rg), and (d, dy) respec-
tively; (ryre) + (rydy) + (dyry) + (dy dp) = 1. If the genes should ran-
domly be combined, (r, rg) should he equal to ryry, (ry dy) = r,d,, and
so on. We will assume, however, that this random siluation has been
upset by admixture in the population, so that

(rele) = Ity +4pp
(rdy) = rydy - dp g,
idu}‘a) =dily+ 4p, p,s
aldé‘df)sg dydy+ AD»D:'
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By adding these cquations in pairs, and using r;+d, = 1, ry+dy =1,
we get:

ARIRn=_ARADa= —AD‘IRI= ADIDJ'

The formule can thus be written as follows:

(ryr) =rrg +A4p g,
(ridy) = rydy—A4p g,
(dyr = dyry—Ag g,
(dydy) = dea‘l‘An,R.'

We will now assume random crossing in our population. In a given
single crossing, a gamete, e.g. R,.R,, can be passed on unbroken. Here
we take il that both the genes are got from one of the parents. In such
cases the gamete frequency (r,rp) will be unchanged, and (r;rg =
rida+4dg, g, As often as not the gamete is broken, so thal one gene
is obtained from each of the parents. Here the genes meet at random
with the frequency ryry

After one crossing, then, the frequency of the gamete R, R,, denoted
{ryry)p is got from ihe following formula:

1
("1"2)1—_—"1"2'}"2_4112.11.'

After a certain number, n, of crossings (the n'® generation), the
frequency (ryry), for the gamete R, R, is determined by the formula:

1
(rirdp=1r1y +-:)—n-.l R.Rqe

~ Now if the formule are expanded to apply io all the four sorts of
gamete, we get with analogous designations:

1 1 an
(rlrs)n="1rz+§;AR.R:"’E—,[("H'R)'I" on Py Tg (732)
1 1 a1
("1da)n="1ds"""2}',"dn;n.=E;{("1dz)+ on rydy (731)

8
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1 on_
(dﬂn)n=dlr2“‘“_2;411.n, (d ry) 4 ———d, ry, (73¢)
1 —1
(dydp)y=d dy+ — P 4p p,= (d dy) + dy dy. (734d)

The above formule show that if alien dihybrid hereditary elements
are added to a population, we do not only get the immediale effect they
exerl direcl on its hereditary composition. There is a secondary effect,
which is extended over gencrations. The population is successively
changed towards the limit [(r; rg) —ry 75 (rydy) — 1y d; and so on],
when the gameles appear in combinations dictated by chance and with
frequencies dictated by chance.

This development takes place fairly quickly, at any rate with
hereditary condilions of a not very complicated iype. (See Table 19.)

In polyhybrid inheritance, then, a population remains heterogeneous
for a time, even in panmixia. After an admixture of foreign hereditary
elements it develops only gradually towards complete homogeneity—
that is to say, towards the state of balance when the genes not only
appear at random within the population, but also in random com-
binations.

How are we now to demonstrate a change of the kind described
above? One possibility is to divide up the population into groups with
different derivatiions, and to compare these groups. We separate out
those in a population descended from the natives of a certain district,
and those descended from immigrants. In the latter group we dif-
ferentinte smaller groups, where the admixture has taken place in
recent generations, and others where it Look place further back in time.
By investigating the frequency of ¢haracters in groups obtained in this
way, we can estimate the situation. This way is, of course, extremely
irksome. A simpler possibility is to invesligate the correlation between
different hereditary characters.
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Isolates and race.

Correlation and racial groups.

It has been slated earlier that we can only talk of races provided an
1solate or a group of 1solates display differences from other isolates.
Strictly speaking, we cannot speak of racial characters—only of racial
differences. A character which today is regarded as common to the
human race, and is consequently not a 1acial character, may Lomorrow
become such an one by the discovery of a group of isolates which lack
it. One of the reasons why racial differences are of interest is that upon
them can be huilt political and patriotic norms for men’s behaviour.
Because of this there are reasons for an artificial division of the problem,
thus: To what exlent do differences occur within a people—i.e. how
farisit heterogeneous and built up of isolates, whether social or regional,
differing from one another—and Lo what exient are there differences
between two different peoples? Yet in theory both the peoples might be
regarded as forming groups of isolates included in a greater population.
In practice, however, it is difficult to carry out uniform investigations
beyond the boundaries of a given country; consequently most of those
carried out with uniform methods come to refer to a single country,
and when comparing the populations in two different countries it is al
present difficult to reach any comclusions, since there is seldom any
good guaranice that the obscrvalions were made i a uniform manner.

Now, if Lhere are different races in a population, this must mean that
Lhe constitution of groups of isolates differs from one Lo the other in
respect of heredity. This canses a correlation. If we investigate the
population in the U.S.A., for example, we will {ind a correlatiof®
hetween colour of the skin, kinky hair, etc., due to groups of isolates
of negroes and whites respectlively in the populalion, If, on the other

~hand, we find in a population thal there is no correlation belween
physical characlers that are regarded of importance from a racial
point of view, this means that the population has become homogeneous
on account of isplate-breaking; we are then, of course, not justified in
speakirg of racial differences within the peaple.
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Since isolale-breaking takes place, a diminution of the racial differ-
ences belween peoples is to be expected. In various countries of
Europe there bas indubitably been immigration which brought with it
the formation of isolates—aften social isolates in the form of an
upper class of conquerors; the breaking of the isolate has meant that
the differences thus arising within the peoples subsequently decreased
and disappeared.

If two populations are mixed, a shorier or longer time must elapse
before the state of balance to be expected in panmixia is reached. Even
in free crossing it Lakes several generations before a stale of balance is
reached nol only for polyhybrid characters but also for combinations
of monohybrid characlers.

Let us take a schematic exemple. (CI. Wahlund, 1932.) We will
assume a certain “pure race”, A, to be the bearer of twno monohybrid
independent hereditary characters, I and I1, determined by the genes
4, and A,. Another “pure race”, a, does not have these Lwo charac-
ters—or, put in another way, is the bearer of Lthe characters non-I and
non-IJ, with the hereditary genes g, and a,. If, now, these two races
appear together within one region, race A with the proportion P and
race a with the proportion p, (P+p = 1), the following relations will
be obtaincd holding for the total populalion of the 1egion:

(A4) = P (4;4) = P,
(@) =p (4 =0,
(4) = P (g4 = 0
(@ =p (na) = p

£l

(A), (A,), and (4,4, denote respectively the gene frequencies and
the frequency of ihe gene combination which is only found in race 4,
~and which in the population is represented in ite frequency P. The
frequencies (a,), (ag), and (a,ay) reler to race @, and thus have the
{frequency p. The combinations (d,a,) and (a,44 are not represenled.
Now, if we investigale the correlation between the characters I and

11, we get the correlation coefficient R:

(A A)—(A) - (A)
V@D (@) Ay @
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In the first crossing generation, generation F,, the following zygotes
are obtained:

(A;A5AA,) wilh the frequency P2,
(Aja,Aza,) with the frequency 2 Pp,
(aya,a50,) with the frequency p?.

These zygoles give rise to gene combinations whose frequencies are
denoted (4,44),, (4,ay)y, (1344),, and (a,a5);. It is casy to show that:

1
(4, 49),= P? ‘F“;‘PP;
1
(A1a9), =“2‘PP’
L), = ! P
(ay¢ 2)1_‘5“ D
1
(4 a9); = p*+ 'y Pp.

An investigation of the correlation between the characters I and II
now gives:

o MA)—E) W) 1
VA @) A (e 2

The corrclation has dropped from 1 lo ;— from ihe generation we
started with to generation F..

Let us now change our original assumptiion as to pure race. We will
let 4 and a denote iwo populations differing as regards heredity. On
account of the heterogeneity in respect of heredity there wounld thed™
arise in the primary generation a correlation between the characters I
and 11, where the correlalion coefficient, 12, is less than 1.

1t is not hard to show that, in this case, tha correlation coelficient,
R,, drops aftet one crossing (in generation F;) to half its original value.
Thus we haves

1
.R ="—"-RA
Ty
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If the mixture of race continues, we get in the n*" generation a
“residual correlation’:

1
Ry=— R (74)
The mechanism for the correlation changes is analogous wilh that
for the course of devclopment with polyhybrid characters. On this
account it is possible, when studying the correlation belween hered-
itary characters, to establish whether the population is to be regarded
as homogeneous in respect of heredity, or whether, by virtue of older
admixtures, il is heterogeneous and devecloping towards a slate of
balance where the genes occur at random and in random combinations.
It is obvious, then, that if no correlation is found between characters
in a population, it must be considered as homogeneous in respect
of heredity. There is then no reason to speak of different racial el-
ements in it. In a practical investigalion it is clear, however, Lhat we
cannot use correlalions belween any characters whatsoever, for
example, between length of leg and length of body, since the former
is included in the latier. Nor can we use correlations between length
of Jeg and of arm respectively, since here there is probably correlation
due fo the fact that both these lengths are in part determined by the
same genes. On the other hand, there is certainly nothing to stop us
using correlation belween the colour of the eyes and the length of
the body. If we imagine that we mix a short brown-eyed race with a
tall, light-eyed one, it is plain that we begin by gelting a correlation,
so that the brown-eyed persons are at first shorter than the light-eyed
ones. When the admixture has reached homogeneity, however, we
find no average difference in stature between hrown-eyed and light-
cyed persons. The corrclalion between colour of eyes and length of
body has disappeared. We might poinl out that this disappearance
cames pretty quickly in [ree admixture. After only a few generalions
“the correlation is down to such low values that it can hardly be demons-
trated statistically, and it is then no longer of practical importance.
It must also be remembered in this connexign that a correlalion
between properties can also be due to linkage hetween genes and can,
for very rare characlers, be dependent on inmarriage.
Finally it may, from a statistical point of view, be stated that if
a small number of isolales in a large population differ from one another
in constitution, this may not appear when calculating the cosrelation
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unless the large and the small group, when compared, arc given the
appropriate weight. In other words, the one group may be so large
that the correlalion that exists cannol be demonstirated in an ordinary
calculation.

The correlation of two characters in a population may therefore
be due to hoth characters being caused by a single gene, or by different
gencs that arc Iimked togelher. The cause may also he a different gene
frequency in Lhe isolates of which the populalion is composed; this
may be occasioned by race differences. If the characters occur rarely,
the correlation found may be conditioned by both having a higher
frequency among offspring from inmarriage between closely
related parents than among individuals whose parenls were not
related. However, when selecting rare characters we also select material
especially from small isolates in which characlers caused by mutations
will most easily assert themselves. So {or this reason, too, a correlation
between such characters might be expecled. To make this latter point
clearer let us suppose that there is a mutation with a frequency of
1:105 Inalargeisolate, a cily with a million inhabitants, for instance,
there is relatively little prospect that the gene will meet in a double
dose. Bul when a mutation takes place in a small isolate, comprising
a few hundred individuals, there are, as we have already emphasized
much grealer prospects for the mulation gradually 1o spread and to
give rise to character-bearers. A correlation between character-bearers
of this type is therefore to be looked for.

Isolates and racial differences.

It has been stated above that, in order to get a more complete
view of racial differences, it is necessary Lo know the genotypes of the
different individuals belonging 1o the two groups of isolates to be
compared. We have, furthermore, indicaled methods that canm be
used in an analysis of differences belween isolates. But these methods
cali for information which at present is difficult to obtain. In all circum-
stances a measure of the size of possible differences between groups
of isolates is desirable. On the whole anthropologists have hitherto
been conlent with tiying to establish the existence of differences
wilh {he help of statistical methods. The fact that an attempl is made’
in guestions of rdcial differences to decide if a difference has arisen
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at random or is statistically significanl marks a step forward. A
further step should, however, be taken, in an attempt to get an idea
of the size of the differences in such a way as to enable comparisons
hetween groups to be made, and so as to be able to evaluate the
difference in relation 1o the joint part of the variation which may exist.
The methods given here can, of course, also be used to measure (f-
ferences of other kinds and may therefore be of more general interest.
(CE. Dahlberg, 1941.)

One possibility is Lo measure racial differences with the help of the
frequency with which a cerlain diagnosis can be made in separate cascs.
The procedure is then, in principle, as [ollows. First of all the Lwo
populations 1o be compared are investigated, giving an idea of the
frequency of different characters and iheir variability. The extent
1o which individuals can with certainly be referred, with the help
of separate characters or combination of characters, to the populations
to which they belong is then worked out. In other words, individuals
are imagined as mixed together in a public square. We then take, for
example, their stature. Certain individuals can now be soried out on
the basis of this character. Some are far Loo short to belong to the
one group, or too tall to belong to the other., We then investigale
the cephalic index in the same way, and so on. Finally we investigate
combinations of characters. It may be impossible to refer a certain
individual lo any group on his stature or his cephalic index, but it
may be that the combination he displays is only found in the one group.
As concerns qualitative characters such as the colour of the eyes,
we cannot carry ouf an empirical sorling on these lines if the question
is only one of frequency differences between the groups, bul we can
use these differences to calculale the resull we should get on account
of them.

If we wanl Lo compare Lwo populations (P’ and P'") in respect
of a character A (A’ and A”), measurable quantitatively, we can
“express the value for cach individual in deviations from the mean
values of the iwo combined populations, and give the divergence in
units of the slandard deviation for ihe iwo populalions to which the
respective individuals belong, We denote the mean value for the com-
bined populalion:

M+ M5
o »
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In the population P’ the following mean is obtained for the char-
acter A’ in a series of n’ individuals:
oo Mty

T 2 M,—MY
M = —-—,-2_' == .

n oy

+
20}

The standard deviation (which is put = 1) will be:

1 1 2
cd2=FE i—_iw_‘i; =1,
a4
For the population P’ we get the following mean:
o M My

o L% 2 MYy —M,
n' " — ‘

oy 20y

Here too the slandard devialion is put=-1.

If the populations have differenl mean walues, then of course the
two new means will have positive and negative signs respectively.
If the standard devialions are equal, the means will have the same
numecrical values.

If we combine N characters, we get Lhe following means for ihe
two populations: N MM

M, = 75a

1 3 iazl 20; ( )
N 1{”_1 ’

M = ".J_L 'ﬁl‘ﬁ" (75b)
i=1 20':

As the standard deviations for hoth the characters=1, we gel in
a combination of N characters the standard deviation \/N, provided
there is no correlation between the characters.

1I, on the other hand, the characters are correlaled, we get a groater_
slandard deviation. If the average correlation between the characlers
in the populations P’ and P’ is r’' and r” respectively, we get, the follow-
ing standard deviations:

g2=N+NN—-L, (76a)
¢ =N+ NN~ r". (76h)

Tna cumbipa’ﬁi?n of the characters, it is of course not taken into
neoquint’ that. the, characters may deviate in opposite directions.
’ b 4l

L N
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They are added wilhin the groups regardless of signs, and the first
characler is made to determine which sign it shall be.

The formule show that if therc are small differences between
the populations a sure diagnosis can finally be reached in each separate
case by invesligaling a sufficienl number of characters and using
combinations of them. This postulates no corrclation, however. If
the correlalion is pronounced, very little is gained by invesligating
yel another characler. If it is slighl, the possibilities of diagnosis
increasc to start with, but after a moderate number of characters
have been used the gain is small. Il we assume a certain average
difference of the means for each new character, we can calculate Lhe
smallest number of characters that must be invesligated for the two
distribulion curves to be completely separated, posiulating thal the
range of varialion is placed al 6. If we call Lthe average difference for
each chaiacter a, the number of characters N, and the average cor-
relation between Lhese characters r, we can calenlate Lhe smallesl
number required from Lhe lollowing formula:

9(1—r)
ad~—9r

N= !

TABLE 20.

The smallest nmmber of eharaeters requiredl in order to differcntlate cach individual at
different degrees of nverage eorrelation (r) and average dliference between the means (4).
Cf. tormula 77.

o =197 { 08 | 09 | 1.0} 11§ 1.2 ]| 14 | 16 | 1.8
0 184 [ 141 { 111 { 90| 74| 63| 46| 35| 28
oot 231821124 08 80| 661 48( 38| 28
002 285 | 102 | 140 | 108 | 88| 70| 50 37| 29
0,08 286 | 1621 120) a3 | 75| 52| 88| 29
0.04 192 ] 185 { 103 | 80 54| 39 30
0.05 238 | 1568 | 11.8 | 86 ] 57| 44| 31

A 0.08 i84 | 126 | 94| 60} 42| 31
0.07 226 | 144 | 103 | 63| 43| 32
i 008 169 | 118 | 67 4.5 3.3
000 206 | 130 w1l a7l 34
0.10 261 1150 | 76| 49| 35
0.12 220 92 541 37
.14 1111 60| 88
0,16 145 1 68| 42
0.18 a7 | 781 48
0.20 9.5 | 5.0
D25 218 | 6.8
0.30 »f 117
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In Table 20 and Fig. 22 N is calculated according to this formula
for different valucs of ¢ and for the correlation r. a is expressed in units
of 2 0. Let us assume that a = 1 which means that the differences bet-
ween Lhe means amount on an average Lo 20 and the average correlation
= 0.05; then we need 16 characlers to dilferentiate each individual in
the two populations. If we investigate a smaller number than 16,
lhere will always be a remainder group for which we are unable to
make a sure diagnosis. If ¢ amounts to 0.5, i.e. the two means have

r a=1.8

0.30 / /
0.25 // a=1.6

/ B a=14

AT

\
\
\

e 1 =1.2

0.10 / e el a=11
vl T

/ // |l a=10

0.05 . ///J// /// a=09 _
1

N

as==(.
0 N A/ // |

2 4 6 8 10 12 14 16 18 30 22 24
Number of characters

Fig. 22, 'The smallest, mumbar of characters required to differentiate each individuat
at different degrees of average correlation (r) and average differenco between the
" wieans (a). Cf, formnla 77,
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TABLE 21,
]
The quolient N at different degrees of correlation aceording to the formula

N | N(N-Ur
o - -——-——(————)—- » when N is the number of charneters.

N N2
g
N N
r=0 |r=005|r=010 | r=015|r=020 | r=025| r=0.30
2 0.71 0.72 0.74 0.76 0.77 0.79 081
3 0.58 0.61 0.63 0.66 0.68 0.71 0.73
4 0.50 0.54 0.57 0.60 0.63 0.868 0.69
5 0.45 0.49 0.53 0.57 060 0.63 0.66
6 0.41 0.46 0.50 054 058 0.61 0.65
7 0.37 0.43 0.48 0.52 0.56 0.60 0.63
8 0.38 0.41 0.40 0.51 0.55 0.59 0.62
9 0.33 0.39 0.45 049 0.54 0.58 0.61
10 0.32 0.38 0.44 0.48 053 0.57 0.61
11 0.30 0.87 0.43, 0.48 0.52 056 0.60
12 0.29 0.36 0.42 0.47 0.52 0.56 060
13 0.28 0.35 0.41 0.46 0.51 0.55 0.58
14 0.27 0.34 0.41 046 0.51 0.55 050
15 0.26 0.34 0.40 0.45 0.50 0.55 0.59
oo 0 0.22 0.32 0.39 0.45 0.50 0.55

on an average a difference corresponding Lo o, we need 36 characlers
to get a sure diagnosis of race in each separate case, if there is no
correlation.

Table 21 and Fig. 23 also show how much is gained by investigating
a further character and using it in combinations. We find that even
when the correlation is very slight the gain is very litlle as we approach
about 10 characlers,

‘With the help of the method given, Lhen, we can get an idea of
how great the racial difference is. We get a ligure of the frequency
with which an unquestionable diagnosis of race can be made, and we
Can here compare empirical and caleulated values. The knowledge we
possess is completely used by sorling out hoth according Lo characters
and according 1o combinations of characlers.

Finally an expression of racial differences, can also be reached
in another way. We can make the sorting oul that gives the best
results, i.e. differentiate the individuals gCcording to the houndary
that is obtained where the distributions intersect. We then get a
figure for the number of cases where we sorted correctly and the pumber
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o/N
09
08
07
06 ﬁ—%r=030
3—025'
05 r=2020
X r=015
04 e ™ r =010
r—005
03
= r=0
02
01
0 ] L ! ) d i I
] 2 4 6 8 10 12 1L N

Fig. 23. The quotient % at different degrees of correlation and different numbet of

investigated characters,

where we sorted wrong. 1f the differences are small the sorling will
of course lurn out more incorrectly than if they are great; if there
is no difference, half of the cases will be sorted correctly and half
—50
50
where p is the percent of individuals rightly diagnosed in the best
possible division of the material. The method indicated here has
been submitted by the author (Dahlberg, 1941), and has been used
to determine racial differences between Swedes and Laps., The tws
groups display very great differences, and it is found that by using
three characters, statnre, cephalic index, and merphological facial
index, a sure disgnosis can be made for Laps in 57%, of the cases. If we
make the best division of the material, we get 939, Laps and 79, Swe-
dex. The racia) index is, in other words, 0.86.

As early authors as Weinberg (1909) and Philipischenko (1924)
have tosched on the guestion of admixture in a population, and shown

3

of them wrong. We can, in other words, form a raceindexr;=
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that, for polyhybrid chaactets, a random distribution of the genes
15 not reached until after several generations. The conceplion of 1solate
in human populations has been mtioduced by Wahlund (1928), who
gave methods o1 calculating ihe deviations {1om panmixia which
the isolale boundaiies occasion; he also gave general formule for
ihe mmpotiance the hreaking of 1solales has for monohybiid and poly-
hybnid characteis. Formule for calculating the size of isolates have
been given by Dahlberg (1920); Lhe same author (1938) has given
special formule for calculating ihe imporiance of isolate-breaking
with very rare monohybrid and polyhybnid characters. Formule
for the changes of the correlation in 1solales have been given by
Wahlund (1932). Dahlberg (1941) has submitted the methods of measur-
ing racial differences described here.



Mutations, selection, and isolates.

‘When a mulation arses in an isolate, it cannot in the first generation
be the subject of selection (unless ii is a simple dominant). It can
disappear by chance, bul it can, also by chance, pass into the next
generalion. In the latter case il is still free from selection, and this
is also the case in the following generation, as marriages between
brothers and swisters do not take place among human beings. In the
third generation, {oo, it is practically free, as il is extremcly seldom
that aunts and uncles mairy their nephews and nicces. Only in Lhe
fourth generation, following a marriage between cousins, can the
mutation be subject Lo selection. The genes may then unite to form
homozygotes.

It should however, be remembered thal if the cousins, who are
heterozygotes in the fourth generation, are of the same sex, the muta-~
lion cannot concervably be subjecl to selection after a marriage
between cousins. If there are two heterozygotes, the probability of
thi¢ is %, and 1f there are three, 1. All this means thal, to start
with, mutations are not subject to selection. Only afier heterozygosis
has reached a certamn extent do character-beareis appear who are
thus subject.

If the selection is absolule, so that every character-bearer is
preventied from propagating. a state of balance will set in at a minimum
helerozygous frequency, which is determined by the mutation frequency.
If we assume a population where Lhe gene is absent to begin with and
where a certain mutation frequency appears combined with absolute
selection, the helerozygous frequency will slowly rise to the stale of
balance. If we assume that mutations cease alter this bas been reached;
the heterozygous frequency will slowly decrease and asymptotigally ap-
proach 0, though this process will, of course, be exiremely gradual.

Now, the position of the least heterozygous limit depends noi only
on the mutation frequency but also on the intensity of the selection,
and on the processes present in the population, namely the size of
the isolates, assortativé mating, and inmarriage, It is, of course,
diffarent in, différent modes of inheritance,
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Let us assume that thestate of balance liesata fiequency of character-
bearers of 1: N. If the character 13 monohybrid-recessive and the gene
has the frequency 1, we get:

1

I‘z:_.—_—-.

N

1
Therefore, 1 = —_—. The frequency of helerozygotes, 2:d, will he:
N

21-(1:2.___1_‘_ (1___1_>. (78)

VN VN

If N is a large number, the expression will be approximately:

2
rd =

] d—'—'—'

VN

In polyhybrid recessivily, when Lhe different genes have the frequen-

cles ry, ry, Iy . . . Iy, the slate of balance lies atl
2.2, 2 a_ 1
, 1"2'3""n=7\;'
It rn=r=ry=...rp,=r, le. every d,=d, we gel:

rz"..——..l andr=
N

The heterozygous frequency will then be:

1 1 an
1—r2n—-d2n=1--zv——-(1-—-2-n\—/—:ﬁ*)‘ (79)

If N1s a large number but n is not, we get:

2n

YN

1__,.2".___‘131'!N
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In polyhybrid dominance, when the dominant gene has Lhe frequencies
dy, dy, dy ...d,, and the rccessive gene the irequencies ry, 1y, 14,
. I, the state of balance will he ati:

1
(@ +2r,d) @+ 2rdy) -+ (@34 21,00 = =
Ifd1=d2=d3="'dn5 we get:
1
2 + 2rd)* = — and
(a* -+ 2rd) N
1 1
d=1— ] 802
VN 2yN (802)
d also 1 1 1 1 (80b)
and also r= —_——al——
VN 2YN

The heterozygous proportion al the least heterozygote limit will be:
1—(242rd"—r*" =1 ! 1 -———1— n&-—g- (81)
- N YN) UN

If we know the frequency of the character-bearers to be subject
to selection, we can use these formmulz to calculate the frequency of
the genes and of the heterozygotes in the different hereditary mech-
anisms

‘We have previously stated that, at a certain mutlation frequency
and a certain seleclion, a siate of balance must gradually set in, when
the number of individuals eliminated by selection corresponds to the
number of mutations in monohybrid dominance and double mutation
frequency in monohybrid recessivity. Let us assume that for some~
reason this state of balance is upset. The gene is assumed to have the
frequency r. The mutation frequency is u. Selection eliminates k
of the character-bearers, r®, In this situation a change from generation
to generation lakes place. The difference between two consecufive
generations is:

Pagpi—Tpe=Ty— kg +2u (1—r)—r,

2
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Seemng that the process approaches Lhe slate of balance asymptotically,
it will go on inlinilely. We can then assume Lhat the lime represented
by one generalion 15 iniimitely small; the difference belween two
generations can thus be laken as the derivale wilh respect to time for
a funciion expressing Lhe course of the process. Thus.

dr
= —Ikr? 4+ 2u (1—1),

dn
dn=— 2(,31' 2\
k(reg 280 __ 40
< + k k>
By integration we gel:
r
1{' dr
n==—- 97 9
k( r2—|—._£1__u
vk Tk
1 r—ry Ig—Iy
on= a—— 1} 2.0 1
2\/2,u1c+y2 r—iy rg—Iig (82)
.\ 2ul 2
when 1y = .__'lic___l:_/"___ﬁ,
k
12=—_T——’

ry is the gene frequency found in the primary generation, ry is the
gene [requency at ithe stale of balance, and r is a value belween these,
for which we will compute the time. It must be remembered that the
équalion cannot be used when ry approaches r;. We have assumed that
the time one generation represents is very small in relation to Lhe time
elapsing before the state of balance is reached; this is not the case
for extremely small differences from the state of balance. We have then
no right to consider the discontinuous function to be continuous, For
the rest, the equation shows that if rj deviates from r, but ry =1r,
. l.e. the value we are looking for is the frequency al balance between
selection and the mulalion, n will be s, This means that 1he stale
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of balance 1s only reached at infinity. It 15 therefore of inleresi to
calculate the time which elapses before Lhe state of balance is half
reached, 1.¢. till that frequency which is the mean of the prmary
value and the frequency at balance. Assume that ry=cr; and thus.

1= ; ry(c4+1).
We then get

1 4 /
i P eth—r c1{—ry

-._....__~_-._log- R,
2 1
R

n =

1 o rp{c4+1)—2ry

_ log etV = (83)
2y 2uk 4 pt ry—ry

If k=1, 1e. if there 1s total selection, and if y 2 u < 1 we get:

rj~y2u and ry~—y 22,

! Iog3 T (84a)

=2\/_2',Z 1+e¢

oy
Ifhk=1 and\/—;cﬁctlweget:

. n

RS, B, W A (841)
2‘u 14 ¢
RAViry

We can with the help of these expressions calculate the number of
generations needed for a change from a certain frequency of character-
bearers to another frequency. We have previously asserted that the
frequency of very rare monohybrid characters in a number of Western
European countyies Wiy possibly have deoreased to half that of about
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50 yeats ago, on account of isolate-bicaking. It will take infimte time
before the state of balance is again achieved. It may, however, be of
interest to calculate thc time it takes to halve the dislance between
the present frequency and the frequency of the state of balance. If
the original frequency is r* = 24 and the present frequency is

2
-, halfway between them is:

(2«2 >‘/“( \/E)

We require, further, a value for the mutlation frequency. Ilaldane
has made approximate, and naturally extremely uncertain calculations,
gving as a result a mutalion frequency of 1: 108, If we assume total
selection, we find with the help of formula 84a that, after 123 genera-
tions, the difference has been levelled oul by hall: this if we reckon
25 years Lo a generalion, would correspond to 3000 years. The cal-
culation gives a nolion ol how slowly the mutation frequency levels out
a devialion from the state of balance.

Haldane (1939 and 1940) has carried oul a similar calculation, start-
ing from the view ithat there is in a population a certain amount of
inmarriage grealer than would be expected in panmixia, and that
(he state of balance prevailing in this situation is changed by a change
of the inmarriage {requency. The calculations he made give figures
ol the same order of magnilude.

‘We have above discussed mutation [requency and selection asspm-
ing that the processes take place in very large populations and for long
periods of time, Aclually, of course, the populations are limited; not
only this, they are divided up into isolates of moderale size. The fre-
quency thal genes arising through mulation have in Lhe isolates will,
as a matier of facl, be very much conditioned by chance. If a hetero-
Zygote results from mutation, the probabilily thal the gene will dis-
appear and not be represented in the next generation is one quarter if
each marriage has, on an average, two children who reach sexual
maturity. In addilion to this, the heterozygole in question may for
some reason be sterile, or not contract a marriage. In actual {act, the
gene runs a risk ol disappearing by chance at the transition lo each
new generalion, but it may also happen to increase in frequency. In
small populations ihere is also the possibility that {the gene ificreases
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in frequency lo such an extent as to give homozygosis; this means
Lhat its allelomorph disappears al random. Processes of this kind
can probably play an important pait for animals and plants. The first
to point oul ihis possibility was Ilagedoorn (1921). Subsequently
Sewall Wright (1921, 1930, 1931, 1932, 1934, 1935) and R. A. Fisher
{1928, 1930, 1931) analysed the problem mathematically from several
aspects. Dobrhansky (1937) has discussed the problem against the back-
ground of empirical invesligations, and reviewed the hiteratme in this
field.

As 1egards man, there 1s hardly reason lo reckon with random
increase of muiations, giving 1ise to homozygosis, within isolates in
civilized populations. On the other hand, there is no doubt that the
opposite possibilily—a random disappearance of mutations—is of im-
portance; we must Lherefore take into accouni thal certain genes are
completely lacking in cerfain isolates, and have a larger or smaller
frequency in others—that is Lo say, that thal siluation arises which
the author earlier on assumed to obtain for genes of certain ravre defects.
But it can hardly be of interest to review in this connexion the mathe-
matical expositions that have been made. Those who are inlerested are
referred to the literature quoled, above all to the work of Dobzhansky.



Isolaies and inmarriage.

When the cffect of inmarriage was calculated no account was
taken of the fact thal the population is divided up into isolates. The
isolale boundazies imply, however, that there is a certain limit o the
rarity ot a gene. For a gene to be able Lo exisl in an isolate at all, there
must be at least one heterozygote per generation, and before a char-
acter-bearer can appear in an isolate there must be at least iwo.
Further, we have to lake into account that the frequency of in-
marriage depends on the size of the isolate. In small isolates it occurs
lo a relalively great extent. In large isolates it is low, since the possibil-
ity ol marrying olhers than relatives is larger.

To gel an 1dea of the part inmarriage plays in populations formed
from isolates we can lake formulee used carher. According to formula
45 the proporiion of the character-bearers, k, deriving from parents
who are cousins, is:

c(1-4157n
T 16r

k

In panmixia, the frequency of cousin marriages, ¢, if the average
number of children is b (formula 60) is:

2b —1)
¢ = ——,
n—1

For a character-bearer Lo arise, there must be at least two hetero-
zygoles in an isolate. In this situation, the gene frequency, r, if the
number of individuals in the isolate is n, is:

-

1

F= =
n

If these values are inserted in the formula, we get:

8(n—1)
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If b 1s 2, which implies that the population is constant, the formula
will be as follows:

n+15 1(1 16 )
= =—{l+—
k i(n—1 4 n—1

and when n—1 ~ n, then
k=~ -1 (1 -+ £§>
4 n

If we assume on an average 4 helerozygotes mn each isolate where
character-bearers arise, we get:

2
r==—
n

If this value 1s inserted 1n the formula, it will become.

n+30 1 31
- ' and k~(143L),
=g s( + n) (86)

On the basis of the two formule given, the values for the percent
deriving from marriages between cousins at diiferent sizes of the isolate
are shown m Table 22 and Fig. 24 The boundary value, which 1s

TABLE 22

Percentage of charaeter-hearers deriving from marriages beiween eousing when such

marriages have a random frequency and the isolates are of varying size (n). Ve assume

that (he number of children {5 2 ond (hat in each fsolate there are 2, respectively 4,
heterozygotes, Cf. formuly 85.

Size of the | 2 helerozygotes | 4 helerozygotes
1solates = n per1solate per 1solate

10 0.6045 0 5556

25 0.4167 0.2865

50 0.3316 0 2041

1q0 0 2876 0.1625

250 0.2650 01400

500 0.2575 01825

1000 0.2688 0.1288

5000 0.2508 0.1258

o000 0 2504 01254

/! ; ™ 0.2500 0,1250

St o f i -

i ] T B
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Yig 24 Percentage of character-bearers deniving f1om marnages befween cousms

when such marriages have 1andom. fiequency and Lhe 1solate 1s of varymg size (n).

We assume that the number of chuldren 15 2 and that thaie are 2, respectively 4,
heterozygotes in each isolate Ci. formula 95.

obtained if n = oo, is 1n'thc one case 259, and in the other 12.5 9%,
The value remains constanl, piactically speaking, if the size of the
1solate decreases. Only in very small isolates of less than 100 indivaduals
does any noticeable difference arise When n == 25, 42 %, are descended
trom marriages between cousins 1n Lhe first case, and 29 % m the second.

We should therefore have most reason to expect values between
15% and 309%. This agrees with the figures oblained when investi-
gating a number of rare characters. By way of example it may be
mentioned that in juvenile amaurotic idiocy 15% of the character-
hearers are descended from cousins, in retimlis pigmentosa 17 %,
albinjsm 17 %, Friedreich’s ataxia 9%, etc. The empirical figures seem,
in other words, to be somewhat lower than the first formula would lead
one to expect; this indicates that there are on an average (if marriage
between cousmns has a random, frequency) rather more than 2 helero-
zygotes 1n the isolales.

The formule and the empirical figures available indicate pumarily
that a prolbiting of marriages between consins would diminish the
frequency of characler-hearers by 15 %. For the rest the formule imply
that the frequenocy of marriages between cousins and the gene frequency
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balance one another. If a gene is very rare and the frequency of cousin
marriages very high, a large proportion of the character-bearers would
come from such marriages; in theory, then, the prohibition of mar-
riages between cousins would, in such a situation, have a far grenter
effect than the one given. We cannot, however, expect to get both a
high Irequency of cousin marriages and a very low gene Irequency. If
an isolate is small we get a high frequency of such marriages, but a
gene cannol then be very rare, since the isolale must contain at least
2 heterozygotes. If an isolale is large, the gene may be very rare, but
we cannot in that case expect to have a high frequency of marriages
between cousins.

‘We have stated earlier on, however, that in cerfain populalions the
marriages between cousins may nevertheless have a higher frequency
than the one 10 be expected in panmixia. This should in particular hold
in populations where the parents decide ithe marriages of their children,
Even 1f the 1solates are large, we can expect a 1elatively high frequency
of cousin marriages, though it is probably influenced to a certain
extent in such populations by isolale-breaking. This doubtless makes
for a diminished contact between members of the same family, which
has an indirect effect. If the marriages between cousins are more fre-
quent than would be expected in panmixia, we naturally get a greater
effect by prohibiting them than was given above. At present, however,
there are no empirical data on which to base a calculation of the
effect in a population of this kind, so that we really have no call to go
into this side of the matier in more detail.

‘We have used the marriages between consins to gel an idea of the
breaking of isolates. When assessing this process it is to a certain
extent a matter of taste whether we in ihe first place take inmarriage
and investigate what importance ils decrease has for the frequeney of
characters. Since it is only possible to get dala as to inmarriage of
the closer degree (marriages between cousins), we have to ignore all
more distant degrees. We have stated earlier on that, in principle, all
marriages are consanguincous, since if it is assumed that no kinship
ever existed between the individuals in earlier generations, a calculation
of their numbers would very soon bring us fo asironomical figures,
whereas in point of fact these numbers were undoubtedly smaller than
those of the generation now liviug,

If, on the other hand, we assume that isolate boundaries have existed
and betn brokem, and that there was inmarriage to the extent of a

K t
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random amount in respect of Lhe boundaries existing, we subscribe to
what has actually happened. However, we schematize the situation by
assuming isolates with shaip boundaries in the same way as we schema-
tize the situation when we speak of sharply demarcated gencrations;
in point of fact the generations merge into one another imperceptibly.
In mosl cases, howevel, a schematization of this kind would not give
misleading results.

A special case of theoretical interest is constituled by a sharply
demarcated isolate (e.g. the population of an island) which increases
in size on account of a high birth-rate. In an isolale like this we would
expect Lo find the [iequency of cousin marriages diminishing, while
the frequency of more distant consanguineous marriages increases. The
balance is maintained by no change in the {requency of genes and
character-bearers respectively. If the population is regarded as an
1solate, we have the immediale result that the frequency of character-
bearers is constanl, while on Lhe other hand an investigation of the
frequency of cousin marriages would casily mislead us into concluding
that Lhe frequency of Lhe character-bearers has diminished because we
cannot pay regard Lo more distant degrees of inmarriage. As Haldane
affirmed, both views may have special advantages in different situa-
tions. I{ may Lherefore be advisable {0 apply both when solving the
problem; in all circumstances it musl be remembered that in both
cases special assumptions are made, and a schemalic view of the matter
applied.

It is of practical interest to try and reach some idea of the importance
that conscious measures against inmarriage may be thought to have,
Measures against distant degrees are then hardly conceivable. Close
consanguineous marriages, as between brothers and sisters and the like,
are praclically non-existent in human populations, In practice, all that
remains is to forbid marriage between cousins. At the present time there
are different laws in different countries; in some such marriages are
forbidden, even though dispensations may by granted to a certain
extent; in others, again, they are permitted, The Roman Catholic Church
is againsl marriage hetween cousins in principle, bui grants dispensation.
Our concern is; then, 1o try and find what the prohibiting of cousin
marriages may be thought to imply. It is at once plaip from what has
already been said that measures have no noleworthy éffect on ordinary
characters, but have some effecl on less ordinary ones. We have shown
above that this effect can be expected to be 15-309, for very rare
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characters. It has been stated earlier thal inmarriage does not
greatly affect one single character. If the character is common, the
cffecl is negligible. If the character 1s rare, the effect is greater, but
then the characler is of no importance for ihe composition of the
population. A prohibiting of marriages between cousins does noi affect
only one character, however; il also exerts an influence on all rare
characters, This means thal the sum of rare hereditary defecls decreases
by al mosl 15-309%,. We may remember in this connexion that, in
dealing with a number of groups of defects, which in official statistics
are registered under one tille, e.g. blind, crippled, imbecile, etc., we
have Lo take into account that the group actually consists of defeclive
individuals of different kinds. Those with hereditary blindness, who
naturally only constitute a part of all the blind, are made up of different
kinds of defects, each one of which is very rare. The same is prohably
irue of imbeciles and cripples in the extent to which hereditary char-
acters are in question. The situalion of deaf-mutes has scarcely been
worked out yet, but it 1s possible thal this group is more uniform. By
forbidding marriages between cousins, it should thus be possible fo
attain a noticeable effect on the sum of Lthe defeclive. This effect is
reached after one generation, after which nothing is gained by continu-
ing the measures. If inmarriage is again allowed, the high frequency
will return. The conceivable gain must, however, be weighed up against
the possible loss due to the fact that rare characlers of a favourable
kind also diminish in frequency. As far as special talenl is condilioned
by rare monohybrid recessive genes, il, too, can be expecled to
diminish. However, it is not likely that special {alent is inherited in
this simple way. (It is, of course, also conceivable thal certain defects
have a more complicated hereditary mechanism, though most of them
seem to have a simple one.) The effect is less for characters of polyhybrid
nature than for monohybrid characters, Our knowledge of the way in
which eharaclers are inherited is at present deficient, and special invest~
igations are no doubt required before a definite opinion is reached on
them, We have in his connexion only wished to indicate certain rele-
vant points of view. For ihe sake of completeness il may also be point-
ed out that social viewpoints must, ol course, also be taken into
aceount. No direct estimate can be made of what it means to individ-
uals t» have their freedom of action restricted by the prohibition of

marridges between cousing, bul this side of the matter is, naturally,
. Hatto ke ignarkd,’ ,



Isolates, assortative mating, and selection.

Earlier on we have analysed assortative mating under panmixia.
Even if the population falls apart into isolates, it is still justifiable in
certain situalions, e.g. concerning assortative mating between tall and
short persons, to disregard the isolate boundaries.

In certain cases, however, isolate influences—which are of consider-
able importance—must be taken into account. We can differentiate
between two mechanisms of somewhat different type. To exemplily the
one we can take condilions oblaining for deaf-mutes. These come
together to a great extenl through their special organizations. They are
sufficiently numerous to meel to a relatively large cxtent, at any rate
in densely populated places. Some of them owe their affliction to
environmental factors, others to hereditary faclors. In such conditions
ithe situation is ithal the deaf-mutes form an isolate recruited from
a greater or lesser part of the heredilary deaf-mutes (a number of
them are at large in the populalion and more or less isolated from their
fellow sufferers). The isolate also conlains persons who are not hered-
itarily deaf and dumb (deaf~mutes due to environment), and whose
genetical constilution is the same as that of the normal population. In
this case the isolate is formed anew in each generation. Here it is, of
course, a matter of taste whether we speak of assortative mating and
isolate influence, or selective isolate influence.

An example of the other mechanism is the formation of a social class.
In so far as special characters are required for a person {o he able to
work his way up from a lower class of society to a higher one and cross
more or less sharp isolate boundaries, there are selective isolates of
differeni composition in respect of heredity. Here, too, we can talk of
assortative mating which goes on with the help of jsolate houndaries.
In contradistinction to defect isolates, these isolates are not formed
afresh for each generation but have a more permanent character,

Assortative mating through defect isolates.

‘We will assume that assortative mating in defect isolates brings the
frequency of character-bearers for a monohybrid recessive character
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after n generations to r® 4 4,,. The frequency for the heterozygotes is
then 2rd—24,, and for the dominant homozygotes d* - 4,. We will
assume further thal a proportion, &,, of the recessive characler-bearers
is included in the defect isolate, and that k, of the heterozygotes and
the dominant homozygotes are included also. We then get in the isolate
the composition of the marriages given in Table 23, in which the con-
stitution of the ofispring is also given.
The offspring will display the defect in the following frequency:

.2 - {ear + (’\'1”‘1‘2)__’121]_2; @87)
A
The characler of the marriages and the ollspring in the remaining
population is given in Table 24.
The offspring will thus display the recessive character in the follow-
ing frequency:
PRI (Gt Ll (ol L
(1—~k)—(ky—ky) 1,

(38)

TABLE 25.

Frequency of charaeter-bearers in toial populations when assoriative mating oceurs in

defect 1solates with varying values of k; and k, after a different number of generations:

RR,, Ay, RQ,, RR, and BR,, The caleulalions have been carried on practically to
the state of balance. Cf. formuia 89,

k, | k | RB, RR, RR, RR, RR,

0.25 | 0.005] 0.0025] 0.00256066 | 0.00266348 | 0.00256363 | 0.00256363
0.05 § 00025 0,00250471 | 000250472 | 0.00250472 -
020 ] 0.0025} 0.00250009 | 0.00250009 ~ -

0.50 ( 0.0051 0.0025; 0.00268387 | 0.00270918 { 0.002712756 | 0.00271321*
0.05 | 0.0026 | 0.00252355 | 0.00252399 { 0.00252400 | 0.00252400
020 | 0.0025 | 0.00250316 { 0.00250317 | 0.00250317 -

0.75 | 0.005} 0.0025| 0.00208035 | 0.00311267 ; 000316800 | 0.00318810°
0.05 | D.0025 ! 0.002565633 | 0.00255885 | 0,00255894 | 0.00255897
0.20 | 0.0025 | 0.00251081 | 000251070 } 0.00251070

1.00 §0005] 00025 0.00325140 ; 0.00365633 | 0.00383513 | 0.004040933
0.06 1 000251 0.00260257 |, 0.00261096 | 0.00261166 | 0,00261172
0.20 | 0.0025| 0.00252240 ; 0.00252280 | 0.00252280 -

1 State o ha]maa m'lved at afier generation RF : 0.0027133,
2 » PO 8 » BR, : 0,0031996,
s LA »or oy RRyy: 00042017,

v
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Figs. 25 and 26. Frequency of characler-bearers in lota) populations when assoriative
mating ocenrs in defect isolates with varying values of ky and k, after a different
number of generations: RR,, RR,, RR,, RR; and RR,. The calenlation has been

carried on practically Lo the state of balance.

Thus we get the following recursion formula for the eatire population:

_ Uerd-Ug—k) 12 | [(1—kg) r—(ky—ky) 2|2
(L —kg) —(Rky—kg) 17

R Tt Ga—kp 12

(89)

The values in Table 25 and Figs. 25 and 26 have been caleulated
with the help of these formule. It is seen that a state of balance is

reached afler a comparatively small number of generations.

10
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‘We have not taken inlo account the fact that we can expect the
character-bearers, whether delermined by heredity or not, Lo have a
lower fertilily than individuals lacking the characler. For example,
deaf-mutes marrying one another can be expected to have a relatively
low fertility, partly for economic reasons, parlly, too, for reasons of
eugenics. Nowadays a number of them know that Lheir affliction may
be inherited and consequently involves the risk of burdening Lher
children; they may therefore deliberately restrict their fertility. If the
defective individuals have a parlicularly low ferlilily, this ol course
implies a selection, which diminishes the frequency of the hercditarily
determined characler-bearers who have the defect, and also that of the
heterozygotes. A selection working in association with assortalive
mating through the new formation of isolates has, in principle, the same
effect as selection in panmixia. When the characler-bearers begin to be
rare, they will practically all have come from parents who are hetero-
zygoles. We reach equilibrium belween selection and mutation fre-
quency, and the frequency of heterozygotes at this stale of balance will
be lower than at the same state of balance in panmixia. Assorlative
mating brings the sclection somewhal more gquickly up Lo this stale of
balance, but for rare characters {he difference is nol important.

A process of the kind discussed here may to a certain exient be
expected to play a part not only for characters with the nature of
defects, but also for such as are linked up with special trends of interest,
in so far as these are determined by heredily. For example, we can
expecl musical persons to meet to a particular extent in certain circles
and organizations, on account of their interests, It must probably also
be taken into accouni, however, that even in communities where there
are more or less pronounced musical isolates, assortative mating be-
tween musical people al the same time takes place to a certain extent
outside these isolaies also. At the present, however, there are no data
for estimating the importance of “interest isolates” in assortative ma-
ting; nor has it been worked out in more detail how far special interests
are determined by heredity.

. Assortative mating and social isolates.

The idea js widespread that there is a difference in the hereditary
constitution of different classes of society, The upper classes are thonght
tuiérm"a é&lepﬁqn of certain advantageous characters. As regards these
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ideas it is of inlerest to Lry and work oul what cffect is had by assort-
ative mating beyond isolate boundaries, or by selection in the formation
of isolates. Here, Loo, it is a question of taste whether we put the main
stress on selection, or whether we wish to regard the process as a
special kind of assorlalive mating.

‘We will starl with the assumption that there was originally panmixia,
and that the population was divided up into Lwo classes; one of these
can be assumed Lo be comparatively small, but both had originally the
same gene constitution. We will further assume a certain circulation
between the two isolates, so that persons with a given monohybrid
character from the larger isolate have a certain possibility of coming to
belong to the smaller one. This means we disregard the possibility of
persons being brought over ail random Llo Lhe smaller isolate and of
persons withoul the characler in question being taken over at random
to Lhe larger one. We assume, in other words, Lhat these two changes
balance one anolher. Should Lhis not be so, however, it does not
fundamentally affect Lhe nalure of Lhe process we are trying to invest-
igate. The (lransference of certain character-bearers which we have
assumed means that the smaller isolate grows at the cxpense of th
larger. -

The one isolale, then, is exclusively subjected to a negative seleclion
and is deprived of character-bearers of a ceitain type. (This isolate thus
corresponds to Lhe lower class, which is deprived of talents which work
their way up.) We can then use Lhe earlier formulee for selection
(formula 29). I the recessive character has the {frequency r, and a pro-
portion, k, of the character-bearers are removed from an isolate, Lhe
following formula holds in monohybrid recessivity and in dominance:

_ Ri—kry?
S T

"If the selection concerns the dominant character, the frequency of
genes and characters respectively will progressively decrease. Provided
the character in question is rare, we can reckon in practice on the
character practically always appearing in a heterozygote form, and the
change will xun fairly proporiional to the strength of the selection
present. If, for example, -110 of the character-bearers are iransferred per
generation to the smaller isolate, in ahout 10 generations the character

1 will have been practically eradicated in the large isolate. This"case is
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of small inlerest, however, since the characters in question can hardly
be thought to be inherited in this way. More reasonably we should
consider characters which are inherited in a more complicated fashion.
It is theretore more inleresting to investigate the effect of selection for
a recessive character, The same conditions obtain for characters which
are inherited in a complicated way, c.g. dihybrnid dommant characters,
as for monohybrid recessive characters.

We will assume a small isolate, 4, to which recessive characler-
bearers are added from another isolate B, where B4 A = 1. We will
assume fmther thal the recessive gene in B has the ftequency r, and
that A has the recessive gene with the [requency ¢ and Lhe dominant
gene wilh the frequency y. Thus £ - y == 1. We assume as before that &
of the character-bearers in B are transferred to A. The composition of
ihe marriages and offspring in the smaller isolate is shown by Table 26.

From Lhis we get Lhe following recursion {formula:
A, z, 4 B, kr2]®
b= 0

where r,, is obtained from formula 29, given above, and

An+1=An+Bnkr121
and also
Buyr = Bal—i).

The tolal frequency of character-bearers in the whole population,
Pns Will be:
Pn= By ra+ Ay 1o (91)

The formule above have been used to calculate the values in Tables
27, 28, and 29. We have contenled ourselves with laking one character
which is so rare that in panmixia it would appear in 1 in 1000 of the
populalion; we have further assumed that the small isolate forms
59, of the population, so thal the large one forms 95%,. Cf. Figs. 27
and 28.

If we look at the lower class first, we find that a slight selection has
a very small cffect, If 1%, of the character-bearers go over ta the upper
class isolate per generation, their frequency in the lower cdass will
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TABLE 27.

Compositlon of the lower class in suceesslve generations when it embraces 95 9, of the
population, the character-bearers at the start have the frequency 1%y, and the trans-
ference to the upper class has the frequeney 1% (k= 0.01) o 160 % (k = 1), aecording
to formula 29. The figures in the table are also valid for partial selection of vamying
sirength in regnrd to a recessive, monohyhrid character in the population.

Gen,

k—001

k =0.05

k=010

k=025

k=050

k=1

CoppNomMmBaLNRLO

[
B &

0 0010000
0 0009994
0 0009988
0.0000982
0 0009976
00009970
0 0009964
0 0009958
0.0009952
0.0009946
0 0009940

0.0009910
0.0009880

0.0010000
0.0009960
0.0008939
0 0009909
0 0000879
0.0000849
0.0000819
0 0009789
0 0009759
0 0009730
0.0009701

0 0009556
0 0009415

0 0010000
0.0000939
0.0009878
00009818
0.0009759
0 0009700
0.0009642
0.0000584
0.0009527
0.0009470
0.000041

0.0009140
0.0008878

0 0010000
0.0000847
0 0009698
0 0009552
0.0009410
00000271
00009135
0.0000002
0.0008871
0.0008743
0 0008618

0 0008031
0.0007503

0.0010000
0.0009696
0.0009408
0 0009129
0.0008864
0 0008612
0 0008368
0.0008134
0.0007910
0 0007695
0.0007489

0 0006572
0.0005812

0.0010000
0.0009396
0 0008846
0 0008329
0.0007868
0.0007445
0 0007055
0.0006695
0.0006362
0.0008053
0.0005766

0.0004596
0.0003749

TABLE 28,

Composition of the upper class in successive generations when it embraces 59, of the
population, the character-bearers at the start have the frequency 1%/y,, and, further, the
transference to the upper class has the frequency 1% (k = 0.01) to 1009, (k = 1),
according to foxmula 90,

O | k=001 | k=005 | k=010 | k=025 | k=080 | k=1
0 | 0001000 | 0.001000 | 0.001000 | 0.001000 | 0.00100 | 0.00100
1 | 0.001011 | 0.001059 | 0.001119 | 0.001309 | 0.00165 | 0.00243
2 | 0.001023 | 0.001119 | 0.001244 | 0.001640 | 0.00242 | 0,00428
3 | 0001035 | o.001181 | 0.001873 | 0.002020 | 0.00830 | 0.00640 "
4 | 0001046 | 0001244 | 0.001508 | 0.002418 | 0.00425 | 0.00872
5 | 0001058 | 0,001308 | 0.001649 | 0.002842 | 0.00528 | 0.01117
¢ | 0.001070 | 0.001374 | 0.001793 | 0.03288 | 0.00687 | 001368
7 | 0.001081 | 0.001441 | 0.001043 | 0.003765 | 0.00751 | 0.01624
§ | 0.001083 | 0.001509 | 0.002097 | 0.004242 | 0.00868 | 0.01881
g | 0001105 | 0.001572 | 0.002255 | 0.004746 | 0.00889 | 0.02136

10 |, 0001317 | 0.001640 | 0.003417 | 0.006267 | 001112 | 0.02389

5| 00078 0.002019 | 0.00338¢ | 0.008084 | 001747 | 0,08662

2 (x:(m’izzfnas | 6.002417 | 0.004238 | 0.011088 | 002384 | 0.04630
L LI M + S SRy .
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1ABLE 29

Composition of the total population, when it 13 divided up Into an upper class whieh

emhiaces 6% of the population and a lower class embraemg 959 of the population

and when the character-hearers at the start have the frequeney 1°/,, in different strength

of a seleotrve transference from the lower elass to the upper class (k ~ 0.01 to & = 1).
CI. formula 91,

Gen k=001 )| k=005 | k=010 [ k=025 | k =050 k=1

0 00010000 ; 0 0010000 } 0 0010000 } © 001000 |} 0001000 | © 001000
1 0 0010000 | 0 0010000 | 0 0010002 | 0 001001 | 0001004 | 0001016

5 00010001 | 00010011 | 0 0010042 | 0 001025 | 0001092 | € 001309
10 00010002 | 00010043 | 0 0010166 | 0001092 | 0001310 | 0001915
15 0 0010004 | 0 0010096 | 0 0010315 | 0001190 | 0001596 | O 002578
20 00010007 | 0 0010167 | 00010613 | 0001310 | 0001915 | 0003218

decrease 1n 10 generations from 0 19 to 0 0994 9, If we set one genera-
tion at 25 years, thus space of time would cover 250 years If 109, are
transferred to Lhe upper class, the frequency of the character-bearers
will, 1n the same time, decrease to 0094149, A noticeable effect 1s

RR
0001 - e
g —— k=005
009 [ —
oo \ k=010
0 0008 =
‘h B k=025
0 0007 : ‘
0 0008 I .
T N =050
0 0005 -
a
k=07%
00004 1 [ L ok Ll Ll Jaud
0 2 4 6 8 10 12 14 18 18 20

Generation

Fig 27 Composition of the lower class in successive generatlons when 1t embraces
95 9, of the population, the character-bearers at the start have the frequency 1%y and
the transference to the upper class has the frequeney 5% (k = 0 05) to 75% (k = 0 75)
according to formwula 29 The figures are vald also for partial selection of varymg
strength 1m yegard o a lecessive, monohybnd character in the populaiion
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Fig 28, Composition of Lhe upper class in successive generations when it embraces

§9% of the population and the characier-boarers al the slart have the fiequency 19/,,

and when the transference to the upper class has the frequency 10% (k = (.1) ¢o
1009% (k = 1) according to formula 90.

e
ox
=
-~
-]

not reached until there are higher values for the selection. If half of the
character-bearers are transferred, the frequency in the lower class will,
after 10 generations be 0.07489 %,. Thearetically, it may possibly be of
interest to state that if all character-bearers are transferred, the
fraqueney sinks in 10 generations (0 rather more than half, namely
0,057686:%,,.
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If we look al the upper class we find thal in slight selection, when
only 1% of the characler-bearers have worked themselves up, the
irequency of the characler rises to 0.11179, in 10 generations. If the
selection amounts to 109, Lhere 15 a more noticeahle difference: after
ihe same time the frequency is 0.24179%,. The character-bearers are, in
other words, ralther more than Lwice as numerous in the upper class as
in the lower. When the iniensity of selection is extremely high, the
change is very pronounced. If half of the character-bearers have worked
themselves up, the frequency rises in 10 generations to 1.1129%, and if
they all do so, to 2.389 %, The figures show that a selection in respect
of social slanding has no or only litile imporlance for the characler-
bearer frequency of the lower class, but this notwithslanding, can be
thought Lo have a not inconsiderable effect on the constitution of the
upper class.

Finally it is of inlercst to examine the elfect of this seleclive trans-
position 1o isolates on the whole population. Obviously the effect
must be thal the frequency of characler-bearers compared with pan-
mixia mncreases al the same Lime as the helerozygoles decrease, and
the stronger the selection is the grealer importance must the process
have. No appreciable difference is obtained with shght selection. If the
seleclive circulation affects 19 of the character-bearers their frequency
rises in 10 generations from 0.1% to 0.100029%,. I the selection em-
braces half of 1he characler-bearers, Lhe effect is slight but nevertheless
noticeable; the frequency rises Lo 0.1310 %, in 10 generations, In total
selection the effect is so strong that the frequency of Lhe character-
hearers rises Lo 0.1915 9%, i.e. is nearly twice as high as at the beginning
of the process.

Figs. 29 and 30 illustrale changes laking place in the upper and lower
classes when Lhe former constitutes at the start 5% of the population
and the frequency of Lhe character is 19%. Only a few values for the
strength of selection are given.
® We have no experience to support calculations referring to what
really has happened and is happening. The condilions are naturally
very different in different communities and during different periods of
time. The characters of interest in this connexion are furthermore not
monohybrid recessive, but are inherited in a more complicated way.
The selection may be expected to take up such characters as intelligence,
energy, artistic gifls, moral qualifications, appearance, etc. It has not
yet been worked out how far and in what way characters of $his kind
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Fig. 20 Composition of the lower class i suecessive generations when il embraces
959, of the populalion, the characler-beare1s at the starl have the fiequency 1% and
the transference to the upper class has the frequency 19% (¢ = 001) to 75% (k = 0 75)
according to formula 29 The Digures are vahd also for pailial selection of varying
strength in regard to a recesnve monohybrid chavacter in the population

are determined by herecdity; still less is it known o what exient a
circulation between the classes is present and Has a selective nature.
The problem has been purposely simplified here. We have contenteQ
ourselves with analysing the process only wilh regard to a simple
monohybrid recessive character, and on the assumption that there are
only two isalates, and we have turthermore arbrtrarily assumed that
the smaller isolate comprises 5% of the population. Thus our calcula-
tiohs hawe very hitile contact with what actually takes place, and 1t is
perhaps tempting to argue that the contact is so small that the figures
do nob even, have theoretical inferept,
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discussion of Lhese questions; there is, of course, nothing to prevent
mathematically developed expressions applying to characters which
are inherited in a more complicated way, and a taking inlo account of
the fact that there is more than one layer of society. Formule of this
kind ean naturally also be used for calculating the effecl of the seleclion
of importance for the constilution of the selective isolates in the botlom
layer of the community. This sclection would probably apply to char-
aclers to be regarded as unfavourable from a social poinl of view, such
as poor intelligence, criminal tendencies, lack of self-control, and
the like.

The other aim of the calculalions is merely io demonstrale that we
aclually have nothing upon which to base a rational discussion of the
problem. Ideas of heredilarily determined differences belween the
classes of sociely play a prominent part in current discussions of social
reorganization, and in the drawing up of Lhe Utopian schemes which
play a greaier or lesser part in political aclions. IL musl assist this
discussion to have il made clear that there are no criferia for definite
statements, and that it is therefore important that the discussion be
based on starting-points other than the assumptiions of the presence or
absence ol marked differences in respecl of heredity between different
classes of the community. It may also help the discussion to have some
idea of the imporiance a ralional selection would be expecled to have
in a communily organized in a radically different way from the one
in which we live.

It may finally be of importance Lo make calculations based on the
assumption that an ideal recruitment of the upper class has been
attained from the point of view of inherilance. We imagine that an
individual test is made before the individuals are given the education
which is increasingly necessary in order to rise to the leading rank of a
society. We further assume that the tesls conducled are so reliable that
no persons lacking the characler rise to the upper class. We finally
assume thal the size of the upper class is adapled to the actual demanl
for a leading stratum and that a larger or smaller proportion of these
special character-bearers consequently will belong to the upper class
isolate. This means that in the formule, 87, 88, and 89 k, = (. Under
such, eircnmsiances the formula for the composition of the lower class
looks as follows:

o T3 a1 =K T 92y

1
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The formula for the upper class becomes:

(r—ky 12)?

2 -
(n+1) = " .

(93)

For the entire population we get the following recursion formula:

ap1 =kt + (94)

In order to reach the limiting value we can proceed as before in the
case of partial assorlalive mating: we base our calculations firstly on
panmixia and secondly on a population where the assortative mating
was tolal, so thal Lhe heterozygotes have disappeared and only the two
homozygoles are present. We then find that if the selection concerns a
very rarc monohybrid recessive characler, having, for instance, a
drequency of 0.019%,, and if 711- of the character-bearers should belong
to the upper class isolate, the frequency of the characler in the popula-
tion will increase somewhat and after 3—4 generations will become stable
at 0.013%. With a recessive characler of somewhal commoner
occurrence and having a frequency of 19, stability is reached afier
7-8 generalions if half the character-bearers belong to the upper class

TABLE 30.

Compasition of the total population when it is divided up Into an upper class and a
lower class and when eharactor-hearers are transferred to the upper elass in different
frequency and to ditferent extent. CL. formula 94.

Genera- r* = 0.000001 r® = 0.0001 ™ = 0,01
Hon TN 095 | k=050 | k=025 k=050 | k= 0.25] k = 0.50

0 0.000001000 | 0.000001000 { 0.0001000 | 0.0001000{ 0.01000 | 0.01000
1 0.000001250 | 0.000001499 ; 0.0001245 | 0.0001490} 0.01203 | 0.01407
2 0.000001312 | 0,000001748 | 0.0001305| 0.0001730} 0.01244 | 0.01574
3 0.000001327 | 0.000001872 | 0.0001320 0.0001848{ 0.01250 | 0.01642
4 0.000001331 | 0.000001934 } 0.0001323 | 0.0001907| 0.01264 | 0.01671
5 0.000001332 | 0.000001965 | 0.0001324 | 0.0001936{ 0.01255 | 0.01682
6 0.000001981 0.0001851 0.01687
7 0.000001989 0.0001956 0.01689
8 0.000001993 0.0001959 0.01680
9

0.000001995 0.0001960

-
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Fig. 31. Frequency of character-bearers
1 a population when a monohybnd, re-
cessive characler at the start hasihe fre-
quency 1% and ¥, of the character-bear-
ers are transferted to the upper class.
In the calculations we have starled from
panmixia and assumed that there aie
no heterozygotes in the population be-
cause of total assortative mating.
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Fig. 32. Frequency of character-bearers i
3 population when a monohybnad, 1ecessive
character at the start has Lhe frequency
1% and half of the characler-bearcrs are
trausferred to lhe upper class In the cal-
ctulations we have started from panmixia
and assumed that there are no heterozyg-
otes in Lhe population because of total as-
sortative mating.

isolate. The frequency of the character-bearers in the population rises
from 1% to 1.7%. (Cf. Table 30 and Figs. 31 and 32.) For the present
the calculalions are of minor practical interest, but we cannot dismiss
ihe possibility that they may have a certain importance in the future,



Summary.

General survey.

Medical genetics can be said to have, in the main, two aims. The
first is 1o discover theoretically whal part heredity and environment
play, and to try and find out what conditions our characters psychically
and physically. For genetics there exist only heredity and environment;
there is no third factor. Of course, it makes no fundamental difference
that the conception of probability is extensively used in genelics
(Dahlberg, 1945). In other words, an absolute determinsm is more or
less consciously postulated. The aim is neilther more nor less than to
try to solve Lhe problem of life in a manner as though, alter acquiring
exhauslive knowledge of the hereditary factors and environmental
conditions governing an individual, we could “understand” the latter
sufficiently to be able to fil him into his logical connection.

The other aim is of a pracfical kind, T{ is 1o discover what hered-
ity and environmen! signify for individuals and populations, and
above all to predict the constitution of the individuals to be born. The
problem 1is, then, to find out under what circumstances the hereditary
composition of a people is constant, and how it can be expected to
change in the one direction or the other under the influence of special
factors. The task is the same for individuals: namely, to obtain
information making il possible to predict the constitution of the
offspring from the unions between individuals (of whom as much
as possible is known). From both ponts of view the investigation
into the part hereditary factors play is naturally more interesting with
regard to commaner characters than with regard 1o more rare ones.
It must, however, also be taken into account that rare characters can,
from both social and individnal viewpoints, stand out as particularly
significant by virtue of their nature. An individual with a hereditary
constitution occasioning extremely low or extremely high powers
malkes more mark on society than one with so-called normal characters.
For this reason, genes which occasion defects and exceptional talent
respectively are of especial interest. *
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When we wish to assess individuals, we must of course differentiate
between individual and social points of view. From (Lhe point of view
of the individual himself and of those closely connected with him, his
life has unlimited value in so [ar as it 1s iireplaceable; this does
not, of course, prevent individuals from seiting other things higher
Lhan life. Conceplions and ideas of ‘what is right or good may result in
individuals in certain situations being willing to give up their lives.
Iere, of course, there is a greal variation noi only {rom individual
to individual bul also for differenl populations and different periods
of time.

When we wish to assess individuals from a social viewpoint, some-
times economic criteria are used. An individual is then of no value
if the expenses of his upbringing and exislence exactly correspond
Lo the economic return of his work during hife. Ile has a negative value
if the expenses exceed his achievemenl, and a posilive value if they
do not. Attempts have been made Lo carry out economic calculations
from these starling-points, which are undeniably of a certain interest.
Obviously, however, the figures are of grealer interest in questions of
defective individuals with negative values, even il Lthere may well be
but few people in civilized couniries who are willing consistenlly to
adopt a purely economic viewpoint, and who consider other valuations
of no importance. An American author (Dublinj has tried to express
the value of a hurnan life in money. It seems 1o be a widespread opin-
ion in America that only dollars and cents can make an American acl
rationally, whereas nolhing can induce a European to do so. Asregards
exceptionally gifted persons, finally, the problem is even more difficull
to solve, as we have no criteria for gauging ihe value of their achieve-
ments {rom an economic point of view. The same naturally holds of
persons of a more average level of intelligence who happen to have
been given a leading position in a country.

TLis clear that, talenl can be of very different types and he assessed
in very different ways. Some, for example, set artistic talent highesf,
others straight thinking and a faculty of combination, and some con-
sider a strong will combined with a greater or lesser degree of ruthlessness
to be more valuable than anything else.

As time has gone on, a large number of invesligalions have been
carried out within human genetics. The rediscovery of Mendel's law
at the turp ¢f the century was followed by a successful attempt at
showing thit this law held for man also. It is easiest to show this in
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respect of rare discases, which have to a certain extent the nature of
curiosilies. For this reason particular interesl was taken in characters
of this kind. It was furthermore natural to try and copy experimental
genelics, 50 thal the investigations oflen lended Lo take the form of
descriptions of families, within which several cases of a rare character
occurred. The resulls were drawn up in the form of family trees. Start-
ing from the first ancestors, it was found that characters appeared
among the offspring in one or more generalions in Lhe way Mendel’s
law would lead one to expect. It may be noted in passing that the
method used was faulty. Those concerned did not, as in experimental
genelics, begin with a given crossing and investigate the constitution
of the offspring. Instead, the ancestors were selecled because the
constitution of the offspring was known. That is to say, the answer to
the question sel up was to a certain exient already given, and the
analogy with the experimental investigations was in point of fact only
apparent. It is therefore nol always easy 10 evaluate the material
collected. It is difficult and sometimes impossible to determine
whal part selection of this kind have played in investigations of
this type.

Now, crossing experimenls cannol be made on man; investigators
have 1o contenl themselves with analysing the crossings which occur
in human populations. This means Lhat other methods must be used
in human gonetics Lhan in cxperimental genetics. The special circum-
stances in man furlhermore lend interest 1o olher aspects of the ques-
tion. It is desirable that, when planning investigations, some considera-
tion should be paid to the problems indicated in this work. In other
words, it is 10 be wished thal human genetics should not follow too
slavishly the same lines as experimental genetics, though it is and
mways will be necessary for the two trends to maintain close contact.

i is now possible theoretically and mathemalically to bring out in
relief the problems which are of [irst interest in hnman geneties from
a"population viewpoint. We then see that at present, there is no empir-
ical informalion for solving a number of very important problems,
We lack data as to the incidence of consanguineous marriages and
assortative mating. We know little about isolate boundaries and move-

“sments within populations, ete. It should, however, not be impossible
}" ito extend our knowledge on these points, having once seen clearly that
,,» ¢ such data are exiremely impariant. The mathematical analysis of pop-

%‘f'ulatlons from a hereditary point of view may still be deficient gu many
/A< TN

aa
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points, and the empirical background for an analysis of Lhis kind
exceedingly scanty-—nevertheless there is some reason for attempting,
even at Lhis stage, fo give a survey of the problems and of the results
s0 far atlained, and for a bricf discussion of them based on certain
initial assumptions.

For our analysis we use as starting-point that, as regards heredity,
a person has six different possibilities. Firstly, he can marry (and pro-
pagale) at random. If marriage is contracled in this way, panmixia is
said to obtain. Secondly, ke can refrain from marrying or propagating
to a greater or lesser extent than the average. If a group of character-
bearers behaves in this way, we have selechion. Thirdly, a character-
bearer can contract a blood marriage. {f such mariiagesoccurtoa greater
exlent than a chance estimate would indicate, inmarriage is said to
obtain. Fourthly, a person may be more inclined to marry character-
bearers of one certain kind than of other kinds. The most important pos-
sibility here 1s that character-bearers of a certain kind bave a greater
tendency to marry another than chance dictates. This is called assortat-
ive mating. Fifthly, a person who gets married has not the possibility of
marrying over a whole population, His freedom of movement is limited
by certain geographical and social conditions. He marries within a
certain district and within a cerlain class, and he has small prospects
of marrying outside the limits of these two, This means that a popula-
tion contains isolate boundaries. Sixzthly, we have to consider the posdi-
bility that a person getting married has offspring who deviate from,
what ome would expect on account of mutalions having taken place.
These different possibilities do not, of course, exclude one another.

Thus, when selecting 2 marriage partner, a person may choose at
random, not choose at all, choose a relation, choose within a given,
isolate, choose a character-bearer of a certain kind, and, finally, a
mutation may enter into selection. Events of this kind may result in
devialions from what is to be expected under panmixia, i.e. comin
generations get a constilulion differing from earlier ones. If, on the
other hand, panmixia obtains, the hereditary conslitulion of the Pop-,
ulation is constant from generation to generation.

It is primarily of interest that selection and mutation may cause th
hereditary constitution of a people to undergo a change; inmarriage,
isolate effects, and assortative mating, on the ather hand, do not alter.
the constitiition, bitt only cause a union of genes to form homozygotes;
to B/greAtor or”laashr extent than is to be expected in panmixia. Thesegj
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processes do not sel up any change of Lhe gene frequency in the popula-
tion, and i panmixia sets in after such processes have been going on
for a time, we again get, alter a shorier or longer period, the composition
of the population that il had before the processes starled. But, if the
changes sel up by inmarriage, assoriative mating, and isolates are
reversible in theory, Lhis does not mean Lhat 1n human populations it
is always possible to cancel the effect of such processes and revert to
an earlier state.

Selection and mufalions, then, alter not only the frequency of homeo-
zygotes and heterozygotles in a population: they also affect the gene
frequency. Thus, il after a time Lhe proccsses are thought Lo be cancelled
and panmixia again sets in, we would get a composition of the popula-
tion other ihan the one we had at the starl, We have no exacl data as
to the [requency of mulalions, but we have every reason to assume them
to be very rare; this means Lhat the changes they can be expected to sel
up proceed very slowly, and therr effect on a population is hardly
noliceable for a few generalions. Mulations are therefore of no very
great interesi 10 human genetics; iheir primary interesl is in connexion
with long-term problems, e.g. when dealing with evolution in zoology
and bolany.

Toltal seleciion immediately eradicales monohybrid dominant char-
acler-bearers, In partial selection the rate of the process depends on
the strenglh of the selection. The same is true of conditional characters,
when the gene is dominant and there is iolal seleclion. In a case of ihis
kind it is customary to speak of dominance with certain manifestation
probability. Sometimes the lerm penetrance is used. A% times,
however, these lerms are only used Lo express the fact Lhal, owing
to factors unknown, a certain genc combinalion occasions a certain
character only in some cases. The causes may be environmental
.actors bul may also be special gencs, which are not always pres-

nt but only have a cerlain frequency. There is reason for avoid-
ng these terms on account of their lack of clarity. They do not
1ive a clear idea of what the author means, and in many cases they
nislead readers into thinking he knows something about the subject,
whereas actually he is only justified in stating that no definite asser-
sions can be made.

‘ The main interest lies in monohybrid recessive characters, or such as
are inherited in a more complicated manner, since serious defects early
L:ommg to the fore can be dominant only il they are extremely infre-
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quent, e.g. caused by mutation. Selection has its greatest importance
for recessive characters if it affects frequent ones. Then, even if it is
slight, il can causc considerable results in a short Lime. If selection
was present in earlier generations it has had its main effect and can
no longer have any appreciable result. The problem is to find outl the
effect of selection processes of a later date.

A sclection that has been active for a large number of generations
should resull in ihe reduction 1o a very low frequency of the
characters against which il worked. In theory, we would then expect
the Irequency of the characler io approach the state of equilibrium
when the character-bearers which are eradicated by selection are
balanced by mutations. We call this limit the least heterozygous limit,
to emphasize that the state of balance is attended by a relatively
high frequency of heterozygoles which unite al random and give rise
1o isolated character-bearers. These derive practically always from
normal parents, who are heterozygotes. This situatlion should obtain
{or serious hereditary defects which hecome evidenl before or around
puberty. In other words, particular measures such as sierilization,
for example, do nol avail noticeably o decrease ihe frequency of
characters occasioning a very low fertility. Juvenile amanrotic idiocy
is an example of a character which is more or less at the slate of balance
since, though character-bearers are extremely rare, Lhere is a relatively
large number of heterozygotes for the characler in the population.
Four or five of such character-bearers are born in Sweden every year;
they die lowards the age of puberty and never propagate—a selection
more effeclive than sterilization. More than 50 such individuals exist
in Sweden (Sjogren, 1931).

‘We might remind readers thatl selection against recessive characters,
even if it is absolute, only makes the character’s frequency lend to O
asymptotically; this means that the characler cannot be completely
eradicated in finite Lime, To illustraic this, readers may remember
thal, in monohybrid recessivity, to every character-bearer who s
prevented {rom propagation there are two heferozygotes, these
last—if Lhe gene is very rare—corresponding to the two heterozygous
parents. This implies that if the population is doubled per generation,
the pumber of heterozygoles in the population (but not their frequency)
inereases slightly.

It should be remembered with respect to serious hereditary defects

K f‘ﬂkmt:, Isinge time iumemorial, such eharacter-hearprs have hardly had
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the possibility of propagating. When the parents died the defectives
had to resort to practically non-existent charity. Social viewpoints
and humane treatment have only appeared very late in the history of
mankind, and even generations now living are appreciably affected by
such considerations only {0 a very small extent. The help accorded
defective individuals, even in the most civilized countries, is not of an
exlent Lo enable them Lo propagate freely. Earlier on they lived on the
brink of want and their propagation was certainly very limited. On
~ these points of view we may expect {o {ind that the frequency of the
hereditarily defective in different countries is nol very different,
and that even in populations living at a very primilive stage it is
about the same as elsewhere. Unfortunately we lack reliable data
making possible more exact comparisons.

If the selection is of no very great importance as regards rare hered-
itary defects, il should also be of no appreciable imporiance when
applied to rarc advantageous characters, such as extreme talent.
We mighl possibly say thal, during scveral generations, the Catholic
Church applied a selection against extreme taleni. In olden times
gifted individnals not belonging Lo the upper classes, had practlically
speaking, only one possibility of oblaining intellectual work, and thal
was to become churchmen. Talent became thereby the objecl of
scleclion, since on account of the celibacy rules priests were not allowed
to have children. In spile of this there is no marked difference between
the frequency of great lalent in Calliolic countries compared with
other countries, If, for a longer or shorter period, the rulers of a country
do nol Lolerate ihe independent thought which is an integral part of
exceptional talent, and therefore try to eradicate this character, it may
be of comlort to know that, though this admiltedly affects the cultural
level in the counlry, it cannot lead to a disappearance of the character,
or even to an appreciable change in its frequency.

Tf the homozygosis in a populalion is altered on accouni of in-
marnagc, assorlative mating, or isolate influences, the state of balance
that exists beiween mulations and selection may be disturbed.
Isolate-breaking may lessen the homozygosis, for example. This
means that the least heterozygous limit gets displaced. There is then
na longer a balance between mutations and selection. Even a moderate
displacement of the state of balance means thal it will take infinite
time before equilibrium is again reached, and we can calculate that
it will be more than 100 generations before a small difference isreduced
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by half. The same holds if the state of balance is altered by decreased in-
marriage. Lethal and sublethal genes, and also such genes as occasion
serious congenital defects and the like, are then in a position to spread
more, and if, for example, inmarriage is iniroduced afresh after
some thousands of years, il mighl sel up an increased [requency of
character-bearers. This may be Lhought to involve a danger. Tt
might be asserled that processes thus upsetling the slale of balance
bhelween sclection and mutations arc unfavourable. Of course, the
genes are of no conscquence as long as they are lalent; for this reason, ”
we can, if we do nol look far ahead, say Lhat in each case processes
selting up Increascd heteirozygosis aie an advanlage. How far the
momentary gain is to be considered outweighed by a very questionable
future disadvantage is, at bollom, a subjeclive question.

Lel us assume that it is possible by diminishing the heterozygosis
and increasing the frequency of homozygotes to get an effective
selection during the course of a few generations, and that then there
aulomatically sets in an incicased heterozygosis with a constantly
lower frequency of hereditary defeclives than corresponds Lo the
state of halance prevailing earlier helween selection and mutations.
The answer to the questions as to whether this course should he adopted
naturally depends on how far ome considers generalions now living
should be sacrificed for fulure ones. Those interesled in eugenics not
infrequently maintain that all should be sacrificed for coming genera-
tions, whereas social behaviour is, on the whole, usually dictated by very
short-term viewpoints and by the inlerests of Lthose now living. There
is, of course, no possibility of objectively weighing up the interests
of those now living against the interesls of future generations. It we
assume that the interests of individuals should be accorded the same
weight regardless of the time al which they live, the present generation
ought to bear any burden if it can thereby win a slight advantage
for coming goneralions. If we take it that mankind is going to live on
for a considerable time, the sum of gain for the countless future geff—
erations must outweigh any disadvantages, however great they may
be, for one or a few earlier generations. If, on the other hand, it is
assurned that a population is going to diminish and disappear, and if
all individuals are considered of equal value, it stands 1o reason that
the burdens shoyld in certain cases be shifted on to the smaller future
generations. Actually, it is of course 4 matter of choice how much
prdsent generations should give up for coming gnes; an objective
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judgment on this poinlt cannol be given. In point of fact the
general attitude is probably that the longer difficultics can be put
off, the better—not leasl from Lhe point of view that there is always
the hope of being able to get out of the difficulties which we cannot
even glimpse al the present.

As regards the [requency a character can reach on account of a
tendency Lo mulalions, we may remember that genes arising
Lthrough mutations not infrequenily disappear at random. One faclor
" determining the probability of Lhis is the size of Lhe family. I[ a gene
has arisen and is present in an individual in heterozygote form,
obviously ihe risk of the gene’s nol being represenled in the next
generation is larger in a population where the fertility rate is low than
in one where it is high. Actually, we have to lake inlo account not
only that mulations disappear al random to a large extent, but also
that they multiply al random. It is, of course, easier for a gene to
reach a high frequency in small isolates than in large. When the isolaies
are small, we have to reckon wilh a complete absence of cerlain genes
in some of them, and a frequency which is larger or smaller according
io chance in olhers.

Just as there has been a tendency in some quarters to overestimate
the importance of selection (above all in the form of sterilization),
so has ithere also been a iendency 1o ascribe an undue effect to in-
marriage, It should, however, be remembered that, strictly speaking,
all marriages are consanguineous marriages, provided we assume
uniform derivation for the races of man. If we caleulate the number of
ancestors for an individual on the assumption thak they were not related
we very soon gel astronomical numbers far exceeding the number of in-
dividuals who have lived on earth. A given population with a given fre-
quency of inmarriage cannot therefore be compared with a theoreli-
cal population where there is no inmarriage whatsoever. A suitable
starting-point for a comparison is a population with panmixia, in which
the blood marriages occur at random. If the population is large, ithe
frequency of marriages between near relations will be praclically 0.

An overestimation of ihe effect of blood marriages may perhaps
be caused at least in part by the fact that repeated crossings of brothers
and sisters for generation after generation in experimental genetics
has given a very marked effect; the heterozygotes practically disap-
pear after a comparatively small number of generations. In man,
marriage between cousins is the most intimate blood -marriage
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to be reckoned with in practice. These marriages have httle effect on a
common character. Ii a characler is rare, they have a nol incon-
siderable importance, but then, of course, the character plays but
a small part in the population. If a recessive characier occurs in
259, of the population under panmixia, and if suddenly only marrages
between cousins were to be confracted, then in the nexl generation the
fiequency of Lhe character would mise Lo 26.56 %, If, on the other hand,
a character is very rare, e g. the gene has occurred one single time
through mutalion, charucler-bearers can only arise from blood mar-
riages. If such mariiages are very frequent and the gene very rare, it
should be possible appreciably to dimimish the frequency of the char-
acter by forbidding such marriages, provided that the characler
either is recessive or is inherited in a more complicaled way. (When
there is dominance, the blood marriages make for a slight dumi-
nution of the character’s [requency.) However, since the population
is divided up mlo 1solates, we cannot have bolh high frequency of
inmarriage and rare genes. Therc must be at least two helerozygotes
in an isolaie to produce a character-bearer. I the isolate is large the
gene may have a low {requency, but in that case cousin marriages are
scarcely usual. If the isolale is small, the frequency of cousin marriages
1s higher, but the gene cannot ihen be extremely rare. These cir-
cumstances balance the effect of the cousin marriages, so that in
practice we have at mosi to reckon with 15-309, of the parenis of the
characler-bearers heing cousins. This tallies with the results found
when investigating rare characters. In juvenile amaurolic 1diocy 159,
of the parents are cousins. In retinitis pigmentosa the corresponding
figure is 17 %, in Friedreich’s ataxia 99, in albinism 17 %, ete. Thus,
a greater effect as regards rare hereditary defects would be achieved
by forbidding cousin mariiages than could conceivably be achieved
by sterilization. All rarer recessive characters, or those inherited in a
complicated way, would be simultaneously affected, and this total
effect would not be very small. It would, however, only act once: for
simple mendelian characters nothing would be gained in following
generations.

‘We might fear that a prohibition of cousin marriages might
also give a diminution of rare desirable characters, such as extreme
talent of a ¢ertain kind, ete, Chdracters of 1lng sort are probably not
inherited ad monohyhrid characters, however, but have amore intricate
mads ubinlteﬂtan?e., 80 that 4the effect on these characters will, in

S 1. » T e ;o4 v 4
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any case, be far less strong. The fact that cousin marriages have been
forbidden in a number of countries is hardly due Lo eugenic consid-
eralions, however. The weaving of illusions which Lo a cerlain
extent is a prerequisite of marriage is not so easy vis-A-vis persons
who are near relations, and who are well known io one another.
On this account marriage between cousins has perhaps come 1o appear
as “‘conirary to nature’. Not until much later does one try Lo rationalize
one's behaviour. If we want Lo discuss a prohibition of cousin marriages
from the point of view of eugenics, we must of course take inlo account
Lhal a measure of this kind implies interference in the individual’s
freedom to act as he likes. If we assume that the State is Lo accord to
the members of society as great a freedom as possible, and should
only intervene when there are definile reasons for so doing, the measure
is disputable. In some quarters genelical “‘results” have been very
zealously applied, which results subsequently proved illfounded. This
inviles caution.

The fact ihat inmarriage affects the frequency of all rare char-
aclers which are inherited recessively or in a more complicated
way means that il causes a correlalion belween rare characters. If we
starl with rare character-bearers, we chose the offspring of cousin
marriages to a parlicularly large extent, and we must therefore expect
to find in them and their brothers and sislers a raised frequency of
other rare characters. This may well in part explain why malformations
of differeni kinds relatively often occur together, and why a marked
occurrence of rare defects (e.g. deaf-mutism, retinitis pigmentiosa)
are found in association with other rare characters. A correlation be-
tween characters may, of course, be due to linkage but may also be due
to inmarriage. We have finally to reckon with the possibility of a
higher frequency for rare characters in small isolates, This makes for
a correlation between the characters of a similar kind to that caused
by inmarriage.

In actuality there is, as has been stated above, a connexion between
isolates and inmarriage. A population is divided up into smaller
parts, within which panmixia can be assumed to obtain. These isolates
can be geographically or socially demarcated. In certain cases the
boundarjes are sharp, in others vague, and it may happen that there
are no real limits at all. In spite of this, a given person has greater
prospects of marrying persons who live at a slighi or a moderate
. distance, and, practically speaking, no prospects of marrying persons
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at a great distance. In such a case we have 1solation bul no sharp
isolate boundaries.

We can now use the marriages between cousins to get an idea of
the size of the isolates. If they are small, the frequency of such marriages
is high, if large, il is low. With the help of these marriages we can
calculate an idealized isolate comprising that number of individuals
who, al a ceriain size of the family, would correspond to a given
cousin-marriage frequency. We then subslitute an average probability
of mairiage for a varying one. In various countries the frequency of ~
cousin martiages has appreciably diminished towards the present time;
this may well be linked up with industrializalion, moving to the towns,
and better communications. We can calculate thal this corresponds to
an increase ol Lhe average isolate size from 200 up to 800 individuals
in a numher of Westein European countries.

However, we cannot assume ihat cousin marriages correspond
under all circumstances with what is to be expected in panmixia. In
countries where the parents arrange Lhe marriages the frequency of
cousin marriages should be higher than one would expect from Lhe size
of the isolates. It should further be influenced by isolate-breaking Lo
a lesser extent than is the case in other populations, but it ought
naturally nol Lo be altogether unaffected, since the breaking of the
isolate should, after all, make it less possible for the members of a
family to maintain contact with one another. The relatively high
frequency of cousin marriages in France may possibly be linked will
social factors of this kind. Under such circumstances it is interesling
10 get more reliable and more varied data as to the cousin marriages
in different populations.

It may finally be stated that a high cousin-marriage frequency among
parenls of characler-bearers provides an important pointer in judging
ihe part hereditary factors play. Far loo restricted use has hitherto
been made of this possibility. If, for example, a disease appears relativ-
ely often in parents and brothers and sisters of diseased persons, this
may be due to environmental factors (infection). A raising of the fre-
quency of cousin marriages can hardly be atiributed to anything other
than hereditary factors. In comparisons, that figure for the cousin
marriages must of course be used that characterizes the isolates from
which the character-bearers have been taken.

In discussing the breaking of isolates, it is to a certain exient a
matter of choice whether this pracess iy to be considered the essential
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one, or whether most stress is 10 be put on the diminished inmarriage
frequency. Even il methods for an cstimation of isolate size and isolate-
breaking can be obtained with the help of Lhe cousin-marriage fre-
quency, wehave al present no other direct data for assessing the degree of
isolation. IL 1s possible we might get dala to afford clues here. Needless
to say, a postulate is that we adopt the view-points indicated here and,
hitherto, little known within human genelics.

To clarify the relationship between isolate and blood marriages
we will imagine a definite isolate, e.g. an island, on which Lhe popula-
tion rapidly grows. This means that if panmixia oblains the marriages
between cousins will decrease in frequency. Notwithstanding this, the
frequency of character-bearers will not be changed. This is due to the
fact thal more distant degrees of blood marriages increase in frequency,
and this balances the decreased frequency of the cousin marriages, If
we could register blood marriages of a more distant degree, il should
be possible to regard the process purely from the point of view of such
marriages. As, however, this is not possible, it is more appropriate to
analyse the process from the poini of view of the isolate. This aspect
holds for a number of problems of very greal import.

Now isolate houndarics are of no importance for Lhe heterozygous
frequency if Lhe populations in Lhe dilferent isolates have the same
constitution. On the other hand, certain genes may have a higher
frequency in some isolates than in others; taking the character-bearcrs
as starting-point we will, if we disregard the isolate boundaries, come
10 assume a higher proportion of heterozygotes than actually exist. In
the extreme case of two isolates where the one gene is present in all
individuals in one and completely lacking in the other, there are no
heierozygotes, and we should then draw radically wrong conclusions
il we disregarded the isolate boundaries when trying to form an idea
of the gene proportion of the population.

Actually, very important differences between the isolates are to
Be expected for rare characters. The isolates naturally vary very
greatly in size in a population. The one extreme is the large towns, Lhe
«other small villages in a region of sparse population. If mutations
arise in a population, Lhey may disappear at random, because those
concerned do not propagate, etc. Qr they may set up by chance a
moderale number of heterozygotes in later generations. If the gene is
recessive, it cannot assert itself and become the object of selection
before the fourth generation at earliest, since marriages belwaen nearer
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relations than cousins are very rare, and marriages belween brother
and sister practically never take place. The probability for a mutation
to reach a moderate frequency by chance 15 naturally far greater in a
small isolate than in a large one. For Lhis 1eason rare defects are found
primarily 1 small isolates, 1n remotely situaled villages, where as a
rule comparatively primitive conditions prevail and where marrages
between cousins and other relations have a high frequency. It is not
infrequently asserted that the defective individuals in the isolates and
the primitive cullural conditions are a sign of degeneration due Lo in- “
marriage This1s wrong, of course. There 1s no reason [or assuming that
the hereditary constilution of the population of small isolates is erther
belter or worse than in large isolates, aparl from the specially
high frequency of the gene in gquestion. The essential factor in the
process is not inmarriage; a larger population with the same gene
content but lesser cousin marriages would display ihe same frequency
of character-bearers. The important factor is the narrow isolate
boundaries which are caused by ihe lack of communicalions, efc.
As has been poinled out above, the improved communications, moving
to the towns, and so on, have dimimished the frequency of cousin mar-
riages, which process indicates that the isolale boundaries have been
broken. We can also say that the isolates have become larger Lhrough
lhese processes. For rare characlers, we can assume that if there
are such in an isolate, it is hardly likely Lhat the same gene is to
be found in neighbouring isolates. The frequency of the character-
bearers therefore is lowered by crossings over the isolale boundaries.
The genes become dispersed in heterozygous form. In the extreme case
this process goes on in proportion to the mcrease of the isolate. As has
slready been mentioned, the frequency of cousin marriages can be used
to calculate that theisolatesin a number of Western European countries
have been doubled at least, and possibly irebled; this should have made
for a very appreciable decrease of the frequency of rare defects without
consequent decrease of the frequency of the genes corresponding to the
defects. This must imply an advaniage, since the process is irreversible.
If most stress is put on the diminished blood marriages in this process,
the situation is wrongly assessed if only the marriages between close
relations are taken into account. The frequency of character-bearers
has probably diminished far more than what the diminution of
fhé qousin marriages cay have caused, If for some reason the
L W&nc& ‘of the ;copsin marringes shquld in the future increase,
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this should notl increase the Ifrequency of character-bearers up to
the ealer level.

Meanwhile, the olficial statistics do not show the decrease of defect-
ives these paths of thought lead us 10 expect. Tt must be remembered
thal Lhe registration of such defectives has become more and more
complete, however, though it is still far from satisfactory. Sweden is
thought Lo have relatively reliable population statistics. In spite
of this, the frequency of epileptics, for example, at the last census

®™in 1940 amounted to only 4349, Data as to defects are not as a rule
will.ngly given to authorities. There is, however, one exception to
this, namely ihe examinations of conscripts. On data from these it
can be calculated that the number of epileptics in Sweden should be
aboul 12 000, this means that there is plenty of room for an increased
frequency through improved registration, even if the actual frequency
of heredilary epilepsy were to decrease appreciably.

As the isolates aie smaller in the countryside than in the towns, we
ought io expect a higher frequency of hereditary defects among the
country population than among that of the town The difference should,
however, in part be due to Lhe fact that a selection iakes place at the
migration inlo the Lowns. The defeclive remain behind in the country
to a comparalively greal extent. As, however, individuals with recessive
defects practically exclusively derve from parents who are hetero-
zygotes, these circumsiances ought only to have effect in the last im-
migrated generation. The helerozygotes should be as numerous as in
the original population.

Concerning Lhis it may be mterestingto compare figures from country
and town and from different regions in Sweden. The figures are taken
from the census of 1930. Ci. Table 31,

When interpreting these figures we must remember that only a
certain number of these defects are conditioned by heredity. At present
we have no possibility of judging definitely in each separate case
Whether the defects are conditioned by environmeni or not. It may
further be staled that the headings used cover a number of different
hereditary defeets, blindness, dullness of intellect, lameness, etc. They

! are composed, that is to say, partly of a number of defects condilioned
by genes, partly of defects due to environment. Finally, as bas already
been said, the registration is incomplete. In ihese circnmstances we

ust be content with saying that frequency differences are found which,

, on the whole, correspond to what we would expect from the gize of the
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TABLE 31.

Frequency of delective individuals in per mille in diiferent administrative areas In Sweden
according to the census in 1930,

Deaf~ | Fecble- Epilep-
Administrative area Bhnd mutes | mmded Insanes les Cripples
Town of Stockholm . ...... 0.86 0.49 1.23 3.93 0.37 8.57
County of Stockholm ,..... 067 0.74 2.69 3.66 0.65 10.99
» » Uppeala .....es. 0.98 099 3.17 4.90 082 11.81
» » Sodermanland ..{ 0.86 0.73 2.91 4.32 \ 083 11,41
» » Malmohus ...... 049 069 2,28 444 071 9.20
» » Vasterbollen.,..] 1.52 1.15 362 4,47 0.77 117
» » Novrbolten ..... 1.32 1.15 326 1,53 0.99 11 36
Towns of Sweden ......., 073 | 074 | 162 | 451 | 050 | 951
Rural parishes of Sweden .| 1.10 093 346 4,54 0.81 11.68
The whole of Sweden ..... 0.98 0.87 2,86 4.53 o7 10.97

isolates. The frequency of defectives is lower in towns than in the
country, is extremely low in Stockholm and extremely high in the most
noriherly parts of the country (Vasterbotten, Norrbotten), where the
isolates are comparatively small. (The absence of noteworthy differ-
ences as regards the frequency of the insane is probably connected
with the facl thal Lhey are taken care of and regislered to a far greater
extent in the towns than in the couniry.) IL should in any case be
inleresting to try and analyse ihe figures for the frequency of ihe
defeclives in the different districts from ihe standpoint used here.
Summing up, we may say with regard to rare defects that sleriliza-
tion can hardly be thought to affect Lheir frequency Lo any extent worth
mentioning, More effect would result from forhidding cousin marriages.
The process which is of the grealest importance is isolate-breaking. In
some quarters it has been contended in the field of eugenics that the
peasant population is the nucleus of the people, and partly on this
ground steps have been taken to lry 1o prevent them moving into
towns and to keep them in the country. If we think here of Lhe frequency
of defects, this view is wrong. The defects have a higher {requency in
the relativoly small isolates of the countryside, and if we want ta
diminish their frequency we should encourage moving to Lhe towns.
Now, the frequency of the defectives is by no means of crycial im-~
portance for a population, however. Even if a comfortable cxistence wero
made avsilable for them, the cost would be negligible compared with
ythe enormos sextravaganse of the oullay that the organized mass mur-
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ders due to war involve. Far more important, of course, arc the suffer-
ings that the defects bring with them for the character-bearers and
their parenls.

There is talk within the field of eugenics of Lhe frequency of the
defectives, as Lhough this had tremendous significance for the general
efficiency. In point of fact the gencral average intelleciual level and
the frequency of exceplionally gifted persons mean far more fora society.
As has been said above, selection has no greal imporlance for the

™ frequency of cxceptional talent, provided it is so demarcated as to be
a rare character. Whatever we may take cxceptional lalent to imply, it
should, further, be possible to assume thal a greater or lesser frequency
of inmarriage plays no appreciable parl in the frequency of the
character, il we Lhink of cousin marriages and similar degrees of
marriage between close relations. This is becguse Lhe character, in so
far as it is conditioned by heredity, is undoubtedly caused by a number
of genes which must meet. For such characlers a higher or lower fre-
quency of cousin marriages is of little importance. On the other hand,
it is possible Lhat, isolate boundaries are of considerable importance for
them, To illustrate this we will briefly discuss i1he importance of
the isolate-breaking for stature. From the point of view of heredity
there are importanl similarities between Lalent and slalure, The stature
in a population has a fairly normal distribution with low frequency of
extremely 1all and extremely short persons, and a high frequency of
those of medium height. A similar distribution has been obtained from
the carrying oul of so-called intelligence tesls. A small number of
exitremely short individuals are found below the range of variation of
the normal distribution, This is due in a number of cases to environ-
mental injuries, in others to special genes (dwarves, kyphosis due to
tubereulosis, elc.). Analogous with this, we lind, below the stupidity
which is the lower limil of normal talent, a small number of individuals
who are markedly defeclive eilher on account of environmental
iljuries (as haemorrhages at delivery) or of special genes.

It has heen possible in several countries to establish that in recent
years stature has increased. In Sweden the increase amounts to 9 cm

! in exactly 100 years. The supposition most readily presenting itself is
that lhis is due to a raised standard of living. Actually, however,
Jhe increase in stature does nol run parallel to the raising of the

landard of living. There is reason 1o suppose thal belter nutrition
ffects the rate at which young persons grow up to about pubesty. After
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that, giowth proceeds more slowly with good nutrition, so thai there
is probably no difference worth the name in adults. It has been
possible to show that from 1883-1938/39 the differcnce in stature for
15-year-olds in Sweden is about 15 cm; lor adults, on the other hand,
nol quite 5 cm. If the stature is delermined by a number of genes which
are mainly dominant, it is possible that the isolate-breaking which has
taken place in Sweden and which has set up an increased helerozygo-
sis is the essential cause of increased bodily length in adulis. The
author has discussed Lhese problems in several papers (cf. Dahlbery, e
1931 and 1938; Broman, Duhlberg and Lichtenstein, 1942).

As regards stature, then, the breaking of isolates would make for a
decrease in the number of extremely short persons, a rise in the number
of mediumly tall ones, and an increase of the extremely tall. If a similar
process has been al work for intellectual gifts we should expect the
breaking of isolates 1o have sel up a decrease of the frequency of the
extremely stupid, a higher mean inteclligence, and an increase of
exiremely gdfted persons.

To work out in more detail the importance of isolate-breaking for
normal intelligence we need investigations into how poor abilities are
inherited, If we find they are primarily inherited as a complicated
recessive characler, we have reason to suppose that isolate-breaking is
socially advanlageous, and a danger if the reverse is Lhe case. This side
of Lhe matfer is perhaps more important than the effect the isolaie-
breaking has had and has on the frequency of the hereditarily defective,

Seen theoretically, there is of course the possibility thal the process
is of no consequence and thal recessive and dominani genes balance
each other in such a way that isolate-breaking has no elfect.

In so far as isolate-breaking affects the hereditary characters in a
population, we would expect differences between town and country
populations. Heterozygosis is greater in a town population. Processes
of this kind may, furthermore, make for differences beiween different
countries, It stands to reason that heterozygosis is less in a country
where the jnhabitants are of old standing than in one where fhere has
been immigration and where settlement of colonization type is found.
On this point there should, for example, be a difference between not
only Europe and Amenca but also between North America and England.

Thus, questions bearmg on the breaking of isolates should asume an

rtant place'within genetics, and it is in the first place important to
“ m 518 t the extent of the process in djfferent conntries,
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As regards assorlalwe mafing, Loo, we lack primary data upon which
an analysis of lhe impo1lance of such processes could be based. It has
been possible io show mathematically that assorlative mating very
rapidly leads to a slate of balance. It is theretore {irsi and foremost of
interest 1o investigate the exlenl to which processes of this kind have
arisen in more recent lLimes. They have been given greater scope by
increased communications. Assortative mating can hardly play any
very great part in rare characters, since the bearers, precisely on account
of their raiily, have no very extensive possibilities of meeting. Isolate-
breaking has, however, increased the possibililies of such a process. The
extenl to which assortative mating exists for ordinary characlers has
been very litlle gone into hitherto. Nevertheless we know Lhat there is
such a tendency as regards stature. Tall persons and shor} persons
respectively marry each other somewhat more than a 1andom estimate
would lead one to expect.

In theory 1t is possibie Lhal there is negalive assortative mating for
cerlain characters. It is above all likely that cerlain afflic..ons making
for helplessness have a cuibhing effecl on marriages belween persons
with the same character. Some genes affecting ihe appearance of a
person might give rise to negalive assortalive mating. Possibly there is
such a process going on for individuals with strabismus. Processes of this
kind should cause a slighl increase of helerozygosis, but it is unhkely
ihat such processes would have a noticeable effect in human populalions,

There is reason to assume that Lhe genotypically deaf-mutes are

about hall of the total number of deat-mutes, Some of them marry
oulside the 1solate and olher inside the isolate, which is constitnted
through special societies for deaf-mutes and other orgamizations. Of
course the situation also depends on the density of the population and
1s quite different in different countries. At present it is not possible to
make exact caleulations, but it should hardly be difficull to oblain
information on which such calculations could be based.
» We may suspect similar processes to exist as regards genes which
condition special interesis. For example, musical persons are brought
together to a certain extent in special societies and circles, and we
might with some justificalion speak of selective isolates. At Lhe same
lime we must also 1ake into account that the interesl in music sets up
direct assottative mating even in those communities where musical
isolates hardly exist. No investigations on the matters discussed here
have bheen carried out.

[
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If there is a tendency to assortalive mating as regards rare characlers,
e.g. heredilary defects or exceplional talent, there is reason to suppose
thal the breaking of isolates would cause 1l 1o play a somewhat larger
réle nowadays than has carlier been the case. The increase in size of
the isolates has given rare character-bearers a greater chance to meet.
The process sets up an increase of homozygosis and a decrease of
heterozygosis; il thus counteracts the breaking of the isolaie and the
decrease of inrnarmage. It is nol possible to determine the effect of
lbese processes exactly, but it seems hardly probable that thee
increase of assortative mating plays a very imporlant part. Empirical
investigalions inlo this problem are desirable, however. The circum-
stances are nalurally different with differenl characlers. For deaf-
mutes, for example, we have reason lo suppose thal general isolale-
breaking {(movement into towns) increases their possibilities of meeting.
The fact Lthat they have at the same time been given an improved train-
ing, increasing Lheir possibilities of conlact with normal persons, may
well mean that the tendency to assortative mating is simultaneously
counteracted. The result of these processes can only be established by
empirical investigations.

The form of assortative mating which is conditioned by a special
genetically determined trend of interests leads on Lo the question of the
importance of the social class limits from the point of view of heredify.
Persons who are born into the one social class or the other and who
possess average characters remain, for the most part, within Lheir class.
There is, however, a certain class circulation, which implies both a
moving about of persons with more average characlers, and also a
selective move., Persons with characters giving rise to special social
effectivity have cerlain prospeecls of getting inlo a higher layer of
sociely. Particularly backward persons sink down into a lower one.
Iere, too, we can, of course, talk of isolates with a sclective moving
about, bul we can also put the stress on a special, possibly heredilary
trend of the interests, and consider there to be assorialive mating over
the isolate boundaries. We have perhaps most reason to stress the
latier in guestions of women, and the former in questions of men.
When women marry inlo the upper class it is possible that there
is positive nssortative mating as regards intelligence, but perhaps ¢
above all 4 negative, assortative mating as regards appearante. When’l
men wo kntheir ,Way up into the upper classes, they have often had tlmr,
to cqntx‘;;#ﬁ a ﬁmmiage before they succeeded in breaking through thes

fi
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isolate boundaries, and the women thus added Lo the upper-class isolates
have theaverage conshilution of lower-class isolates—provided assor tat~
we mating does nol oblain for the group of men working iheir way up.

A spzcial direcling of interests is, of course, essential for Lhe
men who reach the upper classes; unless their will was concentrated on
this goal, they would hardly pass the boundaries. The question Lhen is,
how far special hereditary characters are of importance. Factors of
chance naturally play a not insignificant part. Other things heing equal,
however, exceptional talent should be an advantage, but also a strong
will, a certain egocenlricity, and lack of consideralion for olhers are
also greal helps. It is possible that those who work themselves up are
to a cerlain exteni a selection of persons with desirable inlellectuak
and undesirable moral characters.

It is possible mathematically Lo calculatie lhe effecl of the selective
or assortalive isolate formation imphed in the boundaries of the social
classes. If the character and size of Lhe process is known, it is possible
mathemalically Lo calculate the effect of the selective or assortative
isolate formation implied in the boundaries of the social classes. A selec-
lion in respect of special hereditary characlers can be shown Lo make
of necessily for a progressive eflecl on Lhe constitulion of the upper-
class isolates. Qur presenl knowledge is nol cnough to delermine
whether the effect is large enough Lo play apy signiticant réle, however.
As the upper class is 1clatlively small and the class circulation likewise,
we can nevertheless state that the masses do not change character as
a result ol possible seleclion. For the lower classes we can assume that
the question is onec of a selection that is too small to have any import-
ance worth mentioning.

Tt is interesting in this connexion to remember that the population in
certain regions has been recruited primerily from emigrants from the
lower classes in Europe, e.g. Australia and U.S.A., without any notice-
.able decline 1n quality being involved.
® The problem of the character of the upper class is, of course, very
difficull Lo solve; in any case it must be trealed quantitatively on the
lines indicated here. Undoubtedly there is a trend making for a differ-
ence hul this trend may be too weak to be of any himportance. The
questions in this sphere are of very great imporlance, The idea that
social classes arise by chance has more or less delinitely been bebind
the demands of reforms aiming at cquality. On the other hand, il has

48ls0 been asserted that there are important hereditary diferences
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between classes of society, and thal the upper layers constitute a selec-
tien with better gifts and characler than do the lower. This selection,
which took place during carlier generalions, has established so great a
difference Lhat the upper classes can look upon themselves as an élite,
which on account of the inherited quality has a special right to a more
advaniageons posilion. For this reason measures aiming to level out
class differences are opposed, and it is not desired that differences in
quality should be taken into consideralion by further selection. From
the point of view of heredity our first desire would be that {he isolate®
constiluted by the ruling classes should be constanily renewed, by a
deliberate selection, analogous to the way in which defecl-isolates
are formed for the deaf-mules.

In certain quarters attempts have even been made from a genetical
point of view to encourage a direct resistance to class circulation—an
exiremely conservative view being subscribed to. In so doing it has
been assumed that the upper classes have a lower fertility rate than
ihe masses. The admission of the gifted into the upper classes exposes
them 1o selection since they then parlicipate in the limifed fertility
habits distinguishing these classes. It is, therefore, considered to be in
the interest of sociely Lo retain the gifted in the lower classes indefinit-
ely. (No time is given when society is to use their gifts.) AL the same
time it is asserted that the low fertilily habils in the upper classes
indicates a moral inferiority and an antisocial egoceniricity. Grealer
fertility is desired among ibese antisocial beings.

‘We have indicated from the point of view of genetics a number of
problems Louching on the formation of social classes, partly to show
that the complicated questions in ihis sphere are far from solved and
are difficult 1o expound, parily also to emphasize that our present
knowledge does not enable usto pronounce on the hereditary dissimilar-
ilies which may exist between the classes. The problem is very in-
tricate, and our knowledge is so skelchy thal it is mot possible to
express an opinion on social organization in relation Lo the ahsence 8r
presence of special hereditary differences between dillerent social layers.
For the sake of completeness it must finally be staled that the problems
naturally eannot be seen exclusively from the point of view of heredity.
Organisalional and economic aspects, and others, must also be taken
into accoynt. °

Another complex of questions also bearing on assortative mating and
isolate baundariésis that of racial differences. Inmost casesa race can
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he defined as a group of isolates which are demarcated regionally and
which exhibil hereditary differences from other isolates. When ideas as
Lo the excellence of one’s own race and Lhe inferiorily of others enter in,
however, assortative maling nol infrequenlly comes into being also.
Thus the Jews, for example, have to a certain extent constituted
regionally limiled isolales. But they have also constituted social isolates,
and we can if we like assert that there has been assorialive mating in
that Jews have married Jews more often than they have married non-
Jewish individuals, and vice versa. In the same way Lhe conlrast
between whites and negroes in America has resulted in isolate bound-
aries, which can to a certain cxtent be said to indicale assortative
maling.

Racial research has, since olden times, worked with old-fashioned
ideas as Lo genelics. The theory, accepted before Mendel, of the hered-
itary mass as a subsiance diluted Lo varying degrees through crossings
is al ithe back of a number of the views advanced on races. Pure races
of homogeneons constitution are assumed in the same way as, in
chemistlry, one speaks of pure substances. Essential dilferences between
races are assumed by Lhe side of the unimportant differences of appear-
ance thal can be established objeclively. Mendelism has not yet
thoroughly penetrated into racial research.

From the poinl of view of Mendelism a race consists of individuals
who arc of extremely varying comslitution and who are homo- or
heterozygoles [or different genes, The variation is so great that, apart
from monozygotic twins, the possibilily of two individuals completely
resembling one another hereditarily can be ruled out.

'When investigating questions of race, the very first thing to do is to
find out whether there are diffcrences between groups of isolates within
a population. One way of doing Lhis is Lo see whelher Lhere is a correla-
tion between characters. If there is no such correlation belween char-
actersinherited independently of one another, there is no reason Lo speak
of racial differences. If there is correlation, an atlempt must be made
1o gauge the exient of the differences present.

The ideal is to reach frequency figures for those genes which have a
different frequency within Lhe two race groups. This is only possible in
excepliopal cases, for example in the frequency of defects inherited in
a known way. But even though an exhaustive analysis of racial differ-
ences is impossible, we can still try and get a more or less satisfactory
meastre of possible differences in characters whose manner of inheritance
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has not been woiked out. (There must, however, be good grounds for
assuming Lhat the characters are hereditary.) The most reasonable thing
would seem to be to try and assess ithe differences in respect of the
variability exisling. Obviously the differences are nol very imporlant
if a large part of the 1ange of vaiiation distinguishing the two groups
compared 1» common. This work describes a method of gauging racial
differences, the principle of which is that we investigale in the first
place the range ot vanation for the dufferent characters in the groups
to be compared. We then imagine we mix the two groups, after which
we try and separate the individuals wilh the help of the knowledge
gained about them. The besl result obtainable is when all individuals
can be sorted out correctly. If the differences are small, we get a larger
or smaller remainder gioup, which cannol with cerlainty be relegated
to either of Lthe Lwo prumary ones. The size of this group gives a measure
of the race difference,

The method can, of couise, be used to establish 1he extent of dif{er-
ences between materials, even in questions of other characlers than
racial differences.

The method is of special value as regards more dispuiable racial
divisions, that is 1o say, when ihe ditferences are small. An advantage
of this metlhod is that we are forced io build on the knowledge we
actually possess of Lhe racial groups in question, and are unabhle to use
more indefinte and consequently doubliul “‘observations”; at the same
time we use to the full the exact knowledge we have. Race investigations
carried out hitherto are, in many cases, much too patchy 1o allow of an
analysis according to the method given here. When this method is used,
however, 1t should be able to help towards giving racial research a more
objective character, and combat the antiquated superstition that at
present. is in some quarters entitled scientific racial research.

In the previons pages we have indicaied a number of applications of
mathematical theory, presented in this work, for populations from a
hereditary aspect. Our aim has been to try and awaken interest 1fl
problems of this kind, and in so doing to influence the Lrend of scientific
work in this sphere. It should not be necessary to emphasize that in the
general presentation given here it has only been possible to indicate the
praoblems, and that the author has therefore chosen to dwell cspeclally

_on, problems twith, which he himself has worked.

Finplly, ilzmay be stated that the mathematical analysis of popula-

tions i&wﬁpﬁ;% of heredity: shows that a humber of conclusions hitherto
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thought possible with the help of analogies fiom the plant and animal
world have been wrong, and thal thercfore certain suggestions as to
social measures have been ill-founded. With regard to Lhis ihere may
well be reason for caulion in nsing the consequences of the mathematical
population analysis also. The results that have been obtained should
not be considered as defimtely cstablished before they have heen
empirically verified. Only then can Lhey justifiably be used as slarting-
poinis for a discussion of practical measures
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