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Preface

Whether or not 1t be true that the proper study of mankind is
Iman, 1t 1s certain that he finds great dsfficulty m studying any-
thing else,

—J.W N SULLWAN Aspects of Saence

Evin 17 the human element were not so difficult to climinate,
there would be good reason to recommend the study of man be-
cause of 1ts usefulness, actual and potentil, in the interpretation,
prediction, and gwdance of human behavior. The present world
crists has made 1t very clear that unless mankind acquires deeper
and more intimate information about the nature of man and the
human societies he forms and their mechanisms of action, civih-
zation as we know it may come to an end 1n the only too fore-
seeable future. This is still not reahzed as fully as would be
desirable, but nevertheless some results of thought and investiga-
tions along such lines are beginning to appear.

‘The observations of the men of antiquity on their fellow men
were largely restricted to aphorisms as to the motives underlying
human behavior and to some scattered observations on differences
in skin color and certain other aspects of human physique. It was
not until the year 1775 that anything which one may regard as a
really sciennfic study of mankind was published. 1 refer to the book
by Johann Friedrich Blumenbach called De Generis Humani
Varietate, or in other words, On the Natural Varieties of Mankind.
This author set out to show what significance was to be attached
to the differences, physical and mental, which were supposed to
exist between men. He realized at the outset that no absolutely
sharp distinction could be expected between different peoples and
stated that the vaneties of mankind, as accepted by various eminent
thinkers, seemed to have been arbitranly chosen as to both number
and definition .
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Onee a movement to study mankind systematically had begun,
many who became interested in this subject apphied themselves to
it, often with amazing energy aod industry. Numerous observa-
tions on human physical vanetics, and new techniques for derect-
mg and new ch were published, so that an
imposing mass of data was accumulated, However, this effort began
betore the saience of genetics was founded, or 1n other words, be-
fore there was any knowledge of the mechamsm of heredity, and
consequently the mode of inhentance of differences between dif-
ferent vancties of man was for a long time uniovestigated. There-
fore, it is not surprising that the chief methods of approach to a
physical study of man were along other hines.

One of the most promising Imes at firse appeared to be 2 study
of human physique, as revealed by a study of skin, har and eye
color, and by stature and vanous other physical measurements
which were from time to tme ntroduced. At one time it seemed
that a clue to racal differences of very great value had been found
when Retzius suggested that the ratio of the hreadth of the head
to jts length svas characteristically diffecent among vanous peoples.
Classical physical anthropology developed from this and simular
suggestions,

Once the science of physical anthropology had been properly
launched a great many inveshgations 1nto human physique n
various parts of the world were carned out. Vartous measurements
of the head and other parts of the bady were made and tabulated
and the diffesences between the peoples in different parts of the
world were analyzed. Uniil fairly recemly these data and their
interpretation constituted the science of physical anthropology.

But in the meantime one of the greatest of all scienufic nvesti-
gators, Gregor Mendel, had carried out expeniments which re-
vealed the true mechantsm of inhentance. He was before his timne,
however, and his work passed almost unnotced for nearly forty
years. About the beginming of this century Mendel's principles
were rediscovered and the whole saientific world became aware of
them, Tt has thus been only about fifty years since this rediscovery
occurred.

Once rediscovered, however, the science of genetics was de-
veloped with grear enthusizsm and insight by numerous inves-
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tigators in various countries of the world, and it was realized by a
great many worhers that the laws which were found to apply to
plants and amimals would doubtless hald true, perhaps with some
variation, for human beings also.

As the new science of hereduty became better known a gradual
revolution began in the ranks of physical anthropologists. It was
slowly rcalized that the proper study of mankind involved as one
of its parts a study of the mechanistm by which his various physical
traits were nhented, and indeed that characteristics which were
not inherited would be of small use to the would-be student of
physical anthropology. This revolution, however, did not take
place overnight, and was for years unperceived by many. It is the
purpose of the present book to explain this revolution in anthro-
pological thinking, the scienufic basis on which it rests, and the
way in which genetic knowledge can be applied to 2 study of
mankind.

Even after the acceptance of Mendelism by ists, many of
those who wrote on anthmpology scem to havc known liule, if
anything, of the new science of genctics, Others gradually dis-
covered the subject as their rescarches progressed, and modified
therr points of view accordingly. In the chapters which follow it has
sometimes seemed desirable to quote the opinions of certain in-
dividuals because they serve to illustrate the ignorance of, or a Jack
of appreciation of, the saience of genetics. But in doing so it is not
meant to imply that none of the authors quoted cver learned to
understand the role of genetic principles and their application to
physical anthropology. Also, it must be remembered that publica-
tion always lags behind research, so that in many cases at the time
of the publication of a certain book, memoir, ot pamphlet, the
author of it was already panfully aware that his views, as therein
expressed, were out of date.

It does not seem that any single volume has adequately summa-
rized the new point of view towards physical anthropelogy which
developed after the revolution imtiated by a study of genetics had
taken place. Some aspects of the new views were occasionally
summarized in papers in various scientific journals, and the new
doctrines were implicit in several remarkable books, none of which,
however, were books on anthropology. We should mention partic-
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ulacly Inbreeding and OQutbreeding by East and Jones, Fisher's
The Genetwal Theory of Nasural Selecnon, Hogben's Genetie
Principles in Mediane and Social Science, Dabzhans\y's Genetics
and the Ongin of Speewes, Mayr's Systematics and the Origin of
Spectes, Sunpson's Tempo and Mode in Evolution, and Glass's
Genes and the Man. The debr which 1 owe to these books is
immense, and Wil be obvious to any reader of the present text.
Nevertheless, there still d a gap to be filled by 2 book
which would attempt o summarize the results of 2 thoroughgeing
application of the vew doctrines to the study of man.

In all hunuby, and constious of ats many imperfections, the
aunthor offers the present volume to his readers as the mussing
book. No claim is made to any great onginality of thought, and if
any specialist fancies he recognizes hus own thoughts and con-
clusions i ane or more paragraphs, he 15 probably nght, and this
seems as good 2 place as any to apologize for not maling a mose
specific acknowledgment of each such debr. The fallibility of
human memory, and the himuations which space imposes on
bibliographies, may serve as partral excuses. The chuef effort in the
present wrting has been to acquamt the reader with the important
results of the newer work, especally as they mught apply to man,
and o summarize and synthenze the views of thuse who, often
warking in very diverse fields, have contributed o our understand-
ing of the problems considered here, If nothing but a clearer and
mare complete exposition of the new pone of view segasding
physical anthropology has been achueved, the author will feel more
than satsfied.

In scope, however, this book is somewhat more ambitious than
a mere summary of the applications of the newer methods of
physical anthropology, for it atterpts also 1o pravide the reader
who is willing to fearn with the basie genetic (and 1o some extent
the mathematical) background which might make it possible for
himn to make new applications of these very i principles.

For this reason Chapter 1, for instance, is much longer than the
usual chapter on genetics in books on anthropology,

Although the present volume is limited to a consideration of
the genctic approach to physical anthropolagy, it is not implied
that other approaches do ner have their own value, The various
morphological and metrical features of the human body are of
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interest 1 themselves, for the setting up and description of ana-
tomical races are of importance in medicine and criminology, and
their study will doubtless be continued. This work, however, is
already so well founded that it does not need encouragement by
waters working 1n fields outside of human morphology. It 1s
possible that the need is, rather, for an exposition of the newer
points of view, which have been accepted by many but have as yet
been expounded 1n detail by comparauvely few, and which have
made possible a completely new approach to the problem of the
descent of man and the onigin of human races. The present
approach, therefore, is only one of the many possible ones and
there 15 no encyclopedic thoroughness and no attempt to include the
Linds of treatment for which the author has nesther the tramning
nor the inclination. As the subject of physical anthropology ex-
pands 1t will doubtless be more and more necessary to spectalize
i the various branches of the study of the physical aspects of man,
and this book may be regarded as one dealing with a particular
aspect of this developing subject.

The production of this book was 1n large part made possible by
a grant from the Viking Fund, which helped defray expenses of
typing and preparing llustrations.

‘The anthor 15 enormously indebted to various colleagues, some
of whom are practicing anthropologsts, and others who are
specialists int other fields, who have read and criticized the manu-
scrapt while it was in the process of preparation. Without their
advice it is doubtful if the book could ever have reached com-
pletion. None of these friends and colleagues should be blamed,
of course, for any errors in the present work, nor should they be
held responsible for any unorthodox points of view which may be
peculiar to the writer. Among those whase help deserves special
mention should be listed C. Blanaiforti and J. Holbraok, wha
drew many of the illustrations, and my wife, who read through
the entire manuscript several times, and made suggestions so valu.
able that without them the book would be much more ymperfect
than it is.

Writiam C Bovp
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ularly Inbreeding and Outbreeding by East and Jones, F:shcr"s
The Genetscal Theory of Natural Selection, Hogben's Genetic
Principles 1n Mediane and Social Science, Dobzhanshy's Geneties
and the Ongin of Speaes, Mayr's Systematies and the Ongin of
Species, Simpson’s Tempo and Mode sn Erolution, and Glass's
Genes and the Man. The debt which I owe to these books is
immense, and will be obvious to any reader of the present text.
Nevertheless, there sull remamned a gap to be filled by a book
which would attempt to summangze the sesults of a thoroughgoing
application of the new doctrines to the study of man.

In all humility, and conscious of its many imperfections, the
author offers the present volume to Ius readers as the mussing
book. No claim 1s made to any great onginahty of thought, and 1f
any specabist fancies he recogmzes fus own thoughts and con-
clusions 1 one or more paragraphs, he is probably night, and this
seems as good a place as any to apologize for not making a more
speaific acknowledgment of each such debt. The fallbihty of
human memory, and the hmianons which space imposes on
bibliographies, may serve as partial excuses. The chief effort in the
present writing has been to acquaint the reader wth the important
results of the newer work, especally as they mught apply to man,
and to summarize and synthesize the views of those who, often
working 1n very diverse fields, have contributed to our understand-
g of the problems considered here. If nothing but a clearer and
more complete exposition of the new pownt of view regarding
physical anthropology has been achieved, the author will feel more
than satsfied,

In scope, however, this book is somewhat more ambitious than
a mere summary of the applications of the newer methods of
physical anthropology, for it attempts also to provide the reader
who 15 willing to learn with the basic genetic (and to some extent
the mathematieal) background which might make 1t possible for
him to make new apphications of these very important principles.
For this reason Chapter 11, for instance, is much longer than the
usual chapter on genetics in books on anthropology.

Although the present volume is limited to a consideration of
the genetic approach to physical anthropology, it is not implied
that other approaches do not have their own value. The various
morphological and metrical features of the human body are of










cuarpTrr 1 Possible APPIOaChCS to
a Study of Man

It 15 mantfest that man 1s . . . subject to much variabilsty.
— parwane The Descent of Man

Introduction

AnTaroPOLOGY means the comparatve study of man, and in this
broad sense there is no aspect of man or his works which should
be excluded from our inquirses. In practice 1t bas proved con-
ventent to break up this broad sub]cct mxo a numbcr of more
restiicted fields, includ for Y
and the more marrowly delimited ﬁelds which we dcsngnatc as
anthropology.

Anthrapology in turn 1s divided into two main branches- cultural
anthropology (4, 35) and phystcal anthropology. Cultural anthro-
pology 1s the study of man's works and social patterns; physical
anthropology is the study of the omgm, development, and dis-
tubution of man’s physical characteristics. In this book we shall be
concerned with the study of physical anthropology.

In any book wnitten in the present epoch of world history, some
apology 1s required for wnting on such an apparently academic
subject. But it should be evident even to the most cl:mcntary
student that what is desperately needed at the present time 15
nformation about how man behaves and what makes him behave
as he docs, We shall need to know this in order that we may help
prevent the human race from acting in completely unreasonable
ways, and help point out the more rational types of behavior
which alone will be companble with 1ts continued existence (40)
Teis the writer’s belief, and a main thesis of this book, that a study
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of the phystcal man, and of the genes which determine his physical
structure, will cventually lead to some knowledge of the genes
which probably determune, at least i part, his behavior.

Such 2 basic inquiry must of cousse be conducted in a com-
pletely objectve manner. I assume that readers of this book are
wilkng and able to attempt to study mankind disinterestedly and
scientifically, with as much detachment as they would use in
dissecting 2 worm, or following the orbit of a comet. Persons not
willing to make the astempe, at least, to do this may as well put
the book down without reading further.

Tt 15 clear that onc of the most important questions to be
settled 1s this very vital onc: do there exst, or do there not exist,
smportant 1nnate differences between different human racial
stochs? If such differences exist, then perhaps some stocks are
more smtable than others for “avilization,” whatever this means
exactly; if they do not exist, we obviously face a more simplified
problem, even though we are still confronted with the undoubted
exsstence of cultural and race prejudice, Before we start a study of
the purely physical aspects of man, we must therefore first explain
why we do not start by investigating cultural patterns and moral
codes as they exist in different groups of mankind, The answer 15
that this problem belongs to the study of cultural, not physical,
anthropology. It is the conviction of the present wrter that genet-
1cally determined differences have lucle, 1f anything, ta do with
culture: But this conviction is evidently not shared by everyone,
and is clearly 2 problem which we ought to examine a hule
;unhcr before we dismuss cultural problems from consideration

ere.

I we examine the doctrines of individuals who have preached
the superiority or inferiority of certain races, such as Adolf Hitler's
declaration in Mein Kampf (19) that the Jews are inferior as cul-
ture creators, and that the “Aryans” (Germans) are superior to
other races, we find thar al of these doctrinaires (see below) held
the belief that there are inherited differences jn ability or moral
fiber or something of the sort between the different races. They
believed that these differences are not merely cultural differences,
but are based on real, fundamental, and Aeredita

N Rbasdh ry factors. I such
dhfferences in racial ability did, in fact, cxist, they would fall within
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the scope of our study. Whether such apparent differences are
really 1nnate, however, is certamnly open to question (36, 2, 5), and
the problem is certainly far more difficult to solve than the more
restricted question we propose to examine here, namely, how great
are the mhented physical differences between races? If a physical
study of vartous groups of men does not reveal the existence of
significant differences which 1n turn suggest the possibility that
there may also exist differences wn 1nnate ability, then one of the
fundamental assumptions of such “racist” doctrines 1s removed.
Unless the psychologists make discovenes in the future which we
canaot as yet even guess at, the extent and nature of the physical
differences between the various human races are, and will remarn,
about the only guide we have towards solving the much debated
question of the existence of mental and other intangible differ-
ences between races. We may, therefore, justifiably regard our
present study as a kind of fundamental preparaton far the study of
the more 1mportant but more difficult questions of innate mental
and cultural differences between different ethnic groups, a study
which must be largely postponed to the future. Furthermore, a
study of man’s physical characteristics may enable us to make 2
guess, at least, as to the evolutionary history of mankind, a subject
l{o which, since we are human ourselves, we can hardly be indif-
erent,

Cultural and Physical Traits

To begin with, we must distinguish clearly between cultural
and physical trats. It might be supposed that the two things
could never be confused, but actually observation makes 1t clear
that many people, both specialists and laymen, do often mustake one
for the other. Human actions which are fundamentally due to
differences in culture are often very categorically stated to be duc
to inherited (and therefore physical) differences in different
human stocks. ‘The great traveler and linguist, Sir Richard Frandis
Burton, who fancied himself something of an anthropologist in
his time, often refers to certain peoples as treacherous by nature,
or lazy, or proud (6, 7). It was in fact once common for most
travelers to speak of certain peoples as cruel, or as brave, or
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1. o % 1

Even d P of our own ume,
such as the late Alet Hrdliika, could lst such behavioral trans as
charactesistic of different races (26). The common people have
atways spoken as though these qualities descended snevitably from
ane generation to the next, and as though they were permanent
characteristics of certain racial groups, But even the most careless,
or most prejudiced, obscrvers could see 1 the recent Second
World War the spectacle of the Germans, who genetically are not
fund Hly very differcnt from fves, equaling the genet-
wally different Japanese in cruehy and fanaucal bravery, and should
have been able to deduce that nesther cruelty nor bravery is deter-
mined exclusively by aur genctic makeup. The purely “Amencan”
behavior of the Amertcan-born Niser was also sllummaung.

An imporant distinction beoween the cultural and physical
charactenstics of man 18 that physical characteristics are by far the
more permanent, and are determyned by heredity, by the environ-
ment, or by both, The color of the skin or the blood group may
be given as an example of a physical trase. Cultoral charactenstics,
on the other hand, since they are the result of the indvidual’s
social environment, oftens change, sometimes with great raprdnty,
as when a2 pew anvenuon Iihe the baw and arrow is introduced
mto 2 cubtural area, The sapid spread, after the discovery of
Amertca, of the custom of smoking tobacco could be given as an
interestng example of the spread of a cultural habut. It 55 of course
somewhat extrene, sn that w has spread so completely into prac-
uncally every corner of the earth.

Having decided that physical tradts are the characters we want
to study, and having examined sorme dfferences between physical
and cultusal traits, we may now approach the problem of tdentify-
wg and describing physical differences between different races
{the rerm “race” is discussed and defined on page 201), Jr will
soon appeac that a cursory visual examination is mot sufficicnt,
although certain earlier workers seemed to believe that it was
adequate.

That not a few anthropologists 35 well 25 laymen were once
convinced that they could sdennfy race by a mere inspection of
the individusl is sather well shown by Sir Asthur Keith’s remarks
{33): “A Negro or a Chinese, a Hindu or an American Indizn
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meets us 1n the street, and, before he has passed, we have assessed
Ius racial characters and made our diagnosis. We can never hope to
obrain, by the use of mstruments, indices, and angles, the delicacy
and preasion of racial diagnosis reached by the tutored and expen-
enced eye. Travelers and explorers may become so skilled that 1 a
cosmopolitan crowd 1n an eastern bazar they will recognize the most
delicate shades of race.”

How well Sir Arthur could have sorted his individuals into
races if they had filed past um clean-shaven and naked, we do not
know. Certain 1t 15 that many of the factors on which these minute
racial diagnoses are based are really cultural charactenstics such
as mode of dress, gestures used 1n speaking, expressions of the
face, and so forth. Many of my readers will recall the expenence of
being recognized as Amenicans 1n foreign countries by dragomans
or peddlers of “filthy postcards,” even though their genealogies
might be “racually” quite mixed. This sufficiently illustrates the
superficiality of this sort of 1denufication of race. Nevertheless, 1t
cannot be doubted that many anthropologists and travelers do
become very astute at guessing the ractal ongin of persons they
meet. Although some of this 1s done on the basis of cultural teauts,
probably some morphological components play a role. Of course
we are totally unable to esumate what genes, and how many, are
acting to produce the “racial” appearance which the expert detects.

The “Noble Aryans”

At one time one heard a good deal of talk, particularly from
certain Europeans and Amencans, about “racial superiority” and
“the white man's burden.” A good deal of the responsibility for
this philosophy goes back to the nineteenth-century French writer
Gobineau (18, 44). The idea of an ongmnal, clear<ut, and per-
manent wequality is perhaps one of the oldest and most widely
held opintons in the world. Nearly every people, great or small,
has started off by making 1nequality one of its chief mottoes, In
somne cases, When a group has become powerful and civilized, and
when it is clear that the majority of its people have “mixed blood”
flowing in their veins, a certain number of them assert that all
men are equal,



10 POSSIBLE APPROACHES TO A STUDY oF Man

a botamst, both men have published much on the subject of race,
and evedently 1nflnenced the thoughts of many, so we can hardly
refuse to take cognizance of thew views, It 35 fortunate thar their
opumons do not represent those of the majonity of warkers in our
science,

Race Prejudice

It is common 1o dessgnate 2 person who beheves in the inherent
supenionty or wfessonty of one or more human races as 3 “racist.”
Convinced that the 1 portang (mental, moaral, ctc.) differences be-
tween races are great, some writers, espectally white Europeans who
bekieve 1n the supeeiarity of the “white race,” or “Nordic race,” often
Seem to try to find as many physical differences as possible between

ence of great differences 1o mental and other abilytjes, This tendency
in its extsemest form has been developed by a writer who takes the
further step of dividing mankind, not into races, but into five sep-
arate speevey,

Gates (14, 15, 16, 17) states that the convention of assigning all
fiving races to just ome speeies, Hamo saprens, lacks scientific
justification, Speaking of ¢he great French writer, A, Dumas, who

2d one quarter Negro ancestry, he remarks that Dumas’s genius
must have been inheriteq from his grandfather, who was whice
and was a French Marquss, implying thar o man of wo per cent
Negra ancestey could pever become g 8reat navelist, even of
blrought up in an environment with adequate cule
tional advantages, Ignaring the possible effects of climate and
disease, he contrasts the African teihes who never

]o.wer grades* of culture, despite contacts with Egypt and Arabia,

* A bret #nvestization of AFnean history sugpests thae this 55 nor true, and that

¥ have origingted in Afnca, gngd that 2t feast ohe grear
empre (of the Chakkas and Zutus) may have Rounshed there i the past e
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white ancestry, thus making clear hus assumption that the abilities
of Booker T. Washington and George Washington Carver, for
example, were due to their white ancestry and not to their Negro
forebears. There is actually no evidence as to whether racial differ-
ences in ability to create or maintain cultures exist or do not exist.
The question has really never been examned.

One of the outstanding students of human morphology in our
time (32) has stated 1n an address to the students of Aberdeen
University that he believes that prejudices are inborn, a part of the
birthright of every child.

In the intreduction he says, “I examine our local, national, and
racial prejudices and trace them to the prehistoric stage of man's
evolution I d that 1n the prehistoric world these preju-
dices served a uscful purpose. . . . I maintain that, for the ulimate
good of mankind, we should nurse and preserve them.”

He creeps up to his thesis very carefully, first playing on the
emotions of patriotssm which he thinks any Scotsman, or in general
anybody, must experience, the feelhng that your own umversity is
the very best umversity 1 the world, etc. . . . He gradually in-
troduces the term “prejudice” for such feelings, and finally expands
the term to include dislike for what is foreign.

Keith then cites vartous writers (Carlyle, Adam Smith, Thomze
Reid) as supporting hus contention that prejudices are inborn. 2
only actual argument to support hus idea that they were and ace 1o,
ful is based on the idea that evolution is impossible withows .-
tion. He says: “A modern breeder, if he entered this prétir,..
world, would at once perceive the object which Nature 727 %
view [“Creative evolution™?] * If he were called upon 45 o Lo 5
new human breed he would do just what Nature Zar 2.
separate mankind into herds and trbes and keep therr %%zpnz
and pure for an endless period Each tribe in our preliiseai u., E
represented an evolutionary experiment, Without jsilet-. e
could have done nothing, How did she keep tribes zrus 7;
answer to this question yields a clue to the object 7 v ”(,{‘_'
the origin of our prejudices. We are apt to think oF g Ao,
mountain-chains, deserts, and impenetrable jungler 11, {;;‘—,:,

*The passages in brackets s quotation are due o
Kenh Passages i ickets 1 this quota ai mtr,‘,‘,‘”,‘(m
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which kept cvolving tubes and races apast fsee Ch. V1. No
doubt they have asststed to seeure this object, but Natuee did not
trust to them. She cstablished her real and most effectve bacriers
10 the human heart. These wstinctive hikes and dishkes of ours,
which 1 speak of as prejudices, have come down to us from the
prebustorie. world, They ase essential pacts of the evolutionary
machinery which Nature employed throughowt eons of time to
secure the separation of man into permancnt groups and thus ta
obtarn production of new and improved races of mankind.” {This
is most certainly not true; dafferent human races have always
intesbred when they had the chance, and it is almost certamly
geographic barriers which have allowed the creation of the present
human races, whether we use the term race sn the ofd or the new
{genetic) sense.}

St Arthur connnves: * . . . To obtain nmversal and perennial
peace we must akio reckon the prce we will have to pay for it
The price 15 the racal buthnight that Nature has bestowed on us.
To attatn such an sdeal wordd, peoples of all coumsics and con-
tinents must posl therr Jooks, Black, brown, yellows, and white must
sive and rake 1n marnage and ditnbute 1 2 common progeny
the snhentance which each has come by i their uphill strupgle
through the leagues of pretustoric time towards the present. If this
scheme of umversal deraciahizavon ever comes before us as a
matter of practical pohtics—as the sole way of establishmg peace
and gaod will in all parts of our world, I feel certasn both head
and heact will rise agamnst 1. There will well up withia us an over-
mastering antipathy to secunng peace at such a price. This antipathy
ar race prejudice Natuze has implanted withta us for her own ends
—the improvement of mankind through racal diffecentiation.”

It 5s hkely that Kesth and others who have voiced such senti-
ments have been mfl d by ples from d ic breeds of
anumnals, whete man, sometsmes to snesease ther usefulness, some-
tunes appatemtly simply 1o granfy his whims, has produced
speaalized breeds. There 3s no doubt that crossing a hgh rutk-
producing breed of cautde with a breed designed for meat often
giwves progeny mtermediate for both characteristics. Fram the point
of view of the hosbandman, something would perhaps thus be
Jost. Bue from the pont of view of the cattle, this mght not be
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teue. The chances of survival of the hybrids in a “wild” environ-
ment might be 1ncreased. Since thinkers who are objective 1n therr
attitude towards the external world do not see in nature the
purposefulness and special concern with man’s destiny which
Sir Arthur scemed to discern, we have to judge of success 1n
evolution by survival. It has been pointed out by more than one
writer that our speciahzed domesticated breeds of ammals and
plants could not compete successfully n a complete state of na-
wre with their wild ancestral stocks, or even with the mongrel
stock which would result from indisciminate crossing. Therefore
the mongrel, from his own pomnt of view, and even from the point
of view of evolution, 15 better. There is no evidence that the same
would not hold true for human crossing; and thus the ternble loss
of the “racial birthright” which so distressed Sir Arthur in pros-
pect would prove no loss at all. And even 1f some shight deteriora-
tion of some particular human ability did result (which there is no
reason to expect), it would be a justifiable price to pay for freedom
from the all-destroying scourge which modern warfare has already
become, And one wonders if even Sir Arthur Kesth could have
expressed quite the point of view above quoted had he known of
the coming possibihties of atomic and bacteniological warfare.
Would he have been quite so sure that “Nature keeps her human
orchard healthy by pruming; war is her pruming hook?” Would
he have said: “Without c ion Mankind can never p
the price of progress is competition.”
A less rash, and a wiser man, Franz Boas, took issue (4) with
Keith's statement about race anupathy and race prejudice, and
challenged Keith to prove that race antipathy 1s implanted by nature
and is not rather the effect of social causes. Also, 1t has still to be
proved that achieving and mamntaining a “pure” racial stock is
necessanly gowng to result in physical or moral improvement. We
shall show later i this book that racial differentiation can result
from causes which almost certanly do no# improve the stock.

Inherited Mental Differences
Klineberg (34), Dobzhansky (10) and Montag (37) have

stated that there 15 no clear evidence for the inheritance of mental
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traits in man, of for their being correlated with physical chana
istics. With the sccond part of this statement we @n agree W [
much more ado. The first pare of the statement should prebably X
made somewhat less broad, for there ts P‘"‘mi"c cvidenst L:'
certan kands of mental defects are mnherited, and one is “mﬁ: '
to believe that genmus, and perhaps other types of ‘QU!S:JT:E-’:
ability, are sometmes inhented, although this question 18 o
pleated by our ignorance of the extent fo which ‘"mﬁ:ﬁ
plays 2 role. At any rate, there can be no doubt that grelt &
ences in menual ability do exmt between different individ
Ithough an adeq sale of has not ja b
devised (. 104). and 1t does ot scem impossible that they ¢ %
Jeast pantly determined by hereditary factors. But we ¢anfact =
that heredity does play any important rofe here withoue bt
data than those now available (p. 100). We really do not knfm
Environment (including particularly the attitude of oncs ar
temporanes) doubtless often leads certain individuals 10 bebate
as 1f ove of their physical characterisucs were the caus of 2 k¢
havioral difference. Thus Topsy in Unde Tom's Cakin (45‘)‘
refused 1o behave properly because she was black, 5aying, "au]a:;d
never be nothin' but 2 nigger, if 1 was ever so good- e
be skunned, and come white, I'd try then Topsy scems t© e
appresiated slso the diffculty of being accepted on equal recas 7
the majority, even if her behavior were up to their sundasds. N
doubt many a person in real life is simularly deterred from atterc®
1o hve up to a different cultural ideal. i
¥ any racial differences in mental ability do exist—and of i
w; h“c';, Yet no proof —they should of course be studied (22
= :x\na\;mublc methods are deviscd. Such methods do 0% %0
:gz’ m)c at l!}: present time (sc.c p- 100). Many prcscnrday thiabett
are inclmed to doubt if such racial differences Will
found. Thus Toynbee (47) in his Study of History spect ali
examines, and completely rejects, the old doctrine, resived ia 0
sime by the Nais (1g), that certain races are more fued B8
others to give rise to avihizations.

We do not wish to den: hat racial mental difference with
0 deny that raci dies
day be demonstrated, | ) care to starg our Stud¥
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Classification and Physical Anthropology

We now face the question- which physical aspects of man do we
wish to study? The complete ensemble of the various physical
features of all human races is far too vast 2 subject to discuss in a
volume of this size; probably it could never be mastered cven in
the entirc hfetime of any one person. There are some physical
charactenstics, however, which we are going to consider as more
important than others for our purposes. The primary reason for
sclectng certain characteristics and rejecting others is the wish to
produce a classification which is ingful 1n terms of modern
biology; in other words, a kind of human taxonomy. We shall,
therefore, choose physical tratts which enable us to clasaify man-
kind into groups.

If we arc confronted with a collection of objects which are more
or less alike, and we wish to classify them 1nto groups, the stand-
ards on which we shall base our classification will depend upon
our purpose. If we have no underlying purpose except some basic
human impulse to arrange things into categories, it will not matter
what criteria we use. We could classify human beings according
to the number of freckles on their noses, or the length of their
fingers, or their speed 1n the hundred-yard dash, or however we liked.
Even if arrangement into categories were our only motive, how-
ever, it is possible that we smght eventually be led to look for
categories which seem to mean something, using criteria which
are relatively unaffected by the environment, and particularly those
which do not change much with the age of the indvidual.

But the purpose of anthropological classification is more serious
than the granfication of idle curiosity. If the anthropologist is not
content with the current popular classification of men into “races”
and nations, it is partly because he hopes to find something more
fundamental, such as a classification which will tell him some-
thing of the history of the human race. Morant said in 1939 (39)
that “the main aim of physical anthropology is to unravel the
course of human evolution and it may be taken for granted today
that the proper study of the natural history of man is concerned
essentially with the mode and path of his descent” Whils ™
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doubiful whether all physical anthropologists sestrict theic studies
solely to data bearing on the course of human cvcluziofl, neverthe-
less Morant is probably right 10 1mplying that such information
scems of hugh importance to most workers i the field. .

The promunent place which the subject of human evolution
occupies in the thinking of physical antheopologists is pretty well
shown by the amount of attention devoted to the study of anthro-
pouds and other nonhuman primates. Taking a journal at random,
we find that in volumes 1-5 (N.S.) of the dmerican Journal of
Physical Anthropology there were published no less than mine
papers dealing wath this subject. These papers congtituted g3 per
cent of the total appearing in those volumes, and their appearance
1 3 journal devored to anthropology would be hard to explun
except on the assumption that such studies are expected to throw
some light on the problems of human evolution.

We have 10 deade, then, which physical characteristics to use in
classifying man, and paruculacly which can serve as the basis of a
classtheatton which wall be meaningful in terms of the racial
hustory of man. Certarn characteristics which on first thought
seem to be sunable may prove useless on further examination. To
take an example from another species, every bird lover wll recall
that one of the characterstics of different birds is the call. Although
burd calls of dufferent species may sound more or less the same to
some people, they extibi disomer characterisucs to those who are
interested in burds (and p bly to birds), Nevertheless, there
15 good evidence to show that the calls of some species of birds
ase learned by wnnation of examples which they hear, and in such
cases arc presumably not inhersted (28). Any classificauon of
birds based on therr calls, therefore, is open to the objecuion that a
species in a new environment may possibly, and sometimes does,
change its characteristic call. A classification based on such a char-
acteristic would therefore be of only temporary and limited value,

In man we find that there are two different ways in which an
indwvidual may clasp his hands and fold his arms. Tn clasping the
hands, for instance, the right thumb may be uppermost, or the left
thumb may be uppermost, A certain manner of clasping the hands
and folding the arms is wsually constant for cach individual, and
the habit he autoratically follows in these actions persusts through-
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out his hfe. Tt mght be suggested that hand or arm foldmg would
afford a relmble character for our purpose, and that we could
classify people into “nght thumbers” and “left thumbers,” accord-
ing to thewr method of clasping hands, On further 1nvestigation,
however, we learn that the manner of clasping hands or folding
the arms is not hereditary (49), and that the characteristic manner
in which an indvidual performs either of those acts is generally
due to a chance habit which he acquired early in life. We would,
therefore, be very foolish to differentrate people 1nto two human
groups on the grounds that all (or most) of the people in the first
group clasped their hands with the right thumb uppermost, while
those in the second group clasped their hands with the left thumb

pp Since the diff is not hereditary, it could be
changed very simply by cultural influence, although in the hypo-
thetical populations where all (or nearly all) indwiduals performed
the act 1n the same way, if some social significance were attached
to the act one manner or the other might persist for generations,
and thus seem to be genetically determned. In most existing human
groups there are probably indviduals of both types, as well as a
few people who scem to have no fixed habit, and “racial” vanations
in the frequencies of the two modes of hand<clasping could prob-
ably be discovered. Clearly, however, this charactensstic, since 1t is
known not to be hereditary, 15 not swtable for our purpose, if we
wish 2 classification which will tell us something about the physical
history of the human race.

From the foregoing discussion, the fact begins to emerge that we
are going to want to base our classification on hereditary character-
sstics, for otherwise our categories wall be too ephemeral, and our
“races” too puble to possible modificauon by )
and cultural influences. However, among the many characteristics
which are undoubtedly inherited, not all are going to be equally
suttable. If we are interested merely in human taxonomy, we shall
want characters varying from one geographical locality to another,
but expressed, as nearly as may be, in the same way 1n cach in-
dividual possessing them, and which are controlled by known
genes, On the other hand, if we are primarily interested in human
prehustory, we shall want characteristics which can be identified
in ancient human remains, It is not immediately obvious that many
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characters will be found which sausfy simultaneously both of these
requirements. We shall discuss this didemma somewhat later on
this page. .

Our situatton is not so very different from that of the taxonomist
who is i d 1n chssifying diff species and subspecies of
animals. He is interested 1n gwving different names to the species
which are really different and can be 1dentificd as being different
1n the museum. He wishes this difference to be something which
will endure; that 15, he does not wish to base his system of classifi-
cation on a character which 15 at the moment especially prevalent
as the result of an abnormally <old winter, or on 2 character which
may merely differentiate the young and the old or the two sexes of
the same species. The easiest characters to use are of course the
morphological ones (differences in the shape of bones, organs, etc),
and’ external characters, since the skeleton or intact preserved
organism is the speaimen most often found in the muscum. The
number of genes required to d a morphologi
which may be considered decisive of species difference probably
vanes greatly in different cases. Buc 1n any case classification based
on ephemeral characters is excluded.

C ing the i of ¢ch which we might
acunally use in classfying human beings, we may consider left~
handedness, for whether you are right- or left-handed is apparently
deterrmuned by heredity (31, 50, 42, 16). Ignorance of the exact
mechanism of inherntance, and the (relative) infrequency of lefe-
handedness, however, combine to make this character unpromising
for use in classification.

‘There can be no doubt that some characters are modified relatively
rapidly by the action of selection (Chapter I1). Such characters are
called “adaptve.” Since their frequency in populations can, and
probably does, change relatively rapidiy at times, they are not too
reliable as a basis for speculations about the distant past, although
they may nevertheless be useful for classificanon. At one time physi-
cal anthropologusts preferred to base their classifications on “pon-
adaptive” characters (in order to get a long-range picture), and
assumed that they knew what characters of man were non-adaptive,
‘We shall see later that it is doubtful if any hereditary characters are
completely non-adaptive, and that probably we can deal only with
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different degrees of adaptive value. We shall find that both sorts
of characters are uscful in ther way, although taxonomists and
systematists usually try to use the less adaptive characters.

In classifying plants, botanssts have found that if a “natural”
classification 15 desired, that is, one which gives information as to
the degree of relationship of the vanous species, it is best not to use
the vegetative* charactersstics, which are farrly easly modified in
the course of evolution because of the action of natural selection.
It is preferable instead to utihze features of the relatively more
stable reproductive organs (flowers, seeds, etc.). This principle
may also apply in some cases to the attempt to recogmze races
within a species. Physical anthropologists,} Iike botanists, have
long recognized the desirability of vtilizing relatively stable (non-
adaptive) characters, although some, surprisingly enough, were

* As a0 example of the falure of vegctanve charatterisnes to disungmsh quite
unrelated plants sharply, we may meaton the stnking sunilanues 1 external ap-
pearance of Trchocereus bridgesu (a cactus natwe to Amenca), Enphorba fimbrata
(2 member of the spurge family, nauve to Afrca), and Triokocaulon flavum (a
member of the milkweed famuly, natve to Afnca) (21).

+ Professor Hooton stated 1n 3931 (23). “If race implies the common possession
of certam vanatons as a fesult of the same ancestry, sigmficant racal enteria
should be based prncipally upon non-adaptive bodily characters. No bodily char-
acters are absolutcly unmodifiable, but certain organs are more or less stabihized
n therr functions and the less wmportant these functons are, the greater is the
probabality of hereditary vanations mamifesting themselves ummpeded and un-
modified in such organs. . . , The very mmsignificance of certun features, such as
the form of the hase of the thuckness of the lips, wsures thewr hereditary transmuse
sion 1o the absence of adaptve modifications that have survival value™ In other
words, Professor Hooton at that ime (be has since modified hus atttude) behieved
that racul classification should be based on characters which 2r¢ sot modified, not
rapidly at any rate, by natural sclection Hooton went on to say, “I regard the
following bodily characters a5 mamnly non-adapuve vaniatons: the form, color, and
quanaty of the hair, and 1ts distibution m tracts; the color of the eyes and the
form of the eyelid skin-folds, the form of the nasal carulages, the form of the Iips
and of the external car, the promimnence of the chin, the breadth of the head relatve
10 1ts length, the length of the face, the sutural patterns, the presence or absence of
2 postglenoid tubercle and pharyngeal fossa or tubercle, prognathism, the form
of the wcuor teeth; the form of the vertcbral border of the scapula, the prescace
or absence of a supracondylowd process or foramen of the humerus, the length of
the forearm selatve to the arm; the degree of bawing of the radius and ulna; the
Jength of the leg relative to the thigh™ This is quite an 1mpressive list, but scien-
tfic opumon changes, and in the second edition of hus book Professor Hooton says,
after quoting part of the above paragraph, “This insistence upon the use of *nonc
adaptive’ characters 1n human taxonomy now seems to me impractical and er-
Toneous " Other students of anthropology would on the whole agres (11).
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satisfied to study the more obvious and easily measured characters
such as stature, and were rather too hasuly convinced that such
h were not ! and were truly non-adaptive,
or else did not ask themselves thus question at all. Actually, in the
present state of our knowledge (4, 3, 43, 24), it can hardly be
doubted that in addition to hered infl envi as
in the form of muneral, vitamun, and calonfic intake, may and does
affect the stature of the individual. And the comparative ease with
which true-breeding dwarf species of lower animals are established
when the environment 15 unfavorable to the continued existence of
normal-sized forms (as may happen on islands or in small isolated
land areas) shows pretty clearly that size can be modified rapidly
—in a geological sense at least—by evolutionary forces. Stature 15,
therefore, suspect as a basis for race classification.

Skin color, likewise, seems to be susceptible to alteration by
natural selection, for it can hardly be doubted that the considerable
degree of correlation which 1s observed to exist between tropical
and semitropical climates and dark pigmentation has been brought
about by natural selectron. (See p. 176.)

We then face the question of what are the most conservative
features of man, 1n the evolutionary sense. In animals, unlike plants,
the reproductive organs may not be surtable for basic classification
(although the question hes been little studied); even if they were,
anthropologists might find it difficult to make use of them, human
customs and prejudices being what they are. Nevertheless the
general punciple of using conservative characters remains.

In many cases the only source of information about the colrural
groups and races which formerly existed in various parts of the
earth has been artifacts and skeletons. Having skeletons to study,
the paleontologists very naturally attempted to base a classification
chiefly on skeletal features. Measurements on bones showed that
in skeletons of people who were considered to be different races
there were morphological differences, and that even within the
group designated as the “white” or Caucasian race, for example,
fairly marked morphological differences could also be found be-
tween groups considered racually different. The bone method has
the advantage of being applicable to the study of skeletons of early
and prehistoric man, and allows the anthropologist and archacolo-
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gist to attempt to trace, through skeletal material, the ancestry of
the various ethmic groups which exist today.

Morant (38) recogmzed the importance of using conservative
h but his arg that the ct of the skeleton
ace the most Iikely to be stable 1n evolution seem to be based upon
nothing more than a feeling that bones, because they are Aard, will
therefore be more resistant to the action of evolutionary forces It
is to be feared that no such rule really exists 1n nature, and Morant
expresses merely the hope that it is so, without offering any scien-
ufic evidence that it 1s. His assumpuion therefore seems hardly
more than a pious wish:

It is reasonable to assume that in a general way the skeleton is
more stable than the soft tissues which clothe 1t, — more resistant
to 1 condstions and cond of life and hence of
more fundamental importance 1n regard to relationships Assuredly
the anthropologist must hope that this 1s so, for 1f skeletal char-
acters are unstable there can be little hope of finding solutions to
those problems of human ancestry which can only be approached
directly by using skeletal material,

Bones

Useful though it may have been 1n the infancy of physical anthro-
pology, the bone methad of morphological classification has grave
defects which we must now consider.

First, 1t 15 rather difficult to determine accurately some of the
morphological characters of the skeleton in ltving human beings;
and pecuhanties of religion, bunal customs, and taboos make 1t
difficult to examine much modern European skeletal material,
leaving us with a scarcity of modern material, and a real gap be-
tween what we know of living and fossil men; to some extent, of
course, this gap can be closed by more intense utilization of cadav-
ers in dissecting rooms, etc.

Second, there is some evidence that adaptation, that is, the altera-
tion of physical charactesistics 1n response to the environment, has
been relatively rapid in the case of skeletal characteristics (43, 41, 3).

It has been shown experimentally that the form of the skull
depends partly on the muscles attached to it (48a).
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Third, the characters of the skeleton or paris of the skeleton
seem to be determined by the action of a number of genes simul-
taneously. It is difficult to know whether a certain morphological
character 1 race X, for example, 1s determined by the same gene

1 as an app ly identical morphological character
in race Y mn some other part of the world, and we might falsely
assume simianty of descent when as a master of fact it did not
exst. This will be sllustrated in later chapters.

Fonrth, the exclusive use of skeletal material for purposes of
human ct 1§ open to susp because, as Toynbee (47)
phrases it 1 anather connection, “it is a manifest example of the
tendency of a student to become the slave of the particular materials
for study which chance has placed in his hands”* He points out
that it is a mere accdent that the material tools which primtive
man made should have survived, while the more important psychic
artifacts, such as his institutions and ideas, are completely lost. It is
the tools which leave a tangtble detrtus, and since the archaeologist
deals with human detritus with the hope of extracting from 1t 2
knowledge of human hustory, “the archacelogical mind tends to
picture Homo saprens only in his subordinate sole of Homo
faber."* Symilarly, 1t is to be feared that many anthropologists of
the past have tended to confuse Honto sapicns with Home osseus.

Fifth, although it is now agreed by many anthropological
workers that anthropometry and craniometry are virally passé,
the reason for this is not solely that genetic studies in so many
cases offer more informanon. One of the main reasons is thar the
metrical studies were themselves never very logical or well con-
ceived, If we really believed that bones were the most important
thing ahout a man, then we ought to measure such bones and such
dimensions of the bones as would provide the most information
about the development of the bony suructure, Actually, however, the
conventional measurements were, and to a large extent still are,
taken with hutle of any regard for what is known of embryology,
centers of ossification, ete. Thus the whole elaborate structure of
anthropontry was never really consistent with jts own basic

* From A Study of History by Aracld J Toynbec, sbridged by D © Somervell
Copyrght 1946 by Oxford Umversity Press, Ine, Published under the aspices of
the Royal Imttuts of faternanonal Affus,
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assumptions, and was destined ultimately to collapse of its own
weight, even if cracks in its edifice had not gradually been pene-
trated by the knowledge of genencs which had begun to diffuse, as
Hogben (20) puts 1t, from the laboratories to the museums.

In spite of the zeal which the morphological school of anthro-
pologists have exhibited 1 thewr search for critenia which would
enable races to be distinguished, it 15 surprising to note how little
can really be asserted positively 1f their criteria are the only ones
used. For example, n 1936 Dr. A. E. Jenks (29) published a
report in which he described a skeleton found 1 Minnesota which
he ascribed to the Pleistocene age On the basts of his measurements,
Dr. Jenks luded that this M. skull rep d quite a
different physical type from any of the modern American Indsans,
and he concluded that this fitted well with the other evidence of
its age. However, Dr. Ale¥ Hrdlitka, who was one of the leaders
of physical anthropology in America at that time, published a paper
in the following year (27), in which he compared the measure-
ments of this skull with the measurements of a group of about
forty Indian skulls of recent origin, and concluded that the char-
actensstics of this skull were those of the modern Sioux Indian
type, and that the remains simply represented a recent Sioux bunal.
Dr. Jenks made a reply to this cruticism of hus work in 1938 (30),
but it is not our purpose to inquire at the present time whose view-
point may prove to be correct. The impostant thing is that wwo
qualified authorities could have differed so widely 1n their inter-
pretation of the significance of the usual measurements of skeletal
remains. And thus case is far from being an 1solated example.

Snow (433) mn an analysis of carly Indian skeletons from
Kentucky, found some “white” skulls “which could eastly be lost
among many White European senes.” He also found “Negroid”
types in this indisputably pure Indian series.

A o porary physical anthropologist, Dr. Wilkam Howells,
implies in his recent book, Mankind So Far (25), that apart from
making a judicious guess, he cannot always identify race by
measurements of any single skull, and the rest of the skeleton gives
almost 0o indication at all. The trained eye, Dr. Howells thinks,
can generally distinguish the skull of an Australian aboriginal
from that of an Eskimo or of a European But the skulls of Negroes
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and Amencan Indians and Mongoloids in genesal are barder to
disunguish from one another. However, certain other contemm-
porary physcal anthropologists seem somewhat more optimustic
than this. Dr, T. D, Stewart {45), who 1 probably eur outstanding
expest today on sheletal remans, and whose opmion 1s often
sought by the Federal Bureau of Investigation, was once able to
identify a skull as being a white-Indian muxture. He docs pot, how-
ever, explun how he did it

In spate of the somewhat limited usefulness of skeletal character
istes gnd morphological charactenisues of the hwing, we should
not conclude that morphological crtema are enurcly devad of
value. As Dobzhansky and Eplieg point out (12), “a sysiem of
morphological averages may well serve as an exploratory device”
(0 taxonomy) but these workers go on to wara us that a basic
understanding of pranciples of racil vanation can come only from
knowledge of the distbution and refanve frequencies of variahle
genes and chromosome steuctuses 10 3 population., The dificulucs
wn the above instances are due partly to the underlying assumption
that any sndindual of one race should be distinguushable from any
indiidual of any ether race. This 15 not 1o general true, and we
shall see (Ch. VH) that & more modern concept of race does not
assume 1t

Asternpts to establish “racial” duff and similarites from a
t stdy of made an banes, partenlardy on
skulls, have been frequent in the past,

The “coeflicient of racial hkeness” 15 a statistical concept (sec
App. A) which depends upon a comparison of the averages of
various measurements made on two or more series of skulls. As 2
rigorous methudological concept, it has many weaknesses.

In the first place, the coeffient of racial Iikeness does not take
any account of exactly which featuces ase different in the wwo sesics,
and if the series being compared differ considerably in any one
measurable featuse, whatever this may be, and however unimpor-
tant it may be racually, they are Ikely to be considered qute
different. In any actual case we should want to know whet the
dhfferences are and what ether differences, if any, also exist. Fisher
(13) points out that by uning the coefficient of racial hketess one
could be led to suppose two series very simular, simply hecause the




POSSIBLE APPROACHES TO A STUDY OF MAN 25

which we happened to have made were few or

ummportant,

But perhaps the most senious defect in the thinking behind the
use of the coefficient of racial hikeness is the fact that it takes ne
account of the correlations or covanations of different measure-
ments of the same skull, but treats them as though they were
staustically independent. The effect of this, as pomnted out by
Fusher, 15 to cause very high or low values of the coefficient to occur
more frequently than they should by chance. This effect 1ncreases
rapidly as the number of different correlated measurements used 1s
increased. The question of correlation between measurements on
the skull has been discussed in a paper by Wallis (48) from which
the reader may obtain further details.

Fisher (13) concludes that if craniometry is still concerned with
clanfying 1ts fundamental notions, at such an elementary stage of
reasoming as this, 1t must be in a very primuttve condition. And he
asserts that the theoretical concepts developed 1n the subject have
lagged far behind the mass of ohservational matenal which has
been accumulated. He thinks this may be partly due to the sheer
magnitude of the program which the energy of its founders
sketched out, and partly to an “mtwiuve” confidence, which s
widely held in other fields too, but which 1s very difficult to yustify,
that by amassing sufficient statistical material all difficulties may
ultimately be overcome. He ends with the most devastating cnn-
cism of all: if we could establish statistically reliable differences
between series of skulls from different parts of the world and from
different periods, and succeed 1n evaluaung with precision the
magmtude of the measurable differences, we would stull be no
nearer than we were before to the stage of recogmzing which, if
any, among our measurements are of the greatest, and which are
of the least, value as indcators of racial affinity. He points out
that if we knew, for each of these measurements, whether it 1s
largely or very lnde affected by purely environmental arcum-
stances, and whether it is often and rapidly or seldom and slowly
modified by evolutionary forces without racial intermuxture, then
it might be that some of these measurements, or more probably
some particular aspect of the ag of these
would prove of taxonomic value and could be used to provide quan.
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titatsve indication of the extent to which primary sace stocks (which
are at present largely hypothetical) have been mingled in aay par
ueular observed population. Bwt these necessary and preliminary
inquinies seem largely to have been ignored. The reason seems
to have been fargely that the concentration of attention on skeletal
remains resutted 1 a comparative neglect of and
genetc studtes on living populations, which should be gur propes
ohject of wtudy.

The durability of skulls has led to cheir being collected and
stored 1n large numbers in muscums, and students beginning the
study of physical anthropology find this mass of materia), standing
a3 a challenge as st were, when they first begin their work. Itis to
be feared that some, without much consderation of the probable
wsefulness of the work, have plunged too enthusiastrcally and too
hastly into the task of making a large senes of measurements on
shatls,

It seems clear that the sdeal basis for human classification would
be a group of characters which not only were hereditary but
of which the exact 2 of int was d.
Neither of thest desiderata, unfortuntely, seems 1o apply to any
of the morphological or metnical eharacters of the skeleton known
at present. Therefore the lack of nformation aboue the genetics
of skeletal characters to a large extent cancels out the advantages
which the durabibty and ease of metrtcal study of sheletons offers

a5 3 bans of classification, even when fanly large series are
compared.

Genes

Withour more knowledge of the evolutionary behavior of human
wraus we cannot decide offband which are the most swble, We
can only guess. The sort of character we shall be led to choose as
being relatvely non-adaptive will probably be the characters for
which we cannat unagine any survival value., (Of course the fact
that we canaot fmagine any usefulniess s evolnton of a character
does not prove that such usefulness does not exist, but such char-
acters are at any Tate to be prefesred to those which obviously have
high survival value) The bony structures obviously have high
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survival value, and we shall hardly select the more important
features of them. Among the racial characters which we would
be tempted to pick out at the present time as non-adaptive, there
are certain scrological features of the blood, such as the genes O,
A, B, M, N, etc.; many other characters, such as the direction
of hair whorls, general body hairiness (probably), tooth cusp pat-
terns, fingerprint patterns, etc., might be considered.

The task of modern anthropology, just as of modern taxonomy,
is to consider characters which are found to be determined by one
or a defimte number of genes, acung in a known manper. It is
for this reason, among others, that a classification based on skin
color in the human species 15 not sausfactory. The exact method
of inheritance of skin color is far from bemng understood, and
there is hardly any doubt that vanous combinatons of quite 2
number of different genes may result in skin colors which to the
eye seem virtually identical. To use the language of our mext
chapter, a classification based on phenotypes 1s, not sausfactory
when several different genotypes (that is, combinations of genes)
may produce the same phenotypes, and we have no direct means
of distinguishing these phenotypes.

The most compelling reason for the examination of genetically
determined traits, rather than anthropometric measurements,
should now be restated. Once we begin to acquire a fairly thorough
knowledge of human genetics, we can begin to attempt to trace the
inheritance and distribution of genes which actually influence
human behavior. As examples of such genes, which may be very
numerous, we may mention the genes which undoubtedly exist
which influence endocrine development and endocrine balance
in the indvidual This future study will eventually provide ns
with information of enormous importance, not only for the anthro-
pologist, but for the sociologist and poliucal scientist as well. There
is no prospect that sunilar information can ever be obtained by
following anthropometric techmes alone.
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And Ahaz begat Jarah; and Jarah begat Alemeth, and Az-
maveth, and Zimri, and Zumri begat Moza, and Moza begat
Binea. ,

—1 CHRONICLEs ix. 42, 43

We HavE seen that for our purposes only nherited characteristics
are switable for classifying human beings, and even then only on
condition that the mechanism of their inhentance 15 understood.
We must now mquire 1nto the mechanism of inherrtance 1 gen-
eral, and 1n particular into the ways 1t operates in man. Certain
general laws are known and we may as well begin with 2 sum-
mary of them. They grew out of studies carried out by Mendel on
wmheritance 1n the common garden pea, but it is now known that
they apply to all other complex organisms, including man.

‘We may devote a few pages to Mendel's actual experiments and
their results, and then pass to more general considerations.

Mendelian Inheritance

Gregor Johann Mendel was born in Austrian Siesia 12 1822 (44),
the son of wellto-do peasants. He became a priest in 1847, and
studied physics and narural science at Vienna from 1851 to 1853,
From Vienna he returned to hss cloister and became a teacher in
the Realschule at Brunn, As a sort of hobby he made hybridization
experiments with peas and other plants in the garden of the mon-
astery. He eventually became abbot, and his scientific work ceased.

Before this time, however, after years of patient experimenting
with hybridization, he reached important conclusions in regard to
hereduty, which we refer to as “Mendel’s Laws.” His publication of
them 1n 1866 was 1n the Proceedings of she Natural Histary Society
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of Brunn* and passed practically unnoticed, even though copies of
this journal reached vanious parts of the world, including the
US.A. Those who knew of his work at the time all failed to
realize its importance. About the begnning of our century
Mendel's laws, and Mendel's previous work on them, were re-
discovered by Correns, De Vries, and von Tschermak.

‘What Mendel tried to discover, and did discover, was the law of
inheritance in hybrid vaneties, and he selected for expeniments the
edible pea (Prsum sativum). He apparently (48) deaded in advance
that: the plants to be used for his experiments must possess con-
stant characters differentiating them, and they must be easy to
pollinate artificially; the hybnds of the plants must be readily
ferule; and they must be easy to protect from the influence of
forcign pollen which the expersmenter does not dehberately in-
troduce, These conditions were met by peas, and Mendel selected
twenty-two varieties, which remained constant duning the eight
years of fus experiments. Whether they should be called different
species, or subspecies, or varieties, was a matter of Lttle momege,
In any case, they were groups of similar individuals which bret
true among themselves. Peas had the particular advantage, £.-
experimental purposes, that they arc habitually selffertitire
making the pollmnation question a simple one.

In studying the different varieties of peas, Mendel found gemay
differentiaung characters which could be relied on: 1) The fores
of the nipe seeds, which could be roundish, with shallow wringfes

or with none, or angular and deeply wrinkled. 2) The cclor of ¢4
reserve matenal in the cotyledons, which could be pale 9l
bright yellow, orange, or green. 3) The color of the e ears,
which could be whate, as 1n most peas with white flowert, ¢ 2z,
gray-brown, leather brown, with or without violet 19001, Gad ,’,‘
forth. 4) The form of the ripe pods, which could be Ty faffeed
or constricted or wrinkled. 5) The color of the unripe gt g,r- ¢
could be light or dark green, or vividly yellow, thiz ¢z, Ering
correlated with that of stalk, leaf veins, and bloszes. & -n."
position of the flowers, which could be axial or terrasf. 75 The
* A transation sato Eoghsh of Meodel's paper bis been made i £, 3,0 g7,

ticultural Society of London, and 1s avajlable at the Harvard Usi »
¢ ttle Expersments.ins Plans Hybridveation by Gregor Mandel 3 770 522
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length of the stem of the plant, which could be tall or dwarfish,

Having found differentiang characteristics between the vari-
etics, Mendel proceeded to make crosses between these, invesugat-
wng one character at a fime. Thus, he mught apply pollen from a
pea of the round-sceded variety to the stigma of a pea of the
angular-seeded vanety, the stamens of the latter being, of course,
removed before they were ripe so that they could not pollnate the
stigma themselves. Crosses of the other differentiating characiers
were performed in the same manner.

Mendel’s Laws

1. Innerrrance Is Parmicurate tv Nature

a. Dominance, Among the hybrid or cross-bred offspring, it was
found in nearly every case that they shawed just one of the pair
of contrasted characters, to the total (or almost toral) exclusion of
the other. Intermediate forms did not appear.

Mendel called the character that prevaled dominant, and the
character that was d (or 1 d) recessive.

PP pparently supp:

Thus the first important result was the discovery that, dealing with
pure lines, crosses between a plant with the domtnant character
and a plant with the recesive character yielded offspring which,
as regards the character 1 question, all resembled the dominant
parent, If we designate the appearance of the parents as D (dom-
inant), and R (recessive), Mendel's first result may therefore be
expressed thus: The crass, Dominant by Recessive, produces Dome
inant appearing offspring. Or in symbols:

DXR=D.

Later work has shown that complete dominance is much less
common than was originally thought. In fact, some effects of each
gene of the pair are generally discernible in the hybrids.

b, Unit Characters Segregate* in Hereditary Tronsmission

In the next generation the cross-bred plants which had been
produced by crossing D and R (or R and D), and which were all
apparently like D, were allowed to fertilize themselves; and it was

*Segregation means the separation, in offspring, of geneuc factors not visbly
duistinct 1n the parents
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then found that zheir offspring exhibited 2otk of the two original
forms, showing on the average three dominants to onc recessive.
We may take as an example the tall X dwarf cross: 1064 second
g plants were produced; 787 were tall (D) and 277 were
dwarfs {R).

When any of these “recovered” dwarfs (1. recessive descendants
of 2 group of plants all “D” n appearance) were allowed to ferti-
lize themselves, they gave rise to dwarfs (R) only, a process
which could be continued for any number of generations. In other
words, the recessve (R) character bred true. The hereditary unit
tending to produce 1t (we call such umts genes) had not been
altered by 1ts association in the hybrid with the “dominant” (D)
gene for tallness.

On the other hand, when the dominant descendants, D, were
allowed to fertilize themselves, one third of them produced “pure”
domi which in subseq generations, when aflowed to
ferulize themselves, gave rise to donunant descendants only; two
thurds of them, however, were an “impure” group which produced
once again the characteristic mixture of dominants and recessives
in the proportion of 3:1.

These results are shown 1n the following scheme. The result of
the initial hybridization is a first g {F1) which b}
the dominant parent They may be represented by the symbol (D),
for though looking hike the donunant, some of them carry within
them the possibility of producing offspring ch ized by the
recessive character; that is to say, the recessive character has re-
mained latent i the inheritance.

The genetic formulas of the various individuals are evidently as
follows, where D represents the dominant gene and R the recessive

Type as identified Genetic type as identified
by inspection by breeding experiments
D DD
(D) DR
R RR

From this it will readily be understood that the pure dominant-
D individual, which possesses only D genes, can praduce only
D offspring when it ferulizes itself and R can produce only R. The
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Jomi ppearing (D) individual however, being genetically

trxed, can produce D, (D) and R offspring, in the ratio 1:2:1.
Perhaps we can make the above scheme clearer by citing an-

other example from Mendel’s work, Peas with rounded seeds were

D x R
B ([';)
F2) r +2(F) * ;*
. n ]
Fa) o o +20) +R R
|| [
Fo) D D D 4200 4R R R
L1 | 1|
Fs) D D D R R R
bl L
A D ) 0 R R R

Fioure 1. Diagram illustrating “Mendelan splitting” or
segregation whick occurs swhen hybrids mate. The homo-
zygous domnants and recessives breed true, but the hetero-
zygotes (which, in the present case, resemble the dominant
parent) continuc to produce, in additton 10 heterozygotes,
homozygous recessves and homozygous domimants,

crossed with peas having angular wnnkled seeds. In the effspring-
the character of roundness was “dominant™; the angular wrinkled
physical character had disappeared for the ume being. Tt was not
lost, or even permanently altered, however, as the next generation
showed. For, when the hybrid offspring, all with rounded seeds,
were allowed to seli-ferubize themselves, among their progeny
roundish sceds and angular wrinkled seeds occurred in the pro-
portions of 3:1. The wrinkled characteristic of the seeds, the re-
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cessive, had turned up again, and when plants from such seeds
were allowed to self-fertilize they produced pure recessives only —
that is, the resulting plants all had angular wrinkled sceds.

The “domunants,” however, were not 2ll pure, for when they
were allowed to sclf-fertihize they produced one third “pure” domi-
nants and two thirds “umpurc” dominants, the latter being distin-
guished by the face that among their offspring recessives reappeared
in the proportion of one recessive to three dominants.

2. Unir Craracters AssorT INDEPENDENTLY

Mendel's second law stated that cach pair of hereditary factors
showing this dominant-recessive relanonship behaved quite in-
dependently from every other pair. This 15 called the law of in-
dependent assortment. This second law is not without exceptions,
for reasons which will presently appear. However, 1t does hold
for many factors, and unless the genes were connected together in
some way in the organism, it would be expected to hold for all
factors nfluencing nheritance. Reproductive cells  (gametes)
having all possible combmations of genes would be expected. The
fact that the Jaw does not always operate suggests then that there
may be some physical connection between certain genes or, 1n
other words, the genes may be transmitted in groups during the
process of reproduction

To take an actual instance of independent assortment: Mendel
found that the character pair yellow-green (of which yellow is
dominant) and the pair round-wnnkled (of which round is
dominant) assorted independently. Crossing round yellow with
wrinkled green peas, Mendel got a first generation of descendants
(Fy1) of all round yellows. Either gene pair, considered alone, in
the F, generation produced dominants and recessives in the ex-
pected 3:1 ratio. !

If the F, plants were next crossed with plants which were geneti-
cally pure (homozygous) for both of the recessive genes in question
(ie. wrinkled green peas), there were four possible types of off-
spring, namely, d-yellow, d-green, wrinkled-yellow, and
wrinkled-green; the genes, ing independently, produced the
four possible types of offspring in equal numbers.

Mendel represeated the dominant gene for round as 4, and the
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recessive gene for wrinkled as g, the dominant for yellow as B,
and the recessive for green as b This would give vs, for hus hybnd
(heterozygous) peas, the formula A4Bb. The purc recessives
would be aabb. They could produce only one kind of gamete,
namely, ab. The heterozygotes could produce four kinds of gamete,
in equal numbers, AB, Ab, aB, and ab. Combining these with the
gametes of the wrnkled green peas, we get four possible combina-
vons, and therefore four posuble offspring, m equal numbers,
namely, 4aBb, Aabb, aaBb, and aabb. (Sec Table 1.) This was
confirmed by experiment,

TasLe 1

Results of Crossing 44Bb with aabt (Mendel)

Female Male gametes
gametes AB Aab aB ab
ab AaBb Aabb aaBb aabh

If the reader has followed this reasoning, he should have no
difficulty 10 predicting the ourcome of a cross of two plants het-
crozygous for both genes (or, what amounts to the same thing,
the results of allowing a doubly h gous plant o fertihize
itself). Each plant produces the four possible gametes, 4B, A5,
B, and b, in equal pumbers. It 15 a matter of chance which ovem
13 fertilized by which pollen gram, so we get all the possible com-
binations, as shown in Table 2.

Since round () is domunant over wrinkled, and yellow (B) is
domunant over green, not all these sivteen different genetic types
will be distinguishable 1 the offspring. We find, in fact, that just
four types can be distinguished, and they are classified
Table 3.

1t will be noted that not only are there just four distingurshable
types of offspring, but, since cach type of gamete is produced as
frequently as any other, the four types of offspring will occur in
the ratio shown, which is 9:3:3:1. The actual ratio observed by
Mendel (48) was 315 round and yellow, ror wrinkled and yellow,

as shown in
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Taste 2

Combinations Resulting from the Cross
of Individuals Heterozygous for
Two Characters

Female Male gametes
gametes 4B Ab al ab
4B AABB AABb AaBB AaBb
Ab AABb Adbb AaBb Aabb
eB AaBB AaBb azBB aaBb
ab AaBb Aabb aaBb aabh
TasLe 3
Phenotypically Different Offspring from
the Maung Shown 1n Table 2
4B Ab aB ai

(round, (round, (wrinkled, {wrinkled,
yellow) green) yellow) greea)
AABB Adbs aaBB asbb
AdBb Aabb aaBb

AaBB Aabb aaBb

AaBB

AABb

AsBb

AaBB

AaBb

AaBb

108 round and green, and 32 wrnkled and green. These conformed
as closely to prediction as could have been expected.

The use of capital letters for the dominant gene, and small letters
for the recessive, was con d by Mendel's , but when
it was found that sometimes there were more than two genes
which could occur at a chromosome locus, the system ceased to be
so sausfactory. Also complete domil 15 not quite as common a:
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was at first supposed (70). See p. 42. Modern practice inclines
10 the use of a “carner symbol” for the locus, with superscripts
iedicating which gene it meanr. Workers 1 human genetics, how-
ever, have sometimes foflowed neither of these systems.

One of the most tmpostant lessons for us to Jearn from Mendel's
work is this: we must not choose certain characteristics of an
orgamsm and casually make assumptions about the way they are
inherited {even 3f we are sure that they are mainly controlled by
heredity); we must select characters casy to identify and to differ-
entiate from cach other, and panently find out by experiment ~ niot
by merely making a plausible guess~haw they are actually in-
herited in the orgarism being invesugated. Later work has shown
that sometimes enormous differences, such as an absence of hands
ar feet {49), may be caused by genetic ume charactees; in other
cases 2 umit chazacter does no more than put a hydroxyl or methyl
group on a benzene ring in some chermeal substance occurring in
the organism. But 11 af} cases experiment is the only way of finding
such thungs out. We cannot simply Jook at two different forms of
2 organsm, such as two distinet fossils, or twa distinct living
forms, such as an Englishman and an Ubangi Negro, and say:
“The difference which we see is doubtless due to 2 single gene (or
to n genes).” Questions of thas sort are not to be solved by intuition.

Modern Genetics

Genetics, according to Babeock and Clauvsen (3), is the science
which seeks to account for the bl and the d

which are exhibited among organisms related by descent.
Dobzhansky (15, 16) states that its task is to describe the mech-
anism which makes the offspring resemble their parents, which
makes individuals of the same and defferent species resemble each
other wn certain sespects and differ in others, and which causes some
organisms to undergo changes in the course of time, during the
process of evoluuan (75),

Every organism is begun either from sex cclls or from other
vestiges received from its parent or parents. This vestige contains
the basic stuff of Iife, that is, the hereduary materials of the germ
playm. Germ plasm p ene highly kable p that

PEtYs
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of sclf-duplication, It has the ability to react with its environment

and to draw out of that environment a collection of substances

suitable for its nutrition and to transform these substances into its

own likeness. This ability is h which no ing

chemical substance p and the chemical mect of the

process is sull an unsolved problem. Simply by definition, any self-
producing sub is a hving

“Blood” as Inheritance

Before we continue an cxamination of the subject of genetics we
may mention briefly that the term “blood” was often confused with
heredity by laymen, and even by the older anthropologists, and it
was not uncommon even during the Second World War to hear
uneducated people object to the idea that wounded American
soldiers might receive blood or blood plasma from Negroes or
from Japanese. Some of these people admutted that thewr objections
were purely ional, but others ot ly confused “blood,” in
the sense of 2 arculating vital tssue, with “blood,” in the sense of
wheritance, Blood itself does not actually carry the units of heredity.
These are carried by the genes, and transmutted to human beings
by ova and sperm. Biologists are all agreed that no number of
transfusions of Negro or Chnese blood into a white European
would alter to any extent whatever the color of his skin or any of
his other hereditary charactenstics. Except for certain nonessential,
although interesting, differences which will be noted below, the
blood of all human beings seems to be the same. The hemoglobin
of a Hottentor would bring oxygen from your lungs to your ussues
with the same effiency as the hemoglobin of 2 white member of
the British nobility, and acquinng some foreign hemoglobin of
cither kind would not add anything to, or change in any way, the
genes you already possess, and which you are capable of transmut-
ting to your offspring.

No Blending Inheritance

Inheritance is particulate in nature, as we have seen in reviewing
Mendel's work. That is, the germ plasm 1s passed from parent to
offspring in the form of discrete particles, and not as a portion of a
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more or less uniform mixture of the germ plasm of mother and
father. These units of heredity or of germ plasm are known as
genes, Each inhessted charactensstic of every organism is the tcsl'ﬂt
of the interaction of all ats genes. Usually one or two gene pairs
are found to be chicfly responsible for the obsesved variations
in any particular charactersstic. Aside from a very few special
instances (such as plastsds in plants) thera are no known examples
of wherttance 15 sexually reproducing organisms which do ot
depend on genes,

It has not been proved, however, and probably can never be
proved, that alf the charactensstics of a given organism are deter-
nuned by genes, As has been pointed out by certain writers, for
example Russell (62) and Glass (34), there is 2 reason why we
shall sever completely prave the gearc nature of some of the eally
major charactensties of any form of life Since these major char-
actenstics, such as having lungs, eyes, blood, etc,, are absolutely
vital to the hfe of the organism, a change in the genes which con-
wol them is almost cestan to lead ta a candition which will
interfere with normal development, or 1 other words will produce
what geneucssts call a Jethal, A lethal gene is a gene which klls
the organsm which inherus it It usually requires a double dose
(s, lethals are usually recessive), but extrernely undesirable genes
might kil when present 1n 2 single dose (heterozygous), It can be
seen that dominant lethals could not persist beyond one generation.
Changes or mutations ahering (for the worse) the absolutely
essential features of an organism will be eliminated almost imme-
diately by the action of natural selection, and each species will be
hm:nozygous for the normal (non-ethal) aspect of genes of such
major smportance,

The only kends of genes we are able to wrace in human or other
heredity are those 1n which the members of the gene pair can
produce different effects and which do not kil the organism, at
least not when present in only 2 single dose, or at least not during
the very early stages of development of the organism. Any other
genes would never have survived the rigorous action of patural
selection.

The importance 1o biology of the coneept of particulate inherit-
ance can hardly be overestimated, but until the discoveries of Men-
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del and those who confirmed his work became known, it was
assumed by practically all laymen, and by biclogists too, even
by Darwin, that inheritance was of a blending character. For
example, it was supposed that a parent with a black skin and a
parent with a white skin would always produce children with
ntermediate brown type skins and that these brown children,
mated with sumlar brown children, would of course have brown
offspring, for it was thought that the two characters, or types of
“blood,” were forever muxed, yust as ink and mulk poured together
into the same contamner can never agamn be separated.

When considerable numbers of genes are wvolved; as in skin
color,* heredity does at first sight appear to be of 2 blending
character, Genetic analysis of such characters is difficult. The
genius of Mendel consisted in selecting for study varicues which
differed from each other in only a few characters, geneucally as
well as apparently, so that he readily recovered the parental types
from crosses among the off: All inhented ch which
have been fully analyzed have always been found to depend on
particulate genes which retain their individuality even in hybnds of
mixed ancestry. This apples even to the apparent cases of blending
inheritance which have been adequately investigated.

We may discuss briefly an example which, without careful in-
vestigation, mught seem to be an example of the blending type of
inheritance. Among chickens there are a number of geneucally
pure types, including the types dlack and splashed-white, each of
which breeds true. When these two are crossed, however, they
produce offspring having an intermedate character; the so-called
Blue Andatusians (5). It seems almost selfevident to the unin-
structed observer that the genetic material of the two parents has
been blended 1n the offspring, to produce an intermediate and
novel type, but this is not true. Breeding experiments reveal that
“blending” is not the correct ecxplanation, Crosses of Blue
Andalusians among themselves produce both black and splashed-
white offspring as well as the Blue Andalusian, and 1t is absolutely
impossible 1o obtain a stack of Blue Andalusians which will breed
true. The t®o types of hereditary material have not blended, but

® Davenport (see p. 310) proposed a theory involviag only two parrs of genes for
slun color; more are probably involved, Bowever




42 CENBTICS

during a period of coexi in a certain individual they combin
therr effects to produce a new type of appearance. The genctic
matesials, however, have remained unchanged, and when they
again emerge by themselves 1 the offspring, they produce the
same cffects they produced m the original parents. A cross of
Blue Andalusians gives the expected 1:2:1 ratio {sec above).,

Since the Blue Andalusizns do not look exactly like either the
black or the splashed-white parent, we miss in this case the com-
plete dominance which Mendel observed 1n his peas. There are
many other examples. Thus a cross between a “Chinese” primula
which has wavy crenated petals and a “Star” primula with sim-
ply notched petals gwves progeny intermediate between the two
parents; and yet, as the nexc generation shows, the casc is anc of
Mendelan inheritance, that is, the two characteristics have stayed
distinct 10 the germ plasm, and both parental types, as well as the
mixed vartety, appear among the offspring.

In many cases the hybnd, while exhibiting on the whole the
charatter of the dominant, may show also some influence of the
recessive character, but not enough to warrant our speaking of the
restlt as a “blend.” Thus, when white (dorunant) Leghorn poultry
are crossed with brown (recessive) Leghorn, most of the offspring
have some “ncks” of color. When these are inbred they produce
a quarter brown (“expected recessives”) and three quarters pure
white or white with a few “ucks” Thus dominance here is
Yﬁt quite perfect, but in this case we may use the word if we
1KC,

When dealing with characters which can only be present or
absent, it 1s often not possible to measuce degrees of “domnance,”
although in situations which at first seem to belong to this category
(as in the case of the blood groups of man) some formation as to
degrees of dominance has been obtained. Such data are to be found
in books on biood groups.

If we are dealing with quantitative characters, however (that is,
characters which may be connted, measured, or in some other way
expressed in numerical terms), it is possible to express the degree of
dominance more exactly. The eye of the fruit fly Drosophila is
made up of a number of separate elements or facets. The number
of these elements in any indwvidual eye can be counted and the




GENETICS 43

effect of various genes on them can be determined. The accom-
panying illustration shows the effect of a gene which is called Bar,
when it is present in the homozygous (see p. 40) and heter-
ozygous (single dose) condition, and also shows the results of facet
counts on the “wild” type, that is the type without the mutant gene,
In this figure, the vertical axis represents the percentage frequencies
of each of the three types, and the horizontal axs the facet numbers.
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Yicure 2. Quantitative effects of a gene. Actual example
of the way the number of facets in the eye of Drosophila
15 influenced by the gene, “Bar Eye.

The three genotypes* are sharply distinguished although there is
a certain normal vanability within each type. Dominance 1s clearly
incomplete 1n this case, since the heterozygote 1s decidedly different
from cither of the homozygotes. It has been suggested (70) that
carly in development a facet-forming substance is produced in the
young fly and that the Bar gene starts up a new chemucal reaction
that breaks down this substance. In 2 later stage, a third set of
processes, the actual process of facet formation, occurs, but the

*The genotype of an indvidual is 2 summary of his gencuc constiturion; the

phenotype 1s a statsment of hus outward appearance (or what you can determine
by durect tests).
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number of facets formed is determined by the amount of facet
substance which sull remamns. Thys interpretation is supposted b‘y
studies on the effect of temp on the ifestation of this
gene (see Fig. 15). 5

Blending inhentance seems superficially so logieal thar it was
accepted almost without question even by such pioneers in anthro-
polagy as Galton and Boas, although the latter abandoned it in
hus later papers Bur 1t 15 totally wrong, and as Fisher (29) has
pointed our, almost the whele of the revolutionary effects of
Mendelism can be seen to result from a knowledge of the particu-
late character of the hereduary clements,

Although Darwin accepted the fusion or blending theory of
inherstance, just as other men of his ume dd, and although he
almost certanly never heard of Mendel's work, it is interestng to
note that he did ar centain times feel the need for a non-biending
theory. In a letter to Huxley which was probably dated 1857 these
sentences occurred  (29): “Approaching the subject froma the
side which attracts me most, that 15, inherntance, I have lately in-
clined to speculate, very crudely and indistincily, that propagation
by true fertthzanon will tuen out to be 2 sort of mixture, and not
true fusion, of two disunct individuals, or rather of innumerable
indsviduals, as each parent has sts parents and ancestors, 1 can
undesstand on no other view the way in which erossed forms go
back 10 5o large an extent to ancestral forms. But all of this, of
course, is infinttely crude.” Fisher points out that this jdea was
never developed by Darwin, probably because of the rush of work
preceding and following the publication of his great hook, The
Orign of Speries,

Chetverikov (14) and Fisher (25} have also pointed aut that on
the assumption of blending snheritance, that is, if the genetic
matensals in the two parents were to be truly fused, then the herit-
able vanabilny of the species iy halved each generation Jr was
realized even by Darwin that domesticated species displayed far
too much vanabulity for thus to be true, and modern stuches have

shown that wild organisms exhibst about the same degree of varia-
bility as the domestrcated. The hypothesis of blendup inheri

which at first sigh? seems so seasonable,
jected,

must be completely re-
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Chromasones

Mendel supposed that his hersditary factors wese present in paica
in 2 mature organsm, but sngle 10 the reproductive celis {or
gamees). Soon after MendelPs work was sediscovered, 1 was
noticad that there was 4 close parallel between thus hypothetical

% \/(, x,.:aﬁ
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Ficone 3. Drawing of the chromosomes in Drosophila,
{a) Female; (8} Male.

situavion and the actual position of certain rodlke structisees which
have been observed at terimn tumes in the nucle of reproducuve
celle. These rodhke structures have been calied chromosontes beo
cause of thew pecuhar stam reachon 1 staned preparations. The
chromosomes are nocmally visble only dunng cell dwision, and
theis vinblity vanes 1 different species, In stained preparations
they appear as dark badkes in the nucleus. (See Fig. 3) In hving
cells they can sometumes be photographed under suitable conditsons
by the use of vhraviolet Light,

It has been observed that these chromosomes, present s pars
in the cells of the mature organism, separate themselves during
the formation of gametes, The chromosomes canoot be identical
with the hypothetieal units of heredity of Mendel, however, because
there are not neasly enough of them 1 any organism to account
for the great vanety of the known genetic factors. Furthermore,
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transmutted 10 groups during the reproductive process, and it is
generally believed thay 4 number of these groxps is equal 1o the
number of chromosonse parrs. Each group of genes which are
present in a parneylar chromosome then assorts independently of
other graups, atcording to Mendel's second law, duning repro-
duction. Members of any given group, subject to certarn exceptions
which we will meanon Iater, stay together during the process of
reproduction, Probably ao one has as yet seen an ndwidual gene;
nevertheless, almost werefutable proof has been brooght forward
that the Eenes are arranged in seral fashion, one after the other,
along the Iength of the chromosomes, {See Fig. ra, P75}

In the formation of reproductive eells (gametes), each pair of
chromosames sphts up, and thys CVery gamete possesses one mem-

t of each pair, In 1he process of gametogenesis the tota] number
of chromosomes are not simply separated mnto two numerically
cqual groups. At feast one member of each chromosome pair must
be present in every adult cell for thay cell o be able to develop and
function normally. Therefore, “very gamete will contain one chro-
mosane from each pair, Detals of the process wilf be found in a
number of excellent books {63, 68, 70).

From the chromosomes of the gametes, combined after fertiliza-
ﬁol.l of the ovum by the Sperm, appear pew combinatsons of the
Various chromosormes, Suce genetic experiments have shown it to
.bc purely a matter of chance which chromosome of each pair enters
into any given BAMete, we are justified in stating, as Glass does
(34), that the chromasomes are shuffled and redealt in single sets.

¢ members of the dufecent pars recombine at randam and all
possible combinations will accur wih cqual frequency. Know-
ing the number of Pairs of chromosomes in any gven organism,
We may compute the number of possible different combinations.
For two Pairs we have 27 which means four possible combinations.
Far three pairs we have 2¥==g combinations, and for four pairs
z‘?zﬁ combnations, For n Pairs 2* gives the mumber of combi-
nations,

In man there are 48 chromosames per adule el or 24 pairs, so
the number of combinations § therefare o, This gives the stag-
gering total of 16777216 possible combinations, of which anly
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two are exactly the same as erther original parental combination.
‘Therefore, the chances that a human being will repeat either of the
parental combinations exactly 1s only one in 8,388,608 (assuming no
crossing-over in this generation),

Dominants and Alleles

From the foregoing, it should be clear that each organism in-
herits two genes affecting its various characteristics, one from the
mother and one from the father, and that 1n respect to the more
vital ch istics of the org in all probability these two
genes are substantally identical. Genes which affect minor exter-
nal or Jess important charactenstics may sometimes be different
in the two parents For example, one parent may have had 2 par-
ticular shade of brown eyes and the other blue eyes, and the eye
color in each case was determned by the presence of a gene or
combination of genes, capable of occupying a certain place
(“locus”) in the serial arrangement of genes on one particular
chromosome.,

When the two genes occupying corresponding loci in a chromo-
some pair are different, 2 number of different results are possible.
One possibulity is that the two genes may both exert their respective
effects without much mutual interference This 15 observed, for
example, in the M, N blood types where either gene, if present, will
produce its characteristic response 1 the red blood cells, whether
or not the other gene of the pair 15 present.

In some cases we may find that the effect of the two genes to-
gether is more or less intermediate between the effect of either
gene oceurring in double dose, as 1n the Blue Andalusian fowl. In
a common flower, the four-o'clock, offspring which possess one
gene for red flowers and one for white flowers produce pink
flowers. In this case, blending of characters appears to occur in
individuals having two different genes, but genetic experiments
prove that the genes remain different and distinet, although their
combined manifestation has for the time betng produced a blend
in one of the visible characteristics of the flower.

In still other cases, we may find that the presence of one gene
almost cormpletely obscures the effect of the other and some partic-
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ular feature of the arganism is determined almost entirely by the
one gene, This 15 the phenomenon observed by Mendel which he
called dominance. Other genes, in different foci, may sometimes
alter the expression of a cestan geac. Such genes are called
“modifiess.”

Donupance was at one tume supposed to be almost universal,
but 1t bas aleeady been pomnted out that 1 a great many cases
Organisms possessing two genes, one domnant and one recessive
(such orgamsms are referred to as heterozygotes), may differ in
some respect both from the h gous organsm p ing two
of the dommant genes, and from the one possessing two of the
recessive genes The more careful and panstaking the examination,
the more bkely 1t 15 that the heterozygote will be found to be
disttngusshable from both of the bomozygotes. However, substan-
ually complete domunance 15 so common. that Sewall Wright (73)
has made the followsng rough peneralization:

(1) Dommance of one allele of 2 pair is the rule. (Genes capable
of occupying the same locus in members of a chromosome pair,
both actsng together 1n the process of development, are referred to
& allelomorphs or alleles) (2} The recessve allele is usually less
advantageous to the species than is the dominant, (3) Organisms
passessing only the recessive genes are generally found to lack
something which the dominant gene would have caused to be
produced At least this 15 true in most of the cases where we have
some knowledge of what the primary effects (the chemical se-
actions involved, for stance) of the gene really are. (4) The
recesswve genes ase wsually less abundant in natural wild popula-
tions than their dominant allelomosphs. (5) In cases in which new
genes are known 1o have occusred suddenty (that s, by mutation)
they are usually recessive, As will be scen from the examples ab
seady discussed, and as Professor Wright points out, all of these

prnciples are subjsct to much quahfication, depending on the par-
ticular case bemng studied.

Stability of Genes

Since we are gowng 1o be speaking from time to time about the
changes in genes (which we refer 1o as mutations), it will be well
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to emphasize here and now the very great constancy of genes, as a
rule and under ordinary circumstances. The recessive gene suffers
no modification even if 1t is carried unexpressed for many successive

m ! g indvaduals which show only the
dominant phenotype. (Definition on p. 43.) Raymond Pearl (58)
observed the transmussion of a single gene n the frut fly,
Drosophila, through 300 generations. He arranged his experiment
so that in each generation the gene was always assocated with a
degenerated allelomorph of itsclf. If we translate this experiment
into terms of human generations, such an expeniment would re-
quire a period of ime begnning long before the Bronze Age, say
about 7000 B.c. and extending up to the present time. Pearl ob-
served no changes in this partcular Drosophila gene 1n any phase
of the expeniment.

Origin of Dominance

A natural question to ask, of course, is what causes dominant
genes to be dominant. It would not be easy to give a complete or
specific answer to this question. We can, however, say that in many
cases a gene is dominant because it is capable of starting some proc-
ess 1n the development of the organism which makes impossible

imull or later develop of a process which would
be caused by the recessive gene, or because it acts to cover up the
effect which will be produced by the recessive gene. In the case
which has been most tharoughly analyzed 1n this respect, the in-
heritance of flower pigment (40), it has been found generally that
dominant genes which bring about a specific change in the pig-
ment molecule all ¢dd something to 1t. In this case one might say
a2t the dominant gene adds a new feature 1o, rather than covers
up, the action of the recessive.

In spite of the relative constancy of genes it has been found, by
patient study of millions of organisms, that certain genes do occa-
sionally change, These changes (as well as certan other types of
a}nupr changes in the genette mechanism) are referred to as muta-
tion. We shall discuss only gene mutanons here. Some genes are
more subject to mutation than are others It is generally found that
3 new mutation is recessive to the gene ordinarily occupying that
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locus, o, as geneticists say, to the wild-type gene. This fact brings
up the question of why new mutations are usually recessive and
the whole question of the origin of dominance 1n genes. i

Fisher (29) proposed a theory of the ongin of dominance Yvhlch
has much plausibility and which 15 supported by some experimen-
tal results. Fisher points out that as a result of natural selection,
cach organism 15 a delicately adjusted system of genes analogous
in some ways to 2 mcroscope focused exactly on a given object.
Any random change 1n this arrangement is likely to be a change
for the worse, just as even a shght random turn of the adjusting
screw of the microscope is likely to make the focus worse instead of
better. Thus we should expect that mutations on the whole would
be deleterious. Now the mutation and its normal gene capable of
occupying the same locus on the chromosome are not the only
genes which can alter characteristics which they affect. Fisher
suggested that by the action of natural selection, genes (“modi-
fiers”) which operate to cover up the effects of new deleterious
genes would be favored. This would mean that eventually the new
gene would no Ionger exert its charactenistic effect when present,
while the normal (“wild”) gene would still be able to act as usual,
even when parred with one of the mutant genes. The pet result
of this would be to transform the new gene into a recessive.

It is true that natural selection and other agencies will probably
sooner or later eliminate the new gene. We know from experimen-
tal observation, however, that most mutations tend to occur repeat-
edly. But after the process of selection for modifiers as outlined
above had gone on, the make-up of all or nearly all of the individ-
uals of the species would be such that when the mutation occurred
again later on, it would automatically be forced into being a reces-
sive by genes previously selected to have this action on it. This
might mean that for the majority of recurring murations, the
organism has its already prepared set of “modifiers” ready to keep
the gene from doing any harm, especially as long as it is present
only in the heterozygous condition.

There are a number of examples of how the presence of other
genes may alter the degree of dominance of a certain gene. One of
the earliest examples concerns the horns of domestic sheep. A cer-
tain gene present in single dose will produce horns in the males,
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but it must be present jn double dose to produce horns in the
female. Here sex evidently plays 2 role, perhaps endocrinologically,
perhaps through the acuion of some of the other genes in the
“fernale” X chromosome. Or again, 1t has been found 1n fowls that
a certain gene which produces a type of plumage called frizzled,
which is normally partially domunaat, 1s coaverted into an almost
complete recessive by the presence of a particular modifier gene if
this latter gene occurs in double dose. Other examples of this effect
will be found in the wruings of Fisher (29) and of Huxley (43).

Objections to Fisher's Theory

Wright (72, 74) has criticized Fisher’s theory of the origin of
dominance, on the ground that the selection pressure found in
nature would not be sufficient to achteve the required results 1n the
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Fireure 4. Schematic representation of three sheories of the
origin of domnance (sec text) (after Waddington)

time available, Haldane (37) proposed rather similar critcisms of
Fisher's theory, and suggested that the effect of natural selection
on heterozygous harmful genes is to pick out, not a set of modifiers
which act to suppress the action of the harmful gene, but a wild-
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type allele which has a considerable “margin of safety” in its action.
This would give the same protective effect. In other words,
Haldane supposed that if a wild-type gene A when homozygous
(AA) produced the maximum “A” effect, but when heterozygous
(1e., Aa) did not, selection would favor the survival of another
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binations might result in varous types of progeny, de-

pending on the threshold of response of the orgamsm o
the action of various genes (after Glass).,
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mutated allelomorph A’, in which the homozygote A’A’ reaches
maximum effect, but so does the hetesozygote A’a, (See Fig. 4
Huxley (43), however, thinks that there can be little doube that the
domunance of the normal wild type allelomorphs has in gencral beent
achieved by such a mechanism as Fisher proposes. Plunkete and
Muller independently (55) showed how the need for stability of

1n develop will darily result in the evolu-

8 P

tion of dominance (Fig. 5).
Experim;nmlly, Ford (31) has been able to alter the dominance

l.)f a gene in t'hc currant moth Abrazas grossulariata, ‘This moth ex-

ists in two wild types. One of them (Jutes) is due to a single gene
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difference which produces yellow instead of white ground color.
Mated to the usual wild type, 1t normally produces an F, generation
which is intermediate. By only four generations of plus and minus
sclection, Ford was able to make this gene ether completely dom-
nant, or completely recessive, whichever was destred.

The existence of dominant and recessive genes makes 1t possible
for us to understand the phenomena referred to by breeders as sports,
or throwbacks. In such cases an offspring displays a character found
in ancestors more or less remote, but not exhibited by the immed:-
ate parents. If, for instance, skin color in man depended on a single
parr of genes, with the gene for “black” skin dominant over that for
“white” skin, it would be possible for two indviduals with black
skin to give brth 1o a white child, provided that each one of them
carried one gene for black and one for white. In such a mating this
“throwback” could happen on the average in 25 per cent of the
cases. In studies on crosses between Negroes and whites in the
United States, this is seldom if ever observed, so it seems obvious
that more than two genes are involved tn the determpation of skin
color. In fact, it 1s possible that a considerable number 15 involved,
In the inheritance of fur color in rabbits, a number of genes, all
capable of occupying the same chromosome locus, are thought to be
involved (13). Thts leads to a brief discussion of such gene series,
the members of which are called allelomorphs or alleles

Multiple Alleles

In the case of the fruit fly, Drosophla, a series of genes has been
observed, affecting eye color, which may produce colors ranging
from the normal red of the Drosophila eye to coral, which is a very
httle hghter, to eosin, cherry, apricot, buff, unged, and wory, etc, to
white. And even white 1s not quite equivalent of the entire absence
of genes for eye color, for in the entire absence of eye color genes
the eyes are even lighter in shade. Such a series of genes is called
an allelomorphic series, Any adult orgamism, of course, possesses
only two of these genes at a time, and any reproductive cell or
gamete possesses only one of them at a ume.

Where only twa genes are available from any crossing, only three
geneucally different types of offspring are possible: an individual
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which is homozygous for the first gene, an individual homozygous
for the sccond gene, and the individual which 15 b ygous, that
is, which has one gene of cach kind. When a number of genes form
the serics of allelomorphs, the possible types arc greater, and the

number of different genotypes with # alllomorphs is equal to
&%Q (sec 69). Thus the 8 allehc Rh genes now known 10 man

(p- 243} make up 36 different genotypes.

Among the allelomorphic (“same locus™) gene serics which are
known, most members of the scries have some effect on the same
characteristic of the organism. But this does not necessarily have to
be 50. In Drosophila, for mnstance, there is a gene which produces a
disatrangement of the normal arder of the rows of facets in the
compound eye which this fly possesses. Avother gene which can
occupy the same locus in the chromosome seems to produce no effect
on the eye but causes litle scalloped 1nasions in the tips of the
wings. "The animal which is heterozygous for these two genes, that
is, possesses one of each, is completely narmal phenotypically and
has neither the facet disarrangement nor the notches on the wings.

“The knowledge that there may be a number of genes all having
sorue effect on the same characteristic enables us to interpret the so-
called continuous variability often observed in characters, Thus,
although it is comparatively easy to clasufy men into four different
blood groups which do not overlap, it is not possible to classify
mankind into sharply different groups in regard to height (aside
from perhaps the Pygmies), and we observe all sorts of gradations
between tall men and short men, although stature is partly deter-
mined by heredity. ‘To 2 certain extent skin color also furnishes
an example of this type of continuous variability, and other exam-
ples, ot relating to anthropology, have been observed in lower
organisms, such as the rate of egg production in fow), butrer fat
percentage in milk, and the yield of certain crop plants.

The existence of similar intergrading characters which cannot
easily be classified into sharply distinct categories is partly respon-
sible for the misunderstanding which for some time made many
anthropofogists refuctant to accept a genetic basis for all human
physical traits, When cases of supposed continuous variability are
thoroughly investigated genctically, however, they are found to be
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due to environment and/or to the effects of a considerable number
of genes, acting generally two at a tume, or 1n some cases acting
several at a time, 1¢. when more than onc gene parr is involved
(“multiple factors™).

It would be possible to build up strans of Drosophila 1n which
the eye color, even under identical environmental conditions,
showed practically a conunuous range from white to dark red,
merely by making use of the allelomorphs which we have already
mentioned above. No such artsficial demonstration that apparently
continuous variability can actually be due to the action of varous
combinations of discrete genes, which may be alleles or “muluple
factors” (on different chromosomes), 1s necessary, however, for a
situation identical 1n all essentials can be found m naturally occur-
ring charactensstics. Emerson and East (1g), for example, in study-
ing the mhertance of ear length in corn, found that by crossing a
race of corn which produced short ears with one which produced
long ears, it was possible in the second (F;) generation to obtain
plants which showed a vanation of ear length covering the whole
range found in the parents. The exact number of genes involved in
this character has not been determuned, but 1t has been pomnted
out (34) that it would be possible to explain the observed experi-
mental results by assuming two pairs of genes acting without domi-
nance, or by assuming a larger number of genes with partial or
complete dominance.

Number and Size of Genes

While we are considering genes, it will be of interest to take up
the question of how many genes are supposed to be contained in
each gamete and what their approximate size may be. Considering
the minuteness of the head of the spermatozoon, which we know
must contain at least one out of every pair of genes which the adult
organism is going to reccive (ignoring cases where the Y chromo-
some has certain genes missing), we can see that a certain upper size
limit can be set merely from considerations of space. To ascertain
Ehc size by discovering all the genes possessed by a given organism
is obviously impossible, but an estimate of the number, plus the size
of the sperm head, will give us at least the upper limit for the size
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of 2 given gene. In the chromosomes of the common fruit fly,
Drosophia, mare than 400 loci for recessive mutations have been
recognized and others are constantly being discovered. It will, of
course, be appreciated that the total number of genes possessed by
ths organism must be very much in excess of those which will come
under laboratory observation as a sesult of mutation, The number
of genes has been estimated by Muller and Prokofyeva (56), and by
Gowan and Gay (35), by Gulick (36) and Huxley (43), as between
a minimum of somewhat over 2000 and a maximum of something
over 14,000, with a probable number of about 5000, The size of the
gene in Drosophila must be between 16 and 16 cubie mitcra (%)
and probably between 10 and 10™ 4 This is the equivalent of
about 1o protein molecules of ordinary size. In some organisms the
genes are apparently larger and 1n other organisms, as probably in
man, they are considerably more numerous, say 4-5 times as many
as in Drosophila. The size of the gene thus proves to be quite of the
same order of magnitude as the size of certain virus particles, and
it may be remarked that both of these are alike also in having the
power of reproducing themselves very precisely.

The chromosomes of which we have already spoken are serial
arrangements of a number of these genes. They may be looked upon,
according to Huxley (43), as “super-molecules™ built up out of
genes and capable of breakage at points between the genes, Some
non-genetic material is probably also present in the chromosames.
The number of chromosomes present in the organism tells us the
oumber of groups of genes which are inherited independently of
cach other according to Mendel’s second law.

Contributions from Remote Ancestors

In man there are 24 pairs of chromosomes in the nucleus of each
cell, which means that 24 groups of genes will assort independently
in inheritance. A little elementary arithmetic will enable us to draw
some conclusions which are perfectly sound, but which will be
rather startling to the more enthusiastic students of genealogy, somé
of whom are accustomed to tracing back their family lines to a
single ancestor (such as William the Conqueror) who lived a con-
siderable time ago. Any reader can readily supply examples of his
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own from knowledge of specific cases, from conversation, from
popular books, and even, unfortunately, from some anthropologcal
writings, in which it 1s supposed that the gene which determined
traits of a remote ancestor accounts for the behavior of 2 present-
day descendant.

It is obvious that the trad 1 gencalogical hods entirely
ignore the contribution of the females to the genetic matenal of the
offspring, although we know that in any one mating, the female
contributes exactly the same number of chromosomes as the male.
Many genealogists have simply traced back successively through the
male ancestors, ultimately arnving at some really or supposedly
distinguished indwvidual such as Willtam the Conqueror. Even be-
fore we consider the specific number of chromosomes involved, it
should be quite clear that scientifically this sort of thing is nonsense,
Clearly a man’s mother and her ancestors have the same chance as
fus father and his paternal ancestors to contribute to his heredity (33).
We may say that the probability of her contribution 1s one half (sce
P 377) The probability of a contribution from a grandparent 1s
Y4, and from a great-grandparent %4, regardless of sex,

But, knowing that the various chromosomes can distribute them-
selves independently, we can discern a new, and what should be to
the professional genealogists 2 more disturbing, possibility. You
must receive one chromosome of eack pair from each of your parents,
but how about your grandp ? You had 4 dp each
with 24 pairs of chromosomes to transmit, and you can have only
2 chromosomes in each pair, Looking at any partrcular pair of your
chromosomes, therefore, 1t 1s clear that they represent only half of
the genetic material which was potentally available to you from
your grandparents. The half you happen to get is entirely a matter
of chance, Thus, as Gulick (36) has pomted out, it is possible that
either member of the pair of chromosomes we may be considering
did not come from your grandfather, and more than that, there is
a distinct though small chante that not a single one of your chromo-
somes came from that grandfather. The chance that you possess not
even one ck from one d 10 crossing-
over in the interval) is 1 in 8,388,608 Thus is 2 small probability,
but small though 1t 1s, it is a definite possibiity. If we consider a
more Iikely case, we find, for example, that there is about 1 chance
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in 300 that your grandfather did mot contribute more than 5
chromosumes to the 48 with which you are equipped, No wonder
you can be pretty different from your forebears, be they good or
bad!

When more remiote ancestors are considered, the hkelihood that
any particular one has made any considerable contribution to your
heredty falls off very rapidly, and 1f we consider your 16 great-great-
grandp there 15 hat better than an even chance that
some of them will not have contributed a single chromosome to
your inhernance. This has taken us back only four generations, or
roughly 100 years; going back two generations more we reach 2
situanon in which there are already more ancestors than chromo-
somes, 5o that 1t is lterally impossible that you can have a whole
chromosome from each of these 64 ancestots potentially represented
in your genetic make-up.

Of course the number of genes is much more numerous than the
number of chromosomes, and we shall see later that it is possible
for genes to get transferred from one chromosome to another and
thus to behave to a shght extent independently. Since we have seen
that there 15 reason to believe that the genes are limited in number,
and since we suppose that in man the number is something of the
order of 20,000 t0 42,000 (66), we find that if we go back only 500
years, we arrive at a ime when there must have been many of our
ancestors from whom we cannot have inherited even so much as a
single gene. Of course, if there has been extensive inbreeding in the
farmly line, the number of ancestors is somewhat less than the hypo-
thetical 2" at the ath gencration. ‘The degree of inbreeding which
has existed in most countries known to us, hawever, is not sufficient
to make any great difference in the calculations which we have been
making. Tt scems abundantly clear, therefore, that even if you are
able to trace your ancestry back to William the Congueror, or Con-
fucius or Saladin, the chances are pretty remote that your genetic
constitution is any more similar to theirs than to that of any one
of a large number of people who were alive at the same time.
Gulick (36) and Glass (34) have suggested that this news should
be kept quiet for fear that it might dishearten the many who are so
enthusiastic about genealogies and pedigrees. Since, however, these
conclusions will be found vitally to affect certain arguments which
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have been offered by early anthropological writers, I have felt obliged
10 violate the confidence of the geneticists and present the facts here
to the puble.

Gene Symbols

We said a few words about gene symbols at the beginning of this
chapter, No attempt will be made to give a complete treatment of
the subject, but an outhine of present usage may be offered. For a
long time 1t has been the custom i dealing with the genetics of the
lower forms to give to all genes belonging to an allelomorphc series
the same bastc symbol, and to distinguish one member of the series
from another by capitalizing 1t or by adding a superscript. For -
stance, the piebald alleles of the house mouse are designated as §
and s, and the allelomorphuc series of genes affecting the gunea mig
coat color are designated as C, ¢, ¢, ¢, and . However, these rules
have generally not been applied to human alleles, perhaps because
most of what little 1s known ahout human heredity has to a large
extent been discavered by medical men and other scientsts who
were not geneticsts, and did not follow genetic conventions, Geneti-
cists and anthropologists, conversely, have on the whole concerned
themselves surprisingly little with the very important question of
human iheritance.

The best understood series of genes in man are the genes which
determine the occurrence of various specific antigens 1n the blood,
or, 1 other words, the genes which determune the blood groups and
blaod types. The mechanism of inheritance of the classical blood
groups which 1s now known to be correct was proposed by a mathe-
matician, Felix Bernstein, and the symbols suggested for the genes
were R, A, and B. Bernstein later substituted O for R. These genes
will be discussed 1n Chapter VI, The mechanism of the inhentance
of the M, N blood types was worked out by two immunologists,
Karl Landsteiner and Philip Levine. The symbols proposed for the
genes were M and N. Later on Strandskov, followed by certain other
genetcists, proposed replacing these symbols by others which would
be consistent with previous practice in the genetics of other species.
The accompanying Table 4 will show the old and proposed new
designations.



6o GENETICS
TaBLE 4
Proposed Symbols for Blood Grouping Genes

Strandskav's
Onginal Symbols Proposed New
Symbols
Classical groups 0, A B L8
M, N types M N A% A

Unfortunately the symbols proposed by Strandskov are not entisely
free from objection, because they might possibly cause some confu-
sion, especially 1 the minds of students and medical men anfamiliar
with genene terminology. Since practically all of the extensive ongi-
nal research on blood groups was and is published in medical
journals, and employs the older terminology, I have not thought it
desirable to” d proposed new logy mnto the text
of this book, especially surce geneticists and other autharives who
work 1 the field have not yet agreed on any single proposed new set
of symbols. In this book, thercfore, 1 shall follow the traditional
designation of human blood group genes, even thongh admitting
that 1t is destrable that they should eventually be altered to conform
with the practsce of geneticists i general. We shall begin a study

of the human blood-grouping genes and their anthropological sig-
nificances 1n Chapter VI

Mechanism of Gene dction

. Exactly how each gene produces its effects is not known. There
is no general rule. A logical hypothesis for the mechamsm of the
formation of the blood group antigen A, for instance, would be that
the gene for A was simply one molecule, or several molecules, of the
group A substance and that in some way it could cause itself to be
duplicated (as viruses can) in the cells of the body during develop-
ment. There is no adequate way of testing such a hypathesis, since
the hypothetical amount of A constituting a gene is far below the
Timits of detectability, but it is ar any rate extremnely unlikely that
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every single chemical substance present in the mature organism is
determined by a special gene. There are sumply too many substances
present at the end. The role of genes is more likly to be found in
some effect on chemical reactions and rates of reaction i the devel-
oping organism.

An illustration from a lower form of hfe will assist us to under-
stand how the determining factor 1 the formaton of the chemical
substance is not necessanily that substance stself. The micro-orgamsms
known as pneumococcr can be separated into more than 4o groups,
based on the presence of different carbohydrates in the capsule
which surrounds them. It has recently been shown, however (2),
that the substance which determmes the production of a given carbo-
hydrate 1n the capsule is iself a nucleoprotein which apparently
contains nope of the carbohydrate at all. The carbohydrate alone
is unable to stimulate the pneumococcus to produce more of the
carbohydrate, but the nucleop added to orgamsms which
would normally develop without capsules, causes the production
of a capsule containing the particular polysacchande 1t sponsors.
How it does this we are unable to say, and, of course, we do not
know at all whether the action of genes 1 the higher forms 1s
similar to this process. The general question of the physiology of the
gene and the mechanism of gene action has been admirably dis-
cussed by Wright (74) and Beadle (6) in reviews to which the
reader may turn for further information.

Glass (34) points out that, smce the results of gene action are
chemical, these reactions may have their rates controlled by (a) physi-
cal factors, such as temperature, light, dilution of reactants, etc., or
(b) chemcal factors, such as the hydrogen ion concentration {or
PH) or (c) by catalysts It has been found mn the study of the genetics
of flower pigmentation that genes do exist which control the pH
(aciduty) in localized portions of the plant. It is probable that genes
in general exert their effects by processes (b) or (c), since the physical
factors affecting the organism are generally beyond its control.

It should not be concluded, however, that environment has no
effect on the manifestation of the gene. On the contrary, in a great
many cases a particular environment is indispensable for the normal
manifestation of the gene effect. This question will be discussed
further in Chapter 111 Here we will simply emphasize once more
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Unfortunately the symbols proposed by Strandskov are not entirely
free from objection, because they might possibly cause some confu-
sion, especially m the minds of students and medical men unfarmbiar
with geneuc termunology. Stnce practically all of the extensive origi-
nal research on blood groups was and is published m medical
journals, ﬂﬂ'd employs the older terminology, I have not thought it
desirable to’ mtroduce the proposed new terminology mto the text
of this book, especially since genetcists and other aushorities who
work 11 the field have not yet agreed on any single proposed new set
of symbols. In thus book, therefore, 1 shall follow the traduional
designation of human blood group genes, even though admitdag
that it 1s desirable that they should eventually be akered to conform
wath the pracuce of genetients 1n general, We shall begin a study
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Mechanism of Gene Action

 Exactly how each gene produces its effects is not known. There
is no gcncral tele. A fogical hypathesss for the mechanism of the
formation of the blood group antigen A, for instance, would be that
the gene for A was simply one molecule, or several molecules, of the
group A Subchc and that in some way it could cause irself to be
duplicated (as viruses can) in the cells of the body during develop-
ment. There 15 no adequate way of testing such a hypothesis, since
the hypothetical amount of A constituting a gene is far below the
fimits of detectablity, but it is at any rate extzemely unlikely that
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the study of deficiencies in the chromosomes which result from the
losses of small portions during the processes of cell division and
gametogenesis. In some cases, thesc losses are so small that they
probably mvolve not over a single gene or two, Relatively few such
deficiencies have been studied which are not lethal to the organism
when they are present m the homozygous condition. Most of them
ate lethal even to single cells if these cells are homozygous for the
lethal, even when these cells are surrounded by heterozygous cells
and the organism as a whole is capable of hfe and growth.

We may conclude from this that the function of the gene 1s far
more vital than merely producing a change 1 the color of the eye,
the shape of the wing, or characteristics of the hair These are only
superficial aspects of the action of the gene. Most genes which the
organism possesses are evidently absolutely essential to the proper
growth and development of each individual orgamism and each ind-
vidual cell We may discount in advance, therefore, any attempt to
belittle an anthropologrcal classification based on genetic differences
which starts by staung that these differences are not important,
Genes are the very stuff of life iself.

The Same Effect from Different Genes

Having scen that one gene may exert a muluplicity of effects on
the organism, we must now consider a proposition which is prac-
tically the converse of this, namely, that the same cffect, or what
istoall appearances the same effect, may be produced sometimes by
quite different combinations of genes. The genes which produce a
lack of pigment m the fur and eyes of certan species (albunism)
are generally recessive, and must be present in double dose to pro-
duce their charactensstic effect. However, in certain species domi-
nant genes for albimsm have been discovered, and these, even when
present only in a single dose, produce an appearance practically
indistinguishable from that produced by a double dose of the reces.
sive gene. Some genes are even known which, although they occur
on different chromosomes, appear to be duplicates of one another
and produce identical effects (70, 68). Traits which are determined
by independent “duplicate” genes arc represented by feathered
shanks in poultry and the typical triangular, rather than ovoid,
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seed capsules of the weed called shepherd'spurse. In such cases
only ¥ of the F, offspring will express the recessive trait, A some-
what smilar instance occurs m hogs, where there are two domi-
fant genes, each belonging to 2 different pasr of chromosomes.
Esther gene when present alone produces a typrcal sandy color,
but when they are present together the effect is additive and the
charactensue 1ed color of the Duroc-Jersey breed ss obtared. The
double recessve 15 white.

Actron of Genes in Man

It is harder to give an example of this same siuation in human
heredity because so lntde is known of the subjeet, but 1t 1s stated by
Baur, Fischer, and Lenz (4) that the same ratio of head breadth
to head length can be the result of quite dhfferent bone formations
i different human races. It 1 logical to suppose that such dif-
ferent bone formations are the result of different combisatons of
gCﬂCS.

The basie genetic prinaiples discussed above have been found to
have an astonshungly general apphcation to all hving forms, when-
ever an attempt has heen made to apply them; actual derailed knowl-
edge of the genetie stracture of an organism is avaslable, however,
only in the case of a fow well-studied species. Of these, the classical
example is the frun fly, Drosophida melznogaster, Tt is with this
orgamsm that much of the classical work was done, beginning with
the work of Morgan and his school (52).

Many of the genes which have been studsed in Drosophila produce
shghe or relatively utimpostant effects. At one time this fact led
certarnt biologists to attack the gene theory, and 1o suggest that the
zeally important features of organusms wese not caused by genes but
were determined in some other way. This point of view did net
prevasl, however, and today few biologists doubt that all our in-
hersted characteristics are determined by genes, acting in the par-
ticular environment in which we develop.

Certain genes having very vital and impertant effects have been
observed; for instance, in man a dominant mutation which results
in the congenital absence of hands ang feet has been studsed (x9).
Few readers who have seen the pathetic picture of a family so
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afflicted would be willing to state that this is a gene having only
a munor effect (see Fig. 6).

Another 1llustration of an important effect which a single gene
can have 1s furnished by Fisher’s discovery (30) that the gene which,

Froure 6. Hereditary absence of hands and fees, pre-
sumably due to the action of a single gene (after Mokr).

when h ygous, prod; the 1 feature called crest
in the common domestic fow], when homozygous produces cerebral
hernia, a conditron which 1s very often fatal to the fowl.

Linkage

Since the genes are arranged in serial fashion in the structures
called chromosomes, and since the chromosomes assort independ-
ently in inhentance, 1t 1s natural to predict that all the genes in a
single chromosome will be found associated with each other in the
offspring possessing that chromosome. This “sticking together” of
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the genes 1 snberitance, duc o their being in the same chromo-
somme, 55 called linkage, and we must now cxamine in somewhar
more detal what hinkage 15 and what 1t is not. It is especially
umportant ta know what hmkage s not, for a number of carly
anthropologscal papers were pubhshed which exhibyted F
misconceptions of the true nature of linkage,

Farst of all, we cannot assert 100 forcibly thac kakage js the asso-
aation tagether of two or more geues in the process of heredity.
Thus daes not smply, as many writers have ersoncously assumed (67),
that the several characteristics determed by these genes will neces-
sarily be observed to be associated with each other in cach individ-
ual of the populauen. For example, if the gene for blood group A
and the gene for blue eyes were knawn to be located an the same
chromasome, we should bot necessantly expect therefore w find 2
higher percentage of blueeyed group A people than of blueeyed
group B people in the popuasi Any such iation in the popu-
lation of chemical or morphological trases does not prove genctic
linkage between the genes responeble, and linkage is not custom-
anly detected by ény such smple means (6o, &7).

@ FEAson ewo traits caused by genetically hnked genes are not
necessarily d m the popul depends upon the fact,
whicht we shall discuss in more detal below, that parts of chromo-
somes can be interchanged during cell division and the formation

q

e space of relatively few generations, any origs
inal association of the charactersstics 1w the population. To return
0 aur hypothetical tluseration, crassing-over will sooner or Jater
produce chromosames which will have the blood group gene A
associated with genes for dyrker eye color and chromosomes for
blood groups other than A will be formed which will have on them
. The resuk will eventually be a mixtuse of
physical types such as biue cyes, group A; blue eyes, group B; blae
eyes, group O, etc,, in the same proportions which would be found
if the genes responsable were on different chromosomes, so that a
meze inspection of the population will nat enable us 1o tell whether
or 1ot these two gene serjes are genetically hinked.
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In practice, genetic linkage is detected by observing that the two
genes arc always associated in inhertance. At first sight such obser-
vation may seem impossible, since crossing-over has usually resulted
in the production of all the different combinations of the two gene
series on various chromosomes of the pair which will be found in
the population. However, an inspection of the accompanying illus-
tration (Table 5) will show that, under ordinary circumstances,

Tasie 5

Backeross in Maize Demonstrating Linkage
(Contrast Table 1)

S su susut
i & % lata

Spetms (pollen)

Eggs SLa sula (Sla)  (sula)
- S su sus S su s
Ia Lala Tala Tala iz

455% 455% 45% 45%

The symbol § stands for a domunant gene producing starchy kernels, su for
a recessive producing sugary kerncls, Za stands for a recessive gene producing
“lazy” sprawling type of growth of the stalks, Lz for 1ts domunant normal
allele The types of sperm 1n parentheses are produced by crossngover. In
the absence of crossing-over, linkage would be complete and only two of
the four possible types of offspring would be produced. The tequality 1n
frequencies of the various types is a measure of the degree of linkage (p. 74)

hinkage of the two genes will be demonstrated by the face that from
any given combination of parents only certain of the theoretically
possible types of offspring will be produced, whereas if the genes
were on different chromosome pairs and thus assorted independently,
all the possible types would be produced with the theoretical fre-
quencies,

The first known case of linkage was found in the sweet pea in
1906 (34). It was found that the gene for purple flowers and the
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gene for cylindncal pollen grains were inherited together, or, con-
versely, that the gene for red flowers and that for disk-shaped pol-
Jen were haked.

A type of genenc Lnkage which 1s particularly easy to detect is
sex Inkage. This occurs when 2 gene 15 carnted in one of the so-
called sex chromosomes. Tt will do Do haem if we oversimplify the

4 y

X

Froure 7, Dizgram of she human X and ¥ chramo-
somes, showing the homologens regions.

real situation a bit and state that in man, as in 2 number of other
Organssms, sex 15 determned by a particular one of the 24 pairs of
chromosomes, and that the female 1s produced from o fertilized
VUM contarming 2 such ¢chromosomes, both of the same kind (they
are called the X chromosomes), and the male is produced when the
o members of the chromosome pair are not ahike, one being the
so-called ¥ chromosome (F1g. 7). From data compiled on organisms
that have been rather thoroughly studied, such as the fruit fly, it has
b-:.cn concluded that the ¥ chromasome, the presence of which deter-
mmines maleness (or we might perhaps better say that it takes two X
chromosomes to determine fcmalcncss), contains very few genes of
8% sort. In fact it scems tq be practically inert, genetically. This
means that genes 1 the X chromosome, even when they are reces-
sive, will not have thej, expression repressed in the male, since
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there exist no corresponding genes 1n the Y chromesome which is
paired with the X chromosome and thus there 1s nothing to repress
their effect. As an example of such genes, we may mention the defi-
ciency in clottng power of the blood which is called hemophilia.
Another example 1s the inhentance of “ordwnary” red-green color
blindness.

It scems clear that the gene for color blindness (of the sort to
which we have referred) is in the X chromosome 2nd that it 1s a

COLORBLIND  NORMAL. NORMAL COLOR BUIND

204 <> @
Xy XX XY X xe

NORMAL. NORMAL NORMAL COLOR BLUIND

XX XY XX XY

oW O UL

KX XY XY XXE XOXE XY XY
Fiovre 8. Diagrammanc representanon of the supposed
mode of ik of ordinary (red-green) color blind-

ness. The symbol X indicases a normal X chromosome;
X indicates an X chromosome which carries the gene for
color blindness.

recessive, The female having only one such gene therefore will still
have normal color vision, because of the domnant action of the nor-
mal gene in the other X chromosome, but the male having one such
gene will be color-blind because of the absence in the Y chromo-
some of the dominant gene, which would otherwise suppress the
action of the color-blind gene. A mating between a color-blind male
and a homozygous pormal woman would produce normal males and
normal females, It will be scen from the diagram, however, that
the female offspring will carry in one of their X chromosomes



70 GENETICS

color-blind genes. Consequently, on the average, half of their sons
will be color-blind. Color blindness is fairly common in men, run-
ning at least as hugh as 5 per cent in some populations, but 1t is
quite rare 1n women. An inspection of the diagram will show that
for 2 woman to be colorblind, it is necessary for her father to be
color-blind and for her mother either to carry the color-blind gene
in 2 single dose or, which is of course much less likely, to be her-
self color-blind,

At first sight it might be thought that the existence of sex linkage
disproves the earlier statement that linkage 1s detected by associa-
tion of two traits 1n the populaton, for in the case of color blindness
there is unquestionably an association between maleness and color
blindness 1n the population. ‘The point 1s that such association is not
necessanily due to sex Linkage, but may be due to the effect of sex
on the expression of an autosomal gene. If color blindness, for ex-
ample, were caused by an autosomal gene which was dominant in
males but recessive 1n females, much the same picture of association
would be produced. And human traits have been studied, as, for
example, taste reaction to phenyl-thiocarbarde (1o, 20) and bald-
ness (40a), in which the expresston of the gene scemed to be bet-
ter in one sex than 1n the other. In the case of taste reaction to
PTC the gene seems to be expressed better 1n the female, but in the
case of baldness the gene seems better expressed in the male.

Sex-linked inheritance can be distinguished from autosomal sex-
Timited or sexanfluenced inheritance only by the study of descend-
ants of affected males (61). To determine whether an apparently
sex-linked character could reach full expression 1n females, homozy-
gous individuals from matings between female carners and affected
males would have to be examined.

More than twenty examples are known of genes which are appar-
ently carried in the X chromosome of man It is clear that any two
of these genes will be themselves generically linked since they are
carried on the same chromosome, and the study of human pedi-
grees supports this idea. In 1937, Dr. Julia Bell and Professor J. B. S.
Haldane studred six pedigrees in which both hemophilia and color
blindness occurred (7). They found a close degree of lnkage
between the two factors, which means that if a hemophiliac 18
color-blind, a majority of huis hemophiliac relatives will also be
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color-blind. Conversely, if a person is not a hemophiliac, but 1s color-
blind, then a majority of his hemophiltac relatives will ot be color-
blind. Further details on linkage and crossing-over 1 the human
sex chromosome will be found in papers by White (71), Ruddell
(59), and Kloeppfer (45).

_The existence of linkage means that unexpected results will some-
times be found to follow domestic selection even though the experi-
menter or breeder may be selecting for a gene which i itself does
not seem to be very important. For example, the absence of horns
in goats is inherited as a simple dominant. Hornlessness 1s consid-
cfcd a desirable cosmeuc feature and selection for 1t has been prac-
ticed by pedigree goat breeders for some time, It has only recently
been pomnted out by Asdell (r) that there scems to be 2 close link-
age between the gene for hornlessness and a gene which, actng as
a simple recessive, causes some of the potential females to become
intersexes and not usable in breeding. The latter istic of
course is deleterious to the economic value of the stock.

Linkage in man, except between charactenstics carried on the sex
chromosomes, has only recently been demonstrated, for the M, N
blood types and sickle cell anemia (65). A few doubtful examples
were previously known (12a). Since the exact genetic mechanism
of only a few human characteristics is known, this 1s perhaps not
surprising. The best known charactenstics of men, genetically speak-
ing, are the various blood groups and blood types, and if linkage
other than sex linkage is to be found in the near future, it s to be
expected that it will be between blood groups and some other char-
acteristic, A number of possibilities have been i d without
yielding certain evidence of linkage (11, 21-28, 8, 65, 45).

That genetic linkage between blood types and other features such
as morphological characteristics is possible is shown by the recent
detection of such a case of linkage in the rabbit by Sawin and
others (63).

Crossing-Quver

C_mssing—cvcr evidently occurs during the phase of cell division
during which the homologous chromosomes of each pair are lying
very close together and are twisted about cach other. Later om, as
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they foosen up, they form a number of nodes and internodes.
(See Fig. 9.) Tt 1s believed that these nodes indicate that the homolo-
gous chromosomes have broken at these paints and equivalent seg-
ments have been imerchanged between the two pairs. (Fig. 100
The way the breaking apart and h of parts of chromo-

|

somes may alter the arrangement of genes is shown in Figure tob,
taken from Dobzhansky. In Figure 10b, (A) shows normal chromo-
somes; (B) shows a deficiency resulting from the loss of part of 2
chromosome; (C) shows a duplication resulting from the attach-
ment of part of the white chromosame to the black; (D) shows
a “translocation” (transposition of parts of ¢h )i (E) 2
h transk ; (F) ah inversion; (G) a
homozygous inversion.

As pointed out by Sturtevant in 1913, of the genes are really
arranged in a hnear series in the chromosomes, then the farther
apart two genes lie, the higher the chance of a crossover between
them. From this « follows that the frequency of cross-over enables
us to estumate the distance apart, in terms of arbitrary units, of the
different gencs on the same chromosome. Suppose we are studying
three genes which we may call P, @, and R. Let us suppose that
P and  cross aver 4 per cent of the time 20d P and R cross over
30 per cent of the time, We thus suppose that @ is 4 units from P
and R is 10 units from P. The question now anses how far from

Frovxe 9. Diagram showing haw contact between chro-
masomes and § i A results 1n hang
of genetic materral (after Glass).

YE
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Gametes

=11 00

Ficure 102. Dragrammatic representation of crossing over,
showing interchange of gemetic material,

ABCDAEFGH'
R ——

| esmum—
ABCD EFGH1

IABCDBEP% IHAECDCEFGHI

D i —— oS C____
ABCD EFGHI ABCD EFGHTI
ABFEDDCGHI ABFEEDCGHI
-_— amss— > -_——r> aE S
CEm—— - aam—
ABCD EFGHI ABFE DCGHI!
ABCOFEHGFI ABCDGEHGFI
s > L]

s S —— >
ABCD EFGHI ABCD EHGFI

Froune 1ob. Disgrammatc representation of results of
breakage and reattachment of parts of chromosomes,
{a) Normal chromosomes; (b} Deficiency, (¢ Duplication;
(d) Heterozygous translocation; (¢) Homozygous translo-
cation; (f) Heterozygous inversion; (g) Homozygous in-
version (after Dobzhansky).
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©Q is the gene R, We see on reflection that it depends on .wh:'th:r
(2) O and R are on the same side of P or (b) on opposite sides.
This is shown 1n Fig. 11. Accordingly, the distance OR should
be either (a) PR munus PQ or (b) PR plus PQ. If (a) is truc, then
0 and R should cross over 6 per cent of the time. IE (b) is teve,

P<—4—Q R

\ — .
or

Q P R

<4—> 0 ——>

Froure 1x. Estimation of distance from crossover fre
quencies (see text).

they should cross over 14 per cent of the time, This of course is
something which can be tested. In lower forms which can be bred
expenmentally, the question can usually be settled very simply by
doing an experimental mating with an individual who is heterozy-
gous for each of the three genes. In man we are forced to rely chiefly
on staustical methods and the study of selected pedigrees.

By the study of the cross-over values of all the genes known to
occur in a chromosome, the order of arrangement of the genes int
that chromosome may be determined and socalled chromosome
maps may be prepared. Such chromosome maps have been pre-
pared for Drosophila melanogaster and are shown in Figure 12.
The exact details of computation are irrelevant for our purpose
here and wll be found in any good textbook on genetics, such as
those by Waddington (70), by Sturtevant and Beadle (68), and
by Glass (34). It has been possible to test the accuracy of maps of
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this sort 1n the casc of Drosophila by comparison of the geneucally
determined map with actual pictures of the giant chromosomes
which occur 1n the salivary glands of this organism. These chromo-
somes are much larger than the chromosomes found in the nuclei
of ather cells and they show charactenstic markings which enable

Freurs 13. meir{g of the giant salivary chromosomes in
Drosophila (after Kaufman).

dlﬂcrcns segions to be wdentified, An idea of this will be gained
from Figure 13. When genetic evidence indicates that there has
bccn. transfer of genetic material between two chromosomes or in-
version of the order of genes in certain regions, similar changes
ought to appear in photographs of the ¢h and this has
I_)ccn found to be true. Thus the chromosome basis of heredity, orig-
inally purely theorerical, is now abour as nearly factual as we can
ever expect any such theory to be.
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Diflerences Between Genes

There are two terms applying to the mantfestation of genes which
we will have some occasion to use. The first 1s called expressivity
and is a measure of the amount or kind of effect shown 1 an 1ndi-
widual possessing the gene. The second 15 called pencrrance and is
frequently measured as the percentage of individuals who, when
they possess the gene, show any effect from 1t. Naturally, most of
the genes which have been chosen for expenmental work with the
lower forms show a very high or complete penetrance; in other
words, every orgamism homozygous for a recessive factor will show
its effects. They have been chosen partly on account of this. But
complete penetrance 1s not always found and incomplete penetrance
is observed with a good many genes. The frequency with which the
gene is effective in producing us effect depends both on the environ-
ment and on the genotype, the effectiveness in the heterozygous con-
dition being often less. A good example of enviropmental nfluence
is found 1n the gene “giant” (32) 1n D. melanogaster. Here lack of
sufficient food for the larvae results 1n fewer giants. The expresswsy
of this gene 15 nearly umform, all grants being: nearly the same size
relative to the normal. Such genes would seldom be used in expen-
mental work with lower forms. In man, however, we cannot pick
and choose our materal to the same extent, but must take it as it
comes, and we shall have to deal with some genes which do not
show plete p e. Diff in the p of the
gene which determmes a person’s ability to taste the synthetic
substance, phenyl-thio-carbamide, might be expressed to some ex-
tent by dfferences 1n the age at which this ability 15 manfested (39).
In the case of deleterious genes, of course, natural selection would
tend to postpone more and more the age of onset of the symptoms,
possibly by the selecuon of suitable modifying genes.

Genetics and Anthropology

1t is an unfortunate historical accident that Mendel's work wase
neglected by his contemporares, and that the science of genetict
was so late in developing. Genetic methods are now beginaing tc
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be employed by physical anthropologists (50, 18, 12, 9, 42), but
the biometrical approach to anthropology was already well under
way before modern quantitative genetics developed, and unul re-
cently anthropologists have on the whole not been influenced by
modern genetics, and have not always utihzed its concepts cor-
rectly. Thus Hogben was led to say in 1931 that “systematic biol-
ogy in general and physical anthropology 1n particuler have pur-
sued ther course with a serenity unimpaired by the results of
expenimental investigation. ‘Thus is perhaps because geneticists have
courteously reframned from 1ing on the d conse-
quences of therr discoveries” (41).

It must be admitted that ignorance of the real nature of the genetic
mechanism seems to have been at one time regrettably widespread
among certain groups of anthropologists. The reader can stll read-
tly venfy this fact by discussing with almost any of the older anthro-
pologusts practically any genetic phenomenon; for example, that of
dominance. He will find that there are a good many who labor
under the misconception that 1f a ch is “domt * genetically,
it 1s bound to become more and more frequent in the population and
will eventually replace the alternative “recessive” gene altogether.

As we shall point out below (p. 412), 1n the absence of mutation
or selection, equilibrium between the frequencies of the two autoso-
mal genes is reached after one generation of random mating. After
this time no over-all decrease in recessives, or increase in dominants,
will take place. Another illustration of the unfamiliarity with
genetics on the part of anthropologists is provided by the q
from Morant (51), already given in the first chapter, in which he
supposes that characters of the skeleton must in general be more
stable in an evolutionary sense than characters of the soft tissues.
‘There seems to be not the slightest shred of evidence to justify this
supposition.

Ano!hcr'nllustration may be taken from a book (47) by J.dela H.
Marett written in 1936. This author was perhaps not what is prop-
erly called a practicing anthropologist, and it is possible that if he
had not lost his Ife during the Second World War his opinions
might have changed later on. The chief reason for referring to his
book pow is that at the time of jts appearance a number of persons
working in anthropology and other persons with anthropological
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interests read and recommended the book, and apparently took the
opinions expressed in 1t seriously. Some of these opimons were
sumulating and perhaps not incorrect (p 94), but throughout the
book the author exhibited a regrettable and pathetic sgnorance of
the basic foundations of genetics, although he freely d the
subject. Few will fail to see that the author was poorly versed in
genetic principles if they read Marett's statement made on page 38
of his book.

“It is reasonable to attribute to horns a value for the purpose of
offense and defense. Males use them to fight cach other for the
possession of the females. It 1s thus legiumate to assume 2 linkage
between the genes making for growth of horns and those which
encourage a combattve attitude to other males. Now the iymmature
males do not fight with the adulss, and there 15 no reason o beheve
that mast of them even attempt to do so. I conclude, therefore, that
the inhibition of horn growth and the inhibition of the combatve
instinct is kkewise huked; and, seeing that the growth of horn in the
fermale is repressed; and that she does not fight the male, it seems
probable that they are both sex-hinked.” It seems just possible that
the failure of the females to fight the males, 1 Marett's example,
might be due to something other than a gene repressing the natural
combative attitude of males to males, and 1t is hard to believe that 2
book containing such ded speculations and mi ption:
was ever taken seriously. It 1s to be hoped that any person who has
read the present chapter would at once detect the illogical nature of
such a passage.
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cuartex 111 Heredity and
Eavironment

Then 1t got down off the mushroom, and crawled away into
the grass, merely remarking, as 1t went, “One side wall make you
grow taller, and the other side will make you grow shorrer.”

—LEwIs cARROLL Alice in Wonderland

In the preceding chapters we have learned that (1gnoring for the
moment the effects of evolutionary changes) the genes possessed
by one generation of a species are 1dentical in nature with those
which were possessed by the preceding generation. Therefore, if
there are no evolutionary factors operating which alter the gene fre-
quenctes in a population in a state of panmizia (p. 110), we should
expect that any one generation would look much the same as its
ancestors, unless there have occurred in the meantime changes in
the environment which are able to cause the gene to be expressed
somewhat differently.

In Chapter Il we saw that the genes themselves are intrinsically
very stable, and environment, even when it affects the manifesta-
tion of the genc, does not scem to affect the gene itself, We may
offer a further example of this. In the carly days of genetic rescarch
in Amerjca, Drs. W. E. Castle and J. C. Phillips (7) conceived the
idea of removing the ovaries of an albino guinea pig and transplant-
ing in their place the ovaries of a black guinea pig. This operation
was successful. The new ovaries remained alive and became func-
tional in their new owner. The experimenters then had at their
disposal an albino female with the albino constitution, but possess-
ing ovaries which contained the “black” gene. The blood supply
was of course that of the albino The question was: would the
genes be altered by their new environment? Today the answer to
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such a question is almost a foregone conclusion, but 1n these earher
days of genetic science it was by no means clear which alternative
was to be expected, When the expenment was carried out, and the
female with the transplanted “black” ovanes was mated to an
albino male, she had six offspring all of which were black, The
altered environment of the transplanted ovanes had not significantly
affected the characteristics of this one gene, at any rate, and there
15 00 reason to suppose 1t had altered any of the others.

Effects of Environment on Expression of Genes

Although it seems quite certam that the environment (af we ex-
clude the operation of certan chemicals, X-rays, cosmic rays, and
so forth) has never been found to alter the characteristics of a gene,
We may not say that the environment never alters the expression
of the gene. The final expression of any gene depends upon the
complex end result of chemical reactions started by the gene, com-
bined with concurrent reactions started in other ways, and these
reactions can be influenced by the internal and external environ-
ment of the organism and by the action of other genes present.
It is, therefore, not at all ble that diff 1A envi
ment may, in many cascs, without altering the genetic constitution
of an organism, cause marked differences 1n the expression of cer-
tan genes, Such effects are in fact often observed. Some genetic
traits are more readily altered by environment than others; 1n fact
some secm not to be affected at all.

Hoghen (22) illustrates this principle by pomnting out the great
difference which exists between genetic mheritance and legal in-
heritance. The layman tends to suppose that you inherit your physi-
cal characteristics — for example, your nose —from your ancestors,
in much the same way you may nherit their bank balance. The
geneticist knows, however, that what you really inherit from your
parents are simply genes. If your environment (internal and exter-
nal) corresponds exactly to that of the parent or parents from whom
you inherited a given gene, then this gene will produce the same
effect in you as it did in them, but if the environment is different
Ehen the gene may or may not produce the same effect as 1t did
0 your ancestors.
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The effect of differences in envi on the ifestations of
genes is so important that 1t will be worth while to consider a num-
ber of examples. To take a specific instance: there is a genetic dif-
ference between chickens which determunes whether they have yeb-
low shanks or colorless shanks. Crosses between such varicties give
a numerical ratio of the two types corresponding to the usual Men-
delian laws. This difference 1s found, however, only if the chickens
are fed on yellow corn, or given green feed, for these seem to pro-
vide the yellow pigment which mamifests itself 1n the yellow-shanked
chickens. If all the chickens are fed on white corn, without any
green feed, they wall all have colorless shanks, If we take chickens
all belonging genetically to the yellow-shank variety and feed some
of them on yellow corn and some on white corn, the former group
will have yellow shanks and the latter will have colorless shanks.
Since the genetic composition of the two groups is the same, so far
as this charactensstic is concerned, the difference between them in
this characteristic 1s due to a difference in environment. Hogben
points out that with genes of this sort, differences 1n environment
could very easily upset the predicted outcome of matings if the pre-
dictions are based solely upon the known genetic differences. For if
we were to cross fowls of the “yellow” variety with fowls of other
vaneties and feed some of the offspring yellow corn and some of
them white corn, thus depriving some of them of material vital
to the proper manifestation of the “yellow” gene, we could not
expect to obtain constant numerical ratios which would agree with
MendeP’s laws. The genetic differences which were present would be
wrregularly expressed or totally lacking in expression.

Sometimes, it is true, variations 1n environment of very great
magnitude seem to make no difference in the expression of a gene,
but if tests are deliberately devised to achieve extreme departures
from the ordinary environment, environmental effects can often be
observed As Hogben (22) again mentions, genetic differences in
chickens determining the color of the feathers may be constant
over a very wide range of environment, The differences between
the pure black plumage of the Langshan and the mottled plumage
of the Light Sussex js not absolute, however, for by feeding thyroid

to the Light Sussex breed, the extent of the black areas present can
be considerably extended.
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Sumilar examples may be found in human beings. In some areas
of the world, such as certain parts of Switzerland and in the arcas
around the Great Lakes in the Unated States, a discase cailed goster,
which consisted in an enlargement of the thyroid gland because of
a deficiency of jodine in the duet, used to be quite prevalent. (By
putting iodine in the diet it has proved possible almost to ehminate
the condition.) This disease, however, did not attack all the mem-
bers of the populations of these areas. There also scems to have
been some sex difference, so that more females (but not all females)
than males exhibited the disorder: fewer males, but a sigmificant
number, were attacked. We may suppose that the differences in
susceptibility, apart from the sex differences which may have been
affected by endocrine factors, were largely genetically determuned.
This supposition 1s supported by the fact that certain lower organ-
isms, such as the European newt, although they ordinanly com-
plete their development from the larval to the adult form, may fail
to do #o if they are kept in water which has insufficient iodine or
jodine compounds. ‘There is, however, a certain local race of the
American newt (Amblystoma tigrinum), found in the neighbor-

ood of Mexico City, which will not grow up into the terrestrial
form even if plenty of jodine 15 preseat in the water, although 1t will
do 5o if 1t is fed on thyroid glands. In most other locahities in Amer-
ica the newt will plete 1ts develop if adeq 1odine is
available. There is evidently a genetic difference between the Euro-
Pean and Mexican newt. This was not at first realized, and the Mexi-
€an fewt, never seen in the adult form, was considered an entirely
different species, and called by its native Indian name of axalozl.

As another illustration we may menton a mutation which has

n observed in the fruit fly Drosophila; one which causes a
deformation on the hunder part of the body. Flies which are pure
for this mutation regularly exhibit a deformation, which is referred
10 as “zbnormal abdomen,” if they are grown in moist cultures.
They are, however, perfectly normal when grown in a dried culture,
1f the experiments are carried out in moist cultures, mating between
the mutants and wild types produces numetical ratios which con-
form with the supposition that the differences between the mutant
stock and the wild type are duc to a single gene difference, How-
ever, if the cultures are allowed to dry while the flies are develop




4 HEREDITY AND ENVIRONMENT

ing, naturally no consistent numerical results can be obtained since
flies developing under drier conditions fail to show the full effect
of the gene. .
Examples of genes which do not exert their effects consistently
unless the environment 15 suitable are also found in plants. Engel-
dow (11) found that when two vancties of wheat, known as the
“Red Fife” and “Hybrid H,” are grown uader conditions such that
plants are spaced at 2” X 2, the Red Fife yields the larger crop,
but when spaced at 2” X 6, the yields are almost equal, and at
greater distances Hybrid H yields a better crop than Red Fife. Again
we have a clear example of the influence of the environment, which
in this casc is the degree of crowding of the individuals together.

Deliberate Alteration of Environment

One important conclusion which can be drawn from facts such
as the above is this: if we understand the way in which a gene
operates to exert its effects we may perhaps be able, by controlling
the conditions, to Imit the effect of the gene to some particuler
(or even no) effect. For example, there is a variety of the domestic
fow], known as “Frizzle,” which has defective plumage. Fowls
which are heterozygous for this characteristic are characterized by
curling of their feathers upwards and outwards. The purebred
Frizzle strain remains practically bare throughout its first year of
life, and thus seems to be 1n a perpetual molting state. It is extremely
delicate and difficult to bring up When newly hatched, the Frizzle
chick has a down feathering which is so fragile that 1t usually breaks
off. The resulting exposure of the skin leads to a great loss of body
heat from the surface, which evokes increased metaholism, increased
heat production, increased heart rate, lack of fat deposit, and dimin-
ished hemoglobin in the blood. Landauer and other workers (3)
have shown, however, that the pure Frizzle chick will develop 2
complete plumage over the whole body within three weéks if it is
protected from heat loss by enclosure in a woolen jacket and con-
finement to a warm room. ‘This is an example of how, if we know
the way in which a single dominant gene produces a deleterious

manifestation, we can artificially prevent the appearance of this mani-
festation, if we wish to do so,
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As an analogous example from human genetics, we may consider
the once very serious disease, diabetes mellitus, which according to
Pincus and White (34) is probably 1nhenited and 1s commonly due
to a recessive gene. Until fairly recently, indviduals who were
homozygous for this gene were bound to become diabetic and in
most cases their lives were considerably shortened as a consequence.
The chief effect of the genc, however, 1s merely a falure of the
pancreas to produce a certain hormone, namely nsulin, which hap-
Pens to be essential for proper metabolism, Diabetic mdividuals who
are supplied artificially with this hormone, as can now be dane as
a result of the discovery of methods of 1solaung 1t by Banting and
Best (1), are enabled to live a faurly normal existence and 1 the
majority of cases to achieve a normal old age. Thus the great British
writer, H. G, Wells, born in 1866, was for years a diabetic but lived
to be nearly cighty.

Interaction of Genes and Environment

Dabzhansky (8) has stated that the relation between the genotype
and the phenotype 15 a dynamic one, The genotype determines the
reaction of the organism to its but dees not d i
the external environment. The phenotype 1s always the resultant of
the interaction between a certan genotype and a certain environ-
ment. The end result depends upon both factors. Different geno-
types may react in some environments to produce sumilar pheno-
types; therefore sumilarity of phenotypes under sdentical environ-
ment is not always proof of identity in the genotypes- On the othey
hand, the same genotype may react differently 1n different environ.
ments and preduce dissimilar phenotypes, So dissumilarity of pheno-
types is not necessanly proof of dissimilarity of the genotypes.

To realize more fully the possible effects of differences in environ.
ment on the festation of gene differences in populations, we
need to take account of one further fact, which has been graphically
stated by Dobzhansky and Spassky (10). Thas s, that natural popu.
Iations in general contain a tremendous varicty of genatypes, each
of which may have its own “reaction norm.” * For example, in one
of the ch of Drosophila pseudook , there are certain

“Enviropment 1n which the genotype gives nise to a normal individual,
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genes which produce a certain set of visible changes, These genes,
acting in conjunction with a standard modifier system (see p. 50),
produce changes which are extreme at a temperature of 25 5° Centi-
grade, mild at 21° and almost absent at 165°. By altering one
modifier system the same changes may be either exaggerated or
suppressed in flies grown at 21°. (More will be said about tempera-
ture effects below.) This observauon provides some support for
Fisher's theory (14, 15, 16) of the action of modifiers in determining
the action of genes. Experiments by Eugen Fischer (x2) on rats have
also shown the same tendency for environment to affect the mani-
festation of genes.

It has been pointed out by Mayr (25) that differences in the en-
vironment of lower forms have frequently been found to affect
characters which we use for taxonomic purposes. He mentions that
water snails and mussels have certain forms 1n the upper parts of
rivers, where there are lower temperatures and 2 more rapid flow
of the water, and somewhat different forms in the lower parts of
the stream where the waters are warmer and more stagnant.

Mayr (29) mentions that 1n Imestone dhstricts (where there is
more calcum in solution in the water) the shells of mussels, etc,
are heavies and have a different shape from those of relatives which
grow in waters poor in lime.

These examples suffice to show, and Huxley (24) warns us to
keep it in mind, that we must clearly disunguish between the in-
trinsic nature of a gene and the expression of a gene. The gene
itself can alter only by ion, but its expression in an individual
can be affected in a number of ways.

About 1910 Franz Boas (4) called attention to possible effects of
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man. He reported important defimte differences in bodily form
between immugrants from Europe and their descendants in America.
Boas studied hair color, height and weight, head length and breadth,
and face breadth, in foreign-born Bohemians, Slovaks, Hungarians,
Poles, Jews, Sicilians, Neapolitans and Scotsmen, and their foreign-
and American-born children. He found important cephalic differ-
ences between the foreign born and their children, These differences
tended to be greater the longer the parents had lived in the United
States. Guthe (20) and Hirsch (ar) obtained similar results. Morant
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and Samson (31) published objections to the conclusions of Boas,
but Boas (5) showed that some of the countercharges of Morant
and Samson were not justfied.

Later, all doubt as to whether the environment conld affect many
of the physical characteristics of man which had formerly been used
for anthrapological characterization was removed by the work of
Shapiro (38), who made a detailled comparison between a group
of Japanese in Hawan, their relatives who remained 1 Japan, and
their offspring who were brought up in Hawau. Shapiro found that
growing up in the new environmental conditions 1n Hawau had
produced marked differences between the Hawauan-reared Japanese
offspring and their Japanese-born fathers and mothers. For instance,
the mean sitting height of the Japanese born in Hawan was signifi-
cantly greater than the corresponding value for either the immigrants
or the immed:ate ancestors 1n Japan. Even changes in the dimen-
sions of the head and its praportions in the Japanese born 1n Hawan
were definitely fi In the H born Japanese there was
a great decrease in head length, and a compensatory increase in head
width. The total male Hawauan-born Japanese showed a difference
in cephalic index from the total male immigrants of 2 60, a difference
which was more than nine times its probable error* The nasal
dimensions of the Japanese born in Hawau also changed, in the
durection of longer and narrower noses. Both mmigrants and
Hawaiian.born yielded nasal indices much lower than those found
for the Japanese remaming in Japan.

. The work of Shapiro and Hulse, who aided him, provides a strik-
ng example of marked differences in human physical characteristics
which are unquestionably due to environment, since their observa.
tions were carefully controlled by companison with close relatives in
It{awzni and in Japan, these relatives presumably having closely
similar genetical constitutions, Of course relatives may sometimes
differ considerably genetically; however, such geneuc differences
would vary in random fashion from famuly to family. The signifi.
cant thing about Shapiro’s work is that he found the trend to be
Operating on most families, quite apart from the chance variation
1n characteristics from family to family.

Shapiro also found a significant physical difference between the

See App A
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immigrants to Hawaii and the related Japanese who had r'cmamcd
at home, a difference which he thinks might be found in many
other cases but which is not too easy to explan.

From all this it should be clear that, in general, no statement about
a genetic difference has any scientific meaning unless it includes or
mplies a speification of the environment in which the gene dlﬁ.ﬂ'
ence 15 to mantfest ttself. (Some genes, 1t 15 true, are known which
are either unaffected, or affected very shghtly by environmental
changes, and some changes in gene mamfestation would not be
consistent with the survival of the organism at all.) But our knm:vl-
edge of human genetics is so meager that we seldom know which
variations in the environments of human beings will alter th<.: ex-
pression of a given gene, Our mability to make sure that the environ-
ment affecing different individuals 15 always the same is a further
reason for preferring an anthropological classification based on dif-
ferences n gene frequencies, rather than mere differences in external
physical characteristics.

It has not always been appreciated how much environmental
variation may affect the charactenstics we ordinanly observe. The
fact is, the changes 1n orgamsms which can be produced by certain
changes 1n the environment may be so great that, compared to them,
any changes due to ordinary gene variation would secem trivial. Thus
the plant Limnophila heterophylla (8), when grown under water
is so different in appearance from the same plant grown on land
that 1t at first seers almost 1nconcewvable that the two should even
belong to the same species As another 1llustration, we may cite th.c
fact that the males of the parasitic wasp Trichogramma sembhdis
may be with or without wings and may have different structures

of the body and appendages, depending on the host 1n which they
develop (36).

Plasticity of Gene Effects

There exist (24) all degrees of plasticity of the operation of genes
in regard to environmental influence. The blood group genes pﬂl’
duce the same characteristics 1n all known human environments:

#The “Lewss™ blood group genc manifests aself dufferently 1n snfants and aduls
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The effect of envi on the manif of the genes for eye
color seems slightly doubtful. Stature, body weight and skin color
are obviously definitely influenced by certam differences 10 environ-
ment; stature and body weight by diet (27), and skin calor (at least
aver the exposed parts of the body) by the degree of exposure to
sun, We have already mentioned the effect of insubin mjections on
the expression of at least the major effect of the gene for dibetes,
Since genes manifest th Ives and 10fl the develop of
the organism through changes in physiological and therefore chemi-
cal reactions, it is thearenscally possible that the action of any gene
could be controlled if we knew enough about the way it produced
its effect.

Setbert and Steggerda (37) have made measurements which sug-
gest that the shape of the cross section of the head bait of man
tends to change with age, showing a certan lability of this char-
acer also,

Temperature Effects
Some of the most striking effects of environment on gene mani-
festation are produced by diffe n ure. There is 1n the

batley plant 2 type of albimsm which depends on the action of a
single gene. If the plants are grown below 6.5° C,, they entirely lack
the green pigment chlorophyll, but if they are grown at about
18° C,, they are quite normal. Grown at temperatures between these
lmits they produce graded amounts of chlorephyll. Another example
is the Drosophila gene, “short wing,” a sex-linked recessive which at
275° C. markedly reduces wing length and affects eye development.
At lower temperatures the effects of the gene are less, and at 14° C.
they are not found. The temperature of the environment also affects
highcr forms of life. In Himalayan rabbits and Siamese cats (see
Fig. 14), the black pigment is produced only below a certan thresh-
old temperature,
. Another example of the effect of temperature on a characteristic
in Drosophila s furnished by the gene “bar” (25) and its allele®
‘double bar.” Bar reduces the number of facets in the eye and the

*“Dauble bar” 15 probably not strictly 2u allele, but 2 duplcation {6)
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gene double bar reduces them still more. The number of facets
developed is lessened by any temperature increase in the period
during which the eye is susceptible. But the two bar alleles do not
act proportionately at diff: p . A change in

ture of g° makes a much greater difference 1n the effects of bar
than 1t does in the effect of the double bar allele, If we mvestigate

Fioure 14. Siamese eat,

the effects of genctic dufferences by comparnng the size of the eyes
in two different stocks at any onc temperature, we shall generally
find that the differcnce between the two is greater ar 16° C, than
at 25°C, (19). Thus is shown in the accompanying illustation
(Fig. 15). If we wish to try to evaluate the effect of a difference
of 9° 1n temy {of course temg is doubtless not the
only environmental factor), it 15 obvious that the difference 1n
environment 1s more 1mportant for the bar stock than for the double
bar stock.

It is possible that this single example provides us with a slight
clue to the answer to the question of the relative importance of
nature and nurture. For it is clear that in this case {and, as experi-
ence proves, in many others) there can be no one single answer as
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to the question of the relative potency of the genes and the environ-
ment. In this case, if we conduct our expenments at 16° C, the
mmportant differences are due to the genes, but if we conduct our
experiments at 25°, the important differences are due to environ-
ment (temperature),
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Ficure 15. The cffect of temperature on the development
of eye facets in frust flies (Drosophila) possessing the genes
“bar” and “double bar

Chemical Effects

. Just as genes exert their effects by mivating or influencing chem-
ical reactions, chemical factors have important influences on the
action of various genes. There are numerous examples of this. For
instance, the ch 1 sul phenyl-thio-carbamide, when fed
to black rats 1n suitable concentration, caused the fur of 22 out of
23 experimental amimals to show a definite tendency to become
gray, thus providing an example of the influence of a chemical
substance on a manifestation of the genes of pigmentation. Re-
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moval of the phenyl-thio-carbamide from the diet allowed the rats
to return to their normal color (35).

The effect of vitamin deficiencies on constitutional traits is now
known to nearly everyone. The effect of lack of sufficient fodine in
the diet has already been referred to. Marett (28) has pointed out
that other mineral deficiencies may possibly have important effects
on human physical charactentstics. Baudisch (2) has discussed the
possible influence of chemical elements never present 1 more than
very small concentrations, but nevertheless necessary.

Effects of One Organ on Another

Another example, of a somewhat different nature, of the effects
of environment on development 1s mentioned 1n a paper by Weiden-
rech (39) on the effect of bram size on other human character-
1stics. Here the change mn environment is a change in part of the
body itself. In early embryonic hfe the ammal brain has a relatively
high growth rate. In most mammals the rate of brain growth
slows down later and the growth of the rest of the face continues,
but in dwarf animals, as in some domestic breeds, and in some
species of small wild animals, this does not happen to the same ex-
tent and the growth of the rest of the skull 1s checked fairly early.
As 2 consequence, there results not only 2 relative orthognathism
(more vertical face), but also the absence of certatn cramsal super-
structures such as the sagittal crest and supraorbital ridges. One
finds persistent cranial sutures, rounded palate, smaller teeth, often
with a simplified pattern, a relatively wide cramal cavity (analo-
gous to brachycephaly). Now, whether or not man is a dwarf
spectes, he shows the dwarf type of skull, which is due to the per-
sistence in his case of the higher relative growth rate of the brain
in the later stages of facial development. Effectively we may say
that the genetic “environment” 1n which man’s facial character-
istics have to develop 1s different from the environments they find
in other primates,

Thus the effects of environment and genes interact, and neither
factor can be neglected. For this reason, Dobzhansky (g) has stated
that heredity is not a status but a process. According to him, when
we speak of the inheritance of skin color or of intelligence or any
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other character, we are merely using a figure of speech. What is
mhertted is not that character but the manner or “norm” of re-
action of the organism to the Duc to duff in
heredity, the reaction of different human ndviduals to exposure
of their skin to sunlight may be quite different. Some may be easily
sunburned to the pont of blistering and find 1t difficult to acquire
a tan, others who appear about equally white before exposure may
be tanned, and as a result their skin becomes considerably darker,
while others may develop considerable skin pigment even without
exposure to the sun. The effect of env on the festation
of such genes is one of the factors which operate to make 1t difficult
in many cases to determme the exact genetic mechanism of many
important inherited characters 1 man. At the same time, environ-
mental differences make 1t difficult to predict at all umes what the
form of the adult orgamsm will be, even though we may know
something about its genetic constitution, unless we know the precise
environment 1n which 1t will be brought up.

For a lang time there has been a debate as to the relative 1mpor-
tance of heredity and environment 1n human lives. The examples
we have just considered should be enough to show us that 1 many
€ases 110 precise answer to this question can ever be made, because
in the case of many characteristics the question, as 1t is proposed, 15
meaningless, since the exact sstuation is not specified. However, we
know that some charactenstics are more readily mfuenced by en-
vironmental factors than are others Glass {19) has pomnted out
that although there is no hard-and-fast boundary, we may roughly
stbdivide all cf i of living orgal into genetic and
environmental charactersstics. Each of these classes can be further
stbdivided as is shown in the accompanying table (see Table 6).

Cases falling into classes 1) and 4) are clear<ut, and we have no
hesitation in saying that heredity, or environment, respectively,
predominates in such cases. But unhappily, most of the traits we
wish to study seem to fall into class 2) or 3), in which it is diffi-
cult to decide which influence predominates.

It will be understood, of course, that there is no sharp break
from one of these categories to the next. Also, sometimes the same
Or a very similar variation in phenatype can be produced by either
A genetical change or an environmental change (19).
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Taste 6
Four Types of Behavior

) 3)
Heredity Environment and Heredity
Genetie  diffe d in Diff due to mani-
practically all environments fested only in a restricted range of
genotypes.
{2) (&)
Heredity and Environment Environment
Genetre diffe donlyin Diff due to smani-
a restracted range of fested 1n p lly all genotyp

(Modified from Glass [19])

Attempts to Measure Effects of Environment
and Heredity

Accurate knowledge of the effects of environment on the mani-
festauon of genes in lower orgamisms usually results from our
being able to place orgamsms known to be of 1denncal genetical
make-up in different environments and to observe the effects, ustag
large enough numbers so the results will be statistrcally significant
(see App. A). We arc not permitted to do this with human beings,
and as a result our knowledge of the relative role of genes and
environment (or in other words, nature and nurture) in regard to
mman is sull relatively scanty.

Possible Statistical Fallacies

Attention has been called to a possible fallacy jnvolved in statis-
tical attempts to estimate the degree of importance of heredity and
environment by Hogben (22), who offers the following imaginary
example.

Suppose that during a war a certain city has been under 2 pro-
longed siege or blockade, so that the food supplies which contain
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certain necessary vitamuns have been more or less exhausted and as
a result the average person is not obtaining enough vitamins.
Young children who ought to be growing are stunted as a result,
and will weigh less than the average weight of prewar children of
the same age, Let us suppose further that there 15 1n the city one
biochemist who had reahzed i advance the smportance of what-
ever vitamins the war was likely to cut down on, and, antictpating
events, had laid up a sufficient stock of pure vitamins for his family
duning this period. His four children will grow up normally. How-
ever, there might be in the city a million starving children to coun-
terbalance the four healthy ones. Let us suppose that a political
party which believes that the environment 15 the important thing
in determining human charactensuics demands peace, on the
grounds that wartime conditions are stunting the growth of the
children. If they were influental, they might finally succeed in
having the government appoint an official group to make an in-
quiry into the subject. This group, however, would report that
very much Jess than £ per cent of the varation which can be found
in regard to body weight in the children of the city is due to differ-
ences in diet. Since only four children out of a million would be
found to show normal growth, the difference would not be statis-
tically significant, The commuttce might argue from this that the
effect of any smprovement in diet which would come from making
peace would be negligible, and war would continue.

As Hogben points out, it 15 easy to see what is wrong with such
a conclusion. For it would still be true that by adding the proper
vitamins to the diet, the mean body weight of the young popula-
tion would be increased by something like 30 per cent if all the
children of the city were to receive the proper vitamins, The error
consists in confusing the small effect of 2 measure poorly applied or
applied only to a shight extent, with the effect which a proper appli-
cation of it would produce, Such statistical errors and blunders in
logic must of course be avoided 3f we wish to make any progress
in evaluating the relatve roles of heredity and environment. Even
%0, many chfficulties still remain,
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Relatives and Twins

Everybody has observed that the physical similarity between
close relatives is in general greater than the similarty between
strangers from the same locality, and especially greater than that
between people from different parts of the world. If we are dealing
with measurable charactersstics, the degree of correlation which
various degrees of relationship would be expected to produce can
be calculated (13). But difficulty 1s expenienced i trying to check
these calculations by cbservations on human material, because close
relatives are generally brought up 1n the same or very sumilar en-
vironments. The old question arises once more: are the similarities
due to similarities 1n the environment, or to similanties in the
genetic make-up? Even when, after great effort, we have assem-
bled pairs of 1dentical twins m which the two members of each
pair were brought up in different environments, there still re-
mains the fact that 1n spite of differences in rearing, their intra-
uterine environment was nevertheless the same, or at least as nearly
1dentical as environments can ever be, We do not know how big 2
role this common 1ntra-uterine environment plays But if we are
willing to ignore the possible effects of simularities or differences
in the environment of individuals before they were born, it is pos-
sible 1n some cases to devise means of measuring the relative effects

of environment (meaning post-partum environment) and genetic
dufferences.

Numerical Treatment

We compare the variabality from each other of pairs of identical
twins with the mutual variability of pairs of fraternal twins of like
sex, when the two members of each pair are brought up in the same
family. We are then comparing two variabilities: 1) the variability
within the family when gene differences and differences within the
family environment were both present, but climinating those duffer-
ences due to sex and birth rank, and 2) the variability within the
family when such genetic differences as serve to distinguish one
member of a family from another member of the same family do
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Dot enter into the results, Holzinger (23) has proposed two formulas
to express the rato of “mature” to “purture,” both based on vasious
measures of variahility. The first formula 1s as follows:

Af— Al
A

Here Af is the mean difference between dizygotic (fraternal) twins
of fike sex and Ai is the mean difference between identical twins,
T is the proposed mathematical measure of the relative effects of
heredity and envi The d the mean
differences when there are no genetic differences within the family,
the numerator measures the difference between the variability which
exists when both sources of vartability are present and the variability
when gene differences have been ehimnated 1n the sense just defined.
The sccond formula given by Holzinger 1s a8 follows:

T=

PO Yo
Y =
?‘Ierc 1, and 1, represent the correlauon coefficients (App. A) for
identical and fraternal twins respectively. This formula duffers from
the first chuefly 1n that the vanance (mean square difference) has
replaced the mean differences. The letter t symbolizes matheman-
cally the ratio between hereditary and environmental effects.
Hogben (22) points out that Holzinger's first formula is mis-
leading, if it is taken to signify that the numerator measures the
average difference due to heredity alone, for vanahility due to the
influence of diverse agencies 15 not adduive when measured in mean
differences. The second formula is open to another criticism, ac-
cording to Hogben (22), who does not believe that the scparate
sources of variability can be treated a3 purely additive, even when
we have chminated differences between the environment of one
Eamily and another as we have done above, unless the significance
of genc differences is interpreted 1 a very special way. For instance,
Hogben (22) says that in dealing with intellectual and physical
resemblances we must keep in mind that the greater physical simi-
larity of twins may be partly due to their more restricted chorce of
environments. The fact that € is greater than one might indicate
that genetic differences are more important than differences in en-
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, at least in producing striking discrepancies between
members of the same family and the same burth rank, However,
striking differences of environment are more likely to occur between
two nomdentical twins than between two identical twins, and this
may contribute a considerable part of the effect.

‘There still remains a theorencally possible way of estimating the
relative importance of nature and nurture. Muller (32) pomnted out
that if there were sufficient material available to enable us to deter-
mine the correlation (ar;) for 1dentical twins reared separately, it
would be possible to extend the conception of the nature-nurture
ratio beyond the limuts of the family unit. Assuraing that the corre-
lation of the pairs of other related individuals taken at random
from the same population was zero, Holzinger’s second formula,
interpreted 1n this more general sense, would read as follows:

e el
T=aly

Perhaps some day enough data will be available to enable us to
attempt to apply this formula, Hogben thinks that the values ob-
tamed might dufer greatly according to the magnitude of the differ-
ences of environment in the population and the distribution of these
differences.

In spite of these Limitations, studies of twins have enabled certain
important conclusions to be drawn,

Twins and Crime

The results obtained in studies of twins in relation to ctime are
shown in Table 7 (30). Newman has called attention to the
greater similarities in environment, especially social actvities, of
monovular (identical) twins as compared to biovular (fraternal)
twins, and of course this means that the differences shown in the
table are only partly due to heredity,

Thercfore, although the results are suffcient to convince most
biologists, probably, of the reality of 2 genetic effect in this matter,
they do not suffice to measure the relative importance of environ-
ment and heredity. For an accurate estimate of this we shall have
to wait for the sort of information suggested as necessary by Pro-
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fessor Muller (referred to above). All we can say at present is that
1t seems perfectly certain that environment 15 more fluenttal
regard to certain characteristics than 1n regard to others. We can
state without much reservation, for example, that the blood group

TapLk 7

Criminal Behavior of Twins

AUTHOR MONOVULAR TWINS RIOVULAR TWINS
Similar  Dismilar  Ssmilar Dssaimilar
Behavsor Behavsor Behavsor Behavior
Lange (1939) 10 3 2 15
Legras (1932) 4 ° o 5
Krauz (1936) 20 2 23 20
Swmpfl (1936) 1w 7 7 12
Rosanoff (134) 25 2 5 23
Total 7o 34 37 75
X?=12540
P == < oo0r

of an indwvidual will not be influenced to any appreciable degree
by his environment. On the other hand, it is extremely probable
that hus artitude towards society may be importantly influenced.

Some Results of Family Studies

Although a comparative study of dentical and fraternal twins
does not enable us to arrive at a final conclusion regarding the
general question of the relative roles of environment and heredity
in human make-up, it does allow us to draw some conclusions as to
the relative degree of influence which environment has on certain
human ¢ ics. Thus Ne Fr and Hol, (33)
point out that, even if we accept the hypothesis that the monovalar
twins constitute a group in which the biological relation between
pajrs is such that their heredity is identical, the heredity of fraternal
pairs overlaps genetically only in part. Thus the degree of contrast
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between the distribution of the differences 1n a given trait among
the two groups of twins may be taken as an indication of the extent
to which that trait 15 determined by mborn or inherited structures.
Newman, Freeman and Holzinger did not report the blood groups
of the twins they studied, but 1t s generally known that the monovu-
lar twins are always of exactly the same blood groups, depending
on the groups of their parents (Table 8) and the genes whch they

Tasee 8

Tllustrations of a Few Possible Combinations of Blood
Groups of Twins

Mating oxo AB X AB

Possble Blood Groups O+O  A+A,B+B,A+B,A+AB, B+AB,
of Fraternal Twins or AB-+ AB

Posuble Blood Groups OO A-+A, B+ B, or AB+AB
of Identical Twins

happen to inherit. The contrast between the two kinds of twins i
thus in this case as sharp as 1t can well be. Newman, Freeman and
Holzinger (33) reported that in the case of morphological charac-
teristics, the contrast is sharpest in the number of finger ridges, less
sharp in height and head width, and 1n respect to cephalic index
1t is less sharp still. This latter observaton might be interpreted as
meaning that environment exercises a great effect on cephabic index,
but the authors point out that it could be partially due to the un-
reliability of the measurements of head width.

The book by Newman, Freeman and Holzinger also contains
important information on the extent to which personality and social
traits are infl d b an infl so great that it
could be inferred that such traits are not usually determined pri-
manly by heredity.

These authors made detailed studies on nineteen pairs of identical
twins, separated mn infancy, and brought together in adult Life; in
a few cases the twins met for the first time m the laboratory where




.
HEREDITY AND ENVIRONMENT 103

they were studied. In all cases the merely physical resemblances
were as great as you might expect from monozygotc twins, and
greater than for fraternal twins. In most cases also “mtelligence”
as measured was found to be more or less equal. But the twins were
sometimes found to differ 1n state of health, 1n emotional reacuons
and social reactions. The authors also found evidence that the
expression of undoubtedly identical genes has sometimes been
altered by the environment. They express their behef in narrating
their hypothetical case of twins, John Doe and Richard Doe.
“These twins were reared 1n the same general community but
were separated by social barriers. The foster parents of the twins
were quite different in their social attitudes. John's foster father
brought him up to be industrious and respectable, while Richard’s
foster father was nexther industrious nor respectable. The result was
that John grew up to be 2 good, steady, respected citizen, while
Richard early got into bad company, has lived a very irregular hfe,
and has had scveral difficulties with the laws of the land, which he
has had to expiate in appropriate ways.” These environmentally
determined differences are not without interest for anthropology
but apply rather more on the cultural than on the physical level
Newman, Freeman and Hol found that some of their identi-
cal twin pairs showed marked differences in “ability,” which always
correlated with marked differences in the educational opportunities
given the twins. “In no case is there a large and consistent difference
in ability without marked difference in the environment. On the
whole, analysis of the cases studied adds convincing evidence to the
statistical analysis of the marked effect of education on abihty.”
Handwriting was generally found not to be similar. The authors
believed that the handwriting was unkke because “it expresses the
indiidual’s personality, if we mean not a fixed and unalterable
innate personality, but the personality which has been formed by
the interaction between the given organism and its environment ”
A study of p lity diff and b was made on
the twins. ‘The authors conclude “that forms of behavior exist which
are determined largely by the original character of the organism.
None of these forms of behavior is impervious to influence, but
some of them may actually not be greatly modified because they
have not, as a matter of fact, been incorporated into an organized
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system of learned behavior. The forms of behavior which constitute
the adjustment of the individual to his environment, on the other
hand, are on a higher level of performance, which is the product
of both the organism and the environment interacting. This product
15 affected both by the onignal nature of the individual and by his
environment and 1s not the sole product of either.”

“Physical charactenistics are least affected by the environment,
intelligence 1s affected more; educational achievement still more;
and personality or temperament . . . the most.”

It will be seen that some separation of the effects of heredity and
environment has been achieved in certain special cases, subject to the
possible errors mentioned above, and that the patterns of emotional
reacttons and social atitudes were most affected, as would have been
anucipated, by envi Basic intell. however, may be
mostly influenced by genetic factors, although the analyses on which
this statement rests are far from being free from the sort of objec-
tion we have already discussed. ‘The subjects studied were far from
being as different as could be found by taking the complete range
of conditions under which human beings can exist.

“Intelligence”

A word may be said about measurements of “intelligence” which
usually enter into any discussion of the relative roles of heredity
and environment. Various methods have been proposed, and some
of them give remarkably reproducible results when the same subject
s repeatedly examined. Nevertheless it is very doubtful if any tests
have been devised whosc results do not depend to a considerable
extent on the environment as well as the heredity of the individual.
For instance, Garth (17) made an attempt to ascertain the correla-
tion between “intelligence quotient (LQ)” and the amount of
Indian blood in 1400 Indian school children. He obtained for the
fullblooded Indians a relative LQ. (referred to the “white” LQ. as
100) of 72, for those with % Indian blood an 1Q. of 44, for the
half-breeds 75, and for the quarter-breeds 78, This looks pretty im-
pressive, until we graph the results (Fig. 16) and note that if we
extrapolate to zero Indian blood (ie. pure whites) we obtain 2 pre-
dicted TQ. of 0. But the white 1.Q. is taken as 100 in computing
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the data. Therefore the difference between 8o and 100 reflects a bias
in the determinations. By hypothesis it cannot be genetic, and must
therefore be due to environment. One mught suppose thar white
children, brought up under the social condttions of Indians on a
reservation, would show a relative LQ. of about 8o, Krocber (26),

RELATION BETWEEN L2 AND [NDIAN

ANGESTRY (GARTH)
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Fioure 16, “Intelligence quonent” of Indians with various
degrees of “white” ancestry (after Garth).
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who refers to Garth’s work, supposes that one might infer about
two thirds of the “inferiority” of the Indians is duc to their environ-
ment. Thas is all very well, but it 15 interesung to note that Kroeber
does not take the further step of concluding that one third of the
infenonty s genetically caused. Our above discussion should have
rmade 1t clear why such a conclusion would be quite unjustified.

We are thus left with suggestive evidence that environment prob-
ably does not 1nfl “basic intelhg " wh that is, very
much, but does influence habitual patterns of reaction and behavior.
The degree of environmental influence on physical characteristics is
clearly different 1n different cases, bur has not yet been at all accu
rately estimated for the various traits we study.
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cunasarTer 1v Gene Equilibrium
Without Evolution

Consider agan the action bewween iron and water, The twe
consuugents are hieated 10 a sealed glass tube. Under this conds-
non e substasce can escape, Conscquently, after 3 hitle hydro-
gea and fon oxde have been formed, they immediately begin
10 act on each other, jadependently of the acuon which produced
them, forming won and water agan. In the bepuning the de
rect action Proceeds with the greater speeds but the reverse zc-
ton gradustly gains, unt} finally they are going with equal
speeds, thus balancang cach other, sa thac the action seems 0
£80p + « « the equilibrium reached is dynamic fa character,

~~X. B, BROWNLE, X W, FULLER,
W. J. RANCOCK, 14 b. sovoN, and
3. & wanssyy; Elrmentary Prine-
plet of Chemustry

Application of Genetre Principles

SoyE genes are commoper i 3 given population than are others.
Let us assume for the moment that we kpow accurately what is
meant by 2 "population™; a definition will be offered later, I every

dvidual in the population p the gene W in homozygous
form, then we say that the gene frequency, which we may reprosest
by w, is x.00 (one hundsed per cent). 3f the gene is not present at all
in the population, we say its frequency is zera. Values berwesn these
o extremes are. often observed, and methods of caloulating them
£rom observations on the phevotypes will be discussed befow, Let us
First cousidec only some of the simpler sdeas involved.

The gene £ es of natural populations are continually being
changed by nanwst evolorionary forces such s selection and muvta-
sion. In the following chapter we shall discuss the nature of these
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forces and the way 1 which they operate. But before doing this, we
might ask oursclves a preliminary question: what happens to gene
frequencies 1n a population which 1s not being altered by the forces
of evolution? We shall find that they quickly settle down to a steady
state —in other words, an equilibrium 1s reached. What exactly 1s
meant by the idea of an equilibrium of gene frequencies, or, as we
shall call it for the sake of brevity, gene equlibnium?® As already
noted (p. 78) the concept has not always been understood, and
even today geneticists are not infrequently asked questions which
show that the q do not und d it. For i s if
dark eyes are dominant over blue eyes, why have they not com-
pletely replaced blue eyes? If blood group gene O is recessive to
4 and B, how does it happen that today’s populations contain any
group O? It is even possible that similar questions may have occurred
to some of the readers of this book while reading the exposition of
genetic principles in Chapter II

Knowing the principles of genetics, however, it requires only an
elementary knowledge of algebra to sce why, with random (non-
assortive) mating, the expected phenomenon, which Laughlin has
christened “genophagy” 1 pl of all the i
by dominants), does not occur. Mathematical demonstrations that
this replacement does not happen, but that instead an equilibrium
is reached, were put forth independently by Wemnberg (26) and by
Hardy (8) so that the principle is now generally known as the
Hardy-Weinberg law. Pearson (25) had previously treated a some-
what specialized casc.

Before offering a mathematical proof, however, we may attempt
in simple words to lay bare the fallacy underlying the common mis-
pprehensions of genetic equilib In brief, we may say this:
recessives breed true always, so that offspring of R X R matings
are always R, and the heterozygotes are always capable of producing
offspring of the recessive type; therefore new recessives continually
arise from matings of individuals not openly displaying the reces-
sive trait. Ho g are invally being produced from
matings between h between h ygotes and reces.
sives, between hetcrozygotes and dominants, and between domi-
nants and recessives. Therefore, it can be scen that recessive off-
spring will continue to be produced, at least for some time, It
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remains, however, to show that they will not be produced with
dually diminishi q . This can be und d if we can
show that the frequency of the recessive genes will not, simply
because they are recessives, diminssh in the population with the
lapse of time, apart from the action of selection, mutation, or other
influences; for the frequency of the genes determines the frequency
of the various types of offspring. And 1f the frequency of the genes
does not change, we have the condition called gene equibibrium.

Gene Equilibrium

One of the clearest expositions of the elementary mathematics
underlying the principle of gene equilibrium has been given by
Dobzhansky (10, 11). He says: Suppose that two varieties of a sex-
ually reproducing organism are brought into contact and allowed
to interbreed at random. Let us suppose that one variety is homo-
zygous for the dominant gene Y, while the other variety is homozy-
gous for the recessive gene y. If the two varicties are origimally
present in equal numbers, one half of the original population will
consist of YY and the other half of yy indwiduals. As a result of
the mating between these two varieties, we can casily show by
writing down the matings and their outcomes that the next genera-
tion will consist of 25 per cent of individuals homozygous for ¥,
25 per cent homozygous for y, and 5o per cent which are hybrids, or
heterozygotes, Yy. In other words, we have again the famliar
Mendelian ratio: YY, 2Yy, yy.

Now if we assume that these different types of individuals exhubit
no differences in viability or fertility, each one of them will produce,
on the average, the same number of sex cells (gametes) which will
be successful in giving rise to their proportional part of the next
generation. Individuals of the constitution YY or yy each produce
only one kind of sex cells in equal numbers, one kind with Y and
the other with y. If we take the population as a whole, we shall
find that there are ¥ -+ (=1) sex cells with Y and % + Y%
(=14) sex cells with y. That is, the Y sex cells and the y sex cells
will be equally numerous. Since the mating, by hypothesis, is again
at random, the next generation will again consist of 25 per cent YY,
50 per cent Yy, and 25 per cent yy, and so will each subsequent
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generation. In other words, in spite of the dominance of Y over y,
no over-all change in gene frequencies wall result.

Of course 1t might be objected that we have taken a somewhat
special example for the above 1llustration, because we have assumed
that the two pure vancties were mixed in equal proportions. How-
ever, 1t is very easy to show that, no matter what the proportions
in which the varicties are mixed, the phenotype frequencies will
remain constant from generation to generation after equilibrium
is reached. In the case of ordinary autosomal genes (that is, genes
not carried on erther of the sex chromosomes) the equilibrium js
reached after one generation of random mating. A detailed mathe-
matical proof of this 1s given 1n Appendix IV-1.

Mixtures of Populations

In general, if we knew the genetic composition and the numbers
involved 1n a muxture of two populations we could predict the fre.
quency of the various genetic types i the offspring, assuming ther
they are not modified by evoluonary influences such as scleaizn
or mutation ‘The anthmeuc of such calculations 1s given in Appre.
dix IV—2,

‘The following diagram (Fig. 17) will serve to illustrate the res’ry
which would result from the muxture in various proportiors «# 5
hypothencal “white” group, which we have chosen to possess 4f.#
group frequencies somewhat similar to those of the Enylig oy
plorers of North America (3), allowing for some possitle Free s
and Spanish mxture (‘Table g), and another hypotheticaf Zone of
North Amenican Indians supposed to possess only blood 4., ’,/(’
The computations were made as outlned 1n Appendix Iy, [«';,;{
be seen that the change 1s roughly proportional to the Fisne of
new genes introduced,

Methods of computing the gene frequencies p, g, azd » 4, Yen
in Appendix A and Appendix IV-2. e
If we consider a pair of hypothencal genes Dand 2 ¢, =, 25n,
where d is recessive to D, and D 1s responsible for &c,,f//‘;':
of individuals of short stature while 4 produces ind:y: yz';, ;,-_ -
tall, and the heterozygote Dd is of intermediate gz, _ s 372
that equal numbers of the twe parent stocks y,er, Ttyurt,
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result of the crossing of a pure short race DD with a pure tall race
dd would be the production of a new type with 25 per cent tall,
25 per cent short, and 50 per cent intermediate in height. If we
suppose that only 20 per cent of the original population belonged
to the short stock DD, then the composition of the new population
will be given as follows:
Let 7 represent the frequency of the gene D and (1 -~ ) that of

the gene d. Then z=o02 and (1—#) =08,

DD (short) = £ = 0.04= 4 per cent

Dd (ntermediate) = 2¢(1 — £) = 0.32 = 32 per cent

dd (tall) = (1 — £)* = 064 = 64 per cent.

100, '1!0
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Fmv:nzv 17. Blood group frequencies resulting from mizture

of Indians (:up‘paxed 10 be 100 per cent group 0) with a

ep white”  popul, in  verious amounts
(Boyd).
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The new population would be predomunantly tall or intermediate
in stature with relatively few short indwviduals.

Shapiro, when he tested the blood groups of the muxed descend-
ants of the mutineers of the Bounty, and the Polynesians they took

‘TaBLE 9
Results of Four English, One French, and One Spanish Blood Group
Studies
Author Number Per Cent Gene
Tested of Group Freguencies
O A B AB »p q r
Taylor and Prior 422 479 424 83 14 o250 o050 obgz
Kirwan — Taylor 500 404 468 96 32 0297 0072 0637
Hirszfeld and Hirszfeld 403 446 446 77 30 0277 0055 0668
Penrose and Penrose 1000 432 477 64 27 o205 0048 0658
Dujatric and Kossovitch 1265 398 423 118 61 0276 0083 0632
Bote Garcia 206 443 466 54 37 0288 oog 0666
Average — — — ~— — 0281 o059 ofbo
to Pitcaurn’s Island, obtamned blood group freqy i d

between those of English and Polynestans.
This method is enurely general (1n the mathematical sense) and
if we knew the mechanism of inheritance of other human trants,
such as hair pi and skin pi ion, exact
predictions could be made as to the composition and appearance of
Tace muxtures of any sort we knew about or cared to imagine.
In general, the effects of mixture will depend on the gene fre-
Guencies of the component populations, and the relative numbers of
individuals belonging to each comp population. If the num-
bers of individuals of breeding age 1 the two populations are to
¢ach other as ¢ 15 to d, and the gene frequencies are g and g, the

new gene frequency in the mixed population will be Hci: 2
c
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Spread of a Gene

When a new gene is introduced 1nto a population, it does not
1ncrease in frequency, even if 1t 15 a domunant, unless it is favored
by some evolutionary agency.

Reference has already been made to the importance of knowing
the numbers of a population which is supposed to introduce a new
gene 1nto some other population, as when a new characteristic in
one human population 1s supposed to result from its being brought
10 from the outside, as by invaders. While 1t is true that one 1mmi-
grant possessing the secret of making fire might be able to change
the cultural habits of a whole population over a vast area, immigra-
tion of one man possessing the blood group B into a large popula-
tion will not appreciably change the blood group frequencies of the
population into which he migrates, unless we assume that there is
some pronounced selective advantage for group B in this particular
environment, or assume that the man 15 considered more attractive
sexually than the local males, or has other special opportunatics to
breed with the local females.

Since we do not have any evidence of a sclective advantage for
B in any environment we know about, we may state that if one
group B individual, heterozygous for the blood group B gene, enters
a population of 999 individuals, none of whom belongs to blood
group B or AB, there is no reason to suppose that at the end of 10
or 10,000 or 10,000,000 years the proportion of group B in the
population descended from this mixture would be any greater than
what it was oniginally, namely o ¢ per cent. This 15 a point worthy
of noting, for some persons at one time evidently believed that
a new gene, once it appeared in a population (whether it was
brought there by mugration or arose de movo as the result of
mutation), would 1n the course of ume spread through the popu-
lation, becoming more and more frequent, especially if 1t were @
dominant,

The reason for this misapprehension is fairly clear. The number
of descendants of any indwidual jn the fourth generation will, in
the average case, be greater than the number 1n the first generation
(his immedsate children). If an indwvidual rears four children, he
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may reasonably expect to have considerably more than four great-
greatgrandchildren This will be especially true 1f the population
as a whole is on the increase. Even 1n a stnictly static population
(one not increasing or decreasing in size) each mating yields, on the
average, two children who reach the maung age, four grandchil-
dren, cight great-grandchildren, etc. There 15 a chance that any of
these descendants of a newly introduced or mutated B individual
will inherit the factor B, So one can visualize, in a lazy sort of way,
how the B factor might spread tl hout the whole population,
Iike the mycelium of a mold spreading through bread. But thus lazy
picture is wrong. For, 1f we analyze the process more carefully, we
see that cur B individual will probably have, in a static population,
just two children who grow to maturity and have offspring of their
own, The probabiluty that one of these will have the gene B is 14,
the probability that both will have gene B 1s ¥ X 14 =1%. If only
one has it, the chances that his offspring belong to blood group B
are computed 1 the same way. The probability that the four grand.
children of the orginal group B are also group B is s X Ye =
Y36, The further we go down the generauons, the less Iikely it
becomes that all the descendants of our group B individual will
be akso group B, unul, 1n the end, the chances agamst it are over-
whelming. Further analysis shows that the proportional represen-
tation of B in the gene population 1s therefore likely to stay the
same as in the beginning 1f no other effects operate. After gene B
has been introduced, there scem to be three factors which might
affect the total number of B genes in the population: (a) in-
crease in the total size of the population, (b) random genetic
variation (the Sewall Wright effect), and (c) the action of selec-
;)ion, if gene B has any selective value, All of these will be discussed
elow.

When populations are mixed (mixture is probably now the main
agency for modifying gene frequencies 1n human groups), it is very
seldom, of course, that we have any adequate evidence as to the
relative numbers of the invaders and of the invaded, or of the gene
frequencies which prevailed in the two different groups before their
combination. Also, “immigration pressure” 1n favor of one gene
may persist for long times and act relatively slowly, so that the fina]
effect 15 achieved only after generations or perhaps millennia,
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Introduction of a New Gene

A concrete example of the introduction of 2 new gene into a
population, by 1nvaders from outside, is probably provided by the
history of the blood group gene B in Europe. From the relative
frequencies of this charactenstic in Europe and Asia at the present
time, we may estimate with some accuracy the probable amounts of
“foreign” genes contributed by the invaders.

The progressive increase from west to east in the proportion of
blood group B in Europe has frequently been commented on. In
trying to solve the problem of when, and by whom, the B factor was
ntroduced into Europe, Candela (8) assembled very convincing
evidence that group B (and probably brachycephaly) were intro-
duced 1nto Europe by the Asiatic armies, the Huns and Tatars,
about the fifth century, and continued to be imported dunng the
ten centuries of their imermittent invasions, conquests, and occupa-
tions, and that before their arrival the B factor was almost or com-
pletely absent from European populations (5, 15). (We may remark
i passing that the high B in Africa and India can hardly be
accounted for as coming from Mongoloid peoples, and is thus pre-
sumably of earher ongm. Also, the only blood group series we
have for Iceland (22) shows rather more B than one would expect
from Candela’s theory )

Candela bases his conclusions essentially on the results of consid-
enng five different population groups. He finds 1) the modern
descendants and representatives of the “pure” Mongolod invaders
have a higher proportion of group B than any of the other four
ethnic groups considered; 2) the mixed (partly Mongoloid) popu-
lation whose ancestors accompanied, and for long periods of time
superseded, the Mongols along the path of invasion are possessed
of smaller, but still quite high proportions of group B; 3) in the zone
of contact, the third group, European populations which must have
mixed with the invaders to some extent have smaller 2mounts of B
than the Turks and Tatars who make up the second ethnic group,
but larger amounts than the peoples of the next class; 4) the peoples
who are geographically remote from the scene of the invasions have
smaller amounts of B than peoples of any of the first three categorics,
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having acquired the B factor presumably by genetic contact with
intermedrate populations; 5) the d d. of those populati
which fled from the invaders, and which have lived 1n comparative
isolation unul the present time, have the smallest proportion of
group B of any of the populations examined, even less than those
populations who were distant from the contact zone. Using 749
senies of blood grouping studies, Dr. Candela plotted graphically
the value of g, that 15 the frequency of the blood group gene B,
m these populations, His results are shown i the accompanying
iliastration, The progressive decrease in the value of g, from cate-
gory one to category five, is quite marked and seems to support
Candela’s theory. (Note the correlation with brachycephaly.)

It is especially notable that 1n the so-<alled refugee peoples, such
as the eastern Caucasians (8) and the Basques (4), the amount of
B found is extremely small, and there 1s good reason to suppose
that what lutle B 1s present is the result of recent mixture with
foreign ¢lements, Candela’s theory is supported by another consid-
eration; if the introduction of B had happened a very long ume ago,
the close correlation which 1s sull visible in the contact zone between
the p ge of other M loid ch wstics in the popul
and the frequency of gene B would not be expected to be so read-
1ly demonstrable,

Separation of Genes

However, enough time has gone by since the introduction of
group B nto Western Europe so that we do not find there is much
correlation between the blood group and the degree of possibly
Mongoloid characteristics (dark eyes, skin, and hair, and brachy-
cephaly) which exist in the population, The individual “Mongo-
loid” genes have got separated from each other to such an extent
that in present-day Europe, individuals belonging to blood group
B may nevertheless have blond hair, fair skin, blue eyes, and long
heads. Characteristics which are inherited independently get sep-
arated as they are transmitted from generation to generation, and any
ariginal correlation which existed in the parent populations is even-
tually abolished. Because of crossing-over, this separation eventually
occurs even in the case of linked genes (pp- 72 and 73).

It follows that we cannot usually reconstruct, from a study
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of present-day populations, the particular constellation of physical
(or mental) features charactenizing the ancestral groups which
mixed to produce our modern racal cocktatls. (See p 192)

As has been pointed out by numerous workers (21), since race
mixture 1s a muxture of genes, no mixed human population is likely
ever to become genetically pure or even pure for a few of the genes
involved, Certain wrters have assumed that genetic punty, or at
least substantial homogeneity of physical types, would arise after
a certain number of generations, and that ethnic groups, even 1f
onginally of hybrid onigin, could after the lapse of sufficient time
be treated as “pure races.” We shall see (p. 128) how even “in-
breeding” will not brng this about. This conclusion, of course,
bears smportantly on the question of whether or not pure human
races ever did exist.

These statements should, however, not be taken to conflict with
the rule that as time goes on traits from the parent populations will
become more vmiformly distributed in the new ethme group. This
rule is in the main correct, and makes for a more homogeneous-
appearing population, with fewer extreme types. If we start with
2 mixture of 800 indiwiduals of blaod type OM and 200 individuals
of blood type AN, we shall have, when genetic equilitbrium is at-
tained, a population contaiming about 41 per cent of individuals of
blood type O M, 20 per cent O MN, 3 per cent O N, 23 per ceat
AM, 12 per cent A MN, and 1 per cent A N, which provides quite
a contrast to the frequencies with which we started, The inherit-
ance of skin color furnishes an even better example, for the number
of genes invalyed is greater, and the apparent blending greater, so
that a black and a white race may produce, in the end, a roughly
homogeneous brown hybrid group, as the various genes for pigmen-
tation get uniformly distributed (Fig. 19). However, if inbreedmg
in local groups should be at all intense, some diversity in color
would result because of the resulung diminution of the intermed:ate-
locking heterozygotes In such a case the pigmentation might vary

iderably from indwvidual to individual. Famultes are in fact seen
in populations in which pi, grades do vary
quite percepubly from one member to the next.

Tt has long been known to genericists that the above caleulations
pertaining to race mixture can be reversed, and if we know that the
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frequency of a gene in a mixed population has been increased by
mixture of a population without this gene with a population con-
taming a known amount of 1t, we can compute the praportions in
which the two oniginal populations mixed. If our mixed population
contains a gene frequency of o5 for the gene X, and is made up of
a mixture of population A, which has no X, and population B,
which has X == 1.00 (in other words all members of B possess the
gene X), then we can sce that the populations A and B mixed in
equal numbers

Even 1f our mixed population represents the end result of the
muxture of twe populations, both of which possessed the gene X,
but in unequal amounts, we can still compute the proportions in
which the two origmal populations mixed, 1f we know the frequen-
cies of X whach each oniginally possessed. In Appendiz IV-2, it is
shown how such calculations can be made. Using such formulas,
we may compute that the Navaho Indians examined by Allen and
Korber (1) possessed 17.4 per cent “white” blood (sce App- IV-3).

Inbreeding

A factor which can modify the proportions of different pheno-
types in man (and other orgamisms) is smbreeding. In its correct
sense inbrecding means mating between close relatives. Unless this
occurs, a population, though it may be cut off from all contact with
the outside world, 15 not inbred; it is merely reproductively 1solated.

The reason inbreeding modifies the proportion of genotypes and
phenotypes is fairly easy to understand on genetic principles
(Ch. 1I). Close relatives are more likely to be of the same geno-
type than are unrelated members of the population, and thus in-
breeding will mean that matings of dominant with dominant, of
recessive with recessive, and of heterozygote with heterozygote, will
be relatively more frequent than the other matings (dominant with
recessives, etc.).

The results of this are comparatively simple to deduce. The
heterozygotes will continue to produce both dominants and reces-
sives among their offspring, but a simple diagram will show that
only half of their offspring are heterozygotes, the remainder being
equally divided (on the average) between dominants and recessives.
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Dominant X-dominant matings produce only dominants, and reces-
sive X recessive matings produce only recessives. The range of var-
ability of the population is continually reduced, and the proportion
of homozygotes is increased at the expense of the heterozygotes.

Let us take a simple hypotheucal illustraon. Suppose that we
start with 2 population of 128 individuals, 25 per cent of whom be-
long to blood type M, 25 per cent to type N, and 50 per cent to MN.
Such a population 15 1n genetic equilibrium (p. 110). Now let us
suppose that a law is promulgated that individuals of type N can
mate only with other type N’s, M’s with M's, and MN's with MN's,
This would constitute selective mating, the most ntense form of
inbreeding possible, more mtense actually than continued brother-
sister matings. The outcome 1s shown in Table 10. (We assume

Tapse 10

Showing Effects of Selective Mating on the Frequen-
cies of the M, N Blood Types

M MN N

3 4 32 {parents)
1 ! (R

37- 32 37-

6
4 -4
6o € (F3)
! )
6o 4 éo
z ES
€ 4 6 F)
| ! )
62 z 62
1 1
63 ES 63 (Fs)
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that chance does not upset the process just outlined; at the most
it would only delay the attainment of the final result.)

If each indvidual in the population has on the average just
one child who reaches the reproductve age, we find that each of
our 32 M’s has produced an M, and cach of our 32 N's an N, in

100

RESULTS FOR
5,10,15

- ALLELES
RESPECTIVELY

PER CENT HETEROZYGOTES
g

25

I "2 3 4 5 6 7 8 9 b
GENERATIONS
Froure 19. The rate at which intensive inbreeding produces

homozygosty when vorous numbers of dleles are nvolved
(after East and Jones).

the Fy generation. But our 64 MN’s have only produced 32 MN’s,
for they have produced also 16 M’s and 16 N's. So the numbers in
the new generation are: 48 Ms, 48 N's, and 32 MN's, Continuing
the process, we arrive, in the fifth filial generation, at the figures
shown at the bottom of the table. In five generations aur percentages
have changed from M==25, N=25, MN =50, to M=9832,
N=0822, and MN =156, Ir is clear that the heterozygote is on
the way out. In spite of this change, however, the genes M and N
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are sull present 1n the population 1n equal numbers, and i fact it
can easily be shown that 1n general inbreeding does not change the
gene frequencies. Such change 1s only brought about by other
agencies such as mutauon, selection, and genetic dnft (Ch. V).

The general mathematical formula for the reduction of heterozy-
gosis by inbreeding was given by Mendel in his onginal paper.

It has been seriously proposed that Rh-negatve women should
marry only Rh-negative men. Tt 1s unhkely that this recommenda-
tion will be followed by any large number of our populanion, bur
if it were, 1t would provide an actual 1llustration of the hypothets-
cal case just discussed,

The rate at which homozygosity 15 approached depends on the
number of allel phs which are lved. Thus is alt d in
the accompanying figure (Fig 19) taken from East and Jones (12).
The rate at which homozygosity 15 appreached 1 successive gen-
erations of matng when just two alleles are involved, assuming,
mn the first instance, selffernlization (which we might find
plants), and m the second instance, brother and sister mating, is
shown in the accompanying Table 11. Wright (27), (28), and
Hogben (17) have derived formulas which enable one to compute
the effect of inbreeding of a given 1ntensity, continued for a given
time, on the distribution frequency of charactersstics 1 a populatton,

In the case of self-fertlized orgamsms, each heterozygous pair
forms 1n the next ion half h and half het
gotes and the homozygotes semain constant and breed true; the
number of heterozygotes is thus halved 1 each generation, At the
end of about ten generations the incidence of heterozygosity 1s so
small as to be practically undetectable. In orgamsms such as man
it is not quite so obvious from first principles, but 1t can be shown
by very simple mathematics that the reduction 1n heterozygosity 1s
an inevitabl q of inbreeding

This increase in homozygotes and decrease in heterozygotes as a
result of inbreeding has been shown by a number of experimental
studies on lower forms. Among them there is the study of Sewall
Wright (29) on guinea pigs. Wright's study tHlustrates what is one
of the most important consequences of inbreeding, namely the
bringing to light of unfavorable (see p. 40) recessive characters
in a family, In the case of many genes of the guinea pig (and in
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other organisms which have been subjected to extensive experi-
mental study as has, for example, Indian corn — maize) the mecha-
nism of heredity 15 thoroughly understood, and the succession of
phenotypes observed as inbreeding progresses can be seen to be a
logacal ! of the above mech Wright (29), and East

TABLE 11

Effects of Inbreeding on Phenotypic Frequencies,
Starting with Heterozygous Parents

(Self-Fertslszation)
Generation
Parent P F, F Fa Limit
Type
YY o 1/4 /8 7/16 . . .2 YY
oo 14 38 /56 . /2 9y
Yy E Y 7 T 7/ ... oYy
(BrothersSister Matings)
Generation
Parent P F, P\ F, R Lamit
Type
YY o 3/4  3/8  s/6 wfz. .. 12 VY
¥y o /4 3/8 5/16 /32 . .. . 1/2 3y
Yy 1 /2 1/4 38 5/16 . oYy

The numbers represent the fraction of the population made up of the geno-

types in question P represents the parents, Fy, F,, successive inbred genera-
tions

a{xd Jones (12), all found that there was an average decline in
vigor in the course of inbreeding when the degree of inbreeding was
very close. This can be attributed to the action of genes which are
harmless or inactive 1n the heterozygous state but which actually
reduce vigor when homozygous Wright (30) has suggested that the
degrec of ibreeding which a population can withstand is related
to the amount of inbreeding it has already undergone. Inbreeding
has been made use of by plant and animal breeders in the creation
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of certain breeds; such breeds have got rid of the more deleterious
genes, and consequently can stand a good deal of breeding. But
in the case of chickens, where mbreeding has not been a common
practice and, as a consequence, the ehmimation of recessive genes
which would be harmful 1 the homozygous state has not pro-
ceeded far, it 13 well known that “new blood” should be mnported
into the flock at intervals, and Wright states that nearly any breed
of chickens will “go to pieces” under a regime of conunued close
inbreeding.

The first of breedi lly shows beneficial
effects (heterosis or hybrid vigor, p. 124), but 1n populations con-
taining harmful recessives, later generations may show a dechne.
It has been suggested by some writers that mbreeding 1 human
populations would eventually show harmful effects, but there seems
hetle proof that 1t ever has. Selection acts so severely an most human
populations, however, that 1t 1s likely that such harmfu! recesstves
would ordinarily be swiftly elimnated, and the net effect would be
beneficial. The existence of vigorous hybrid stocks in man, many
of which have made notable contributions to civilization (such as
the ancient Greeks, the French, the English, and the Germans), has
been attributed by some to heteross. Of course nobody doubts that
rare human genes exist which produce very undesirable effects when
present in double dose (homozygous) and consequently, for the
sake of the immediate offspring, mating among relatives who pos-
$es3, or mught possess, any of these genes is to be discouraged. This
fact has hetle bearing on the question of the evolutionary effect on
whole populations of continued inbreeding.

Some anthropolagists have written as if they considered that hu-
man inbreeding has been a good thing, or at least that it has been
in large part responsible for the formation of the present human
races (which may or may not be a good thing). Such writers appar-
ently either misused the term, and meant by it simply endogamy,
isolation, or something of the sort, or were not familiar with the
actual genetie consequences, as just outlined. In particular they
probably did not really understand how transitory the changes pro-
duced by inbreeding may be.

Such writers probably reasoned from work on domestic ammals,
where it is true (sec above) that inbreeding has sometimer ----
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found to have profound effects and has resulted in the creation of
some well-known domestic breeds such as the Guernsey and Jersey
cows, for example. But 1n these cases man was assisung nature and
was able deliberately to elimunate the undesirable phenotypes and
retan those which had the charactenistics which he preferred. In 2
wild species living 1n a state of nature, no permanent change 1 the
gene frequencies will result from inbreeding, unless deleterious re-
cessiwes are present and are eliminated —n whole or n part—by
natural selection. There will only be an increase in the number of
homozygotes and a decrease 1n the number of heterozygotes.

The 1mportance which some writers formerly ascribed to human
mbreeding and 1ts supposed role 1n the formation of races is illus-
trated by suggestions made by some that in early nmes (say before
the Industrial Revolution) the degree of inbreeding 1n Europe must
have been very high. It 1s likely that such wnters overestimated the
degree of mbreeding which then existed (20, g). At any rate no
such high degree of inbreeding is found at the present ume, It is
not too easy to estimate the exact degree of inbreeding which pre-
vails among modern human populations. However, it has been esti-
mated by Dr Julia Bell (2) that 1n the patients of certain Children’s
Hospitals located around London, out of 4053 patients, only 0271
per cent were the offspring of first vousins. This seems to be the first
published attempt to test the amount of inbreeding in a human
population, as opposed to the armchair speculation which pre-
ceded 1t

But was the degree of inbreeding ever so ternbly high in Europe?
Let us take a study of a small population which today has much
the breeding structure of a medieval European viflage.

In 1941, Boyd and Boyd (6) reported the results of a study of the
inhabitants of 2 Syrian village in the Anti-Lebanon Mountains,
called Boary, where the population was said to be highly inbred.
From a study carried out there by Miss Anne Fuller 1t was known
that marriages between cousins were very common, as were con-
sanguineous marriages in general. In fact, almost the entire popu-
lation of the village could be traced back to three or four family
bnes. Traditionally, the village “kepr its blood pure,” and marriages
were usually between members of the village (although one of the
young men occasionally brought back a bride from the valley be-
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Iow). It is hard to expect any higher degree of inbreeding to have
prevailed in recent years, at least 1n Europe, than sull prevalled m
1937 in this small Syrian village. An opportunity was therefore pro-
vided to check the effect of inbreeding on the charactenstics of such
a population.

In the case of the M and N blood types, the test for the effects of
inbreeding is relauvely easy to make. The heterozygote 1s type MN
and types M and N are | g breed ad modified the
frequencies 1n the population of Boary very much, one would ex-
pect to find types M and N relatively more numerous than nor-

mally, so that we would have the relation \/I\_/I + \N > 1. Actu-
ally it was found that the keterozygote MN was shghtly (but not
significantly) in excess of the theoretical maximum of 50 per cent,
50 that contrary to expectation, the following relationship was found:

W + \[ITI =ogn2<1
“Thus these results did not provide any evidence that the degree of
inbreeding which had prevailed 1n Boary had been sufficient to
increase significantly the proportion of individuals homozygous
for M or N.

In the case of the A, B, O blood groups, the only group which can
be known 1mmedsately from serological evidence to be heterozygous
is group AB. If inbreeding had sgnificantly affected the frequen-
cies of these groups, one would expect the frequency of the blood
group AB to be less than that calculated from the values of the O,
A, and B group frequencies. The calculated value is 2pg where p
and g are the frequencies of the genes for A and B respectively, calcu-
Lated by the equations p = \fO + A — \B,g=V0+B—+0,
where the symbols O, A, and B represent frequencies (per cent di-
vided by 100) of the respective types. It was found i fact that the
calenlated value of 2pg was 0.144 or 144 per cent, which was some-
what greater (but not significantly greater) than the value of gz
per cent actually found 1n the population of 13t which was examined.

Whether a person of group A or group B is heterozygous or
homozygous cannot be told readily except by tests of his parents or
offspring or both, and even then the test will of course often be
inconclusive, since human farmihes arc often too small to furnish
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examples of all the types of children which a mating could produce.
In the tests 1n Boars, six families were exarmned in which one of
the parents belonged to group A ot group B. In four of these fami-
lies, the groups of the children proved the A or B indwidual m
question to have been heterozggous. This result does not suggest
that the proportion of heterozygotes 1 the population had been
notably decreased by mbreeding. Therefore, as judged by an actual
test, the effects of inbreeding on a human population where the
genetic mechanism of the character tvolved was known do not
seem to have been very great. This 1s one of the few populations
which have been tested, but it 15 not atypical, and 1t scems possible
therefore that, although mbreeding may have played an important
role 1n the development of certain breeds of domestic animals, 1t has
not in most cases played a very important role 1n the development
of any of the present human races. Later tests on the Navaho Indt-
ans at Ramah, New Mexico, also failed to show any notable effect
of inbreeding.

It might also be pointed out that reducing the heterozygotes i a
population and increasing the proportion of hamozygotes, even if
the process is carried to 1ts Irmaz, may not make a very great differ-
ence in phenotypic frequencies, when a number of genes is involved.
From formulas such as those of Wright (27), (28), and Hogben
(18), we may calculate that if we were to take a population such
as the Indians examined by Nigg (24) at the Haskell Insutute at
Lawrence, Kansas, and mate first cousins for a very long time,
which would be considered a very high degree of inbreeding for
most human populations, the results would be to give us the popu-
lation with blood group percentages as shown in Table r2. This

TABLE 12

Change in Blood Group Frequency with Long Continued
First Cousin Matings

o] A B AB

Tnutial percentage 709 22 16 03
Final percentage 842 149 og oo
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change is probably much less than that which many readers would
have anucipated.*

Now comes the most startling point of all. Even this change
would remain constant only so long as the degree of inbreeding con-
tinued to be intense, If the reader will examne treatments of the
results of random mating (17, g, sce App. 1V-1) he will see that
a single gencration of random mating would at once abolish the
changes completely, and give us agan the same proportion of phe-
notypes with which we started!
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cuarrerr v Factors Modifying Gene
Frequencies (Evolution)

The palcontol is given only and attempts to
relate these to genatypes have so far had lintle success But here
genenies can provide ham wath the essential facts.

— stpson- Tempo and Mode 1 Evolution

Evorumion, essentially, 15 nothing but a change 1n gene frequencies
(15, 83). Since we are only begmnning to understand the genetic
mechanism underlying a great many human charactensstics, it is not
surprising that research 1n physical anthropology, though always
concerned to a greater or less degree with human evolution, should
only recently have come to be based largely on genetic concepts.
At the present time, however, we find anthropologists asking them-
selves more and more frequently: By what processes of genctic
change were certain variations brought about? When evolution goes
on for long periods of tume, varicties of animals which were orig.
inally similar or identical may become extremely different from each
other. The number of genes eventually 1nvolved 1n such changes may
pethaps be rather large, and scparate species may finally result.
Nevertheless, as far as we know at present, leaving aside chromo-
somal rearrangements with which we shall probably not have to
deal in the present d ion, all inherited modification is the re.
sult of (a) the production of new genes, (b) the loss of genes, and
(c) the accumulation of changes in gene frequencies. Let us repre-
sent the frequency of a gene (say the blood group B gene in human
populations) by the symbol g, and ask ourselves what might Ppos-
sibly happen to alter the frequency of this gene so that the ratio
9:(1—~q) will become different. Whatever mechanisms we find in
operation will be, so far as we know, the same ones which have
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altered the frequencies of other human genes in the past and are
going to alter such frequencies in the future.

There seem to be four agencies which might be expected to alter
the gene frequ 1n human popul They are:

1} Mixture of populations which are pure, 1n the sense that one
possesses a gene (B for example) and the other does not possess B,
or else of mpure populations having different frequencies of B.
The arthmetic of this has been discussed 1 Chapter IV. There may
exist, under some circumstances, an “smmigration pressure” tending
to push a new gene mto a population which does not have it, or
has relatvely httle of 1t

2) Mautation, which might increase the number of B genes in the
populations from g to g’, where g 15 the original frequency, which
can be anything from zero to ¢’, or might decrease the number as
the result of mutation of the gene B to some other gene.

3) Natural Selection in an environment in which the gene is ad-
vantageous or disadvantageous to the individnals who possess it.

4) The phenomenon of Genetrc or Random Dnft, or Random
Variation as it has been called by Sewall Wright (81, 80, 82, 84),
which occurs in 1solated populations of relatively small numbers.

We shall discuss each of these agencies in turn.

Mixture

The arithmetic of mxture of different populations in varying pro-
portions has been treated 1 Chapter IV. In that chapter the result
of muxture alone was being treated, so that it could be considered
that no progressive change in gene frequencies took place (just as if
we were suddenly to mix the contents of two bowls, one containing
100 red marbles, and one containing 100 green marbles; we still have
100 reds and 100 greens). It remains only to point out here that
mixture is also 2 mechamism of race evolution, and in fact at the
present time probably the most important agency which is bringing
about changes in the frequency of genes in various populations.
For, looking at any one local population, the gene frequencies 1n i
can be modified by race mixture,
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Mutation

The second mechamsm by which evolution (that is, change of
gene frequencies) operates is mutarron. The term “mutation” has
had a somewhat checkered career, and a number of musapprehen-
stons concerming 1t have at one time or another been prevalent. In
its current sense it may designate any one of the possible kinds of
sudden genetic changes which may occur 1 an organism.

Mayr (51) has suggested that we may use the term “mutation”
to designate any “discontinuous” chromosomal change with a ge-
netic effect. Since the word “discontinuous” can hardly be meant
here as the opposite of continuous, we might perhaps alter the
phrase to read “any fresh chromosomal change with a geneuc ef-
fect.” This definition would apply to ordinary gene mutations (the
only kind with which we shall deal here), chromosome mutations
(ncluding translocations, inversions, and so forth), and “genome”
mutations which would include such phenomena as chromosomal
losses and polyplordy. Mayr, 1n common with many other people,
considers that the majonty, perhaps the vast majorty, of mutations
are gene mutations, which mught account for the fact that no other
type has yet been certainly demonstrated in man. However, we
must realize that the techniques for d t gene
from other sorts of mutations are rarely applicable 1n man, and thus
Wwe cannot be certain that other types have not occurred 1n human
families which have been studied. Polyploidy seems pretty well ex-
cluded, however.

If we assume that we are starting with the ordinary diplod form,
the possible new types which may be produced by mutation may be
chassified as follows (72)*

1. Changes in whole sets of chromosomes

a. Polyploids
b. Haploids
2, Changes in whole chromosomes
a. Trisomics, tetrosomics, etc.
b. Monosomics, aullosomics
3. Changes 1n amounts of portions of chromosomes
a. Duplications
b Deficiencies
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4. Changes in relations of parts of chromosomes
a. Inverstons (38, 48)
b. Translocations

5. Changes 1 the composition of individual genes

Any of these changes may be termed mutations, but in this book
we shall consider only the last, 1e., changes in the composition of
individual genes. Lattle evidence has been adduced as yet that any
of the other mechamisms of mutation (which are often observed
in lower forms) have been in operation 1n human evolution, although
there is little doubt that some of them wll sooner or later be found
to operate Readers anxiots to know more of this subject or hoping
to anticipate possible future discoveries in human geneties may turn
to some of the genetic textbooks already referred to (72, 74, 28)-

For a time after the discovery of mutations some scientific workers
doubted that mutations were really the pnmary material of evolu-
tion. They pointed out (61) that the mutations which had been
studied experimentally (in lower forms) were produced often by
unfavorable conditions or by destructive agents such as X-rays, and
caused effects more hke degeneration than evolution. And even
spontaneously occurring mutations are generally shghtly disadvan-
tageous Also the mutations found in the laboratory mostly had
rather minor effects, not too obviously important for survival. Many
serious workers doubted 1f evolution could really be based on such
unpromising materials.

If we examine this objection carefully, we find —see Dobzhan-
sky (14) —that it is invahdated by an analysis of the differences
which exist between various races and between various species and
other natural groups. These categories, we know, have diverged
from each other by evolutionary mechanisms. But the only differ-
ences which distinguish one race from another or one species from
another are found to be simply collections of the same sort of indi-
vidual differences which mutations produce. At the present time
we know of no other mechanism except mutation which could have
produced such differences. Since these races and species have become
diffesentiated by evolution, it follows that mutational changes can
be and have been evolutionary material, Thercfore, therc is 00
reason to doubt the potential evolutionary force of the gene or
chromosome changes which are observed to occur under laboratory
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condutions, Examples of such changes will be found 1n the genetics
of the frwt fly Drosophula, the Jimson weed (Datura stramonium)
(1), the mouse, etc.

The first mutation to be recorded 1n an animal appeared 1a 1791
in a male lamb belonging to the flock of Seth Wright, a Massachu-
seuts farmer. As a result of this mutation, the lamb had very short
bowed legs, and a special breed was developed from i, by deliberate
slection, because 1t was an advantage to farmers to have short-
legged sheep which were not able to jump the stone walls which
surrounded the New England sheep pastures. This early breed even-
tually became extnet, but the same mutation Jater appeared a second
time, this time in Norway, and the shortlegged breed was recon-
structed. Since that time pumerous other mutations have been ob-
served in ammals, and we have some reason to believe that we know
the exact origin of one or more of the mutations since found in man.
A mutation of 2 normal to a hemaphslia-producing gene is thought
by some (39) to have occurred 11 the petson of Queen Victoria, who
transmutted it to many of her descendants, including members of
the Russian and Spanish royal famibes.

Gene Myraions

The self-propagation of genes is one of the most remarkable
things about them. Muller (58) has commented on the fact that not
only is this self-propagation 1n itself remarkable, but the study of
mutations reveals the still more remarkable fact that after mutation,
When the chemical structure of the gene has changed, the gene still
bas the property of propagatng itsclf, its new self. In other words,
the change in gene structure, accidental as it presumably was, has
somehow resulted in a change in the catalytic effect produced by the
gene, a change of such an exactly appropriate nature that the new
reactions are now accurately adapted to produce, among other things,
Rew materials just Iike the modified gene itself.

Although a given gene may be changed in varicus ways, there is
generally a strong tendency for any given gene to undergo changes
of some particular kind (58); so that it usually mutates in some one
direction rather than in another. The repeated mutation of the gene
at 2 given locus in the same direction has often been observed in
studying the heredity of various lower forms of life.
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Although mutations certawmly are not always mere losses of genetic
material, nor do they always mean that some process or processes
which were once part of the development of the organism have
been lost, nevertheless mutations often produce effects in the or-
gamsm which may be termed “losses.” For nstance, 1n the case of
the mutant genes “bent” and “eyeless” 1n the fourth chromosome
of Drosophila, 1t has been shown that the effects are exactly of the
same kind, although of lesser degree, as those produced by the com-
plete loss of the enure chromosome mn which these genes lie (5).
Fles having bent or eyeless genes in one chromosome and lacking
the homologous “sister” ch are even more bent or even
more eyeless than those having the homologous chromosome which
contains the same gene. The fact that mutations are usually recessive
is also evidence that the mutant gene in many cases fails to do some-
thing whuch in the presence of normal genes somehow gets accom-
plished. However, some domi genes (e.g., d albinism)
seem to prevent something from happening.

Muller (55) suggests that an ammal 15 generally in such good
equilibrium with 1ts environment (as the result of countless genera-
tions of natural selection) that any change is bkely to be a change
for the bad. The chain of developmental processes goes better in
some directions than in others. An alteration of one step in the
scheme is likely to displace the whole complicated sequence in one
of the many unfavorable directions, rather than in one of the few
which would be favorable.

‘The extent of the change which a single gene mutation represents
is evidently very restricted, for Muller has found that when a muta-
tion occurs in one gene, the other gene of exactly the same kind
lying nearby in the sister chromosome of the same cell remains
unaffected, How extensive the change within an individual gene
has to be, before we recognize it as a mutation, is still unknown.
Muller thinks, hawever, that eventually it shounld be possible to
decide whether the gene is composed of several molecules (or unit
particles), one of which may change at a time.

Until researches such as those suggested by Muller and others
have been carried out, we shall have to content ourselves with the

pposition that a gene ion is some sort of chemical alteration
in the gene which causes the production of a different end product
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in the organism, under sutable environmental conditions. At present
we do not know the exact nature of this alteration. We do know
that st can be affected by outside agencies such as X-rays (s6, 57, 59),
and by the admimstration of certain toxic substances.

In a population living under normal conditions there seem to be
certain normal rates of mutavon for each gene. These may be so
low that mutations are not observed i the normal course of events
often enough to enable us to state what the normal rate of mutatton
s, although more extensive observations would nearly always enable
Us to ascert2in this. Considering how lutle we know of human
Benetics, it is natural that there have not been many duect reports
of new genc mutations (49, 53) 1 man but there is evidence (39)
from relizble pedigrees that some human gene mutations are occur-
ring with some frequency.

Haldane 1n 1935 (37) estimated that the normal allele of the hemo-
Phlhc genes mutates to the hemophilic gene about once 1n 50,000
individuals per generation (= a rate of 2 X 10%). Compared to the
mutation rate in other forms of Lfe, this is moderately high With-
out such mutations, since hemophtha is a very serious disadvantage,
and since the action of natural selection 1s to elminate such a gene,
the trat would certamnly have disappeared long ago. Guather and
Penrose, about the same ume (28a), estimated that the normal allele
of the epiloia gene (epiloia is a rare disease 1n which mental defect
and epilepsy are associated with tumor formation in the brain, the
skin, and certam viscera) mutates to the gene for epilon ar 2 some-
what lower rate,

In a more recent paper (40) Haldane has reestimated the muta-
tion rate to hemophilia as 32 X 107, a figure agrecing better with
Mutation rates cbserved in other organisms, He thinks the rate is
higher, perhaps as much as ten tumes higher, in male X chromosomes

2n in female X chromosomes.

Since natural races of the lower forms, such as Drosophila, are
tegularly found on examination to contain a considerable number
of lethal genes in the heterozygous state (14, 16), and since natural
selection tends to eliminate these lethal genes, we may suppose that
In all populations all over the world, mutations are occurring at a
higher rate in some populations than in others, and affecting rertain
gencs more frequently than they affect other genes.
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raw material for natural selection to operate on and thus is the basis
of evolution Darwin, wnting before the real principles of heredity
had been estabhished, probably supposed that this variability was
conunuous, although on the basts of modern genetics we know it
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to be discondnum.xs (ie, duc to genes and mutations). The changes
produced by any individual mutation are usually so slight, however,
that Darwin’s ideas still apply very much as originally presented.

Selection

By sclection we mean that organisms possessing eertain charac-
terisics survive in relatively larger numbers, and leave relatively
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more offspring, than do other organisms of the same kind possessing
other characteristics. Selection 15 then said to be acting n favor of
the first group of characterstics. "The 1dea 1s simple, but the actual
Pprocess as it occurs 1n nature is perhaps not so simple. Natural selec-
108 15 2n extremely complex process (89). Among the factors which
may determine the relauve contribution to the next generation by
a given set of individuals, we may lst: differences in mortality at
practically any age; differences 1n age of onset and duration of sexual
activity; differences m ferulity; differences n emigration rates Selec-
tion is constantly acting, and hardly any gene 1s neutral, selectively
speaking. One of the objections to the theory of natural selection
used 1o be that, even if we were to suppose that an mdvadual who
possessed some charactensstics which gave him a very definite advan-
tage over his fellows were to be born mnto a certain population, it
would be very unlikely that the ulumate charactenstics of the popu-
fation would be 1nfluenced by this event. And 1t 1s perfectly true
that a single individual, even one p derable ad g
over his fellows 1n the struggle for existence, might nevertheless be
ehminated or fail to transmut the new charactenstics to hus offspring.
Evolution probably makes very lutle progress by such acaidental
saltations.* We have seen above, however, that although mutations
in general do not affect the charactensties of an ndividual very
markedly, they do tend to occur repeatedly, so that any which are
favorable from the point of view of natural selection are given a
chance to become established 1n the population.

Serection Rate— MatHEsatica THEORIES

As Dobzhansky says, the main assumption which is made 1 the
theory of natural selection 15 that some inherted traits of a species
have an advantage over others, 1n survival or reproduction or both.
If we could see the genes which an individual possesses (imagine
for the moment that the organism 1s transparent and that the genes
are of a conspicuous color and about the size of marbles), it would
be possible to consider genetic selection directly, or in other words
to treat cases where two alleles z and Z tend to be reproduced 1n

each generation 1n the ratio %: (1 —k), where k is the so-called

® Changes of considerable magmtude, arising suddenly,



144 FACTORS MODIFYING GENE FREQUENCIES {EVOLUTION)

If combined with mutation, the process of sclection might either
be speeded up or slowed down, depending on the direction of
mutanon. If the direction of the mutation is chiefly “favorable,” the
speed of the evolutionary process is greatly increased, especially in
the 1nutial stage (14). Thus 1f we have a gene mutation to a gene X
at a rate of 1 in 1 million, the change of the gene frequency from
g =0000,00T 10 g ==0.000,002 15 accomplished i a single genera-
tion, whereas a simular change resulng from the action of natural
selection alone on, a recessive gene having a selective advantage of
I part in 1000 requires 321,444 generations!

APPLICATIONS To MaAN

If a certan dominant gene had a selective advantage over its
recessive allele of only one part in 1000 (or 0.1 per cent), its fre-
quency 1 the stock 1n question would be increased from 5 to 50
per cent i somewhat less than 3000 generations. In man this would
correspend to a period of about 60,000 to 70,000 years, With the
possible exception of the Rh blood factors, there is no evidence con-
cerning anthropological charactenisties which is exact enough to
enable us to estumate whether any of them have a selective advantage
2s great or perhaps greater than ths, It is extremely likely, as already
pointed out, that some or most of them do. In particular the general
relation between pigmentation and warm sunny chimates suggests a
selective advantage for pigmentation genes in such environments
(p- ¥76) The frequency of blonds among the Scandinavians might
suggest that in regions with deficient sunlight the reverse would
also be true. The rather highly pigmented Eskimo seems to consti-
tute an exception, but it is the opinion of some scholars that they
have not inhabited their present cold environments for nearly as
long as 75,000 years. Also, it will be seen that recessive genes, as most
genes for hght pigmentation seem to be, increase much more slowly
than dominants, especially when they are rather scarce in the popu-
lation to begin with.

In Haldane’s equations it is only necessary to make k (=1—1t)
negative to calculate the effect of a selection which favors the reces-
sives (at the expense of the domunants).

Even dominants increase rather slowly at first, and a population
starting with 0.8 per cent of an advantageous dominant gene would
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require 3500 generations, with k = o.1 per cent, to build the fre-
quency of the new gene up to 562 per cent. If we start with 027
per cent of an advantageous recessive gene we find it would require
16,000 generations, or about 400,000 years, to increase 1t to 454 per
cent. Perhaps the Eskimo started with too fow a frequency of reces-
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Frevre 21. The action of slow selection on a gene. Upper

curve, domnants favored; lower curve, recesnives favored,

Abscissae, number of generanons of selectson, ordinates, per

cent of population with favored character (after Haldane)

sive genes for pigment, and mutations to genes for low pigmentation
have rarely occurred in this stock. In Table 14 we give the proba.
bilities that a recessive gene will become fixed in the population
(that is, will completely replace the alternative gene or genes at the
same chromosome locus) in various populauon sizes, considering
three cases—a selecuve advantage of the double recessive of o1,
2 selective disady ge of o.or1, and hity (that is, the case in
which the gene is neither harmful nor benefical). This table is taken
from Wright (go).

Even with higher selective advantages, such as 1 per cent (which
is probably relatively high), evolution due to selection when the
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‘TaBLE 14

Chances of “Fixation” of 2 Recessive Gene (90), Assuming
One Such Gene 1n Populations of Various Sizes

Populanon Ad of No Ad Disad of
Size yy=oor (“Neutral” Gene) yy=oor
(or Advantage= —oo1}
10 oos 005 oos
50 oor3 ooro 0007
200 00057 00025 00003
800 00027 © 0006 © 0000

The symbol y represents the recessive gene, and yy the homozygous recessive
type.

frequency of the gene bemg acted on is very small or very large

{near zero or near 100 per cent) 1s extremely slow. This is shown
in Table 15.

Tt will be noted that the table (sce also the equations of App. V-4)

TaBLe 15
Time Required for a Given Change in the Per Cent

Frequency of a Gene Having a Selective Advantage of
oot (1e. 1 Per Cent). Modified from Pitau (62)

Dorminant Gene Recessive Gene

Change in Number of Change in Number of
Frequency Generations Frequency Generations
from rom
001-01 230 0 or1-0.1 900,230
or-1e 231 o.I-1.0 90,231
10-500 550 10-30 6779
500-g70 3,481 30500 3,48t
97.0990 6779 500990 559
999939 50,231 990-999 231
999999 900,230

999999 230
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suggests that evolutionary change due to selection may be fairly rapid
if the advantageous gene is moderately frequent.

In g later paper Haldane (36) derived an equation which describes
the vamation undergone by a population which mates at random
and is subjected to ntense selection, Since these caleulations lead to
the conclusion that, when the gene being acted upon 1s a recessive,
the rate of selection is very much less rapid at first than if st 15 2
dominant, Hogben (44) has mentioned that even 1f we were to
sterilize all the possessors of an undesirable rare recessive gene,
such as diabetcs or people with Friedreich’s ataxia, the reduction in
incidence in these discases would be very small, even after long
periods of time, such as the whole length of the Christian era.
Sterilization of all possessors of undesirable dominant genes, on the
other hand, would completely eliminate them in one generation.

These facts have a bearing on the proposals of advocates of eu-
genics, but the important thing for us to notice at the moment is
that there is considerable evidence that, 1n nature, natural selection
can operate rather rapidly, in terms of the lengths of time which
have elapsed, if an adequate supply of new genes, more suitable to
changing environments, is avaslable.

ErrecTiveness or SerEcTion

It used to be doubted if selection as we know it experimentally
could really account for the sweeping changes which paleontological
evidence ind:cates have gone on through vanious geological epochs;
but at present, although we believe other agencies also to be opera-
tive, few serious workers 1n biology doubt the efficiency of selection
in bringing about evoluuon.

In many eases we have actually been able to observe the process
of evolution in lower forms, probably by selection,  privilege which
was denied Darwin (13) and other pioneers in this ficld. One of the
best-known examples is the increase in the incidence of dark color-
ing (refersed to as the phenomenon of melanism) of certain moths,
There seems to be no doubt that melanism 2among many species has

come fmuch more common in the last century, and that this change
h.ls been in some way connected with the progressive industrializa-
tion of the arcas where these dark-colored moths are found, for the
melanotics occur predominanty in and near large cines and in in-
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dustrial areas. In some cases the entire population of an area has
become melanotic. The history of this process has been described
by Harrison (42) and the phenomenon on the continent of Europe
has been described by Hasebroek (43). A summary of the genetic
findings has been given by Ford (25).

It 1s worth noung that melanism in moths seems generally to be
inhented as a dominant. We have seen from Haldane’s formnlas
(p- 146) bow rapidly sclection would act to increase the frequency
of a domunant gene which had an appreciable advantage in natural
selection.

Another example of effective selection in producing adaptation
is the increasing resistance of the scale insect, which attacks citrus
fruit trees in Cabifornia, to poisons, such as hydrocyanic aad, which
are used to kill it. Quale (66) has shown that several strains of this
insect pest have gradually developed a high degree of resistance to
the hydrocyanic acid, a resistance which is transmitted genetically.
In the microbiological field, modified strains of micro-orgamsms
have repeatedly been encountered (52, 92, 71, 2, 7, 78), which have
acquired resistance to various chemotherapeutic drugs such as the
arsenicals, the sulf des, penicillin, and streptomyci

Experiments with artificial selection have also demonstrated the
rapidity with which evolutionary effects may be produced. As an
example of this we may take changes in the numbers of scutellar
bristles in Drosophila. In flies of the average laboratory stock, and
in wild stock of Drosophila, this number is seldom other than four,
but 2 fly with five bristles is occasionally found. Starting with a five-
bristle female and a four-bristle male, Payne, by deliberate sclec-
tion (63), raised the mean number to about. 6.5 in eleven generations
and to over nine in thirty generations. Sismanidis (70) has con-
firmed Payne’s results and has even been able to assign the sudden
response to selection to ination in particular chr
This is shown in Fig. 22 (s0).

Tt is unfortunate that the examples of natural selection, resulting
in the adaptation of the organism to its environment, which many
textbooks choose to present, have been chosen chiefly from a highly
specialized group of cases of what Huxley (46) calls the “wonders
of nature” type, such as the resemblance of a butterfly to a dead
[eaf, complete with a mold spot and imitation holes, or the amazing




FACTORS MODIFYING GENE FREQUENCIES (EVOLUTION) 149

contrivances of certain orchids to insure pollination by insects. The
reader should realize that adaptation is not always as spectacular as
thus. In Chapter VIII of hus book, Evoluron, the Modern Synthesis,
Huxley points to the widespread mcidence of less fantasne but un-
doubted adaptations in nature. He includes such examples as the
habits of birds Living 1n nests, the acquisition by the giant panda
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Froure 22. Results of dehberate selection for number of
scutellar bristles in Drosophila (see text).

of the ability to hold the bamboo shoots which form the bulk of its
diet, adaptarions of parasttes to the hosts which they mhabit and to
the various stages 1n the development of thesc hosts, adaptations of
certain plants and animals to the color of their environment, adapta-
tion of certain plants to the mineral composition of the soil in which
they grow, and adapration to differences in the extent to which the
fields in which they grow are grazed by ammals

Adaptation seems to be more perfect where the density of living
forms and thus intensity of sclection ® is greater, as in the tropics.

*“Inteosity of selection™ == numbers of lving indwduals competng, on the
average, for the same ecological miche.
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Conversely, when sclection pressure is lower and species arc allowed
to run “hog wild,” without competition, they develop many varietics;
but when they are subjected to ngorous selection, they will perpetu-
ate only the most efficient forms. As an example of this principle,
Huxley mentions the Chichlid fish of the African lakes. The large
predatory fish which ordinanly eat the Chchlid are absent in certain
Iakes, and m these lakes the number of Chichlid spectes is very large.
The Victoria-Kioga and the Edward-George Lakes, which were
1solated in the second pluvial period or later, are without these large
predatory fish, and they contain respecuvely 58 and 18 Chichhd
species, but the Albert and the Rudolf Lakes, where the predators
are present, contain but four and three species of Chichlid respec-
tively, a decrease i numbers of species which seems obviously the
result of vigorous selection

An example on a larger scale is provided by the marsupials of
Australia, which were without competition from higher forms such
as placentals, According to Huxley, tree kangaroos, for example, are
so mmperfectly adapted to arboreal life that 1t is hardly possible to
1magine their survival today 1n the tropical forests of Malaya or the
Amazon Huxley states that i general the Australian marsupials
seem unable to compete successfully with introduced species from
other regions of the world. In other words, in the absence of outside
competition, the marsupial fauna of Australia, in an evolutionary
sense, has not adapted itself to its environment with the same degree
of perfection which was possible and which would doubtless have
taken place had natural selection been more vigorously at work,
constantly elminaung the unfit at a high rate, Lack of new muta-
tions to select from may have been a factor.

Exameres oF Aparrive Factors v Man

‘We shall have, later on, to discuss the question of possible selective

d or disad bel g to certain physical charac-
teristics of man. The blood grouping characteristics, with the possi-
ble exception of the Rh factors, seem to have been exoncrated from
being of much sclective value in so far as we have been able to
test them. The Rh factor is probably an exception, because Levine
and others (49, 65) have demonstrated a close relationship between
Rh incompatibility between mother and fetus and the disease called
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erythroblastosis fetalis, or hemolytic disease of the newborn, which
15 responsible for a certain number of stillbirths and neonatal deaths.
Wiener (77) states that since all the affected infants are heterozy-
gous, equal numbers (but dfferent proportions of the total numbers)
of Rh positive and Rh negative genes are lost 1n every generation,
If we ignore the subgroups of the Rh factors, therefore, it 15 rela-
tvely easy to compute the effect of the loss of these genes on the
distribution of Rh factors over a short penod of tume.

The mathematical treatment will be found in Appendix V-35.
From it Wiener concluded that 1f the frequency of the Rh negative
gene and the frequency of the Rh posive gene were equal, the
action of selection wauld be zero Therefore at this pomnt we have
an equilibrium. It 1s an unstable equilibriam, however, hike a cone
balanced on its tip, and a shght movement 1n exther direction would
start a process of contnuing change. If the madence of the two
genes is unequal the less frequent gene would be affected to a
greater extent than the more common gene, so that, in the absence
of other influences, the less common gene would be gradually elimi-
nated. The practically complete absence of the Rh negative gene in
Australian, Indonesian, Astatic, and American Indian populations
(79, 65) might suggest it may already have taken place before the
Australians, Indonesians, and American Indians left Asia. Because
of the greater density of population, there is some reason to suppose
that selection pressure may be higher 1n Asta than in sparsely popu-
lated parts of the world, and it 15 possible that 1t has long been
higher. In a dense population, in which competition for food, etc,,
is intense, it might be thought that the survival of an individual
implied a relauve freedom from the effects of even slightly deleteri-
ous genes. Of course the “constant” C (see App. V-5) is really a
function of the relative amounts of R positive and negative genes
in the population, and its value would steadily fall off as exther gene
(Z a5d z in our notation) was eliminated. But since not all the Rh
positive genes are equally likely to cause erythroblastosis, other un-
certainties are also involved, so that the formula in Appendix V-5
<at ouly de regarded as an approximavion, even if it be true that
the sort of selection Wicner considered really acts to reduce the fre-
quency of the Rh negative gene. Some workers, such as Fisher (23),
doubt that it does. b
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A treatment more i line with preceding examples has been given
by Haldane (38). That certain carly Europeans may have had high
frequencies of Rh negative genes 1s suggested by recent studies on
the Rh types of the Basques (21). Etcheverry reported 33.6 per cent
Rh negatives among 128 persons of Basque descent living in Argen-
una, and as Mourant points ot (54), if tests on larger numbers of
subjects bear out this remarkable observation 1t will seem highly
probable that the Rh negatve gene in European populations is
mamnly derived from ancestors akin to the modern Basques.

Another probable example of the effect of selection on the “racial”
charactenistics of man 1s the gradual brachycephalization of Europe,
especially among the Slavs. Or in other words, the Slavs (and other
people 1n Central Europe) have gradually become more broad-
headed (see Table 16).

‘TABLE 16

Change in Cranial Index of “Nordic” and East European

Types (68)
Date Cranial Index
“Nordi”  Fast European
1200 BC. 692 76t
300 AD 696 77t
1200 A.D. 735 786
1935 A D, ca. 810 ca. 860

1t has been mentioned by Schwidetsky (69) that well-documented
senies of skulls from Bohemia and from Russia show how this
change has progressed from century to century, so that the average
cranal index of 73-75 rose as high as 83 by the nineteenth century.
Myslivec (60) suggests that a possible explanation of this phenome-
non may be the dominance of the brachycephalic form of head over
the dolichocephalic form.* It is to be feared, however, that Myshvec
is here unconsciously relying on the imaginary phenomenon of

* The exact mechanism in which head form is inhented is unknown Boas (3)
thought environment affected the final result,
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“genophagy.” In view of what we have already said above about
the rapidity with which gene equilibrium is obtained, 1n the absence
of selection and mutation, we may doubt that this 15 really the
planation, for the brachycephalic genes would already have been
in equilibrium with the dolichocephalic genes before our story began.
As evidence for this statement, we may poimnt to the blood group
gene B, probably intraduced (9) to Europe from Asia in historical
times. This gene is dominant over gene 0. Nevertheless, there is no
evidence that the group O gene is tending to be swamped by B in
‘Western Europe {or anywhere else), The most probable cause of
recent brachycephahization would therefore seem to be the action
of natural selection, which leads us to suppose that the brachy-
cephalic individual has some advantage in the struggle for existence
over the dolichocephalic individual. What this ad is, we do
not know. Weidenreich (76) suggests 1t is because the head of the
brachycephalic is balanced better on the vertebral column.

Of course the objection has been raised that, in cases such as the
above where we seem to see a secular change 1n the morphology
of 2 population, the real process has been one of gradual replacement
of a longheaded population (say) by a roundheaded one. Unfortu-
nately this is always a possibiity which we cannot deny, because
man interbreeds so rapidly when given a chance, and because we
never have data on any population certainly known to be isolated
absolutely over a long period of time. But the way lower forms
(.8, horses) have undergone marphological change duning the
course of evolution leaves little doubt that such changes do occur,
given sufficient time. It does not seem too much to suppose that
similar evolutionary forces may act in similar ways in man.

Texeearent Avarration

Although there is reason to believe that nearly all organisms are
highly adapted to their envitonment, the way i which their various
characteristics fit them for their locality and mode of Lfe is not
always apparent at first glance to the observer (46, 8), especially
if they are seen outside thesr natural environment. Cott has analyzed
in some detail the way in which design or color pattern, for instance,
may be utilized to make an organism inconspicuous {or conspicu-
ous), and Huxley comments on the fact that some organisms are
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usually nearly impossible to perceive, even when one is near them.
Yet a casual observer, seeing the organsm ssolated from its normal
environment, might conclude that there was no evidence of pro-
tective coloration or pattern, Knowledge acquired by workers such
as Cott (32) is so “practical” that it has been utilized by man in
the art of camouflage 1n war.

Some of the “racial” characters in man might very well be exam-
ples of mapparent adaptation. However, 1t must be admitted that
this has not been demonstrated as yet. Nevertheless the possibility
should be kept 1n mind.

Seirr Apvantaces InpORTANT

A point which 1s often not clearly understood is that the fairly
small ad ge or disad ge belonging to the p ion of a
given gene may cause a relatively rapid alteration 1n the frequencies
of this gene. Thus has been 1llustrated 1n the calculations given above.
Tt would not be very easy, with only the information at our disposal
at present, to determine whether or not any of the human genes
we know about possess a selective advantage or disadvantage of
1 part 1 1000 or o1 per cent. Yet we have seen that under suitable
conditions, selection of this order of magmitude would be adequate
to secure the virtually complete elimination of an unfavorable gene
in a few thousand generations.

Random Genetic Drift

‘The fourth evolutionary mechanism which we wish to consider
is the Sewall Wright effect. Wright himself (79a) has called the
phenomenon random generse drsft. This is the same as the mech-
anism of isolation (4), since it depends for its operation on the
isolation of one small population from other populations with which
it could interbreed. A number of biologsts and anthropologists have
realized, to some extent, the importance of isolation in evolution.
For instance, Gates (26) stated that “jsolation must have been 2
factor of extraordinary importance in the carly history of man.”
According to Wright (82) Gulick fairly early recognized the im-
portance of isolation in bringing about a nonadaptive differentiation
of local races. The recogmition of the great importance of the mech-
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anism of rendom drift m evolution has been largely due to the
mathematical work of Wright.

1f we choose a very small population consisting, shall we say, of
four women and four men, from a larger populauon which has
about the usual European distribution of blood groups, and put
them on a desert 1sland, there to propagate themselves, it mght
easily happen that n0 individual of group B (which ustally accounts
for anly 10-15 per cent of an average European population) would
be represeated. Even if a group B individual were by chance in-
cluded he or she would most likely be a heterozygote, that 15 of the
genotype BO,* and any chuld of hus has a 5050 chaace of not be-
longing to blood group B (in other words of being A or O). Even
if he had a fair number of chuldren, therefore, the gene B mught
still not be represented 1n the new generation (the chances of no B
in one child= 1%, of no B in four children (}4)*= Y, not too
unlkely [App. A] for the situauon to occur oceasionally), and as
500n as this hypothetical original group B mdividual died, or passed
the age of reproduction, the B gene would thus be irretnevably lost
to the tnbe, unless it were introduced again by mutation. And of
course the group B individual might be killed before he reached
the mating age, or might be sterile, or far some other reason fail
to leave any offspring,

For such a small population, these conclusions are of course quite
elementary, Wright, however, has shown mathematcally that even
in populations which we mght not at first sight consider small, the
chance fluctuation in gene frequencies with succeeding generations
will often result 1n a gene being lost. A subdivision of species 1nto
isolated populations, plus time to allow a sufficient number of gen-
erations to elapse (the number of generations being 2 funcuon of
the population size), 13 all that is necessary for race formation. As
Dobzhansky says (14), “The differentiation of a species 1to local
or ather races may take place without the action of natural selec.
tion.” Possible operation of this mechanism on the blood group
frequencies of carly human history has been suggested (®-

The way in which the Wright effect may operate is illustrated in
some exper which are described in A dix V-6.

PP
*Ta the populaton of the United States, aver go per tont of all group B in-
deeiduals are heterozygous for thus gene (45).
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Perionic Repuction 1N Nussers

It scems to be a fact, but one which has been insufficiently appre-

ciated, that many natural populattons, probably including, at least
1n prehistoric umes, various groups of the human species also, are
sometimes reduced to very small numbers. When this reduction in
numbers does occur the mechanism of “genetic dnft” has a good
chance to operate. A quotation from the book on dnimal Ecology
by Elton (20) wall illustrate this point:

For our present purpose the important thing to bear in mind is
the fact that at frequent mtervals (frequent compared to the nme
which it would take for a species to change apprectably) the popu-
lation of many animals 1s reduced to a very low ebb, and that this
is followed by a more or less rapid expansion 1n numbers untl the
former state of abundance is reached once more. After 2 lemming
year, with 1t inevitable epidemic kalling off all but a few of the
ammals, the arctic tundra is almost empty of lemmungs. The same
thing can be said of the snowshoe rabbit One year the country is
pullulating with rabbuts, the following year you may huat for 2
whole summer and only see one. There is usually a rather rapid
expansion after this minimum of numbers. In a stream near Liver-
pool studied by the writer, the whole fauna over a stretch of three
miles was wiped out dunng the summer of 1921, by a severe
drought. Recolonization took place from some decp ponds con-
nected with the upper part of the stream, and after three or four
years the population of maolluscs, insects, crustaceans, fish, etc., had
regained 1ts “normal” density. A sumilar destruction of the fauna
took place in 1921 in a small branch of the Thames near Oxford,
but by 1925 the animals had reached “normal” numbers again
(through immigration and natural increase). The Gammarus pulex
were very scarce in 1922, but had reached great abundance by
1925, when they were again practically wiped out, this time by an
epidemic.

Elton also says (20):

One more example may be given. Carpenter; when carrying out
2 survey of the islands on Lake Victoria in order to discover the
distribution and ecology of the tsetse fly, noted that islands below
a certain size did not support any flies at all, although the con-
ditions for brecding and feeding (which are well defined and regu-
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lar) were otherwise apparently quite suitable. The explanation of
this was probably that the fly population 15 subject to certain irregu-
Lar checks upon numbers, and that any one papulation must be suff-
ciently large to survive these checks. There would not be a big
enough margin of numbers on a very small 1sland

The reservoir of genes from which new populations are replen-
ished in such cases of fluctuating populations 1s much smaller than
one would think from a casual examunation of the population 1n a
good year, and Wright (8o, 81, 87, 88) has shown that the effective
population s1ze, in this sense, 1s much nearer to the minimum than
the maximum population (App. V-7).

S1zz or Breeoive Popuration

The breeding population, that is, the number of individuals which
are potentiatly able to mate with each other, is in many cases smaller

an we suspect, It is so obvious that we scarcely pause to think of
it, that only a fraction of the total population can be effective, at
any one time, for reproduction, Children below the age of puberty,
women past the menopause (wswally) and very old men, must
all be excluded, And even persons past middle age, bur sull able to
reproduce, may be much less effecuve, because ferthity doubtless
falls off rapidly with age (10, 69), and because of lowered physical
and sexual energy, dunmished physical attractiveness, glandular
changes, etc. "The relauvely small size of human maung groups,
even 10 large coeducational umversities, has been rather amusingly
pointed out by Cook {11), in commenting on a paper by Dudley
and Allen (19), who reported that when older men and women
were ashed how many young people of the same age and apposite
sex they had known well enough to consider as a possible husband
or wife, their answers ranged around 2 dozen or so, with a maxi
mum of two or three dozen. Of course they must have made the
acquaintance of more than this number, but Caok points out that
“not even the most active Lothario is going to take a hundred
thousand gurls on moonlight rides” Even 1n a large country with
an urban and relatively mobile population such as we have 1n cer-
tain parts of the United States, the number of possible mates for a
given individual is sull pretty Linted. In previous times, and under
Old World social conditions, it must have been still smaller,
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cuarrer vi Lhe Influence of
Geography on Racial Distribution

The bones of the slain lic scattered upon the field 1n two lots,
those of the Persians m one place by themselves, as the bodies
lay at the first— those of the Egyptians in another place apart
from them: If, then, you strike the Persian skulls, even with a
pebble, they are so weak that you break 2 hole in them, bur the
Egyptian skulls are so strong, that you may smite them with a
stone and you will scarcely break them 1.

—sieropotus  The History

In the distribution of human races and 1n the distribution of ani-
mal and plant species and subspeces, the influence of geography
1s often important. In the animal kingdom the most striking exam-
ple is found 1n the continent of Australia, where, before the advent
of man, placentals were unknown and marsupials occupied the
ecologcal places which were occupied by mammahan placentals in
the rest of the world, Because of their geographucal 1solation and
consequent freedom from mammahan competition, the marsupials
have been able to continue in Australia up to the present day,
although with few exceptions they have been replaced by mam-
mahan competitors 1n the rest of the world (6, 17).

The aberrant characteristics of 1sland populations have already
been commented on (p. 158). Mayr (19) has shown pretty conclu-
sively that geographic isolation is nearly always the primary cause
of racial or specific differentiation (17).

Geographical Influences

Geography may influence the distribution of races and species in
at least three dufferent ways. The first is the action of geographical
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barriers such as mountain ranges, oceans, desert regwns, polar re-
gions, to prevent breeding between popul and thus to
allow differentiation by selection or the Wnght cffect (p. 51).
Second is the mdirect action of geography through its influence on
the chimate, and the influence of the chisnate on the evolution of spe-
cies which live in a given locality. The third method is concerned
with local chemical vaniatians in key chemicals in the soil, and varn-
ations in other properties of the Jocal terrain.

Let us take up first the role of geography as a barrier. Darwin
discussed the subject in a way which can hardly be improved o, in
his classic Origin of Species (6)-

+ . barriers of any kind, or obstacles to free migration, are re-
lated in a close and important manner to the differences between
the productions [plant and animal life] of various regions We see
this in the great difference in nearly all the terrestrral productions of
the New and Old Worlds, excepting 10 the nosthern parts, where
the land almost jotns, and where, under a shighty different climate,
there might have been free migration for the northern temperate
forms, as there now 15 for the stnetly arctic productions. We sce
the same fact in the great differcnce between the nhabitants of
Australia, Africa and South Amenea under the same latitude; for
these countries are almost as much isolated from cach other as 15
possible. On each continent, also, we see the same fact; for on the
opposite sides of lofty and continuous mountain-ranges, of great
deserts and even of large nvers, we find different productions;
though as mountain-chains, descrts, ete, are not as impassable, or
tikely to have endured so fong, as the oceans scparating continents,
the differences are very inferior in degree to those characteristic
of dustinct continents.

Turning to the sea, we find the same law. The marne inhabitants
of the castern and western shores of South America are very dis-
tinet, with extremely few shells, crustacea, or echinodermata in
common; but Dr Gunther has recently shown that about thirty
per cent of the fishes arc the same on the opposite sides of the
isthmus of Panama; and this fact has led naturalists to helieve that
the isthmus was formerly open. Westward of the shores of Amer-
ica, 2 wide space of open ocean extends, with not an island as 3
halting-place for emigrants; here we have 2 barrier of another kind,
and as soon as this is passed we meet in the eastern islands of the
Pacific with another and totally distinct fauna, So that three marine
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faunas range northward and southward in parallel lines not far
from cach other, under corresponding climate; but from bemng
scparated from cach other by impassable barriers, either of land or
open s¢a, they are almost wholly distinet. On the other hand, pro-
ceeding still furthes westward from the eastern istands of the tropi-
cal parts of the Pacific, we encounter no impassable barriers, and
we have ble islands as balting-places, or contd coasts,
unti, after traveling over a hemisphere, we come to the shores of
Africa, and over this vast space we meet with no well-defined and
distinct martne faunas. Although so few marine animals are com-
mon to the above-named three approximate faunas of Fastern and
Western Amenica and the eastern Paaific islands, yet many fishes
range from the Pacific into the Indian Ocean, and many shells are
common to the eastern islands of the Pacific and the eastern shores
of Africa on almost exactly opposite meridsans of longitude.

Types of Barriers

‘What serves as a barrier for one species may not be effective as 2
barrier for another. For many species a body of water a few miles
across, @ mountain range, or a desert, may serve as a complete isola-
tion barrier so that the two populations have no opportunity of
interchanging genes with each other, even if that were possible
physioiogically.

The number of geographical barriers 15 probably greater than is
implied by a simple list of oceans, mountain ranges, and deserts.
Huxley (17) beheves that complete geographical separation may
sometimes occur for ecological reasons also. Thus the moth Thera
uniperata when in the larval stage feeds entirely on juniper. In the
English Midlands there is no juniper, therefore the British forms of
this species are restricted to two separate areas, one in the north and
one in the south, and as a result subspeciation has occurred.

Kinds of Influences Due to Barriers

We may consider four general ways in which geographical bar-
riers could affect the evolution of a species: 1) they may tend to
keep out new genes which would otherwise come from other pop-
ulations; 2) they may tend to relax the pressure of the selection fac-
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tor; 3) they may aid the Sewall Wright effect or “genetic dnft” (by
keeping the populauons smail numencally); 4) they may make it
possible for sudden geographical change to produce changes 1n the
distribution of the species, as by dividing an origmally large homoge-
neous population o smaller 1solated populations, or braging to-
gether populanions formerly isolated, or causing climauc changes
which favor a shightly different type (s¢e p. 173). It will be worth
our while to consider each of these 1deas in some detail.

We can concesve of a pumber of ways in which mndnduals of 2
given species could originally find themselves distributed in about
equal numbers on either side of a geographical barrier. The impor-
tant thing is that as soon as the geographical barnier becomes effec-
tive, 1t 15 clear that a gene mutation originating on cne side of the
barrier will not be zble to penctrate to the other side, and conse-
quently evolution on the two sides of the barrier will begin to go
1 different directions. Or, 1f we have a case where the barrier is not
100 per cent efficient and a few indmviduals cross it from ume to
nme, there may be some 1ntroduction of newly mutated genes from
one population to the other, but at too slow a rate to keep the popu-
lations 1n genetic equilibrium, so that, if enough time clapses, sub-
speciation or speciation will occur.

When the barrier is an effective one, the variation between the
groups on either side 15 likely to be great and may be referred to as
discontinuous. When the barner is not very effective, the range be-
tween the extremes on either side may be bridged by intermediate
types, as is generally the case with sk color 1n man, giving us 2
situation which we speak of as conunuous variability, As an example
of disconunuons variability, we may refer to the distribution of
snails with a right-handed sprral in the shells and those with 2 left-
handed spiral 1n the island of Moorea. Each valley has a character-
istic frequency of smails with shells of esther kind, In some places
the population is purely dextral or purely situstral, In other places
a mixed population is found. In these cases the variation is really
continuous, but since only two types of shell exist, we can recognize
the mixed populations as such, Table 19 (taken from Dobzhansky)
shows the distribution of the different types in the various localities.
In buman traits determined by the interaction of many genes, it is
much more difficult to say which are the transitional populations.
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Dobzhansky (8) points out that since in another species of snail
it 15 known that the direction of coiling of the shell is determined
by a single gene, the situation 1s very likely the same here, and the
distribution therefore represents the effect of geographical variance
in the distribution of a single gene. Eventually the difference will be
so great that even should the geographical barrier disappear, the

TasiE 17

The Frequency (in Per Cents) of Dextral and Simistral
Shells of Partula Suturalis in Moorea (8)

Localitics Dextral Stmstral  No. of Indisduals
Ezxarmned

Anmaha 1000 ° 277
Vatanai 1000 o 369
O o87 13 612
Haapiti 930 7.0 241
Uufau 125 875 303
Moruui oI 999 537
Maraani ° 100.0 788

arari o 1000 578

two species will continue disunct and will not agamn mix with each
other, unless, before differenttation has gone too far, some agency
such as a geological upheaval again unutes the two regions.

Even small geographical barriers are suffi to restrict the
spread of certain species. In a climate such as the present on¢ it
would be very remarkable, even if the British Isles were densely
populated with elephants, for a single elephant to make his way,
without the aid of man, across the English Channel to the Conti-
nent. Smaller species and especially flying creatures such as birds
and insects would not find this distance at all prohibitive. It must
never be forgotten that what constitutes a geographic barrier for
one species may not be a serious barrier for another. One of the
best examples of this perhaps is the fact that the various specics of
mushrooms which are known are practically the same throughout
the world with very slight differences, the reason doubtless being
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that they are dispersed by spores which are very small, light, and
numerous and can well travel great distances, so that mountain
ranges and even oceans have not proved effective barriers. There-
fore, in spite of the fact that Amanza phallordes 15 the most poison-
aus plant known, and some other mushrooms are far from whole-
some, the native of Europe who knows his edible mushrooms
can come to North America and, with but kttle danger, collect
and cat edible mushrooms. In respect to barriers, man has oc-
cupied, at Jeast in the past, an mtermediate position, as we shall
see.

Another effect of a barner is the relaxation of selection pressure.
Especially if one of the groups on one side is relauvely small, «t
will not have to compete with corresponding members of the other
group and the selection pressure will not be 50 ntense, An example
of this has already been given 1 the preceding chapter where we
quoted the opinion of Huxley that certain marsupials of Australia
would not be able to compete with the corresponding mammals of
the same habitation 1n the rest of the world.

At the same time that the selection pressure 15 relaxed, and in
fact a5 a consequence of it, the third factor will operate, namely the
Wright effect, or geneuc dnsft. A barrier will make each of the
breeding populations effectively smaller than the original whole, and
there will therefore be more opportunity for random drift and for
the establishment in the population of genes which are perhaps
neutral or even disad 8 in an evol y sense.

I£ the geographical barner suddenly changes, as might happen if
there were a marked alteration of chimate 1n some part of the world,
or a new mountain range were thrown up, or a small body of water
were suddenly to becomne much broader, then what had formerly
been a minor and ineffective barner in the genetic sense might be-
come cffective, and bar further interchange of genes between the
tWo groups.

Overcoming of Barriers by Man

In considering the history of mankind we must of course take
account of the fact that man, by his own ingenuity, has from time
to time thought of devices enabling him to surmount barriers whi--
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formerly could not be crossed. Among these devices we may list the
mvention of the use of fire, of clothing, of the bow and arrow, of
canoes, boats and ships, and most recently of all of the awrplane.
We probably shall never know exactly bow man crossed the Bering
Strait into North Amenica. He could perhaps have accomplished
the journey by walking across the ice (or a land bridge which has
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Figure 23. Occurrence of blood group gene B in Ausiralia
and 1slands to the north (after Graydon and Simmons).

since disappeared) but it is certanly more Likely that he crossed with
the aid of boats. The migration of the Polynesians from their orig-
inal Asiatic homeland to the islands of the Pacific must certainly
have been accomplished by boats and would have been 1mpossible
before the knowledge of these contrivances. From ume to time man
has with relative suddenness abolished barricrs which previously
forbade contact with other human groups in the rest of the world,
and at the present time we are forced to conclude that no group of
men in any part of the world can any longer be considered as isolated
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from the rest. This is of course a fact of momentous genetic and’
evolutionary importance and x is difficult to foresee what the final
consequences will be.

Before the invention of devices such as ships and airplanes, man’s
power of traversing geographical barriers, though greater than those
of most other species possessing a body size at all comparable, was
relatively limited, as 15 well shown by the well-established fact that
man did not arrive 1n the New World until about 25,000 or so years
ago (20). When a barrier 15 dufficult to traverse, relatvely few indi-
viduals will succeed 1n doing so, and the pownt in time at which the
crossing is made may sometimes be deduced from studies of the sub-
sequent composition of the population on the other side, as thus
may reflect the composition of the parent population at the time of
separation. A good example of this 1s to be found 1 the Australian
abongines where blood group B was apparently unknown until
relatively recent tumes, when 1t was introduced to a relatively nar-
row band on the northern coast of Australia, as 1s shown by the
map (x, 22).

Modes of Penctrating a Barrier

There are of course various modes of entrance into a region pro-
tected by a geographucal barrier. If the barrier consists of 2 large
body of water, the point of entrance on the other side may secm
rather random, although a study of the situation may show that
landings were most frequently made at sheltered locations (harbors,
etc.). In general one notes a tendency to prefer short voyages to long
ones, so that the point of entrance into the new region will be refa-
tively near the point of departure. The long vayages of the Vikings
and the Polynesians are probably only apparent exceptions to this
principle, for they were preceded by shorter trips, and the longer
journeys which impress us today only followed as navigational skill
increased. If the barrier is 2 mountain range, the point of entrance
will probably be along 2 valley or a pass through the mountains
(Fig. 24). If the barrier consists of desert the point of entrance is
likely to be influenced by the position of the water supply across the
desert, caravan trails, and the hke.
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variation but some animals are apparently more “plastic” than others.
Mayr gives as an extreme example the raven, Cervus corax, which 15
found from the icy wastes of Greenland to the heart of the Sahara
and the Arabian Deserr. He states that it must be adapted 1n each
region to a specific environment, but the raven is not a “plastic”
bird, and the populations observed in these various regions are not
very different one from the other. The desert birds are more brown-
ish than the birds n the Far North, and somewhat smaller, with a
relatively larger bill. Thus geagraphic variaton 15 not very striking
in this species.

Climate

As the second main example of the influence of geography on
races we may take the influence which climate exerts directly. The
climate may act by means of natural selectton to discourage some
charactenstics 1n a population and to encourage others. In the polar
regions the chimate 1s cold and unsuited to many species which
thrive in warm or temperate climates In desert regions species which
would find themselves at home 1n temperate, cool, humid climates
are at a disadvantage.

As we traverse the surface of the earth from one pole to the other
we pass from a region of polar cold with its charactenisuc distribu-
tion of animal Iife, to temperate zones — which seem most suitable
for human activity (16) —1nto the tropics underneath or near the
equator, down again 1nto temperate zones, and finally again to an-
other zone of polar cold. Tt is not surprising that the distnibutions
of animals and plants are affected by these variations 1n chimate. In
Ieeland, although the brief summer 1s relatively mild and pleasant,
no trees are to be found, for the growing season is too short.

To a certain extent we may duplicate these changes by ascending
2 high mountam, where we may begin from a region which 1s trops-
<al or at least temperate, and by chmbing twenty thousand feet or
s0 reach a region colder and more inhospitable than the poles them-
selves, and where amimal life no Jonger is found (21). The familiar
tree line which is found on high mountains is a good example of
this phenomenon. Beyond a certain degree of cold trees simply will
not grow. In other words, we can see geographical influences on
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flora and fauna produced by climatic vanation due to altitude as
well as to lautude. Not merely mountans but whole regions (pla-
teaus, etc.) may show this.

We may therefore say that geography in general influences the
env. and the 1 turn influences the organism.
It is true that some organisms such as man prove relatively resistant
to such modification. Within fairly recent times, geologically speak-
ing, man has dispersed humself pretty much over the whole earth.
The modifications he has suffered 1n the process have not been great
enough to bring about differentiation into separate species. Many
examples of adaptation in other species to the color or pattern of
the environment are known. Huxley (17) cites numerous examples
of the adaptations of desert insects, tree-dwelling insects, and many
others. In the tropics, adaptation to warm climates and to the color-
stion prevailing in the tropical forests 1s found. The device of con-
trolled body temperature found 1n birds and mammals, for example,
is probably another instance of adaptation to warm chimate. At a
temperature where a rattlesnake will soon be lkilled if exposed to
the direct rays of the sun, a mammal may survive and carry on his
usual activities. It has even been postulated that the relatvely sud-
den extinction of the dinosaurs was due to their lack of control of
body temperatures, because like other repules they did not have the
ability to keep themselves at a constant temperature, an advantage
possessed by other groups of orgamisms such 2s mammals and birds.
The thick fur coat of animals 1n the north may be looked upon as
another example of adaptation to climate.

The influence of environment on animals is so well known that it
has been formulated in 2 number of rules (1g). There are rules
applying to warm-blooded vertebrates for instance, including Berg-
man’s rule, Allen’s rule, and Gloger’s rule.

Bergman’s rule states that the smaller-sized geographical races
of the species are found 1n the warmer parts of the range, the larger
races in the cooler districts. Allen’s rule states that protruding body
parts such as tails, ears, bills, and extremities are relatively shorter
in the cooler parts of the range of the species than in the warmer
parts of the range. Gloger's rule states that the presence of melanin
is greatest in the warm and humid parts of the range, whereas the
reddish or yellowish-brown phacomelanins prevail in arid chmates
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where the blackish lanins are less prevalent. The ph lani
decrease i colder climates and 1 extreme cold so also do the
cumelanins, giving us for instance the polar white.

It is obvious that 1f we were to take a homogeneous species of
some ammal and divide 1t 1nto two roughly equal populations, and
transport one of them to a cold humid climate and the ather to a
warm dry climate, for example, there are two scts of environmental
effects which we mught expect as a result of the geographical dif-
ferences in location. The first of these would be a possibly direct
but essentially transient effect due to the environment stself. It might
well happen that certain melamn producing genes would be able to
exert their effects more fully and more completely 1n the warm ch-
mate than in the cold. In the case of plants a longer growing season
might make derable duff 1n the app of the plant,
It 15 obvious, however, that all of these effects wonld be reversed if
we were to gather up cur two hypothetical subpopulations and inter-
change them, putting the one which had formerly been 1n a warm
dry chimate 1nto the cold humid climate and the other in its place.
Therefore we may term the changes “transient.”

In some cases, however, longcontinued residence in a new environ-
ment does result 1n a permanent change 1n the species in question,
In all cases 1n which we can make investigations, this has been
shown to be due to an evolutionary change in the true sense, that is,
some change mn the genet:c mechanism of the organism which canses

it to perpetuate 1 another environment the charactenstics acquired
in the first,

Influence of Climate on Human Pigmentation

The most notable example of the influence of chimate upon human
characteristics is the influence of climate actng through natural se-
lection on skin color. Since physical anthropologists were formerly
convinced that racial classification should be based on charactenstics
which were not influenced by sclection (p. 19), some of the older
anthropologists are still convinced that skin color has no adaptive
Vﬂll{C. We are therefore forced to give the question serious consid-
eration,

The arguments for the adaptive value of shin color fall into three
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classes: 1) evolutionary; 2) present distribution 1n the Old World;
3) present distribution 1n the New World.

Under 1) we must consider the arguments of thinkers such as
Dobzhansky (7), who says that the sumplest hypothesis to account
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Frcure 26. Relation between pigmentation and ultraviolet
radsation sn Europe (after Fleure).

for racial differences is that they have been brought about, in part
at least, by natural selection. In other words, the existence of racial
dufferences is presumptive evidence that these differences have differ-
ent selective value 1n different environments. Dobzhansky has been
able to confirm this in the case of many of the racial differences he
has found 1n American Drosophala; confirmation in the case of man
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is more difficult, since the generations are so much longer, and we
cannot make test matungs at will.

Point 2) calls for 2 consideration of the present distribution of
skin pigmentation in the Old World. A survey of the siuation
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Fioure 27. Relation between skin pigmentation and ultra-
violet radiation 1n Africa {after Fleure).

leaves little doubt that there is a direct relation between the inten-
sity of the ultraviolet raduation and the intensity of pigmentation.
This is shown 1 Figures 26, 27, 28, 2nd 39, based on Fleure (10).
As Lyde (18) phrases it:
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1f pigment is developed according to need , . . we should expect
to find the “blackest” skins amongst men . . . in the hottest parts
of the world that are unforested; and this is precisely what we do
find ~the real black man coming (except for a few small groups,
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Figure 28. Distnibution of brown skin pigment in Eurasia

and Africa, suggesting thas 1t was an carly human character-

wsne, later intensified in Afnca while 1t was reduced in
Europe (after Fleure).

e.g., on the edge of the Australan desert) essentially from the
African savana, The rich black of the Westera Sudan, with its high
percentage of bright sunshine to leeward of monsoon jungle, is not
found innde the jungle or on istands with typically marine cli-
mates, For instance, the negrilloes of the equatorial forest in Africa,
like the Sakai in the Malay jungle, are yellowish; the Samangs, like
most of the Australians, are dark chocolate; the Nilotic negroes are
reddish; the Indonesians are almast tawny.

Point 3) offers more of a problem. The aborigines of the New
World, though not by any means identical, agree in having on the
whole considerable skin pig; jon. If pi jon is adapth

pig
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and conforms to chimate, why are not the Eskimo and the inhabit-
ants of Tierra del Fuego as light as Europeans? This looks like a
considerable difficulty, but the solution is probably comparatively
simple. The aborigines of the New World have not been hese for
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Ficure 29 Distribution of yellow pigment in the skin in
eastern Ana and Africa (after Fleure).

more than ahout 25,000 years, or about 1000 generations. They are
by origin Asiatic, and in Asia shin pigmentation 15 fairly heavy.
Unless the selection of light skin as opposed to dark were fairly in-
tense, the time elapsed has simply not been enough to allow for
much adaptation to occur (12). As a matter of fact, the populations
which might have been expected to become lighter, namely the
Fuegians and the Eskimo, have probably had a shorter time 1n which
to achieve this end than other American aborigines, for it is reason-
able to suppose that the Fuegians did not reach their present home
until long after their northern neighbors were well installed. And
alf students of the Eskimo (15) agree in recognizing them as prob-
ably the most recent (aside of course from the whites) arrivals in
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Amersca, It conld well be that there has just not been enough time
for selection to bleach the skins of the American aborigines. In any
case, the pre-Columbian population was so sparse compared with
that of Asia and Indra that on a stabsncal basis alone we should
be justified 1n asserting that skin pigmentation conforms to chimate,
‘This has been denied chiefly by those who were concerned to prove
skin color a non-adaptive character, so that it mght safely be used
i the classification of races (12). Since the more up-to-date stu-
dents of anthropology have given up the idea of relying on non-
adaptive characters, or even believing that such exist (13), there
15 no longer much dispute about the probable adaptive value of skin
color.

It is altogether likely that hair and eye pigmentation also have
some adaptive value (5).

Duwarf Forms

Istand populations and populations of other small restricted areas
often show a tendency towards dwarf forms. In the cases which
have been investigated, we have reason to be convinced that this is
because the dwarf forms, under the prevaihing conditions of scanty
food supply, or other influences, were better fitted to survive. By
dwarf forms we of course understand hereditary dwarf forms, and
ignore temporary changes brought about by such environmental
himitations as lack of hime

Other Effects

Geography does not operate solely through the influence of cli-
mate. There are effects of geography other than those caused by de-
grees of heat and cold or degrees of hum:dity. For instance, onc
important factor is the color of the soil on which the species lives,
and it has been found that species of races living on lava flows are
very often much darker than those living near by, even though
sometimes they may hve in the immediate vicinity, as in the sand-
dune area. For one who has never had the experience of passing
abruptly from a sandy desert to a great region of lava flow (as in
northern Arabia) it is hard to appreciate the magnitude of the
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change in environment which is produced and how abrupt it 1s. It
is obvious that selection by predators must have played an impor-
tant role in the evolution of these localized color races. Direct back-~
ground selection for mucro-geographic races has also been demon-
strated for a number of insects, particularly grasshoppers. Hovanitz
(14) has analyzed a case 1n a Cahfornian butterfly. Such analysis is
often complicated by the fact that organisms other than man (asd
some of his relatives, may have poorly developed color vision, or
may see parts of the color spectrum not visible to man.

So caution is required in extrapolaung from our own percep-
tion of an organism to 1ts own perception, or that of one of 1ts
enemies.

On the other hand, when the geographical variation is not sharp
or discontinuous the vartation of the animal 1n response may also
be continuous rather than disconunuous. Blair {2) ook four meas-
urements —length of body, foot, parond gland length and width
—on about 5000 specimens of several species of North Amerncan
toads, He found that each local population was charactenized by a
different set of and that the of body size,
feet size, parotid gland length, and parotid gland width varied ir-
regularly within the range of the species, and that the relative foot
leagth and the amount of dorsal spotting tended to increase from
the southwestern to the northeastern portions of the range. How-
ever, no pronounced break in any of these character combinations
was noticeable anywhere,

Mayr (19) pointed out that intergradation between the subspe-
cies of a species is frequently of the same continuous gliding nature
as between various toad populations (Bufo), and he quotes from
a case from Blair (2) which he considers particularly well analyzed.

Minerals of the Soil

Another way in which geography may influence the form or ap-
pearance of the species is through the mineral content of the soil.
Huxley points out that plants provide numerous examples. Diver-
gence in relation ta the calcium content of the soil is fairly frequent.

is again may simply affect the appearance of the fullgrown
plant, depending en whether the soil on which it is grown is rich
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or poor in calcium, or selection may lead to the production of cal-
cipetal and calcifuge species or subspecies.

The way the muneral content of water may affect the forms of
individuals of species such as molluscs was mentioned in Chap-
ter IIL

Calcrum 15 by no means the only mineral which is of importance
for the growth of animals and plants and an 1nteresting example is
provided by a case from New Zealand. Among the ammals, pasticu-
larly the sheep, raised 1n certain regions of New Zealand a condition
known as bush sickness, or Tauranga disease, came to be recognized.
Eventually, it was found that this disease was not an infection but
was the result of some influence of the constituents of the plants on
which the animals fed and therefore indirectly an effect of the soil
It was found * (11) that there existed “healthy” and “unhealthy”
lands, although the vegetation seemed to grow as luzuriantly in one
local region as 1n the other. The symptoms of the disease were sim-
ilar to symptoms generally found in nutritional anemia and this sug-
gested that the cause was possibly a deficiency of iron.

Experiments to test the effect of large doses of iron showed that
iron was sometimes helpful, but not always In some cases the use of
iron (limonite) ore on the “unhealthy” land was sufficient to rem-
edy the deficiency, but in other experiments the same amount of
iron ore was not effective. Analytical determinations and fractiona-
tions were undertaken on the iron ores which were found to be the
most helpful in preventing the disease, and after a great deal of
costly and tedious work, it was finally shown that the effective ele-
ment was cobalt, an element chemically similar to iron and some-
times associated with it. The iron minerals which had not been
effective were extremely Jow in cobalt, while those which had proved
helpful ined comparatively large of this element. As
would then have been expected, it was later found that the soil in
the “unhealthy” areas contained only a trace of cobalt as compared
with the “healthy” areas, The unhealthy soil could be corrected by
the addition to it of small amounts of cobalt, or the cattle and sheep
showing the disease could be treated by the addition to their dict

*The role of cobalt in ammal nutntion 10 New Zealand 15 discussed by vatious
autbors in volumes 18 and 1 of the New Zealand Journal of Saence and Tech-
nalogy (1936-3938).



ON RACIAL DISTRIBUTION 183

of small amounts of cobalt, about one milligram per day. Traces of
nickel also had some effect.

The anti-pernicious anema factor 1n man has recently been found
to be a cobalt compound.
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A Hair perhaps dwides the Fake and True;
Yes; and a single Alf were the clue . . .
~— OMAR KHAYYAM: The Rubliydz

Te concept of race has probably been of some use in the past, em-
ployed as anthropologsts formerly used i, although there are some
today who would doubt that; but the word has lattecly fallen 1nto
dusfavor, partly because 1t has been much musused by fanatics and
unscrupulous persons to further their purposes of gaining political
power. Such persons apparently knew little, and cared less, about
possible true scientific meamngs of the term (22).

My own earliest memaries of the use of the word “race” go back
to a baok, The Clansman, published by Thomas Dixon, Jr., 1 1905.
“This volume was largely devoted to glorifying the exploits of the
Ku Klux Klan, which sprang up 1n the South of the United States
after the end of the Civil War. The author says in his note “To the
Reader” that the exploits of the Klan form one of the most dra-
matic chapters in the history of the Aryan race (which Dixon evi-
dently considered to include the white, but not the black, people
living in the Southern states). This book, we should remember,
was written long before Adolf Hutler’s Mein Kampf, and though
clearly they meant different things by “Aryan,” both writess used
the word to denote a “superior” group.

The term “Aryan” was introduced into modern usage by Pro-
fessor Max Mueller, a German philologist who went to England
and remained there the rest of his lfe. Later he energetically re-
jected the idea that it was proper to give the term any racial impli-
cations, and insisted that it should be applied only to a certain group
of languages (the group includes Latin, Greek, Sanscrit, Slavic,
ete.). The term, however, once released, proved to be a veritable
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monster of Frankenstein, and the monster has not yet been destroyed.
Our generauon, and perhaps sull others to come, will have to pay
with blood and tears for the delusions which resulted from its mus-
use.

According to Montagu (31), the 1dea of race represents
probably one of the most dangerous errors of our time, and the most
tragic. Almost every person of the Western World seems to take 1t
for granted that he knows what race means, and that saientific in-
vestigation has Jong ago proved the existence of differences, of a sig-
nificant kind, between races. Anybody who has thoughtfully fol-
lowed the political history of the last ten to twenty years can hardly
fail to agree that deliberate misuse of the word “race” 1s indeed one
of the most tragic crimes of our era. As a result of doctrines embody-
ing the concept of race, but having no scientific foundation, millions
of people have been tortured or killed, Yet nearly everyone, even
the victims of this delusion, seemed to assume that distinct, phys-
ical races do exist and that each possesses welldefined differ-
ences 1n mental ablities and attitudes. Examination of the question
will show, however, that it is by no means easy to differentiate man-
Jand thus into sharply defined races with different mental atn-
butes. "The question of “ractal” superianty, although often made
use of by propagandusts, has never really been examined scienufi-
cally.

In the Arabic world, even today, race differences are not felt to
have much sigmficance, but differences in religious belief are con-
sidered important. (The possible effects of the Palestine situation
are too recent to treat here ) In medieval umes, certanly, the Mo-
hammedans in Egypt gladly accepted into Islam such Copts as were
willing, without regard to presumably different racial backgrounds.
Being accepted into the group depended on what one beheved, not
on one’s chromosomes. Earlier, in the area where Greek was spoken,
the inhabitants of the different city-states, though often at war with
cach other, did not consider that they belonged to different races.
It is truc that in ancient Europe as well as in modern Europe we
find many examples of caste and class differences, and in India,
particularly, an apparently rigid system of this sort was set up; but
the concept of race, as an immutable physical entity, as we now
know it, probably did not exist (34).
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Origin of the Term “Race”

Lord Bryce has mamtained (4) that even up to the time of the
French Revolution there had been very hittle conscious racial feeling
in any country at any tume. However much men of different races
may have fought with one another, it was seldom that any sense of
racial opposition was a main factor behind this strife. They fought
for land and they plundered one another. Patriotism and national
feeling were often strong, but the peoples of that time did not think
of themselves in terms of ethnology, and although they made war
for various reasons, they did not make it because of consciousness
of “racal” differences.

Montagu (31) believes that it was not until opposition developed
agamst the inhuman traffic and trade in Negro slaves that the sup-
porters of slavery, anxious to find some new arguments to bring
against the powerful reasons urged against them, hit upon the argu-
ment of race. Since the slaves came from an 1nferior race, the dealers
argued, they were certainly not as good as their masters; they de-
served nothing better than slavery, and were incapable of the high
ideals and thoughts of men of “higher” races. Such an argument
satisGed disturbed conscience then, and often fulfills similar func-
tions today.

‘The origin of the word “race” is somewhat obscure. It has been
plausibly conjectured, however, that it derives from the Arabic word
rds, which means “head, beginning,” etc. From Arabic the word
may have passed over into the Spanish and from there to the Ital-
ian and other languages (342). The implication of separate origins
for the different races came inevitably. The 1dea of diversity once
established, the concepts of “superior” or “inferior” almost inevitably
followed, the human ego being what it is. This is unfortunate. In
one of the grandest periods of German history, the philosopher
Herder, in his great book Ideen zur Philosophic der Geschichte der
Menschheit (21), specifically stated, “I could wish the distinctions
between the human species, that have been made from a laudable
zeal for systematic science, not carried beyond due bounds. Some
for instance have thought fit to employ the term races for four or
five divisions, originally made on the basis of country or complexion:
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but I see no reason for this appellation. Race refers to a difference
of origin, which in our case simply does not exust, or in each of these
countries, and under each of these complexions, comprises the most
different races. In short, there are neither four or five races, nor
exclusive varieties, on this earth. Complexions blend 1nto cach other;
forms follow the genetic character; and, on the whole, all are at
last but shades of the same great picture, extending over all ages
and over all parts of the carth.” Parenthetically, we may remark
that whatever Herder meant by “genetic character,” 1t can hardly
be what would be meant today, since in hus day the science of genet-
ics, as we know it, did not exsst. Otherwise the passage is a wonder-
fully clear statement of what should be our position today.

Do Human Races Exist?

If we choose the crteria we want, we can nearly always make
races come out the way we think they ought to. If we are convinced
that the “African race” exists, and 1s different from the “English
Tace,” we may concentrate our proof, for example, on critenia which
will prove the inhabitants of central Africa to be quite different
from those of England, and can view with alarm any clams that
there are also great similarities between such populations,

It is the thesis of this book that racial categones, if they are to
have a valid conceptual basis, must be made on the basis of man’s
genetic constitution Until very recently, so scanty has been our
knowledge of human heredity, the only classifications possible to
the anthropologist have been those based on man’s appearance, and
on physical measurements. These methods have a hmited usefulness,
but are being superseded by our i ing L of what 1s
far more fundamental, man's genes and chromosomes,

How should races be defined? What are the differences, if any,
which will cause us to arrange human beings in several distinct
categories? First we may consider the ideas of the very naive man,
who is impressed by the way other people differ from him 1n lan-
guage, complexion and stature, and he speaks of the “British race,”
the “French race,” the “African race,” the “Chinese race,” etc., pre-
sur:nzbly meaning people whose ancestors were born and reared in
Britain, France, Africa, China, etc, The common man, not being
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specially tramcd to face and solve logical puzzles, has not usually

d the ulumate q of such an atutude. A fan'uly
from Great Britain, for example, goes to live 1n China and remains
there for several generanons, but carefully avords marnage with
any but pessons of British origin. The descendants of this Britsh
family are born and reared not in England but in China. Are
they British or Chinese? Confronted with such a case, the man in
the street would probably say that the descendants still belonged to
the Brtish race, and he would give as evidence to support hus judg-
ment their obvious differences from the Chinese in skin color, har
color, eye fold, language, etc.

Now let us make the problem more difficult, and suppose that
the Brutish famuly settled, not 1n China, but in Germany; that they
lost their knowledge of English, and that their descendants spoke
only German. Would it then be possible to state that the family was
still Britssh, and not German? The ordinary person would prob-
ably not be prepared to say so readily how to distinguish members
of the British race from all other Europcans, but he would probably
suppose that of course the anthropol being scientists, had
some way of easily answering such a question.

Race Defined by Anthropologists

Modern anthropologists, of course, have not been unaware of the
possible buas involved in taking over the common man’s ideas of
race and incorporatung them 1nto anthropological treatises Dahlberg
(7) states that “the current race doctrines build . . . on pre-Men-
delian views.” Hooton (24) deplores the use of such terms as the

“white race,” the “Jewish race,” the “Latin race,” and the “Irish
race,” because these seem to imply, respectuvely, that race is a matter
of skin pigmentation, of religion, of language, of geographical posi-
tion, or perhaps of temperament.

Hooton thinks that all anthropologists agree that the proper crite-
ria of race are physical characters. He has offered his own definition
of race, which runs as follows:

A race s a great dwmon of mankind, lhe members of which,
though divid arying, are ch d as a group by a cer-

tain combination of morphological and metrical features, prin-
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cipally non-adaptive, which have been derived from their common
descent.

A primary race is one which has been modified only by the opera-
tion of evolutionary factors, including the selection of 1ts own in-
trinsic variatiops and of the modifications, adaptive or non-adaptive,
possibly caused by environmental stmuli. . . .

A secondary or composite race is one 1 which a charactenstic,
stabilized combunation of morphological and metrical features has
been effected by a long-continued intermixture of two or tmore
primary races within an area of relauve isolation,

“Non-adaptive” evidently means not subject to the action of natural
selection. Hooton has more recently stated (p. 19) that he no longer
ders ractal ch. 1c: daptive.

Hooton is ot ly correct in supp p day races to have
been formed, at least partly, by mixture. Whether the racial ingre-
dients which went 1nto the mixture were ever themselves pure 1s
sull a question (p. 190).

So far as common descent goes, this can often be inferred, but
seldom proved. Even when geographical differentration 1s observed
m the species, this does not definutely prove common descent for
the population in the area 1n question. Climatic and ecological con-
ditions are constantly changing, and when these operate so as to
©Open Up a new area to a certain species, only certamn types of com-
binations (of a probably hghly variable population) would be able
1o spread into new areas. Sutable types might come from more than
one race. These might later on come to constitute a single geographi-
cal and genetic group but would not have a single common origin.
This question has been discussed by Huxley and Haddon (a8).
Therefore, there is no necessary Justification in assuming that a
group of people we consider sufficiently alike to constitute 2 race
do actually derive from a common ongin, unless we can prove it
by historical or paleontologucal evidence.

Less exacting definitions of a “pure race” have been offered;
Schewdt (16) simply requires that the several contcibuting elements
have become so completely blended that correlation fails to reveal
therr originat binati If by blending we und d inde-
pendent assortment of Mendelian factors, this definition 15 unob-
jectionable, although probably not very uscful in practice.




160 THE CONCEPT OF RACE

Coon, in his Races of Europe (6), also attempted to define the
word “race.” On page 3 he states that the concept of race 1s a gen-
eral one and any attempt to bring 1t down to a more specific mean-
ing represents a too ngid attempt at taxonomy. On page 11, how-
ever, he goes somewhat further and states that a race 1s a group
of people who possess the majority of their physical characterstics
1 common, This defimtion might be unobjectionable if applied to
speces, but 1t 1s doubtful 1f 1t applies to races (p. 202). Coon fur-
ther defines a pure race as one 1n which the several contributing ele-
ments have become so completely blended that tests for correlation
(see App. A) fal to reveal their original combinations, while at the
same time the processes of sclection and the response to envron-
mental influences have given the blend a distinctive character. Otber
anthropologists have also recognized the difficulty of defining the
term “race” and Kluckhohn (29) has stated that he belongs to the
group which considers that the term has, scientifically speaking,
hardly any usefulness.

Those Original “Pure” Races

Since mankind has certainly existed for hundreds of thousands
of years, and since during this time different groups have been to
a greater or lesser extent i contact with each other by migration
and conquest, the present human groups represent a pretty thor-
ough, although not uniform, genetic mixture, This is admitted by
Dixon, for nstance {9), although even while he admuts that such
a thing as a pure race can hardly be expected to exist and that peo-
ples of the world today are complex mixtures, he goes on to say
that they are mixtures of oniginal types and in these complex mix-
tures we must seek to discover, if we can, the constituent elements.
Thus the obsession of our age with the idea of race, and particu-
larly with the idea that there once existed primitive pure human
races, whose produced the p; t-day human groups, is
set forth once more,

Howells (26) suggests that beliefs in primitive “pure races” can be
traced back to ideas expressed in the Bible, for we read there that
the sons of Noah were Shem, Ham and Japheth, and that they,
with their wives, repopulated the earth after the Flood. Later
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church scholars surmised that from Shem there were descended
the peoples of Semitic speech, from Ham the peoples of Hamitic
speech (which would include the ancient Egyptians), and the rest
of the nations from Japheth.

It cannot be entirely the Biblical tradition, however, which causes
people to postulate primutive pure races whose muxtures produced
the modern peoples. Dahlberg (7) suggests that back of this line
of reasoning lies the concept of pure substances, such as copper,
tn, etc. The tendency to suppose that onginally “pure” human
races once existed scems to be an aspect of some almost instinctive
process of the human mind, and evidemly is by no means al-
ways the result of following tradition. The mathematician Bern-
stem (1), for example, 1n one of his early papers on blood groups,
postulated the orgmal existence of three “pure” human races,
one belonging to blood group A, one to blood group B, and
one to blood group O Modern blood group distnibutions were sup-
posed to be the results of vanous degrees of mixture of these primi-
tive pure races The results even of the wvestigations then known
make the concept of Bernstein scem extremely unlikely, and subse-
quent research has not produced any evidence that any such pure
primitave serological races ever existed.

At various other tumes, different workers have written 1n such a
way as to imply the existence in antiquity of a pure Aryan race, a
pure Alpine race, 2 pure Mediterranean race, etc ; apparently wish.
ing to avord at all costs facing the possibility that primitive man was
nearly as diverse in physical charactenistics as are men at the present
time, The reductio ad absurdum of this tendency has been pointed
out by Haldane (20), who mentions that 1f 1t were carried to ats
logical extreme we wauld have to suppose the existence at one time
of an originally “pure” redheaded race to account for the red.
headed peaple who exist 1n the world.

Other ples of the terdency to postul iginally pure races
whose mixture resulted 1n modern mlxcd races rnay be found
Dart (8), who postulates that the Baneu type i Africa arose from
the cross of Bushman and Negro, with imfltrations at intervals of
“Caucasian” blood from the Nile Valley; and 1n the writngs of
Gates (17), who states that the modern European populations are
o inermungled through processes that have been going on through-




192 THE CONCEPT OF RACE

our history and pre-hustory that any geographic boundaries between
Nordic, Alpine, and Mediterrancan have largely ceased to exist By
this Gates app ly ded to imply that such bound-
aries did exast at an earlier tume, since he goes on to say that no one
expects o find a relatively pure race except in focal pockets, still
refatvely undisturbed.

Genetic Impossibility of Now Recognizing
Orsginal Strains

To a student familiar with genetics, or even merely with the bare
outlines of heredity as expounded in Chapter II of this book, 1t
should immedately be clear that any attempt to sort out the onginal
characteristics of the onginally pure racial components (even if they
had ever existed), through a phenotypical study of modern mix-
tuses, is bound to be fruitless.

The independent assortment of chromosomes in inheritance and
the possibility that genes can cross over between pairs of chromo-
somes are alone sufficient to show the funlity of trying to recogmze
remote ancestral types in a modern population. In a population of
“mulattoes,” for instance, 1t would be quite 1mpossible to deduce
the skin colors of their forebears, who might have been “pure” white
and “pure” Negroes, or —mulattoes! Any types of mankind with
diferences pronounced enough really to constitute races must in
most cases differ 1n a number of genes (see below), In a mixture of
two or more races, independent assortment and crossing-over would
soon mix up these genes to such a degree that 1t 1s very unlikely
that any ancestral type would emerge, except perhaps very rarely,
1n a population descended from such a mixture. This was pointed
out by East and Jones (15) 1n 1919:

Traits originally characteristic of certain peoples because of isola-
tion and the consequent inbreeding have been shifted back and
forth, combined and recombined . . . Even it it were known what
the average values of the various characters of these carly strains
were, there is little reason for believing that a present-day indi-
vidual bearing one or two panicularly striking trans should be felt
10 hold any closer relationship to the strain in which these traits are
supposed to have arisen than his neighbors who are without them.
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««» It is positively midleading, therefore, to classify English
as resembling Damish, Norman, Pictic, Celtic, or Bronze Age types,
as is done 1 more than one work of authonity.

‘The verdict of the modern geneticist is expressed in Dobzhansky’s
remarks (11) that the naive concept of “pure” races must be replaced
by the more authentic one of the varying maidence of definite genes.
‘The atuitude of the modern genenast is clearly shown when Dob-
zhaasky goes on to say (11) that the idea of a pure race is not even
a legatimate abstraction: it s a subterfuge used to cover up ignorance
of the nature of the phenomena of racial varsanon.

‘We must therefore abandon any 1dea that individuals 1n 2 modern
population who show any one particular morphologcal feature char-
acterstic of some ancient race will be on the whole any more nearly
like this ancient race than are other individuals who do not show
the trait in question. The characterstic trait is probably determimned
by only a few genes, or perhaps even by only one, whereas the
nature of the individual is determined by the action and interaction
of the whole twenty or forty thousand or more genes which he
possesses (36). In other words, having a Roman nose does not make
you a Roman.

No One Criterion Enough

Al anthropologists understand, but some laymen apparently do
not, that no one physical charactenisic is going to be enough to
enable us to disunguish the varions races of man, one from another.
There are people who mustakenly believe that Negroid ancestry 1n
people of mixed white and Negro descent can always be detected
by the fact that such hybrds always show black pigment under-
neath their fingernails Other people believe that the color of skin
or the possession or lack of possession of wavy hair or some such
characteristic will enable face classification to be set up.

It requires only a very superficial acquaintance with the facts of
human descent to discover that these ideas are naive and largely
uafounded. There are many people with some Negro ancestry who
definitely do not show any external Negroid characteristics. In the
US.A. a certain number of such hybrids “pass the calor line” each
yeat. There are people of part Chinese ancestry who do not show
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the Mongolian eye fold. Classifications based on the type of hair,
whether straight, wavy or kinky, etc, are perhaps as satisfactory as
any classification based on a single charactenistic can be. But as soon
as the whole population of the world 15 1ncluded in this scheme
strange contradictions and nconsistencies begin to appear. Certan
Pacific Islanders get lumped wath the African Negroes largely be-
cause of ther curly or kinky head hair. At the same time, we are
obliged to classify many of the inhabitants of India with the natwes
of Central Asia and the aborigines of America, because of their
straight harr and uts complete lack of wave. If we use skin color,
we find that we are obliged to classify the Austrahian aborigines
{who are probably not a single race, anyhow, and who have many
characterstics making them really much closer to the Ainu or even
to the white races of Europe) with the natives of Africa, because of
their skin color. It soon becomes very clear that no classification
based on a single physical charactensuc is going to be satisfactory,
because no such classification fits with the geographical facts.

The “Racial” Constellation of Characters

Modern anthropologists, although they hold to no such maive
classification as those just suggested, stll tend on the whole to
believe that a classification of race can be achicved by considering
a small number of characters together. Most of them feel that by
defining the proper llations of these ck they somehow
ought to delimit every “race” from each of the others. This idea is
undoubtedly sound, but a wrong choice of the characters to be used
in the classification can lead us completely astray.

As an example of what can happen, let us consider a brilliant but
now almost completely discredited effort in the field.

Professor Dixon (who was however really 2 cultural, not a physi-
cal, anthropologist) in his book, The Racial History of Mankind
{g), stated that our conception of race may be divided into two
groups: 1) external and superficial, and z) internal, structural and
skeletal. The first group includes the characters which we have just
been speaking of, such as pigmentation of the skin, eye, and hair,
character of the hair, whether straight, curly, frizzly, or woolly, the
character of the nose, whether aquiline or depressed, etc. Data on
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these characters are obtained primarily as a result of observations.

Dixon has a number of objections to entena of this first sort.
They can be used, he says, only in conncction with hving men and
are useless for the study of the skeletal remains of ancient peoples.
Also, although 1t 15 easy enough to distinguish a white skin from
a black skin, or a light eye from a dark one, and straight hair from
woolly or an aquiline from a pug nose, in practice 1t has been found
extremely difficult to measure with any real accuracy the great num-
ber of intermediate conditions that are found. Thus while these
purely observational, or external, enteria are of great value in dis-
tinguishing between groups of men, Dixon thought their use was
surrounded by many practical difficulties and was restricted by seri-
ous limitations. Today we see that this is largely because we do not
know the “unit factors” (genes) back of such characters. Yet an
attempt to determine the genetic basis for such characters seems
never to have occurred to Professor Dixon, although the fundamen-
tals of genetics had been rediscovered over twenty years before he
wrote,

Dixon, followed by many of the earlier physical anthropologists,
preferred to base his criteria on the characters of the second group,
that is on measurements. He says, very interestingly, that out of the
very large number of measurements and ratios that have been tried
and advocated at one time or another, a relatively small number
have come to be accepted as undoubtedly of real sigmificance 1 the
determination and classification of races. Apart from structure, these
are mainly concerned with the skull or head. Dixon does not state
why certain criteria have come to be accepted while others have
been rejected, but a little examination of anthropological writings of
his time will, I think, reveal that the reason was essentally the same
as the one advanced by Moraat, who, in speaking of the blood
grouping characteristics, said that to be useful they must be found
1o give “reasonable results” in practice. Those of the proposed eni-
teria which were adopted are evidently those which were found to
8ive “reasonable results” —that 15, they brought home the bacon;
50 that in cases where the anthropologist was convinced race differ-
ences ought to exist, these criteria proved that they did. Unobliging
criteria which seemed to show no differences between races “obvi-
ously” distinct, or which indicated differences within groups “obvi-
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ously” homogeneous, have been tactfully relegated to the scrap
heap (37)-

It is true that criteria based on have the ad g
that at least some of them may be made both on skeletons and on
liing subjects. This enables us to compare modern peoples, in
respect to these characterisucs, with peoples of the past. Also, since
such criteria are purely metnical in character, they are less subject
to the uncertainties of the criteria which Dixon (g) called observa-
tional. (As a matter of fact, observational “all or none” characteris-
tics are subject to the least uncertamnty of all [3]).

Convinced, therefore, that racial differences ought to be detectable
even in the admittedly mixed group of H. sapiens that now inhabits
the earth, and convinced that the proper criteria to detect these
differences were metrical averages, Dixon (g) made the rather bold
experiment of attempting to classify o/l mankind on the bass of 2

bination of only three diffe morphological criteria: namely,
the cranual, or cephalic, index; the altitudinal or length-height index
of the skull; and the nasal index. The values obtamned for each of
these indices were subdivided into three ranges. All the possible
combinations, 3X 3 3, made it possible to set up 27 different
physical types. By looking up the combinations of these characters
in vanous European, Afncan, and other groups which he consid-
ered racially distinct, Dixon then proceeded to pick out arbitranly
certain ones of the 27 combimnations as being characteristic of various
races or “proto-races ™

The results of this experiment in classification were astonishing,
and somewhat sad, and in later years even Dixon himself somewhat
ruefully referred to the book as “my crime.” For example, when
Dixon came to the abonginal inhabitants of North America, he
found that his system, from which he had resolved never to deviate,
at Jeast within the covers of The Racial History of Mankind, forced
him to characterize some American Indians as Proto-Negroid, some
as Proto-Australoid, some as Caspian, some as Mediterrancan, etc,
in spite of the abundant evidence, of which he was well aware, that
the original inhabitants of North America could only have come
from Asia by way of the Bering Strait and are thercfore of Asiatic
origin. If the categorics of Dixon constitute races, then race is some-
thing which does not involve common descent. This clearly contra-
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dicts most common beliefs about the subject which were held at the
time, and 1t was at thts point that Dixon and the orthodox physical
anthropologists came to the parting of the ways. But Dixon’s work
was only an extension, and really a most ingenious and logical one,
of the trends of the physical anthropology of his ume; however, 1t
was frankly exp 1, and most anthropol of today regard
it as a sort of blind alley. Few paused to reflect that the absurdity
of many of Dixon’s conclusions was fundamentally based not on
errors in his use of method, or on his faillure to understand the
fundamental assumptions which underlay the physical anthropology
of that time, but on the absurdity of these assumptions themselves.

Modern anthropologists have rejected Dixon's work, because of
their appreciation of the fact that belonging to the same race usually
implies community of descent.

Fallacy of “Ideal Types”

Boas (2) pointed out in one of his last papers that, although the
logical way to express differences between different human groups
was by determining the frequency with which various forms oc-
curred in each group, this apparently 15 not the way the minds of
many anthropologusts tend to work The anthropologist tends to be
impressed by the forms which appear most commonly, and tends to
combine these frequent forms 1n his mind into one imaginary wdi-
widual which he calls THE TYPE. It 1s easy to show that such a
type is a concept which has no reality. For instance, Professor Sar-
geant (35) established the ideal type of the Harvard student by
having 2 sculptor make a figure of a youth whose body measure-
ments corresponded to the average of the measurements obtained
on a large number of Harvard students from about the year 18g2,
but he would certainly have been unable to find many individuals
strictly corresponding to that type.

Suppose we are liberal, and say that 2 man is like the ideal in
Tespect to any given measurement 1f he does not deviate more than
do 50 per cent of the total examined; we should nevertheless find,
as Boas points ou, that the number of measurements is such and
the number of their combinations is so great that Sargeant would
have found, on the average, among 1024 individuals taken at random
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at Harvard just one who corresponded to his ideal type, Thus it is
clear that 1deal types have no real bearing on the racial classification
of human populations as they actually exst. Instead we must deal
with the varauons in frequencies of various factors i different
populations.

Paucity of Specimens

An accurate and scientific division of mankind into races must
obviously be based on an adequate number of observations. The
fact 15, however, that 11 man, and even in many other specics,
attempts at classification have all too often been based on very scanty
material. Mayr (30) points out that, even in well-worked taxonomic
orders and classes, as for example some of the birds, new species
and subspecies are occasionally described on the basts of a single
museum specimen or at the most 2 few specimens. Even the Ameri-
can Museum of Natural History 1n New York City, which has what
15 probably the largest and most complete bird collection in the
world, has only about 800,000 skins, which means about 1000 skins
per species and about 30 specimens per subspecies. Yet many of the
anthropological endeavors of the past were based on even scantier
materal. It has not been uncommon for races of man to be described
on the basis of the examination of 20 or 30 skulls, and some of the
fossil races are represented by a few specimens, or sometimes by 2
single specimen. With so little material, of course, the normal range
of vanation of the popul which the speck p cannot
possibly be known, and if one of our isolated skulls should by chance
come from an abnormal or diseased individual, hs true place in the
total scheme could easily be misunderstood.

Reality of Species as Opposed to Races

‘The difficulty which we experience in trying to classify man, or
any other species, into races 1s quite different from the problem of
classifying organisms into species. Naturalists have not usually had
any great difficulty ia d 1 the different species. Thus as
Dobzhansky says (12), although any two cats are indwidually dis-
tinguishable one from the other and this is probably equally truc of
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any two lions, nevertheless, no living feline individual has ever
been scen which could cause in the mind of the observer any doubt
as to whether it belonged to the species cluster of cats, Felis domes-
tica, or 1o the species cluster of hons, Felrs leo. The two clusters are
entisely separate because there are no intermediates, and we can say
with perfect safety that any possible cat is different from any possi-
ble lion, and that cats as a group are dafferent from lions as a group.
The reality of the difference between Felis domesnica and Felis leo
is enurely independent of the aruficiality of any ideal cat or ideal
lion which some particular observer may set up in his mind as the
exemphification of the species. The objective reality of the differen-
tiauon of the human species 1nto vanous races, however, cannot be
similarly asserted, and it 1s 1mportant for us to recogmze the radi-
cally different nature of the problem which confronts us. Certainly
we should avoid any such nonsense as saying that “the different
races of mankind are really different species in spite of the fact
that they can breed” (17, 18). Any of this sort betrays
a fund 1 lack of und ding of the basic principles of tax-
onomy and evolution.

It would seem, on considering mankind as a whole, that we have
only one polytypic species. Some of our races are sympatnic (30)
in the sense that they occupy the same locality, or at least that their
habitats averlap; others are allopatric, in the sense that their habitats
do not overlap.

Species may sometimes arise from races. According to Dobzhan-
sky (10), species differ from races in the fact that the former are
isolated reproductively (this does not mean that they cannot inter-
breed, but that for one or more reasons they seldom do) while races
are not. In other words, a species is a genetically closed system,
because species o not regularly exchange genes. Because of this fact,
any given individual, with the exception of hybrids between species,
always belongs to onc certain species and never to two or more.
Races, on the other hand, are morc or less genctically open systems,
Their populations are channels through which genes can and da
flow from race to race. Since the genes may vary independently one
from the other, an individual may carry some genes which occur
more frequently in the representatives of one population or race,
and ather genes which are more characteristic of another, Such an
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indwidual could be said to belong to two or more races (depending
on our defimtion of race) at the same time, since he is in fact com-
pounded of elements of both.

Over-All Race Difference Small

Modern man represents an amalgam of elements which has been
in the process of formation for thousands of years. Some human
stocks have been isolated long enough for some evolutionary differ-
entiation to go on, but at the same time inherited traits have been
constantly interchanged, especially since the mass displacements of
populations which have gone on in historical times. The forces
making for eventual homogeneity are undoubtedly stronger today
than the evolutionary forces allowing differentiation, So we should
not be surprised if identical genes crop up in all corners of the carth,
or if the over-all racial differences we detect prove to be small. We
do not know the total number of gene differences which mark
off a Negro of the Alur tribe in the Belgian Congo from a white
native of Haderslev, Denmark. Glass (19) has suggested that the
number of gene differences even 1n such a case is probably small.
Besides a few genes for skin color, he thinks that there may be 2
dominant gene for kinky hair and a pair or two of genes for facual
features, He considers it unhikely that there are more than six pairs
of genes in which the white race differs characteristically from the
black. This estimate errs somewhat on the small side, in the opinion
of the present writer. Probably, however, it is of the right order of
magnitude, and any outraged conviction that the difference between
the two races must be much greater than this, which some persons
might feel, is likely to be based on emotional, rather than ravional,
factors. In lower forms, even different species may sometimes differ
by only a few genes (5).

Taken in conjunction with the fact that individual members of
the same race, ¢.g, the white race, or the black race, as a rule differ
from cach other by many more genes than this, the foregoing esti-
mate makes 1t seem quite probable that the intrinsic differences
between the various races are not large or important in the gcucucal
sense. The genetic differences between different individuals of the
same race can often, even with our present limited knowledge of
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human genetics, be demonstrated to be as large as ten to twenty
genes. Considering the enormous number of hereditary differences
stull unanalyzed (Ch. XI), it 1s likely that two human beings can
differ in respect to a thousand or more genes, without seeming to
us to be different enough to put nto different racial categories. An
inherited difference becomes vital as marking off a race only when
someone chooses to treat 1t as vital, as Fitler did with the Jews in
Germany, or as some 1ndividuals mn the United States have chosen
10 do 1n the case of the Negro. A Semitic nose, or a black skin, is
80 more significant in the evolution of the species than a head of
flaming red hair.

Genetic Definition of “Race”

In contrast to sorne anthropologsts, the geneticists as a whole
have not found it so difficult or so embarrassing to define the word
“race,” have not developed such tmudity about using ir, and have
not used it in such a loose manner. They have had the advantage,
of course, of dealing almost entirely with races which occur in
species of lower organisms. Human emotions and prejudices have
thus not influenced their thinking so much. But the difference is
also partly due ta the fact that the geneticists have based their defini.
tons on more objecuve and scientific foundations. If the science of
genetics had developed before physical anthropology, we might now
be using the concept of race, as defined by geneticists, and applying
it to the human specics, As many writers, Hogben (23) for example,
have pointed out, all of the exising human types are nterfertile
and constitute a single Linnacan species Within this species there
are various groups which duffer from each other to a greater or less
degree and some of these we may, if we choose, define as races.

It must not be supposed that the genetic definition of race would
naturally be “a group of indwviduals with identical genetic consti-
tutions.” This would not be a good defimtion, for, as pointed out
by Dobzhansky and Epling (14), groups of identical indwiduals
are simply never fauad, for there is 2 great deal of genetic vasiation
even within the confines of a race. If we should frame our definition
of race along these lines, every single individual would have to

fong to a separate race, of which he was the only member, (Iden-
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individual could be said to belong to two or more races (depending
on our defimtion of race) at the same time, since he is 1n fact com-
pounded of elements of both,

Over-All Race Difference Small

Modern man rep an amal of el which has been
in the process of formation for thousands of years. Some human
stocks have been isolated long enough for some evolutionary differ-
entiation to go on, but at the same time inhenited traits have been
constantly interchanged, especially since the mass displacements of
populations which have gone on in historical times The forces
making for eventual homogeneity are undoubtedly stronger today
than the evolutionary forces allowing differentiation. So we should
not be surprised 1f 1dentical genes crop up in all corners of the earth,
or if the over-all racial differences we detect prove to be small. We
do not know the total number of gene differences which mark
off a Negro of the Alur tnibe in the Belgian Congo from a white
native of Haderslev, Denmark. Glass (19) has suggested that the
number of gene differences even mn such a case 1s probably small.
Besides a few genes for skin color, he thinks that there may be 2
dominant gene for lunky hair and a pair or two of genes for facial
features. He considers it unlikely that there are more than six pairs
of genes in which the white race differs characteristically from the
black. "This estimate errs somewhat on the small side, 1n the opinion
of the present writer. Probably, however, it is of the right order of
magnitude, and any outraged conviction that the difference between
the two races must be much greater than this, which some persons
might feel, is likely to be based on emotional, rather than rational,
factors. In lower forms, even different species may sometimes differ
by only a few genes (s).

Taken in conjunction with the fact that individual members of
the same race, e, the white race, or the black race, as a rule differ
from each other by many more genes than this, the foregoing esti-
mate makes 1t seem quite probable that the intrinsic differences
between the various races are not large or important 1n the genctical
sense, The genetic differences between different individuals of the
same race can often, even with our present limited knowledge of
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tions are racially distinct. If the concept of race is to be taxonomi-
cally useful, however, we should not use the term quite so freely,
for otherwise we shall have too many races within each species, and
the term will lnse much of its value for purposes of clasuification,
Dobzhansky and Epling go 1nto some detail to show that in Dro-
sophila, where far more is known about the geneuc structure than
in man, it would be quite useless to decide to base the concept of
race on the possession of any one gene or any one particular arrange-
toent of genes in any one particular chromosome, Individuals identi-
cal in respect to this chromosome would frequently be found to
differ profoundly in respect to the arrangement of genes in some
other chromosome. T'o make the race concept useful, we must look
for some addrional feature to use 1 defining it. In the species of
Drosophila pseudovbscura (14) there is a rather conspicuous break
between the populations of the Pacfic Coast of the United States
and those of the Intermontane Plateau; between those of the Inter-
montane Plateau and those of the Rocky Mountains and Texas; and
etween those of the Unsted States and those of Mexico and Guate-
mala. Thus we can readily distinguwish four races of Drosophila
pseudoobscura. In addition, within at least two of those four races,
there are rather clear secondary disconunmies. Thus one student
might choose to disunguish four or seven or even more races in
this species; whereas another, fecling in a different mood, and re-
calting that the major as well as the munor races are connected by
gradients, might refuse to delimit any races at all.

When we take account of the various intermediate grades which
are possible, and whuch often exist, between groups which appear to
be distinctively different, the differences sometimes begin to seem
considerably less, For instance, the titmouse of Asia, Parus minor,
and the ttmouse of Europe, Parus major, differ (10, 27) to such
an extent that if there were no intermediate forms they could be
considered “good” species, especially since they are physiolagically
isolated and can exist in the same territory without crossing. Never-
theless, the Asiatic titmouse occupies the territory from Amur and
prﬂn 1o southern China, where it intergrades with Parus bokkaren-
4is, The latter 1nhabits southern Asia from the Sunda Islands through
Indiz to Turkestan, and in Persia nt intergrades with the European
form, Parus major, which extends across Siberia. In the Amur region
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it meets the distnbution of Parus minor and in this region both
forms occupy the same territory without intergradation. (This over-
lapping is probably recent; that 1s, since the last Ice Age.) Never-
theless it is clearly impossible to draw a sharp line anywhere between
Parus major and Parus minor,

If we examine the population of a good many localities, it may
happen (14) that the frequencies of some genes or of some chromo-
some structures change gradually in various geographical directions,
so that the differences between populations are proportional to the
distances between the localities which they inhabit. When this is
true we have a geographical gradient (a chine), analogous to the
slopes shown by the contour hnes on topographical maps, or the
temperature gradients crossing the isotherms on weather maps.
Examples for the human population are given in Figures 333, 33b-
The populations at the two ends of such a gradient may be pro-
foundly different 1n genetic constitution, but they may be connected
by all grades of genetic variation between the two In such a case,
whether or not the systematist decides to break up the population
into two or more sections and designate them as races is quite arbi
trary. This decision will be based upon considerations of expediency
and nothing else. In favor of defining two or more races there will
be the advantage of having simple reference names which apply to
the various populations. Among the disadvantages there will be the
difficulties caused by the existence of populations which are inter-
meduate between the arbitrary racral types.

Dobzhansky and Epling note (14) that the gene frequency gradi-
ent between some populations may be relatively steep, and that in
some cases these gradients are steep enough (contour lines close
together) to justify taking some point on the steep portion as 2
boundary and thus breaking up the species into one or more discrete
arrays of populations which will have few intermediates In s
a situation we have little hesitation in defining races. Each major
population array becomes a race, and these arrays can be delimited,
counted, and named. The mean differences between these popula-
tion arrays may not necessarily be any greater than those between
the end members of a continuous population chain which we may
prefer to call one (variable) race, but if nature, by providing us with

or nearly complete disc between the arrays, has
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10 a large extent ehminated the arbitrary human element otherwise
involved in drawing diniding lines between populations, we feel
justified in referring to these arrays (isolates) as races.

In nature the geographic grad n gene freq are sel-
dom quite umiform on the one hand and are seldom entirely dis-
continuous on the other, so we have usually to deal with a some-
what intermediate sitnanion. Therefore it is not at all uncommon
to find within a single species that two certain races may be easily
separated from each other, while two other races show only a shght
discontinuity where their populations meet or overlap.

Whatever the course adopted 1n devising names for the popula-
tions (14), the realines of the situation are not altered in the least.
It sull remains a fact that the species Drosophsla psendoobscura is
geographically differentiated, and that populations of different terri-
tories differ in regard to the relanve frequencies of chromosome
types (and genes). And this is exactly what the geneticist means by
racial differentiation. The differences are usually gene differences,
not duffy in whole ct but the principle 15 the same.
Dobzhansky has often used chromosome arrangements in D. pseu-
doobscura because these can be 1dentified directly by muicroscopic
examination, without breeding expersments.

Given an individual from any part of the distibution area, we can
predict the probability that it will have a given gene, or to take
_D- pseudoobscura as an example again, a given gene arrangement
in the third ch Or, given a popul sample from a
well known locality, we can predict the probable frequencies of the
ifferent varieties of chromosomes which will be found in it Or if
We are told the genetic constitution of a population sample, we may
Buess at the probable location from which it has originated. To that
extent racial studies in Drosophila may be said to be successful. It
Is certainly doubtful if racial studies in man can ever be expected
to be any more successful than this,

Race Only a “Constellation of Characters”

The moral to be drawn from the above considerations of inde-
Pendent variation is that if we make a thorough study of man,
genetically and morphologically, we must not expect that the various
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data collected will all be mutually “consistent.” In fact, we must be
prepared to find that populations 1n Greenland and in Austraba
agree quite well 1n regard to blood grouping frequencies (A, B, O
at least) (Table 31) while they markedly disagree in regard to the
M and N blood types, in regard to skin color, hair form, and other
h 1stics. Most porary physical anthropologists will
probably accept this as a necessary and not 1llogical situation.

If we may agamn illustrate with an example from the study of
lower forms, a sp of Drosophila pscudoob. (14) from
California, which carries the “Santa Cruz” gene arrangement in the
third chromosome, is in that respect more simlar to specimens from
Mexico which have the Santa Cruz gene arrangement than it is to
other California specimens which do not, more similar perhaps than
even to some of its own brothers and sisters, which may carry some
of the other gene arrangements. In other words, although the geno-
type of an individual is derived from the population from which
it sprang, it is not absolutely predetermined by the genetic composi-
tion of this population (except of course in respect to genes for
which the population is homozygous). And the extent to which the
individual can vary in turn depends on the degree of genetic varia-
bility which is present in the species in question.

It is to be feared that many anthropologists, and many laymen,
nevertheless have continued to hope that human races are so differ-
ent basically that the differences will show up, almost irrespective
of what sort of observations we make on populations. "This attitude
interposes an unfortunate obstacle to progress towards a really objec-
tive concept of human races.

Fleure says (16): “Skin color and hair form have been used in
the classification of mankind, and they are, it is true, obvious and
distinguishing marks; but there is a danger in such usage. We 100
easily slip into the habit of considering, for example, that the peoples
with dark skin and kinky hair form a profoundly distinct group
marked off by all their characteristics from the rest of the human
race and that the socalled Nordic race can be described simply 35
light colored of hair, eyes, and skin.” Some writers are not sausficd
with the simple observation that a2 Negro has a black skin, whereas
Europeans are “white,” but are convinced (probably without ade-
quate evidence) that each organ and each bone of a Negro will,
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when properly scrutinized, show some istic Negroid traits.
Professor R. R. Gates (18) has carried this tendency 2bout to the
limit in claiming that the various races of man are really different
species,

As data on the physical charactenstics of the human race have
accumulated, however, and 1t has become clear how they are mostly
independent of each other, this potnt of view has become more and
more patently absurd, and 1t has gradually become clear that what-
ever races we choose to disunguwish will be almost entirely arbitrary,
and ther distribution will depend on the particular characteristics
on which we choose to base them. Dahlberg (7) reminds us that
the finding of one “racial” difference does not mean we can forth-
with assume that many other differences must exist. The observed
difference may be the chuef or even the only difference. The only
instances 1n which we may expect a “dividend” of addwnonal sumi-
larities will be those 1n which we are studying populations which
have long been isolated genetcally, and thus have had time to
undergo considerable differentiation. The situauion is entirely dif-
ferent from the case of the chemical elements, where, when we
find one test which clearly differentiates sodmm and arsenic, for
cxample, we can safely infer the existence of many other important
differences.

We may define a human race as a population which differs sig-
nificantly from other human populations 1n regard to the frequency
of one or more of the genes 1t possesses. It 1s an arbitrary matter
which, and how many, gene loct we choose to consider as a signifi-
cant “constellation”; but 1t seems better, on the one hand, not to
designate a muluplicity of races which differ only 1 regard to a
single pair or a single set of allelic genes; and on the other, not to
insist that the races we define must differ from cach other with
respect to all their genes. An actual race classification will be at-
tempted in Chapter IX.
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CHAPTER VIII BloOdGl‘OuPS

Since species are characterized not only by morphological at-
tributes but by therr specific biochemical constitution as well, 1t
scems evident that the somatic and functional development of
the organic world was Itel biochemical oM. . v o

=— KARL LANDSTEINER

Three Types of Hereditary Characteristics

In the first chapter, it was pointed out that the best physic!
anthropological classification of men must be based on gere
characters. Having surveyed, although somewhat briefly, the subjest
of genetics 1n the second chapter, we may at this point inquue?
how _mu;h 1s known about genes which act to determine humrad
constitution, and which genetically determmned characters ¢ best
adapted for wse as the basis for a physical classification” In M
ing this quesnion, we may divide the inherited charactess iot® three
categories: characters which are fairly common and variable,
lieved to be inhertted although the mechanism is still to be workt
out; rare pathological conditions whose mechanism of inhentanc®
is known, and normal physiological characters inherited by 3 koo
genetic mechanism, Let us first consider the first category:

. Perhaps nearly all human characteristics are at least 10 2 8
inherited, for they are the end result of the action of certaif geoet
acting in a given environment, Facial features, such as the 128 of
the nose, and the color of the hair, skin, and cy;s are good exampleé
Al the genes which affect physical ap‘pcarancc ’the various el
and morphological features, etc, belong in this :;atcgory- Bug hums?
gcnctllcs has been investigated to such a slight extent that in ".“y
few, if any, of these cases do we know the genetic ‘mechanisty 1
the number and behavior of the genes involved, whether they

ens
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on one or several chromosome patrs, what dominance relations exist,
and 0 on. Whether personality traits are inhertted is sull a very
controversial issue.

The second category contawns a rather large group of faurly un-
common genes which may produce certan pathological conditions.
For example, there are a large number of mherited abnormaliues of
the eye for which the genetic mechanism has been worked out (1g).
Another good example 15 the gene which, when present in double
dose (homozygous), makes the mdividual unable to oxidize phenyl
pyruvic actd, and at the same ume, whether as a consequence of
this metabolic failure is not known, causes the affected person to
be an idiot (22). The frequency of any one of these genes in any
given population is very low.

In the third category there are a few charactenstics which do not
affect the appearance of an indwidual, but which are relatively
common, and whose genetic mechanism is fully uaderstood These
genes have been identified n the course of physiological and patho-
logical research, or sometimes purely as the result of an accidental
observation.

The members of the second group are too rare in the human
population to be of any great value for purposes of classification.
Itis fairly obvious that a frustful classification cannot be based upon
the frequency of same rare gene whach, although 1t always produces
some disease or abnormality, occurs in only about one person out
of 50,000. Our knowledge of the behavior of these human genes,
although of interest to the student of pure genetics, is of no use to
us as anthropologists because of the rarity of these genes. The first
class of general heritable features has heretofore been the one most
used as a basis for the defining of human races Classification of
men into racial categories on the basis of such characteristics has
been attempted by a great many authors. Nevertheless, all of these
characters fall far short of meeting all the specifications for a really
valuable eriterion of classification which we discussed in Chapter 1.

€y are most unsatisfactory in one particular aspect: the exact
manaer of their inheritance is not known.

Only the third group of characteristics seems to meet the quali-
fications we laid down in Chapter L It is just an accident, stemming
from the rather haphazard way in which our knowledge of human
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genetics developed, that all of this group are the result of discoveries
made in the laboratory (although most of them can be wnvestigated
under field conditions) and a slight amount of specialized koowk
edge 1s required to understand therr significance. The simplest and
most important of these are the blood groups. It may be wist 10
present at first a somewhat oversimplified explanation of the blood
groups, and to fill this out later on, as the reader becomes better
acquamnted with the tdeas involved.

The A, B, O Blood Groups

The four classical blood groups, O, A, B, AB, were dxscmj;lrltd
in 1900-102 (12, 27, 28) by Dr. Karl Landstewner and pupils They
depend upon the circumstance that the red blood CO.‘P““kst
certain indviduals are acted upon by substances present the ﬂms
part of the blood (1e., plasma or serum) of certain othet pusons
1 such a way that they stck together to form clusters and C]“mg r
These clumps are at first so small that they can be scen only ua ce
the microscope, but when the reaction is strong they grow 02 s:;e
casily discernible by the naked eye. The chemical substances in 2
red corpuscles which permit their being agglutinated 10 this ¥
are called antigens, and there are two of them, designatﬁd as A a0
B. In serum, substances which react with these substances may,
formed, and there are two of these, designated as anti-A and ant>

The division of all persons into four blood groups dcpcn.d!. e
the fact that the two different blood corpuscle charactcnsulc;ch
and B, can be present singly or together, or can be ab“m .
designate the absence of both by O, we have four possibiliies:

1. Blood corpuscles contain O
2. Blood corpuscles contain A
3- Blood corpuscles contain B
4- Blood corpuscles contain A and B

h
These four possibilitics correspond to the four blood groups whe

ove
are now by international agreement designated briefly by the 2b
mentioned letters, thus:

O A B AB
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The relation of the serum agglutinins anti-A and anti-B to the
charactenstic blood corpuscle substanées of the individual 15 given
by the Landstemner rule: there o5 always found that agglutinin or

Taste 18
The Human Blood Groups

Agglutnogen Aggluimn
Blood Group 1n Corpuseles 1n Serum
o o anti-A + antiB
A A anu-B
B B antt A
AB A+B -

agglusinins which could co-exist physologically unth the blood
corpuscle characteristic which 1s presens Thus, for example, anti-A
is found 1n the presence of O and B, but not of A. These relations
are illustrated by Table 18, 1n the last column of which the blood
group serum characteristics are represented. (Cf. Fig, 30.)

Procedure of Testing

The technuc of blood group determination will not be described
in detarl here, Detailed descriptions will be found 1n (48, 56). In
determining blood groups, the corpuscle suspension of the person
t0 be tested 15 allowed to react, preferably i the test tube (29, 48,
56), with sera which have the property of agglutinaung cells con-
taning blood group factors A and B respectively. It 1s custornary
to put 1n each test tube one drop each of cell suspension, serum, and
sahne {09 per cent sodium chlonde solution). The contents of the
tubes are then thoroughly muxed. If no centrifuge is available, the
tests are read after the lapse of 15 minutes to one half hour, depend-
g on the strength of the sera and the behavior of the controls
(bloods of known group tested ! 1y). Typical aggl -
tion is shown 1n Figure 31. The group is determined by the simple
scheme shown in Table 1.

Blood grouping tests can also be carried out an glass shdes, in-
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genetics developed, that all of this group are the result of discoveries
made in the laboratory (although most of them can be ivestigated
under field condittons) and a slight amount of specialized knowk
edge is required to understand their significance. The sxmpks.t and
most 1mportant of these are the blood groups. It may be wise 1
present at first 2 somewhat oversimplified explanatton of the blood
groups, and to fill this out later on, as the reader becomes better
acquainted with the 1deas involved.

The A, B, O Blood Gronps

The four classical blood groups, O, A, B, AB, were discoyered
in 1900~1902 (12, 27, 28) by Dr. Karl Landsteiner and pupils. quf
depend upon the aircumstance that the red blood cufP“s‘]C’ °
certain indrviduals are acted upon by substances present in the fu
part of the blood (1., plasma or serum) of certain other persons
in such a way that they stick together to form clusters and dum;ﬁ'
These clumps are at first so small that they can be seen only under
the microscope, but when the reaction is strong they grow to asize
easily discernible by the naked eye. The chemical su\m‘af‘ct.s it
red carpuscles which permit their being agglutinated in
are called antigens, and there are two of them, @

B. In serum, substances which react with these =
formed, and there are two of these, designated as anti-A

The division of all persons into four blood groups «
the fact that the two different blood corpuscle cha
and B, can be present singly or together, or can be
designate the absence of both by O, we have four poss

1. Blood corpuscles contain O
2. Blood corpuscles contain A
3. Blood corpuscles contain B
4. Blood corpuscles contain A and B

These four possibilities correspond to the four bk{od &
are now by international agrecment designated briefly
mentioned letters, thas:

O A B AB
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The relation of the serum agglutinins ant-A and anti-B to the
characterstic blood corpuscle substanées of the indivdual 1s given
by the Landstemner rule. there ss always found that aggluainin or

TasLe 18

‘The Human Blood Groups

Agglatmogen Agglunnin
Blood Group 1 Corpuscles 1n Serum
o o anteA 4+ antB
A A anuB
B B antLA
AB A+B -

agglutining which could co-exsst physologically wnth the blood
corpuscle charactensstic which 15 present ‘Thus, for example, ant-A
is found 1n the presence of O and B, but not of A. These relations
are illustrated by Table 18, 1n the last column of which the blood
group serum characteristics are represented. (Cf. Fig. 30.)

Procedure of Testing

The technic of blood group determination will not be described
in detal here. Detailed descriptions will be found 1n (48, 56). In
determining blood groups, the corpuscle suspension of the person
1o be tested 15 allowed to react, preferably in the test tube (29, 48,
56), with sera which have the property of agglutmating cells con-
aining blood group factors A and B respecuvely. It is customary
to put in each test tube one drop each of cell suspension, serum, and
saline (09 per cent sodum chlonide soluuon). The contents of the
tubes are then th hly mixed. If no ifuge 13 available, the
tests are read after the lapse of 15 minutes to one half hour, depend-
10g on the strength of the sera and the behavior of the controls
(.bloods of known group tested simultancously). Typical agglutina-
tion is shown in Figure 31. The group is determined by the sunple
scheme shown in ‘Table 19.

Blood grouping tests can alse be carried ont on glass shdes, in-
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Froure 30. Schematic representation of red Hlood aggis-
unogens (antigens) and agglutinins.

stead of in test tubes. This method is often used for dlinjcal ust;‘“
hospitals. An idea of the appearance of the reactions 1© the 2%
cye and under the microscope is given in Figure 32

Inheritance

It was fairly soon found that the blood groups Wese mhcrlltdv
bue at first the exact mechanism was aot fully vaderseod
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(ANTI-B)
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Ficure 31. Schemanic representanon of blood grouping as

carried out i gest tubes.
TasLE 19

Determunation of Groups with Two Test Sera,
Antr-A and AntiB

Known Serum  Known Serum Group
And-A And.B
Agglunnagion of - e
the unknown + B
bl It
lood corpuscles + X AB
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ASERUM BSERUM  ASERUM B SERUM
(ANTIB) (ANTLA)  (ANTIE) (ANTIAY
GroUR GROUP
° °
GROUP e crovP
A A
GROUP CROVY
B )
GROUP GROUP
AB »2
Actoal appearance Mucroscopic
Fioure 32. Schematic representation of bleod grouping on
shides,

carliest theory of bloed group inheritance, proposed by von Dungertt
and Hurszfeld (16), postulated that the blood groups were inherste

by means of two independent pairs of genes. The correct mechanism
of inheritance swas shown by Bernstein (1) to depend upon 2 senes
of three allelic genes, that is, three genes which can occupy the s3m°
locus on a certain chromasome, which are generally d:sigﬂaltd o
A, B, and O. From Chapter 11, we know that each person must
possess some combination of two of these genes. Six different com
binations, 00, AA, AO, BB, BO, and AB are possible, Since, hos-
éver, the factor O secms to be recessive to both A and B (or 2t Jeast
its presence in the genetic make-up of the individual docs not intes-
fere with the full expression of the A or B characteristic), th¢
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heterozygotes AO and BO are indistinguishable from the h y
gotes AA or BB respectively, and the six gene combinations produce
only four distinguishable gronps, as shown in Table 20,

TasLe 20

Genotypes and Phenotypes of Blood Group Genes

Genatype Blood Group
{Phenotype)
[ele] o
AA A
A0
BB B
BO
AB AB

Because of the length of human generations, and because of the
impossibility of making direct expernimental crosses, the methods of

uman genetics are necessarily somewhat different from those com.-
monly employed 1n the study of the lower forms, It is, therefore,
worth while to consider briefly how Bernstein demonstrated that
the blood groups are inherited by a series of three allelomorphs and
ot by two paurs of independent factors on different chromosomes,
as had been previously suggested (16) by von Dungern and Hirsz-
feld, whose theory led to the predicted genotypes and phenotypes
shown in Table 21. According to this theory, parents of blood group
AB could have children of any of the four groups.

According to Bernstein's theory, group AB is homogencous, in
the sense that all indwiduals in the group are alike in having one
A gene and one B gene. Individuals of group AB could therefore
never become the parents of a child of group O. (The blood group
of an individual never changes from infancy to old age.) Careful
study of a large number of human families revealed that this was
true, for although a few such children had been reported before
Bernstein's hypothesis was proposed, later studies, made with more
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‘TaBLE 21

Genotypes and Phenotypes According to the (Obsolete)
von Dungern and Hirszfeld Hypothesis

Genotype Blood Group
(Phenotype)

aabb
AAbb
Aabb
aaBB
aaBb
AABB
AaBB
AABb
AaBb

AB

careful technic, carred out by workers knowing the Bernsteit
hypothesis (who therefore were led to retest any apparent cxoe(}:
tions), have revealed that children of group O are never born :
indwiduals of group AB, It is true that since the enunciatod 05
Bernstein’s hypothesss some families have been reported with lcd
father of group AB and a child of group O, but no a“[hch;(
case is known of a mother of group AB having a normal child o
group O. It seems pretty clear that the children in the former 635;’
were illegitimate, The accompanying Table 22 shows how ¢t
the experimental results conform to the Bernstemn theory.

Another way in which the von Dungern and Hiszfeld thee?
P}IDVCd inadequate and the Bernstein theory correet was shows ™Y
the statistical study of populations (p. 4o1).

From the absence ofpnrz’)rmal chil(cll)r::lx ‘2'ho have a blood gr!:‘;}:
incompatible with that of their mother (and the same :-“gun:lﬂ!
applies to the M, N types discussed on page 232), we may infer ise
the blood group genes do not mutate at any rapid rate, for other™™
children incompatible with their mothers would have been abscﬁzn
Blood groups thus may be more “conservative" characters
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TaBLE 22
Inheritance of Blood Groups, as Found in Actual
Studies {48)

Groups of  Number of Number of Children 1n Group
Parents Famihes o A B AB Total
0x0 1405 3355 (19) (O] o 3378
OxA 2657 248 338 (10) (2) 5387
OXB 1365 315 (7) 1690 (1) 3013
0XAB i 8 6 62 {3 128
AXA 1270 516 2354 ° () 2871
AXB 1200 6t 98 g3 782 2985
AXAB 419 o 438 238 279 905
BXB 536 188 [¢5] 975 o 1164
BXAB 303 @ 1 /3 25 481

AB X AB 57 ° 26 36 63 125

Totals o806 B9 7u55 4657 136 234z

Numbers 1n parentheses are apparent exceptions to the accepted theory of
blood group inheritance proposed by Bernsten They ace doubtless due to
faulty technic in making the tests, or to sllegitrmacy

albinism and hemophilia, both of which seem to be recruited
steadily by mutauons from the normal gene (p. 137).

The genes 4 and B cauvse the production 1n the red blood cells
of the individual of the chemical substances known as A and B
respectively. The chemical nature of these substances has been 1nves-
tigated (24) by Kabat and by Morgan. They are nitrogen-containing
carbohydrates” 1f gene A or B is not present, the individual does
fot develop the corresponding blood group characteristic, and a
person who has neither the A nor the B gene has neither antigen
A nor B, and therefore belongs to group O.

Blood Transfusion

From Table 18 it will be understood that if we inject the blood
of an individual of group A into the circulation of an ind

e
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TaBLE 21

Genatypes and Phenotypes According to the (Obsolete)
von Dungern and Hirszfeld Hypothests

Genotype Blood Group
(Phenotype)

aabb o
AAbb

{ Aabb A
2aBB

{ a2Bb B
AABB
AaBB
AABL AB
AaBb

careful techoue, carried out by workers knowing the Berstc?
hypothesis (who therefore were led to retest any apparent €xF
tions), have revealed that children of group O are never bor>
indwiduals of group AB. It 15 true that sice the enynatiot o
Bernste’s hypothesis some families have been reposted with B¢
father of group AB and a child of group O, but no authenticl®
casc Is known of a mother of group AB having a normal child o
group O. It seems pretty clear that the children in the forme? 8¢
were illegitimate, The accompanying Table 22 shows how neay
the experimental results conform to the Bernstein theory.

Another way in which the von Dungern and Hirszfeld theod
5}]‘°"°d }“3d;quatc and the Bernstein theory correct was showt ¥
the statistical study of populations (p. 4o1).

From the absence °fpnirmal chxl(grcg “);ho have a blood SW*;‘:
incompatible with that of their mother (and the same .ﬂfg““:;ﬂ
apphes to the M, N types discussed on page 232), we may infer i
the hlood group gencs do not mutate at any rapid rate, for atbese
ehuldren incompatible with their mothers would have been dbsert?
Blood groups thus may be more “comservative” charactess
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upon race. If you need a blood transfusion, the blood of a healthy
Negro or Chinese, if ke 1s of the same blood group as you, will be
of the same clinical value as the blood of a “Caucasian,” and the
blood of your brother or sister, if of the wrong group, may kill you.

The effect of the blood group genes is mamifested 1n each indi-
vidual in any and all enviconments. So far as we know, nexther
chrmate nor diet, nor any other outside factor, can affect the blood
group, which is determined by heredity alone.

Racial Classification

Tens of thousands of individuals have been “blood grouped”
since 1900 The very early tests did not seem to reveal very much
difference in the frequencies of the four groups 1n various nationali-
ties, but during the First World War two Polish doctors named
Hirszfeld, working on the Macedontan battle front, made the dis-
covery that the percentages of the four groups vanied considerably
in different races, and later, after some discouraging expertences,
they finally got their findings accepted and published 1n 1919 (23).
A summary of their results will be found in (48) This new anthro-
pological technic was at first hailed enthusiastically by some anthro-
pologists and other scientists (43, 50, 51) as a wonderful way of
detecting races by characters “hidden in their blood,” but since the
conclusions which had to be drawn from the blood group ohserva-
tions 1n many cases did not coincide with ideas based on earlier
work such as morphological studies, already thought to be firmly
established, there was later on a reaction against the use of blood
groups in anthropology; the enthusiasm faded to a puzzled bewilder-
ment, and anth logists became i of the whole subject.

poiog P
Now the pendulum 15 beginning to swing m the other direction
2gain, and many geneticists and anthropologists are maintaining
that blood groups constitute the best basts, at present, on which to
frame a racial classification (6, 15)-

As ¢ for use 1 pological classification, the blood
groups offer scveral advantages (26): (a) They are inherited in a
known way according to Mendehan prnciples (b) ‘They are not
altered by differences 1n climate, food, illness, or medical treatment,
(<) Their frequency in a population is a very stable characteristic.
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of group B, the anti-A agglutinins in the plasma of the group B
reciprent will agglutinate the A cells which were injected It has
been found from expersence that a serious, or indeed often 2 fitdl
reaction may result from such a transfusion, especially if much of
the incompatible blood is injected, It is for this reason that blood
transfusions can be performed safely only when the blood groops
of the individuals have been previously determined.

In making a transfusion, the preferred procedure is to use blood
of the same group to which the recipient belongs. If the scheme
the above table is studied, however, it will be scen that there ar
a number of combinations in which the cells of the donor will oot
be agglutinated by any agglutinins present in the circulation of the
reaprent. The converse possibility, namely, that the agglatinins of
the donor may agglutinate the cells of the recipient, is generally ndt
s0 important, because the amount of blood injecred from the donoyr
1s equivalent in amount to only a small fraction of the recipients
circulation, and the agglutinins introduced by 1t get diluted (anfl
probably to some extent neutralized) by substances tn the recipieUs
plasma and tissues, The possibilities of transfusion which are this
allowable are shown in the accompanying scheme. It should be xe-
marked, however, that transfusions carried out according to tis
scheme, such a5 using persons belonging to group O as socalled

P

A>A
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N
/
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“u"i""’f‘l danors,” have not always been successful, and here ¥
some evidence that certain individuals of this group are dinger™
when us.cd as donors for persons of other groups (40), ‘i““fhﬂf
agglutinins are strong enough to destroy some of the recipient$
cells. Thete is no evidence that the results of transfusion deped
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‘TABLE 23
Frequencies of Blood Groups O, A, B, and AB in
Typical Populations
Populanon. Place Number O A B AB ¢ q r
Tested
Low A, Virtually No B
Am, Indians  Montna 138 974 26 o o o013 0o 0987
(Utes)
Am Toduns  Argenuna 594 985 15 © o 0007 © 0993
(Toba)
Am. Indians  S.Dakota 100 910 70 20 © 0035 0010 0955
(Sioux)
Am Indians  B.Columbia 123 854 122 24 © 0063 0013 0926
(Rwakutl)
Moderate A, Virtually No B
Am. Tnduns N Mexxo 350 777 225 o o o125 o ol
(Navaho)
Am Indans  Jemez etc 310 784 200 16 o 0105 0.007 o835
(Pucblo) N M.
High A, Ladle B
Am. Indians  Montana 6 174 812 o 14 o583 o oy
(Bloods)
Am Indans  Montana 315 235 765 © o 0515 0 o485
(Blackfect)
vstralian  +South 54 426 574 o © 0346 o  obsq
Abongines Australia
Australan W 243 481 519 o o 0306 0  ofgq
Aborigincs  Austrabia
Basques San ot 573 417 L1 © 0239 0008 0756
Sebasnin
Am Indans  Wyoming 60 516 450 16 16 0364 ooix og18
{Shoshone)
Polynenans ~ Hawau 413 365 608 23 05 038z ooi8 obog
Eskimo Cape 484 411 538 35 1.4 0333 o027 06j2
Farewell
Austraian. Queensland 447 586 378 36 o o216 0023 0366
Abongines
Am. Induns  Montana 358 s1s 422 47 16 o250 0032 oyif

(Flstheads)
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(d) They probably arose very early in the cousse of man's evolution,
(¢) There 1s a considerable correlation between geography and the
distribution of the blood groups. (f) The blood groups are sharply
distinguishable “all-or-none” characters which do not grade into
each other,

Since every human 1ndwvidual has to belong to onc or another of
the four blood groups, the only racial differences we find, or can
expect to find, will be differences in frequencies of the four groups
among various populations. It would be a very simple situation i,
for example, all the people in Asta belonged to bleod group B, all
the Indians 1n America to blood group A, and all the aborigines 1
Australia to blood group O. This is not exactly what we find, how-
ever, and a little reflection will show us that it is not the sort of
thing we should expect to find. The human specics is an ancieat
one, and has presumably dispersed to sts present habstats from some
relatively restricted area or areas 1n which it ongmated by cvolurin}l
from 1ts ancestral anthropoid stock or stocks. In the process of this
dispersal there has constantly been a great deal of mixture among
different groups of men, and unless the blood groups were something
of very recent ongn, and in addiuon had some feature which ea-
abled them, once introduced, to spread rapdly through 2 popul-
ton—and we see in Chapter IV that they do not have these
characteristics — we would not expect any such simple situation as
that outhned above.

A relauvely enormous mass of data on blood group frequencies
in various ethnic groups has accumulated since 1919 (over 15%
series of observations). The results of all blood group studies 08
different populations up to about the middle of 1938 have been
summarized in another place (3). Other important results for
Africa are summarized by Elsdon-Dew (17), for India by Sarkar
(47)» and for Australia and the Pacific area in various issués © the
Medical Journal of Australiz published during the past few years:
They are not reproduced here because of considerations of P
Results by reliable workers for typical populations are shown 18
Table 23. These figures are necessarily a rather asbitrary selectiont
from the mass of data available, When possible, a series which cas
be found in one of the present author’s monographs, of in the
Medical Journal of Australia, where some of the best recent work
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‘TasLE 23
Frequencies of Blood Groups O, A, B, and AB in
Typcal Populations
Population Plac  Number O A B AB  » 7 ’
Tested
Low A, Virtually No B
Am Indians  Montana 138 ¢g74 26 o o o013 oo o0g87
tes)
Am Indans  Argentina 194 ¢85 15 o o o007 o 0993
(Toba)
Am Induns S, Dakota 100 910 70 20 © 0035 0010 0955
(Sioux)
Am, ladans B Columbia 123 854 122 24 o 0063 oo13 0926
(Kwakuud)
Maderate A, Virtually No B
Am Indians  N.Mexico 359 777 325 © o 0125 © o875
(Navaho)
Am, Indians  Jemez etc 310 784 200 16 o oz05 oooy 0885
(Puchlo) N.M
High 4, Litte B
Am.Indans  Montana 69 174 8x2 o 1.4 0583 o o417
(Bloods)
Am Indians  Montana 15 235 765 © o o515 0 0485
(Blackfeet)
Australan  South 53 426 574 0o o 0346 o o054
Abonigines  Australia
Australian West 243 481 519 0o o 0306 o 0634
Aborgines  Australia
Basques San ot 572 417 ™I o0 0239 0008 o756
Schashdn
Am Todans  Wyoming 60 516 450 16 16 0164 corr agi
(Shashone)
Polynesians  Hawan 413 365 608 22 o5 0382 0018 aboy
Eskimo pe 484 411 538 35 14 0333 0037 b4z
Farewell
Austratan  Queenstand 447 386 378 36 o o016 cozz 0766
Abongines
Am Todans  Moptana 258 $15 422 47 16 0150 oo3z oyif

{Flatheadsy
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TasLe 23 (Continued)

Frequencies of Blood Groups O, A, B, and AB in
Typical Populations

Population Place Number O A B AB q r
Tested

Farly High A, and Some B

W. Georguans  Tiflis 707 591 344 61 o4 o198 0038 076
Enghsh London 422 479 434 83 1.4 o0as0 0050 06
Belgians Lidge 3500 467 419 83 g1 o257 008 o6k
Spanish Span 1172 415 465 9z 22 0204 0.068 0655
Swedes Swckholm 633 375 461 95 65 ozor ooy3 066
Ieelanders  Tceland 800 557 321 96 26 okgo 006 07T
Danes Copephagen 1361 407 453 105 35 0290 0078 0638
French Pans 1265 398 423 118 61 0276 oo8s o3
Armenans  fr Turkey 330 273 539 127 61 o379 o110 053
Insh Dublin 399 552 311 121 17 0186 0076 0744
Lapps Finland 94 330 521 128 21 0323 o078 o3
Mclaneoans  NewGumea 500 376 g1 132 48 o295 0099 0613
Micronesians  Sapan 203 505 338 140 17 o207 003 OFI
Greeks Athens 1200 420 396 142 37 o254 otoz o6ib
Germans Berlin 39174 365 425 145 65 0285 orro 0604
Turks Lambod 500 338 426 148 88 o203 o6 osht
High A and High B
E Georgians Tifls 1274 368 423 150 59 028y oary 067
Bulganans  Sofia 6060 321 444 154 B1 0308 0123 0367
Hunganans  Budapest 624 361 418 159 6a o282 o120 0601
Welsh N. towns 192 479 328 162 31 0206 orod 0692
Leabians Sicily 540 459 334 173 34 o213 oud o6
Samese Bangkok 213 371 178 352 gg o148 0257 059
Syrians Meshghars 300 393 390 171 46 0258 oxzs 068
Finns Hime 972 340 424 170 65 o02Bs o1zb 058
“Berbers™ Algiers 300 390 376 186 46 o251 o134 9625
Germans Danzig 1888 330 416 180 g3 0288 o139 0575
Ukrainians  Kharkov 310 364 384 216 36 oa6r oxst 060t
Japanese Tokyo 20999 301 384 219 97 079 0172 0589
Japanese Kyoto 6205 292 380 222 106 0279 0377 O34
Estonans Estonia 1834 323 366 224 By o261 oo 038
podsgcans Madsguscar 266 455 375 315 45 orbe oist OO
Rusuans n Moscow 489 319 344 245 88 oaso by 055
Abysnians  Abysunia 490 428 265 351 50 o178 o172 065

Egyptans Caira 501 273 385 255 88 o288 o203 051
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‘TabLE 23 (Continued)

Frequencies of Blood Groups O, A, B, and AB in
Typical Populations

Population Plae Number O A B AB q e
Tested

Bogebos Philippines 302 536 169 265 30 o107 0163 0733

Chinese Huaog- arz7 342 308 277 73 0220 0201 o038y
Ho R,

Traqis Baghdad 386 337 314 382 67 0226 0208 o358

Taurs Kazan 500 278 300 288 134 0233 03235 0527

Pgmics Belgun 1032 306 303 291 100 0327 0219 0554
Congo

Aabs, Synan 208 433 221 303 43 0151 0200 0658

Bedown, Desert

(Rwalz)

Egypuans  Assut 419 246 344 310 100 0272 0350 0459

Kughiz USSR s00 316 274 322 88 0206 0236 0563

Asiatic Goa 400 292 268 340 100 0208 0255 0540

Tnduns

Chnese Pekung 1000 307 251 342 100 D.I93 0250 0554

Javanese Ampelgad- 450 304 287 373 76 0190 0371 0552
ng

Buriats NIkask 1320 324 302 392 B2 0156 0277 asyo

Asatic Bengal 160 325 200 394 Br oass 028 o5yt

Indians

N signifies north, S, W, and E south, west, and east respectively fr signifies from.
n signifies near. In this table the frequencics of the blood groups O, A, B, and AB
are given 1 per ceats, but the gene frequencies (see p, 108) are given 2s straight
frequencies, following common practce The symbol p represents the frequency of
the gene 4, g the frequency of the pene B, and r the frequency of the gene O.

Apropos of this and xuc:t:dmg tables 1 this chapter, we may remark 2gam that
80 one 15 enough to diff saces Therefore popu~
Tatons obviously not closely etawd are foond cherk by jowl in these tables. But
1 Chapter IX, 1n which we try to syathesize all this information and make use
of it, 1t will be found that the vanous scrolopical charactenstics taken together do
make classification of mankind into races possible, and that the resultng classifi-
€ation 1 far from nonsensical.
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has been published, has been chosen. Figures which suggest accu-
racy, ether by statistical test (3) o by the reputation of the authors,
have been given preference. Large senes bave been chosen as aganst
small series, unless the only data for a significant population were
Iimited. The arrangement into categortes is quute arbitrary, and
only achieves a kind of justification in Chapter IX, where an attempt
is made to define race on a genetic basis,

Let vs recall that the blood groups depend upon the presence of
a pair of genes denived from three members of the allelomorphic se-
ries: A, B, and O. From the frequencies (per cents are frequencies
multiplied by 100) of the blood groups in any populauon, the fre-
quency of these genes which we designate as #» ¢, and r may be esu-
mated by simple formulas (App. A). The sum of the actual gene
frequencies will equal 1.000. If the usual formulas are used, the
resulting estimated gene frequencies may not add up exactly to
1000, but the discrepancy will fall within certain Lrnits (App. A)-
As an 1llustration we may mention that in London (52) the per-
centages of the four blood groups are O, 47.9 per cent; A, 42.4 per
cent; B, 8.3 per cent and AB, 14 per cent. From these values we
caleulate p = 0250, g =0 050, r =0 602, In Kharkov (USSR) the
respective percentages were found to be 36.4 per cent, 38.4 per centy
21.6 per cent, and 36 per cent (9). From these values we estimate
#. 9, and r to be 0261, 0158, and 0.604. The higher value of ¢ (Ere-
quency of the B gene) in the Ukrainian population is apparent. This
suggests that the best way to present the net result of blood group
ing studses is by putting them in cartographical form, plotting the
gene frequencies,

Isogencs

In the map (Figs. 332 and 33b) are shown the results of H?"d
grouping determinations on populations all over the world. Lines
are drawn through points where the gene frequency is supposcq o
be the same. These lines are analogous with the isotherms and iso-
bars which we find on weather maps, and can be referred to as -
isogenes. From them a picture of the geographical distribution of
the three blood group genes may be obtained. Since we arc pot
most interested in recenr historical migrations, we have tried to
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avoid the confusing effect of recording data on recent migrants,
and for America, the Pacific Islands, and Australia, we have plot-
ted information only on the abongines, omttng the results for
the modern inhabitants, whose blood group frequencies, of course,
are characteristic of their origins. We are not interested at present,
for example, in the frequency of the four blood groups in the white
inhat of M but we are i d in the freqs n
the Indians who onginally inhabited this state.

The general situation is easily summarized. Looking at the 1so-
genes for B, we notice that the highest incidence of B occurs n
certain parts of Asia, and that in all directions as we go away from
central Asia the incidence of group B declines. There 15 a subsid-
fary high center in Africa (and this seems to :nclude the Nile Valley),
although the frequency of g does not reach the highest levels we
have seen in Asia. We find that the lowest figures in the Old World
are reached in the Scandinavian countries, 1n the British Isles and
the Spanish peninsula, where the percentage of the gene for B falls
below 5 per cent. In Australia the genc scems to have been absent
until very recent times and there is every reason to belicve that its
introduction 1nto a part of the northern coastal area is the result
of fairly recent migration from the islands of the East Indies to the
north and east (cf. Fig. 23).

In the living aborigines of North America also we note a complete
absence of the gene for B, except possibly 1 the Far North, and of
course in Indians of part European ancestry group B 1s sometimes
encountered In South America the gene for B seems to be present
only sporadically, if at all. One early report of a high percentage
of group B in the Indians of Ticrra del Fuego (45) has not been
confirmed on retest (39, 46). Another observation of B in South
American Indians (20) was made with carefully checked reagents,
but in view of the surprising nature of the results should never-
theless be redone. Certuin Peruvian mummies, supposedly pre-
Columbian, seemed to possess the B factor (8), but more careful
examination of the exact source of the specimens would be desir-
able before any sweeping conclusions are drawn from this obscr-
vation.

The map showing the incidence of the genc A presents a rather
fferent sitwation. There is no large area of the world where A is




¥ ou2d dnosld pooyq a0}  sousdosy, “vEE mwaoviy




Ficure 33b. “Isogenes™ for blood group gene B.
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absent, at least in the modern 1nhabitants. Among the North Amer-
1can Induans there are sharp differences from tnbe © tribe, Some
tribes are almost lacking in A; some tribes possess high percentagess
of A, and the Bloods and Blackfeet have percentages of A even
lugher than those possessed by any white population.

1t would hardly be possible or even desirable to discuss com
pletely here the variations 1n blood group gene frequencies which
exist 10 the various parts of the world which have been studied,
but 1 addmon to the general remarks already offered, we may
mention a few results as typical, In Europe, for example, we
that 1n Germany the frequency of the B gene increases a5 We 80
from west to cast, so that the Prussians of East Prussia have 2
higher frequency of group B (a typically Asiatic factar) than &0
the Jews of Berlin, in spite of whatever “Semitic” (and thus'Asl-
atic) ancestry the latter group may have (3). This increase inB
frequency continues on into Poland and Russta. The probable ort-
gin of this gradient 1s discussed 15 Chapter XIL ;

Conversely, the frequency of B falls off as we go west 10 the
Spamsh penmsula, and is subject to local varrations such as a pos-
sibly complete absence of B 1n the Basques (9). In Traly the ﬁ;
quency of B increases as one goes from north to south (33 - *
England a consistent gradient of the frequency of the gene 4 existsy
with A increasing from north to south (18).

The Japanese, before the Second World War, had algeady thor
oughly determined the frequencies of the blood group %
throughout the home islands, and the accompanying map (Fig: 3
shows the data for the gene 4. i

The highest large concentration is in the area around the c{l)'
Matsuye, on the island of Honshu, although there is another smaller
concentration of A on the neighboring island of Kyusht. Gmng
towards the north and east, the 4 concentration falls, althous
there is a secondary high center around ‘Tokyo, and tl\m low;Si
frequencies are reached in northeast Honshu, in the viemity of o ;
city of Morioka. The great regularity and fineness of the gradauion!
in frequencies is only partly shown on the map rCPf"d“CFd };‘:;
which is based on a more complicated map in color publishe
Komatsu and Ito (25). . 14

If we think of mankind as having originated in Asiz, it wou
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look as if the gene A were p d by the catliest wand from
the onginal homeland, so that it is now widely dispersed, and on
the whole common, although still a bit “patchy” 1n 1ts distribution.
Gene B, on the other hand, is still most concentrated in the areas
in which we think the human race may have had uts onigin, Early
writers thought that this signified a late ongin for B, but studies

HOKKAIDO

Ficure 34. Distribunion of blood group A n Japan (Schiff
and Boyd).

on anthropoids would suggest that B is no less ancient than 4, and
that it is largely accidental that the A gene spread so early and so
widely, whereas the evidence clearly shows that B is in many places
a recent importation. In all probability, both genes are older than
the human species.

The distribution of B 1n decreasing quantities around a center
f{as led to its being called centrpetal, and the wideflung distribu-
tion of 4 has caused 1t to be called centrifugal (48).

Other Blood Types

The A, B, O series of allelemorphs does not by any means exhaust
the bist of gencs which influence the blood antigens. Anather serics
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absent, at least in the modern inhabitants. Among the North Amer-
ican Indians there are sharp differences from tribe to tribe. Some
tribes are almost lacking 1n A; some tribes possess high percentages
of A, and the Bloods and Blackfeet have percentages of A even
Iigher than those possessed by any white population.

It would hardly be possible or even desirable to discuss €om
pletely here the varations in blood group gene frequencics which
exist m the varions parts of the world which have been studied,
but 1n additton to the general remarks already offered, we radf
mention a few results as typical. In Europe, for example, we
that 1 Germany the frequency of the B gene increases 35 we g0
from west to east, so that the Prussians of East Prussiz have 2
higher frequency of group B (a typreally Asiatc factor) than &0
the Jews of Berlin, 1n spue of whatever “Semitic” (and thus 'Asl'
atic) ancestry the latter group may have (3). This 1ncrease m}}
frequency continues on into Poland and Russta, The probable or
g of this gradient ts discussed 1n Chapter XIL

Conversely, the frequency of B falls off as we go west If the
Spanish peninsula, and 1s subject to local variations such as a pos
sibly complete absence of B in the Basques (9). In Traly the i1t
quency of B increases as one goes from north to south (33, 3 *
England a consistent gradient of the frequency of the gene A enst
with A ncreasing from north to south (18).

The Japanese, before the Second World War, had already thor
oughly determined the frequencies of the blood group gens
throughout the home 1slands, and the accompanying map (Fig. 34
shows the data for the gene A.

The hughest large concentration is in the area around the
Matsuye, on the island of Honshu, although there is another sm3’
concentration of 4 on the neighboring sland of Kyushu. Gomg
towards the north and cast, the 4 concentration falls, althot® st
there is a sccondary high center around Tokyo, and !1_15 ]owte
frequencies are reached jn northeast Honshu, in the vicinity 0(4 s
city of Moricka. The great regularity and fineness of the gradﬂ“""
in frequencies is only partly shown on the map rcproduccd f:b'
which is based on a more complicated map in color published ¥
Komatsu and Ito (25). o ould

It we think of mankind as having onginated in Asia, 3t wo
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look 25 1f the gene A were p d by the earliest wanderers from
the original homeland, so that it is now widely dispersed, and on
the whole common, although still a bit “patchy™ 1n 1ts distribution.
Gene B, on the other hand, 15 still most concentrated 1n the arcas
in which we think the human race may have bad its origin. Early
writers thought that this signified a late ongin for B, but studies
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Ficure 34. Distrrbunon of blood group A in fapan (Schiff
and Boyd).

on anthropoids would suggest that B is no less ancient than A, and
that it is largely acerdental that the 4 gene spread so early and so
widely, whereas the evidence clearly shows that B is in many places
a reeent impottation. In all probability, both genes are older than

c human specyes.

The distribution of B in decreasing quantities around a center
has Ted 1o jts being called centripetal, and the wide-Rung distribu-
tion of A has caused it to be called centrifugal (48).

Other Blood Types

The A, B, O series of allcfomorphs does not by any means exhaust
the hist of genes which influence the blood antigens. Another series
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discovered 1n 1927 15 known as M and N (31). These letters repre-
sent inherited antigens, detectable 1n human blood by the use of
agglutinins formed by rabbits mjected with M posiive (or N pos:
twve) human red cells. These antigens have been reported by some
to be present 1n tissues other than red cells, but other workers have
not found them outside the blood. Each human being has two of
these genes, etther two M genes, two N genes, or one of cach; three
types are thus determined, as shown in Table 24.

TaBLE 24

The M, N Blood Types

Genotype Phenotype
MM M
NN N
MN MN

Unlike the A, B groups, the M and N blood types, as they are
called, have but little importance in the performance of blood trans:
fustons, since agglutinins capable of reacting specifically with these
antigens are rarely 1f ever found in normal human blood. This lack
of medical importance has somewhat limited the amount of infor-
mauon which we have about this newer gene series, since investi-
gations by medical men have been, so far at least, the chtef source
of data concerning blood groups. But enough is known to make
possible the outhne which is shown in the accompanymng map. For
example, the M and N frequencies are quite well known for the
nauve inhabitants of one whole continent, Australia, and for some
adjacent populations. (See Fig. 35.) Since only two genes 2r¢
involved and the sum of their frequencies must equal unity, to give
an adequate picture it is sufficient to plot the frequency of either
gene alone, and we have shown here the frequency of the gene M.
In Table 25, M and N gene frequencies for the whole world ar¢
shown, If we ignore certain slight varations in small groups of
people who have been tested in Europe and Asia, we can mahe the
following general statement: the genes M and N are roughly of



BLOOD GROUPS 233

| Y]

Fioure 35. Frequencies of blood group gene M in Australia
and regions to the north (after Graydon and Simmons).

equal frequency in both Europe and Asia but 1n the aborigines of
America the gene for N 1s relatively rare. In the aborigines of Aus-
trali, as we have seen, however, the gene for N 1s very common,
while the gene M is very rare, and 1t 1s even possible that 1n certam
cather times, the gene, though probably originally present, was
totally lost by certain populations i Australia (2), presumably by
“random genenc dnft” (p. 154).

The A and B, M and N factors in human blood still by no means
exhaust the List of antigenic differences which have been found in
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Taere 25
Frequencies of M, N Blood Types, and M and N Genes,
1 Varous Populations
Populaton Place Number M MN N m n
Tested
Populations wnth Low N and Therefore High M
Eskimo E Greenland 569 835 156 09 o913 @07
Am. Indians New Mexico 36r 845 144 1r ogi7 €03
{Navaho)
Aleuts Aleutian 132 675 294 32 ofaz oy
Islands
Am Indians Utzh 104 587 3316 67 obo 0290
{Utes)
Arabs, Bedouin . Damasaus 208 s7.5 367 58 oy8 ot
(Rwala)
Am Induans New Mexico 140 593 328 g9 o757 03
(Pucblo)
Am Indians Montana 95 547 400 53 oy 033
{Blackfeet)
Arabs (Bedouin) n. Damascus 80 513 400 87 oyi3 0337
Populations with Low M (High N)
Australian N, S.Wales 28 o 3u1 6yg oo obg
abonigines
Australtan Queensland 372 24 304 62 oxsf of
aborigines
Papuans Papua 200 70 290 6go 0I5 o810
Fjians Fijt 200 1o 445 435 o332 of67
Aing Shuzunai so; 179 50z 319 o430 O5°
Populations with “Normal® M gnd N Frequencies
Negroes NYC 70 281 20530
Basques Spain g1 231 s16 253 o048 05!
Spanish (m) Spain 1334 269 552 179 0545 045
Syrians Boari 1831 244 527 229 o508 0492
Falipinos Leyte, Samar, 3% 259 503 238 o500 4P
ete, .
Egyptizns Cairo 502 278 48g 233 oszz 0477
English London 42 8y 474 29 osz o4
Lapps Inati, Finland 56 286 482 232 o053 0473
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Tasie 25 (Continued)

Frequencies of M, N Blood Types, and M and N Genes,
in Various Populations

Population Pace Number M MN N m =
Tested
Poles Poland 600 282 490 228 o053y o473
Egyptians Assut 419 262 531 207 0527 0472
Indonesiang Java, etc, 206 304 456 240 0532 0468
Irish Dublin 300 300 467 233 0533 0466
Danes Copenhagen 2023 291 405 214 0538 0461
Belgians Liége 3100 289 503 208 o540 o460
Germany Berlin 8144 297 507 196 0550 0449
Japanese Kyoto 430 320 461 219 ©O55T 0449
Russians Leningrad 701 320 467 213 0553 0446
Yugostavs Moravska 256 305 500 205 0555 0445
Germans Danzig 2018 306 504 190 o558 o442
French Paris 400 330 458 212 0550 o441
Ttalns Sicily 300 320 480 200 o560 o440
Japanese Tokyo e 324 472 204 0560 0440
Syrians Meshghara 306 307 520 173 0567 0433
Armenfans fr. Turkey 339 342 454 204 0569 o043t
Hungarians Budapest 624 335 479 186 o574 0425
Chinese Hong Kong 1020 332 486 182 o575 o435
Ukraimans Kharkov 30 356t 443 396 0583 o417
Welsh N. towns 19t 307 553 140 0583 o416
Seats, Clasgow 456 330 479 171 o038y og10
Swedes Swedea 1200 361 470 169 0506 o404
Estor.xims Estonia 310 348 497 155 ess6 0403
aqis Baghdad 387 370 470 160 o605 0395
Finns Uusimaa 1050 371 472 157 0607 0353
Anbs, Bedouin . Mosul 206 369 495 136 o616 0383
(Jabour)
Russians n Moscow 48 399 440 161 o0brg o381
E. Caucasuns  ‘Tilis 134 388 478 134 o6y o373
W. Caucasians  Tiflis 245 400 465 135 0632 0367
Finns Karpala 393 457 432 L1 0673 o327

(m) signifies muxed; N, sigatfics north, E. significs cast, W. significs west; n.
signifies near; ca. signifies approxmately; fr. signifies from, M, MN, and N
stand for the percentages of the M, MN, and N blood types, m stands for the
frequency of the gene for M, n for the frequency of the gene for N.
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notmal human blood. Subgroups of A (30) and probably of Bemt
Subgroups of N have been reported. We shall drscuss the sob-
groups later in this chaprer. The inheritance of these subgroups s
not quite so well established as that of the matm groups (48, 56)-
Also factors designated by the letters P, G, H, X, Q B and Rh
have been described by various workers (48, 56)- More recently
Englsh workers (10, 13, 42) have discovered other prcviously up-
known blood grouping factors. It is known that racial differences
exist in the frequencies of these other blood grouping factors and
that the factor P, for instance, is much more common in the bl
of Negroes, or at least American Negroes, than in the blood of
American whites. The other factors, with the exception of Rb, h“"
not yet been sufficiently studied to have any value in anthropologh
cal classification.

Subgroups

. The blood factor A is not always exactly the same in different
individual human bloods. For a number of years it has beeo knows
that there were two main varictes of A which are designated a5 A
and A, (30). Of these, the latter gives weaker reactions Wi‘}{ the
average anti-A reagent, and the former gives stronger reactions
Since this is not a textbook on serology, we will not g0 furhet
into the nature of the differences between the two subgroups of the
gene 4. For a recent study see (5). The vanations are expresst
also in the group AB, so that we find two subgroups AB 2
A.B, where the difference in the A antigen is very much the s
as it was in group A, save that in certsin instances the A reactid
in indwiduals of subgroup A,B may be weaker than in sy ¥
vidual of group Ay, or even A,. It has been proposed (53 54) dut‘
the subgroups of A are inherited in the following way (Table £):
instead of the gene series 4, B, and O, suppose we have 2 sercs
four allelomorphs, 41, 4z, B, and O, with 4, being dominant 0%
Az, and Ay, A, and B all being dominant over 0. This theety on
the swhole seems to fit most of the observations satisfactonlys &
though it does not account for the rather wide gariabality ip se8
tivity to anti-A agglutinins of cells of individuals belonging ' the
subgroups Az and A;B (5).
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Tasik 26
s . Inheri Sub
pposed Mechanism of e of Subgroup
Mating Children Possible
A, X O 0, A,
Ay X Ay 0, A,
A X B 0, A, B, AB
AB X O A, B
AB X A, Ay B, AB
AB X B As; B, AB
AB X AB Ay, B, AB
AB X Ay B
AB X A Ay B, AB, AB
AB X A, A, B, AB
AB X AB AL B, AB, AB
AB X B Ay B, Ay
AB X AB Au B, AB
A X O O, Ay, A,
Ay X A 0, Ay, A,
A X A 0, Ay A,
A X B O, Ay, Ay B, AB, AB
A, X AB Ay Ay, B, AB, AB

Subgroups of the group A, which are even weaker than As, destg-
nated as Ay and Ay, have been reported, but they are quite rare,
and it seems unlikely that their exstence 1s gong to be of any par-
teelar importance to anthropologsts (cf 48, 56).

Studies to determine the relauve proporuion of Ay and A, in dif-
ferent populations have been carried out, however, and the results
are shown 1 Table 27. It is a stnking fact that the subtype A
does not scem to occur in the Australian aborigines, n China, Ja-
Pan, in the Amencan Indsans, or in the natives of the islands of the
Pacific, 1n so far as can be determined from the somewhat sketchy
studies made up 1o the present time. Summons et al. (49) remark
that these observations indicate that the subgroups of A will become
2 point of greater importance than heretofore in the study of races.
Contrast, for example, the relatively high proportion of A, in
Negroes with its total absence in Papuans.



238 BLOOD GROUPS

‘TasLe 27

Subgroups of A and AB in Various Populations
(Arranged in order of increasing ratio A,/A,)

Population Plae  Number O A, A, B AB AB Ko
Tested M
Esdamo Alaska 254 433 425 o 119 24 © O
Am, Indians  Tacoma, 120 733 258 o o3 o o O
Wash,
Am, Iodans  Uuh 4 981 15 o o o © O
(Utes)
Awm Indans N Menco 238 967 233 o 2o o o O
(Navaho) 7 s
Japanese Japan 400 308 372 o 220 95 ©5 0
Chinese NYC. 138 312 326 o a5 87 ° °©
Polynesians  Hawan 413 365 68 o 22 o5 © ©
Indonesans  Java,etc. 296 518 226 o 213 44 © ©
Papuans NewGuinea 200 455 28§ o 190 70 © °
Fipuns Fiji 200 435 340 o 165 60 0 9O
Polynesuans  Easter 22 545 455 o o o o0 ¢
Island
Austahan Australia 619 s56x 439 o o o o0 °©
aborigines
Filipinos Leyw, Samar, 382 450 2ty o3 370 60 © ¥
et
Am.Indans  Chile 205 868 83 o5 34 10 o o
(Mapuches) 1
Asaue 156 340 331 19 372 32 o6 °F
Induans s
Latvians s 3 o8 oF
. 72 320 374 29 192 7
Fgyptians Cairo 378 278 350 32 246 56 33 °F
Synans Boary 127 204 323 32 3t 79 1 ot
E Georgeans  Tils 138 398 119 36 188 36 22 °F
Amenans  f Turkey 340 376 s91 44 132 4T 35 O
Egyptans  Assut W12 246 304 36 36 bt 39 °F
Ambs,Bedouin n Baghdad 418 204 3r1 36 249 sox 10 O
Arabs, Bedoun  Synan 208 433 193 29 303 24 39 °F
m(R.wzla) Desert o018
rainians Kharkov 310 365 339 51 213 23 10
W, Georgans  Tifhs 368 575 254 37 504 18 15 0%
Traqs Baghdad 386 337 269 g4 282 57 10 O
Synans Mebghaa 309 447 342 60 m6 335 30 0
gen‘ﬂ:hm Germany a7 4ot 335 g0 13 33 00
ng) London 315 464 359 75 B4 13 00 5

Russians nMosow 500 320 285 65 242 60
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‘TasLe 27 (Continued)

Subgroups of A and AB 1n Various Populations
(Arranged in order of increasing ratio A2/A;)

Population Plae Number O A, A, B AB AB Rauo

Tested AJA,
Enghsh Sheffield 421 340 432 102 00 21 05 o023
Egypuans Caro s16 266 291 66 271 70 35 o035
Russians Lemingrad 763 337 308 76 208 40 31 o025
Swedes Sweden 10 379 369 98 103 39 12 o2y
Danes Copenhagen 1835 400 327 98 124 28 23 o030
Funs Fintand 7120 339 323 107 158 44 29 o033
Spamsh(m)  SanScbasmin 161 472 348 118 s0 12 o o34
Am Negroes  NY.C 189 481 106 68 228 16 11 o135
Asanc Caleurta 50 036

Indrans

Insh Dublin 399 552 217 93 m8 10 08 ou
Welsh N. Towns 190 473 206 16 163 26 o5 o054
Basques SanSchasndn 63 515 312 156 16 A o o054

N signufics north, E cast, W west. The symbol n significs near, (m) mgmfies
mured, fr. nignufies from.

From 2 table such as Table 27, it is possible to calculate the gene
frequencies py, and ps, and if we were more certain of the mecha-
nism of inheritance of the subgroups and of the correctness with
which early workers distinguished A, and A, (cf. 5), it would be
desirable to do so. As it is, however, the most important thing one
learns from the table is that nearly all non-European and non-
Aftican stocks possess no Ay, 1¢, pz=o.

The situation 1n Afnca is not yet fully understood, but in Ameri-
can Negroes at any rate, both A, and A, occur, the latter fauly
frequently, and Wiener belteves that an intermediate type of blood
which is also found occasionally among whites, designated by him
23 Ay 2, ocours much more commonly among Negroes. The expres-
sion of the subtype of the gene 4 which we knew as A, scems to
be chiefly a European and African characteristic, and it would en-
able us,f we wanted to, to mark off such populations from all others,
on this basis alone. It will be seen later that other serological prop-
erties permit a similar distinction to be made.
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The antigen N has been shown to have a rare variant Ny which
has been detected 1n the heterozygote MN; (48, 56).

A serum which subdivides both antigens M and N into two vart-
eties has been found (55), so that instead of two genes at the M,
N locus, there would seem to be four, tentatively designated as M,
MS, N, NS. If such sera ever become available to anthropologists,
they may greatly extend the usefulness of the M, N series of alkles.

The Rk Series of Genes

In 1940 Landsteiner and Wiener (32) reported the discovery ofa
new blood group antigen. It was discovered that the serum of 2 rab
bit which had been injected with the blood of a rhesus morkey
would agglutinate certain human bloods, and not agglutnare others
irrespective of the A, B, O group, or M, N type of these bloods.
The new factor was designated Rh, for the first two letters of
thesus, Human bloods tested with this serum could be different
ated 1nto two types, Rh positive, and Rh negative. It is probable
’}}at agglutinins which reacted with the Rh antigen had been pre*
leUS]y observed (4), for on looking back it can be seen that d.ns
is the most probable explanation of certain blood incompatbilties
encountered by some of the earlier workers, and several such cases
(36, 4) were retested and shown to be due to Rh incompatibht-
5 The Rk factor might not have excited any more attention a3
its practically sullborn brethren G, H, X, Q, and E had it not bec?
for the demonstration by Levine and others (35) that Rb ineo™
panbility berween mother and child was very often the cause of2
rare but fairly serious disease of infants known as eryrhroblastont
fetalts, or hemolytic disease of the newborn, Wiener and others [
als’o showed that incompatibilities in which the recipient had e
ceived repeated transfusions were often due to the Rh factor-

The way in which Rh incompatibility operates to produce erythro
bla{t{;m is briefly this: if the mother is Rh negative and the fetus
positive (having inherited the Rh factor from the father), Rhco™
taining cells, or Rh antigen, may get through the placentd from
the circulation of the fetus into that of the mother. The m?ﬂ’tﬂ;
agglutinin-forming mechanisms may respond by the production
anti-Rh agglutinins. (This does not always happen, but it may~
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say in about 1 out of 200-400 pregnancies.) Agglutinins diffuse
readily through the placenta, so some of the anti-Rh formed by the
mother diffuses into the fetal circulation. There 1t combmnes with
the fetal red cells, damaging them, causing hemolysis and damag-
ing the Liver and other organs.

At first 1t was believed that Rh was inhersted as a simple Men-
delian pair, rk and RA, the latter gene causing the Rh positive con-
dition, and being domunant over rh. Three different genotypes
would be possible, rhrh (Rh negative), and Rhrh and RhRh (both
of the latter Rh positive). On this theory, the inheritance would be
very simple, the various matngs and thesr possible outcomes being:

RERK X RARE - 100% RARA

RARA X Rhrh = s50% RERK and s0%, Rhrk

Rhrh X Rhrk - 25% RhRK, 50%, Rhrh and 25%, rhrk
RARK X rhrh - 100%, Rhrh

Rhrk X rhrh = 50% Rhrk and 50% rhrh

rhth X rhrk > 100%, rhrk

However, it was soon found that the Rh factor was antigenically
and genetically complex. The steps by which this knowledge was
acquired belong to history and not to the present exposition. Let us
sumply say that Wiener (58) now supposes that at least six allelo-
morphic genes are involved, as follows:

Rhy, Rhyy RR®, oI, oK”, th

Al of the first five arc supposed to be dorminant over r4, but not
over each other. The genes Rk and Rk, are “double acting” genes,
gﬁfmmcr producing the anugens rh’ and Rh®, the latter rh” and

The discovery of an agglutinin which reacted regularly with Rh
negative bloods led to the postulate that Rh negauve bloods con-
tained an Hr factor (Fr being the letters Rh in reverse). But this
agglutinin also reacts with some of the Rh positive bloods. These
observations led Fisher (43) to propose that the Rh types were
determined by a series of three pairs of alleles, at distinet loci, but
s0 close together on the chromosome that crossing-over would occur
very rarely. Fisher proposed to represent each different Rh antigen
by a different letter, and propounded this scheme: C; D,[d]; E[e].
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The letters [#] and [¢] are enclosed in brackets because at the time
they were proposed they were purely hypothetical. Agglutinins
which react with them have since been discovered (21, 41). The
vanious combnations of C, D, E, ¢, d, and ¢ are eight in number
(Table 28), which led to the prediction of two new Rh genes,
designated as RA” and RAY, both of which have since beea discov-
ered (58).*

The way 1n which the Fisher scheme corresponds to the Wieser
scheme is shown in Table 28. Each scheme supposes six antigens

Tasre 28

Gene Genes Agglutinins and Their Reactions
Present  Present anurh’ antihr’ anuRh® anuHr® antirh” anthe”
(Wiener) (Fisher) anuC  apuc anuD  annd  antiE  antie

R CDE + — + - + -
R e+ - H - =z +
b4 CdE + - - + + -
4 Cde + - - + - +
R eDE - + + - + —
R cDe — + + - — +
” odE — + - + + —
r ede — + —_ + — +

Use of the three common serz which are now available for testing for Rh
[anterl’ (anu-C), antRh® (ant-D), antith” (anuE)] enables eight sub-
types to be determined. Use of antihe’ (anti<) enables the types positve o
th’ (C) to be subdivided, giving twelve subtypes, The cight ‘postulated
genes would produce thurty-six different genotypes, and twenty-seven i
fesent distinguishable scrological types, if all of the six sera shown in e
table were available.

to exist, and the chief difference is in the proposal of Fisher to des-
ignate cach antigen by a separate Ietter. The schemes of inherit-
ance, although app ly very diff reduce to the same thing
if Fisher’s G, D, and E loci arc so close that crossing-over never

© As 2 matter of historical fact, R® was discovered before Fisher proposed b
theory. Two of its reactions were predicted by hum before they were confumed €3
penmentally.
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occurs, and 1n that case the genetic predictions are the same, Blood
group workers are not in full accord as to which nomenclature, if
cither, is to be preferred (13).

By making all the possible combinations, two at a time, of the
Rh genes shown in Table 28, the reader wall be able to wrnite out
the thirtysix possible genotypes which can result from the com-
binations of the eight genes presented there. He will note that not
all of the thirty-six are distinguishable serologically, even by use of
all the six antisera whose reactions are shown. For instance, geno-
types CDE/cde and Cde/cDE both give posiuve reactions with all
six antisera, Twenty-seven phenotypes can be distinguished.

When not all the possible antisera are available, the number of
serologically distinguishable phenotypes is stull less, When only four
sera (anti-C, 2nt1-D, anti-E, and anti<) are avalable, as is usual at
present, twelve phenotypes can be distingwished. These are usu-
ally abbreviated, using cither the most common genotype expressed
in the English system, or a shorthand expression derived from Wie-
ner’s system. Not all authors give the frequencies of all the pheno-
types their sera would have revealed, so 1 Table 29 we present
only nine phenotypes. The classes Rhy (CD¢) and rk’rk” (Cde/
¢dE) are actually composites of disunguishable types. R4,RA, (CDe/
CDE), and RhRk, (CDe/cDE) are separated, because the inci-
dence of the gene R* seems to have some racial significance.

Tt was soon found that the frequency of the Rh types was dif-
ferent in different races. Data on vanous ethmic groups gradually
accumulated as the complexity of the Rh situation was recognized,
As yet, there has not been tme for a survey to be conducted of all
the interesting populations making use of all the available antw
sera. However, certain data are avarlable, and are summarized in
Table 29

As a first approximation, we may note that the Rh negative genc
(cde) is distrbuted differently in different ethnic groups. (a) Peo-
Ples of European stock, by which we mean modern inhabitants of
Europe and the white inhabitants of America, possess considerable
amounts of the Rh negative phenotype, amounting to 13 to 17 per
cent. (b) The situation in Africa 1s not clear because of lack of
information, but from studies on American Negroes (s57) and
South African Bantu (38) 1t scems likely that some Rh negative
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genes are present. {¢) In all the rest of the world, the Rh negauve
gene 1s either extremely rare or nonexistent. As a corollary of this, of
course, one would expect that the disease caused by Rh incompatt-
bulity between mother and fetus would be very rare in populations
of non-European stock. So far as can be told by information at pres-
ent available, this is the case. It will be seen that most of the Asiatic
and Pacific populations tested (and the American Indians) possess
essentially only two Rh genes, that 1s Rhy and Rh,, so that three
types result, Ry, Rks, and RARAg, much as in the M, N system.
Other Rh genes are rare, or absent, in such populations, although
one of the rare genes (RA") 15 nevertheless commoner than in Euro-
peans. (d) One population, the Basques, possesses a much higher
per cent of the Rh negative gene than does any other yet tcste§~
(e) The tremendously high incidence of the Rh® type in the Afri-
cans marks them off very disunctly from all other populations.

Serological Races

It is obvious that we could classify men into different races o
the basis of blood groups. The races which would result from such
a classification, however, would comncide only in part with the races
of man as they have previously been del d by anthropologists
and 1n some cases would conform better to geography than to the
previously inferred hustory of the peoples.

The sceming contradictions to conventional physical anthropol-
ogy of classifications based on the distribution of blood group gens
have evidently been the cause of considerable discomfort to maoy
writers, Thus Young, in a paper on racial significance of the bl
groups which appeared in 1928 (s9), was very pessimistic about
their uscfulness, because population samples which were different
with respect to blood group distribution nevertheless appeased to
belong to the same “race,” while conversely, racial samples which
were “racially” dissimilar by almost every recognized canon agreed
sometimes in their blood group distribution within the limits o
sampling error. Although he did not say so, it scems cleat that
Young concluded that blood group characters were of no value for
use in racial classification. Young, of course, had available data
only for the O, A, B blood groups, and an inspection of Table 3t
will show the sort of situation he was confronted with.
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Since 1928, hawever, a great deal of germ plasm has flowed under
the genetic bridges and the situation is no longer one of muddy con-
fusion We should consider whether a classification based on blood
groups might not actually be more, mnstead of less, significant than
one based on the traditronal standards, In Chapter IX, we shall
find that a racial classification based on the frequency of the blood
grouping genes makes rather good sense, and allows us to distin-
gush six races which were at one time separated, at least to a
considerable extent, by geagraphical barriers, which is what would
be expected from our amalysis of the methods of race formation
(Ch. IxX).

. It should be noted that our serological tests do not allow us to
identify a single individual as belonging to a given race. More than
one white European, among whose ancestors no Negro could be
found in the lagt ten generanions, belongs to blood group A, and Rh°.

Blood Group Archacology

For a long time it scemed impossible that we could ever expect
to know the blood groups of any of the earher world populations.

It was taken for granted that the blood groups of peoples of the
Ppast could not be determined, since all that ever remains of them
are skeletons or bloodless mummues, but in actual fact even these
dry relicts may sometimes be made to reveal their blood groups, The
chemical substances A and B are not restricted to the red cells of
the individual, but exist throughout his whole body, in practically
all of his cells and tissue flurds, and they are rather unusually stable
antigens. They resist drying, heating, and exposure to a number of
drastic chermcal reagents which would quickly inactivate protein
antigens (7). Dried uissues from human cadavers of known blood
group have been found sull to contain blood group substances (8),
and there s good reason to suppose that the group substances
might survive, once a carcass was thoroughly dried, for hundreds or
even thousands of years.

The results of tests on mummfied ussue (8) corresponded in
general with the modern blood group picture, as is shown in
Table 30. In Egyptians of the present day, A and B are relatively
common, and in the ancient Egyptians A and B were found. There .
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were some suggestions that the frequencies of A and B which were
found in the mummy samples were not so high as in therr modern
descend This diff could be explaned either by deficien-
cies in the technic, which might result m a number of incorrect
dhagnoses of group O, or by supposing that many of the mummes
have at some time been exposed to unfavorable condions, which
bave caused the antigens contained 1n them to deteriorate and lose
their reactivity, Other considerations would lead one to doubt a
third alternative which is the possibility that the genetc compo-
sition. of the population of Egypt has greatly altered in the last
few thousand years.

In the American Indian mummies of the Southwest of the United
States, the antigen A was found, but relatively infrequently, and
only one group B was reported from all the specimens studied
(Table 30). This is consistent with the blood group situaton
among the present-day Indians of that region, for i these tribes
the frequency of A is never great and is usually “patchy.” Group B
is perhaps entrely lacking in pure-blood Indians, at Jeast m this
area.

Candela (11) clearly demonstrated that it was possible, by suit-
able modifications of the mummy technic, to determmne blood
groups from specimens of ancient bone. Although it 15 pot pos-
sible to assert that the blood groups of mummufied or skeletal re-
mains can be ascertained in all cases with complete exactness, it
s dbvious that blood groups are relauvely almost as permanent as
the morphological features of the skeleton. Recently Laughlin (34)
bas obtained an apparently positive blood group reaction from a
bone specimen from Tepexpan man, an American specimen dated as
b ing about 11,000 years old. Completely fossilized bone, of course,
in which all the organic material has been replaced by minerals,
cannot be expected to yield information about blood groups. It
does nat at present seem hikely that the M and N types or the Rh
factors, which arc also important for racial classification, can be
determined from ancient tissue or bone.

Because of paucity of specimens, it may never be possible to
make world maps of the blood gene frequencies for remote periods
of the past, but to some extent we evidently can, in the case of A
and B, use these genes as markers in time as well as in space. Until
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a complete genetic analysis of the various factors which determime
man’s appearance and morphology 1s made, blood groups scem to
offer us the most valuable information for purposes of racial anthre-

pology.
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cuapTeER 1x Use Of Blood Groups
in Human Classification

‘Will he not fancy that the shadows which he formerly saw
are truer than the objects which are now shown to him?
~—rLaro, The Republic

Doubrs

‘Trere have probably been some readers who experienced a feeling
of disapposntment on reading the end of the last chapter, and may
have asked themselves questions such as the followng: “Ts this the
best that blood grouping can do for anthropology?” er, “How arc
we going to establish races based on the sort of characteristics dis
cussed here?” Others more accustomed to the older systems may
have felt tempted to close the book and say flatly, “This is all ex-
tremely interesting but has absolutely nothing to do with race.”
A careful analysis of the situation will show that such disappoint-
ment is based largely on two circumstances. First, there is the fact
that the blood grouping genes affect invisible serological character
istics of the individual, and are thus never visible to the naked eye:
It is to be feared that we are all too much inclined to be impresse
by the visible as opposed to the invisible. Second, there s the ffd
that the layman’s concept of race (which is that the human species
can be divided up by valid, scientific methods, into various group®
that are pretty different from each other and which will Jook pretty
different from each other) has been unconsciously retained by many
scientific workers, and the hypothetical dissenting readers are ut-
consciously expecting that the new systematics we propose to intro”
duce will also provide us with startling differences in the appearan<e
and behavior of the different “races” we define, and will feel let
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down to discover that the new classification does not, when all is
said about 1t, reveal any very dramatic results.

If the blood grouping genes had affected, not charactenstics of
the blood, but promnent morphological ar physical charactertstics
such as the shape of the head, color of the skin, etc, there cannot
be the shightest question that they would already have been made
the chicf basis of a racial classification and would have been con-
sudered entirely adequate for that purpose.

Equivalence of Genes

From our knowledge of genetics (Ch. II) we may sce that there
is nothing fundamentally different between the blood grouping
genes as gencs, and the genes which do affect morphological fea-
tures. It is simply a hustorical acaident that fairly adequate infor-
manon was obtamned about the mode of transmussion of blood
grouping genes before any information at all equivalent in amount
or value was obtained about the genes affecting physical appearance.

In view of these facts, and since there seems to be no reason to
suppose that the location of a gene in a chromosome, or the nature
?f the particular chromosome 1n which the gene resides, determines
in advance the main or even the subsidiary characterstics which
are to be influenced by the gene, 1t might be instructive to let our
imagnations roam a bit. The outwardly observable effects of the
blood group genes are, so far as we know, zero, Therefore let us
make some arhitrary assumptions as to the sort of effect which the
blood grouping genes could have produced, supposing them to have
affected some of the external and wisible characteristics instead
of serological characters which are ordinanly tested for only 1 a
laboratory. The insight we shall thus acquire will throw consider-
able light on the real nature of anth ) 1 genetic classifi

POlog

and the sort of informanon which can be expected from it.

Hypothetical Worlds

Let us suppose for the moment that the genes which at present
operate to affect skin color and stature were to affect, instead, ob-
scure serological properties of the blood or other relatively imper-
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ceptible phystological traits; and let us suppose that the present
blood grouping genes affected, mstead of the blood type, various
morphological ch: 1stics, easily dist ished by the casual
observer, We now have considerable information about three series
of serological allelomorphs. We can select three visible or meas-
urable characteristies of the human being and suppose that each
is affected by one of these series. It will probably be wise to over-
simplify the picture considerably, and not try to take account of
all the subtle serological differences and subgroups which can actu-,
ally (p. 237) be identified within the blood grouping series of genes
It is clear, however, that if we were to take these into account we
could, if we wished, constderably refine and plicate the picture
which we are going to present now.

Since this sttuation is purely hypothetical we can make any as-
sumptions we like and we shail probably do better to make some of
the simpler ones. Let us suppose that individuals of the genetic con-
stitution OO (whch in actuality causes their blood to possess the
properties which we know as group O) would possess a skin color
about the Spanush, Italian or Arab degree of prgmentation; and that
those possessing the gene A4 were somewhat darker in appearance;
and that those possessing gene B were a somewhat dark yellow,
such as certain Mongoloids of today, and that those who possessed
the genetic constitution AB were quite dark, but not actually
“black” in color. Genotype AO would be a brown lighter than AA,
and the genotype BO would be browner and less yellow than the
genotype BB,

The way in which the 4 and B genes, when both preseat to-
gether in the genotype AB, would interact in producing skin col‘?f
would of course really depend upon the exact mechanism of their
action in the organism, the various enzyme systems which they
controlled, ete,

Polymorphism

One consequence of supposing that skin color was mainly deter-
mined by such a simple mechanism as this is, of course, that ouf
various races would be polyphenic or “polymorphic” for skin color-
This admission may at once cause some revulsion on the part of
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the reader who believes that all individuals of a given race should
be alike 1 regard to the characters used 1n racial classification.
Many examples of this tendency could be combed from the wntngs
of early anthropologusts, or from made by laymen today,
but we may restrict ourselves to one. Franz Boas, m a book pub-
lished in 1928, stated: “When we speak of racial charactenstics we
mean those traits that are determined by heredity 1n each race and
1 which all members of the race partictpate” (2)- It 1s only fair
to mention that Boas, one of our greatest anthropologists, later
came to see the error inherent in this distinction of race. In earher
pages of this book (201, 202) we have quoted the optmions of geneti-
csts such as Dobzhansky that such a definition of race 1s imprac-
ticable.

In reply to the objections raised by people who sull take this old-
fashioned point of view, we may potnt out that groups classified as
“races” by physical anthropologusts of the past, and even of the
present day, are in fact often “polymorphic” for shin color. Exam-
ples are found 1n Russ:a and Arabia, Chna, etc It 1s true that
polymorphism may be the result of the muxture of racial groups
of different degrees of pigmentation, as with Amencan Negroes,
and in hybrids 1n South Africa (8), but this 1s not always the case,
and “pure” races are not always homogeneous for skin color. Poly-
morphism 1 regard to other charactensncs 1s often found 1n ethnic
groups regarded as homogeneous, but is hardly commented on.
Eye color (blue, brown, gray, etc) has been mentioned already
(p. 201) as an example; type of body build (“somatotype™) is an-
other. In a number of racial groups several varicties of body build
are found, as has been pointed out by Weidenreich (22). Stature
also varies considerably, even in a relauvely h group
such as the Japanese (21).

1 we were to suppose a somewhat different senes of pigmentation
effects to be produced by the blood group genes, and particularly if
We were to suppose that gradations in skin color corresponding to
the allelomorphic genes (0, A,y, Ay, A2, Ay, B) determining the
subgroups were produced, then the pol phism which we should
have to suppose as a result would be Little of any greater than that
which can actually be observed in many exisung ethnic groups.
So in all probability we may safely go ahead with our construction
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of hypothetical ethnic groups composed of mndividuals whose vis-
ible charactenistics are determined chiefly by the blood group genes-

Let us further suppose specific hypothetical effects for the M and
N genes. Let us imagine that the effect of the M gene was gener-
ally the producton of a tall individual, whose stature, 1n the male,
we may suppose would range from 168 to 172 centumeters or, in
other words, from about 5 feet, 6 inches to about 5 feet, 7% inches.

Let us suppose that the gene for N resulted 1 short mdividuals
with a height, in the male, varying from 148 centmeters to 158
centimeters, in other words about 4 feet, 1044 inches to 5 fect
3% inches. Let us further suppose that the heterozygotes MY
would be intermeduate in stature. (We may recall that there is
some evidence that, serologically, the heterozygote MN gives reac-
tions intermediate 1n strength between the two homozygotes MM
and NN.)

There are men in the world today taller than our hypothcdfﬁ!
MM, and others shorter than our hypothetical NN, but the sug-
gested range of height would nevertheless be impressive, if human
psychology remained the same, for stature has always been constd-
ered a character of utmost importance. There can be few of my
readers who have not expertenced the emotion which results from
looking up at a taller person, or looking down to a shorter person
Probably we could afford to let this case rest entirely on the testi+
mony of tall female readers of this book who have found them-
selves at parties and other gatherings obliged to dance with men
shorter than themselves. Eisenhower (6a) recorded the indignation
of Marshal Zhukov over the reports that he was shorter than his
wife.

We shall here assume that there would be no sex differences
in stature in our imaginary people, for although sex is known 10
affect the expression in the individual of 2 number of autosomal
genes (4), it does not affect blood group genes.

Passing to the Rh series of genes, we shall restrict ourselves
since the actual situation is rather complex, to supposing that the
Rh negative gene would in this case act as a dominant, producog
an eye structure similar to what is called the Mongohan (or epicans
thic) eye fold. Individuals homozygous for the Rh positive gen¢
would have European type eyes.
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Imaginary Races

Remembering that these various assumptions are purely imag-
inary, let us consider what sort of race classification would have
grown up as travelers from “ewilized” countries gradually ex-
plored the rest of the world and finally tried to summanize and
systematize their observations.

There can be hardly any doubt that the situation would have
been considered very striking and, from the pownt of view of phys-
ical anthropalogists who were writing fifty years ago, very satis-
factory. In western Europe people varying 1n skin color from
brown to dark brown would predominate. (The darker brown
would be uncommon,) In Asia and related regions individuals of
a rather dark yellow color would be the common type, with a cer-
tain mixture of brown and dark brown The frequency of very
dark indwviduals would be at s height somewhere in central Asia.
There would be good evidence (sce Ch. IV) that the yellow skin
color found occasionally in Europeans had been brought by direct
migration from Asia. There would be a faily high incidence of
very dark brown individuals in certam parts of Africa,

The lightest colored skins would be found in the various races
of western Europe and certain parts of central Europe, in the Fast
Indies, in the Australian abongines, and in certain tnibes of North
American and South Amencan Indians.

Al of the Indian tribes of both of the Americas would agree in
being considerably taller than the average for the rest of the world,
while the aboriginal inhabitants of Australia would agree in being
distinctly shorter than the average. These differences would prob-
ably be considered very marked. (Serological characters of the blood,
if differences were eventually discovered, would probably be found
© vary so much with climate and environment that they would
probably be considered wseless for purposes of racial classification.)

One of the most notable observatians would be that only in En-
rope and in the white inhabitants of America who are of Euro-
Pean stock would the Mongoloid eye fold be observed to any ex-
tent. It would therefore be considered quite proper to mark off
the European race as being absol ly distinct from all the other
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races of the world because of this striking morphological charac-
tenstic. The Basques would have a higher incidence of the eye fold
than any known people. Figure 36 shows the racial categories which
would be defined on the basis of the genes we have been discussing,
provided they had the effects we have just supposed.

SRS

—

—_
= - = =
Am. Ind. Europ,  Asiatc  Negroid  Austh

Ficure 36 Hypothetical races, assumng certasn imaginary

visible external effects of blood group genes (see text). Rela-

tive stature as shown. Skin color i1s indicated by various

degrees of suppling, and presence or absence of Mongoloid
eye fold by sketches below,

It would be observed (sce above) that in the various great “ra-
cial” groups the skin color was not absolutely uniform. Nor would
stature be found to be absolutely uniform within the groups in dif-
ferent parts of the world. In Asia and Europe, for instance, we
should find that the majority of the inhabitants were of medium
height, but that a certain number, of the order of 25 per cent of
the total, would be rather tall, and a certain number, also about 25
per cent, would be rather short. “Chnes” in stature would be found
in Austrabia and up through the Pacific islands. Also, when the
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laws of heredity of these characteristics were investigated, it would
be found ehat two individuals of medium height did not necessanily
produce children who all grew up to a stmlar height. Instead, it
would be possible for them to produce tall or short children, in
addition to children of medium stature. This situation might be
considered somewhat perplexing, but could easly be explained
once the heredstary mechanism of the characteristic had been ascer-
tained.

Tt would also be found that light brown individuals might result
from a mating of dark brown parents. The genenc analysis would
not prove too difficult to carry out (contrary to the situation which
actually prevails in regard to skin color n the world today).

In the actual world we know, the skin color of mdviduals 1s 1nflu-
enced at least temporanly by exposure to the sun, and this, 1 turn,
may be related to their occupation. Also there can be hardly any
doubt that stature is importantly influenced by diet. We should
therefore remind ourselves that in our hypothetical wosld, where
we have given the serological genes the role of affecting skin color
and stature, the climate, environment, occupation, and diet mught
also exert their influence and thus possibly complicate the genetic
analysis. Let us oversimphfy once more and suppose that this did
ot happen,

Hypothetical Classifications

Given the hypothetical situation which we have just outlined, it
may hardly be doubted that physical anthropologists would not have
hesitated to classify mankind more or less as follows: 1) The Euro-
pean race, characterized by relatively light color and the presence of
the Mongolian eye fold; 2) the Asatc race, characterized by the

dominance of yellow individuals, not having the epicanthic fold,
bu.t of about the same average stature as the European race; 3) the
primitive American race, characterized in gencral by wll stature,
no _Epicmthic fold, but varying from tribe to tribe in its skin color,
which would range from brown to light brown; 4) the aboriginal
AUS!I’?han race, a relatively light colored people, but practically
Pygmies in stature; they would have no epicanthic fold; and 5) an

African race, possibly characteristic of the equatorial regions of~
-
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Africa, dark but with somewhat hghter skin than typical Asiatics,
and having the epicanthic fold to a less extent than Europeans.

The European and Astatic races would be imperfectly separated,
but would be connected by a seres of clines or 1ntermediates 1n cen-
tral Europe and Russia. This would be easily explained, however,
as the result of repeated Astauic mvasions and mgranons which
had taken place 1n prehistoric and early historsc times, The hght
color of certain individuals in southeastern Africa would be some-
what more difficult to explam, but the answer to all of these
questions might depend a good deal on the region 1n which
anthropologusts in’ our hypothetical world supposed mankind to
have oniginated.

Two other questions would come up which would be not quite
50 easy to answer as the above: (a) why the aborigines of the Ameri-
can continent should be 5o tall, and (b) why the Australian aborig-
nes should be so short. Archaeological evidence would indicate thit
the people who migrated to America came across the Bering Strait
region and were, on the whole, of medum height, In the early days
of physical anthropology, in our hypothetical world, a good deal of
loose speculation as to the effect of chimate on stature would have
been indulged in. As the science of anthropology advanced further;
however, such explanations would be frowned upon, for the anthro-
pologists would begin to mnsist that the only vahd characters for
racial classification are those which are non-adaptive and which ar¢
not affected by the en: Inv 1ons d d to test this
pomnt would probably not be found to detect any marked selective
advantage or disadvantage charactenizing either the A, B, M, or N
genes {p. 150).

‘The possession of the Mongolian eye fold by the Europeans and
their North American d d would be hat of a puzzle
also. One would be obliged to suppose that it was the result either
of mutations or of early mixtures of the European groups wi
some early non-sapiens or sapiens type of man (p. 152). .

The hypothetical distribution of morphalogical characteristics
which would result from the imaginary effects of the blood group:
ing genes, which we have made up pretty much at random, WO‘{‘
give each continent, on the whole, a clear<ut characteristic racial
picture. Intergradati watld be relatively infreq and it woul
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be fairly easy to classify by inspection groups of individuals as coming
from Europe, Asia, Africa, or Australia,

Back to Reality

The foregoing paragraphs are not meant to be a jest, but are
intended to Muminate the contrast m our atutude toward visible,
physical charactersstics such as skin color and stature, and our atti-
tude toward the mvisible serological charactersstics of the blood. If
the blood grouping genes known at present really had the effects
we have imagined, and 1f it were known how they were inherited,
they would undoubtedly be considered highly sausfactory for racial
classification ‘The average person is so impressed with skin color
that he would doubtless be entirely sausfied of the importance of the
pigmentation distinctions created by the A, B, O senes of genes;
and the hypothetical effect of the M and N genes on stature would
be considered proof that these genes were of great importance in
racial classification since they affected the charactensucs of the
skeketon (p. 21).

We now leave the dream world we have just created, and try to
face the apparently less exciung facts of the real world. There is no
evidence that skeletal characteristics are more stable, in an evolu-
tionary sense, than other inherited characters. The blood group genes
do not affect, so far as we knaw, the skin color, or the stature, or
structure of the eye fold. Instead, they control the production of
certain chemical substances i the blood Since we have seen, how-
ever (in Ch. II), that 1n fundamental 1mportance to the erganism,
probably all genes are nearly equivalent, there is no reason why the
blood group genes should not be just as important for purposes of
racial classification as if they had 1n reality the hypothetical effects
we have ascribed to them above. It 15 in fact rather puzzling that
bleed group genes have not been more often used for classification.

Why Were Genes Neglected?

. The genes which could be most useful to s in anthropology are,
in the present state of our knowledge, the blood group genes. But
they have not been used much by the average physical anthropolo-
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gist in recent years. There are 2 number of reasons for this. 1) Physi-
cal anthropologists have preferred when possible to deal with skele-
tal material This preference 1s partly due to the pious hope that
characters of the skeleton, since it represents the harder and more
permanent part of the human frame, will, therefore, on the whole
be more permanent and less subject to modsfication in the course
of evolution (14). There 15 no reason for beleving that this actually
is the case, however, and actually many of the mutations observed
to occur frequently i Drosophila affect the skeleton, which in this
species 15 on the outside. The chuef reason for depending upen skele-
tons, of course, 1s their relative availability, especially for the study
of anctent man. Although it has been possible to discover the blood
groups of people who lived as long as 5000 years ago (5), we canpot
expect to push such nvestigation much farther back than this, and
as to the color of the skin, the artistic abulity, the musical sense of
early man or his capacity for adapting to a social group, we shall
always be pretty much in the dark.

Most of the material available for the study of early man is skele-
tal, and a scentific study of this matenal certamly has its value.
Tt is not the place of genetics to discourage the exploration of anathet
field of science, but rather to offer checks on the hypotheses and
assumptions which are used to examine and order that material.
Most of the te-up between archacology and physical anthropology
depends on the skeleton, and this is an important tic-up. Genetics
can never replace the study of fossil remains, from the morphological
standpoint, 1n human or other paleontology. But it can do muc
towards the proper conceptualization of that study (24).

The geneticssts have long realized the advantage of a classification
based on known genes, and Dobzhansky (6), one of our Jeading
workers in the field of genetics, has stated clearly his own opiniont
that the study of geographic variation of a single human gene serjcs,
such as that which determines the blood groups, is capable of giving
moe information about the nature of races than could decades of

ion and computing of racial ges. He does not denys
however, that the methods used by anthropologists in the past have
some usefulness; he only insists that the limitations to these methods
be understood.

2) The second reason for the lack of interest in blood groups for
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classification was that the genetic varation from race to race was
discovered only after other methods of anthropological classifieation
bad already been introduced and had enjoyed extensive use. Scren-
tists, Iike other people, are conservatve 3) Many physical anthro-
pologusts, even today, do not understand the science of genetics well
enough to appreciate the ad ges which ch 1stics such as
blood groups offer, and so have preferred to base their classificanon
on tradtional measurements, and on statistical averages determined
from these. 4) A fourth reason was that the first advocates of blood
group studies (16, 25), 1n thewr enthusiasm, clarmed too much for
their methods, and the physical anthropologists of today are sull
somewhat influenced by the reaction which resulted from the nevi-
table disappoinument. 5) The fifth and perhaps most important
feason is that the study of blood group frequencies very often does
not confirm ideas about race which have already been developed
on the basis of metrical and other observations, and the resultng
classifications in many cases cut entirely across the tradional cate-
gories, Figure 25 showed how classifications according to blood
group frcqucncy can be entirely independent from that which results
ffom classification based on the cephalic index or on skin pigmenta.
tion (p. 172). 6) It 1s unfortunately true that one of the pioneers
of the use of blood groups in anthropological classification (11) was
Partly responsible for diminishing the confidence 1n the method by
Proposing a “biochemical index” 1= g::g for use in racial
classification. Tt was carly pointed out that this index, since it took
Bo account of the amount of group O 1 a population, could not
tell the whole story, but in spite of this it is sull sometimes referred
t0. Its use restricted sull further the information which serology
Cﬂ;lld ;)ﬂcr anthrapologists, and this was already rather Limited (see
ow).

An increasing knowledge of human genetics offers us a new
method of classification which may be of more fundamental impor-
tance than the old one, and we cannot, just because its implications
are startling, reject it. We must ascertain what the facts are, define
Physical races as the gene frequencies show them to be, o, if the

ata fores us to such a conclusion, declare that the term “race” has
10 physical meaning.
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Racial Classification by Blood Groups

Ottenberg (16) attempted one of the earliest racial classifications
based on blood groups. There were available at that tme data on
only one set of genes, the O, A, B blood groups, and consequently
the result was not an adequate classification of races by modern
standards (one criterion 1s not enough, p. 193). Ottenberg’s races
were six: 1) European; 2) Intermediate — Arabs, ‘Turks, Russians,
etc ; 3) Hunan — Japan, South China, Hungary, Roumanian Jews;
4) Hindu-Manchu — Korea, North China, Gipsies, Hindus; 5) Afro-
South Asiatic — Negroes, Madagascans, Malayans; 6) Pacfico-
American Indians—Indians, Australtans, Filipinos, Icelanders.
Snyder (25) made the Australians a separate race from the Pacific
race.

It will be apparent to any student of anthropology that this classi-
fication makes some very strange bedfellows. Ethnic groups which
can be related only in the remote way we are all related to each
other arc mncluded in the same “race.” It is not surprsing that
anthropologsts took one look at this list, shuddered, and said, in
cffect, “No thanks; I'll take vanilla.”

A glance at the maps of gene frequencies (Figs. 332 and 33b) will
show that the O, A, B frequencies can be nearly the same in dd-
ferent parts of the world, in ethnic groups which can be only
distantly related. As examples we may consider the data shown in
Table 31 (19).

A more recent attempt to use serological characters in anthro-
pology is found in a book by Lahovary (12). This author mahes
some use of the M and N genes, and occasionally other blood factors,
in addition to the classical O, A, B groups, and he distinguishes the
following races: 1) European (Nordics and Alpines of Europe an_d
the Near East); 2) Meduterranean; 3) Mongolian (Central Asia
and Eurasia); 4) African (Blacks); s) Indonesian; 6) American
Indian; ) Oceanic, including the Jap 8) Australian (a sub-
varicty of the Oceanic).

TLahovary was aware that a racial classification based merely ot
the O, A, B groups would in many cases give results which would
not fit well with older idcas about race. He did not wish to abandon
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TABLE 31
Similar Blood Group Distributions in Different
Peoples
Percentage of Frequency of
People Place Groups Gene

O A B AB p q r

Eskimo Labrador and Bafin

. Island 465 535 0 © 318 o 682
Aborigines W. Austraha 481 519 o o 306 o o4
Chiness  Canton 459 228 252 61 a5y a68 678

Katangas  § Belgan Congo 456 222 242 80  .1s6 169 675
Russians  Kazan 419 273 233 75 94 aby 638

the older points of view, hawever, so he attempted a compromise.
In some cases he made use of information about the M, N types,
and occasionally other blood factors, to help separate populations
not clearly distingwished by A and B. In other cases, where popu-
latians probably not closcly related proved to have about the same
frequencics for A and B, he postulated that the A or B 1n one of

ese populations was “of different itensity.” It is not too clear
'what this means, and it 1s not true that the A or B antigens differ
in any detectable way from populanon to population (except for
the different proportions of the subgroups, A; and Ay, of the A
anugen). The idea probably goes back to the speculations of Hirsz-
feld (10) about an “evolution” of the A and B anugens from O,
and this in turn is largely based on the old 1dez, now dsproved,
that American Indians belong only to group O (p 330).

The classifications of Lahovary do not viclate ordinary anthro-
P.Ological notions so much as those of Ottenberg, but at the same
tme 1t must be admitted that Ottenberg, hat lihe Dixzon in
the metrical field (p- 194), showed more courage in following his
Premises to their inevitable conclusions, Lahovary hedges at nn.
merous points,

Most of Lahovary's book is restricted to a consideration of the
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races of Europe, where there are found, it is true, certain well-
marked gradients or clines (p. 170) in the gene frequencies of A
and B. This enabled him to make subdivisions at practically any
pomnt, and thus devise “serological races” which did not agree too
badly with European races as defined on morphological, pigmenta-
tion, and lingusstic grounds. But a glance at Figure 25 will show
that a classification based on the B gene, for instance, will never
agree well with one based on the cranial index or on skin color.
In other words, Lahovary failed to realize that the characters by
which we define races are independent of each other, and we must
not expect a classificaton by one character to agree with another
very closely, even 1n Europe, where the present populations are to
a large extent traceable back to a few sources, and even these coul
not have been too different. It does not seem, therefore, that Lahovary
has made a very great advance mn methods of classifying races,
spite of hus espousal of the genetic method, which 1n his case amounts
mainly to the use of the classical A, B, O blood groups.

We have already imphed that a vahd and sensible classification
of human races, based on genetic data, 15 possible. Suppose we show
the same audaaty as Ottenberg, but make use of the great amount
of data which accumulated since. What sort of racial categories
shall we be led to create, and will they be utterly different from
the older 1deas which were based on morphology and physical ap-
pearance?

Wicner (26) has proposed the following racial classification, based
largely on the O, A, B and the Rh factors:

Caucasoid group — highest incidence of the Rh negative gene, rel-
tively fugh incidence of genes for R4, and A,, moderate frequen-
cies of other blood group genes.

Negroid group—highest incidence of gene RA°, moderate frequency
of the Rh negative gene, high relative incidence of genes A» and
the rare intermediate A and R4 genes.

Mongoloid group — virtual absence of Rh negative gene and gene
A,, highest incidence of the rare gene RA%

Wicner's classification, as first enunciated, distinguished only
three races, and it scems likely from past experience that we shall
find it convenient to divide the human species into rather mor¢
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than three races (recall that the number of races to be recognized
1n a species may be to a large extent arbitrary). However, it must
be admitted that this classification makes much more “sense” than
those just referred to. But by making more use of M, N data, we
can improve it sull further. Wiener in fact attempted this (28) and
as a result subdivided his Mongoloid group into an Asiatic sub-
group, a Pacific Island and Australian group, and a group mcluding
the American Indians and Eskimos.

From what has been sad already, and particularly from our hypo-
.th:tical example (p 253) 1n which we allowed certain blood group-
ing genes to be supposed to have effects on morphological and other
physical characteristics of man, it is obvious that we could, if we
Liked, find ample justification for classifying men into a larger
number of different races on the basis of blood groups. The races
}vhxch would result from such a classification, however, would co-
incide only in part with the races of man as they have previously
been delineated by anthropologists, and 1n some cases would appear
even to be inconsistent with the known history of the people. The
American Indsan, for instance, known to be derived by direct descent
largely or at least partly from Mongoloid ancestors emigrating from
the Asiatic mainland, would have to be placed 1n a quite different
face on the basis of blood groups This only serves to emphasize
the meaning which is being given the term “race” i this book.
Serological factors are almost the only human characteristics of
which we know the evact mechanism of inheritance, and it has
been shown above that only the use of characters ishented 1 a

Kown manner will satisfy our critenia for a satisfactory classifica-
tion of races. The very idea of racial differentiation implies that
geographically 1solated groups, although ultimately of zhe same
origin, may eventually come to differ, and we have exphined the
mechanisms by which such differentiation can be brought about,

erefore, there is no reason why the Mongoloid appearance of
many American Indians should in itself prevent our placing them
1 2 racial category different from that of contemporary Asiatics.
Aside from blood groups, we do not know what proportion of
}\:""E‘J‘Old genes they really have, for we have not solved the prob-

'ms of how many genes co-operate to produce the “Mongoloid™
2ppearance.
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The Races Defined Here

The present author has suggested (3) the following tentative
racial classificatton based on gene frequencies. It differs only shghtly
from Wiener’s.

1. Early European group (hypothetical) — Possessing the highest
incidence (over 30%) of the Rh negative type (15) (gene frequency
of 7k > 0.6) and probably no group B. A relauvely high ncidence
of the gene Ry and Az, Gene N possibly somewhat higher than 1
present-day Europeans. Represented today by their modern descend-
ants, the Basques.

2. European (Caucasond) group — Possessing the next highest
incidence of r (the Rh negattve gene) (see Table 29), and rela-
tively igh incidence of the genes RA, and A, with moderate fre-
quencies of other blood group genes. “Normal” frequencies of M
and N, ie, M=ca. 30%, MN=ca, 49%, N=ca. 21%. (The
italicized symbols stand for the genes, as opposed to the groups)

3. African (Negroid) group — Possessing a tremendously high
incidence of the gene RA®, a moderate frequency of rk, telatively
high incidence of genes A4, and the rare intermediate (27) 4 (412
etc.) and Rk genes, rather high incidence of gene B. Probably nor-
mal M and N.

4. Asiatic (Mongolowd) group— P ing high frequencies of
genes A; and B, and the highest known incidence of the rare gene
RA*, but little if any of the genes A, and 7 (the Rh negative genc)-
Normal M and N, (It is possible that the inhabitants of India [sec
Tables 29 and 31] will prove to belong to an Asiatc subrace, o
even a separate race, serologically, but information js still sadly
lacking.)

5. American Indian group — Possessing varying (sometimes highs
sometimes zero) incidence of gene Ay, no A, and probably no B
or rh. Low incidence of genc N. Possessing RA".

6. Australoid group — Possessing high incidence of gene 4 10
Ay, 1o r4, high incidence of gene N (and consequently a low inc-
dence of gene M). Possessing RA™.

Table 32 shows the world's distribution of these races.
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TasLe 32

PP Gene Fi 1 the Six Geneticall

Defined Races

1 2 3 4 5 6
Gene Ealy  Furopean  Afncan  Amtc  Amencan Australan
European (Caucasian) (Negrod) (Mongolowd)

(o
{A+A) ca025 0203 010z 01504 006 0106
Rato
AJAS Sos?  orw3  caas ° o °
B(g) <001? ©00§-020 005035  OI-0.3 0 o
N(s)  Sost  o03-0s  aos o405 0102 of-ro
Rhreg (s} o5t o3 ca01s5 o o o
R® (R) <ot aor caof oz caoor  cavor
pet o5 osso7  <a04s o ° o
aon-
sectetu ? o ao 06 o? o? ?
FriL A 4 >
genes§ P "w i Ri R Ri*

* For convemence 1 calculstion, the ratio of the two subgroups, A, and A,, and
2ot the ratio of the gene frequencics, po/py, 15 given.

HThe recessive gene for nor tastng phenyl-thio-carbarmde

1 The recesave gene for mo scerenng water soluble blood group substances 1nta
the gastric jusce, saliva, ete.

§ Other genes the frequency of which scems to be Bigher in this population than
i other raccs,

X Such a classification corresponds well, omutting the inevitable
intermeduates, wish geography.

In addition to the blood group genes, the frequencies of two other
genes, nesther strictly serological, help us 1n making our new racral
distinctions. ‘These are the genes for tasung PTC and related com-
Pounds (17), and the “sccreting gene™ (18, 20). The information
We possess about the world distribution of these genes is not very
grea, but it will be seen that some at least of our new races differ
IR respect to the incidence of these genes. Further study should add
many such new genes to our list, and enable us to subdivide our
Present races. We do not propose to make a racial analysis of all
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have gene frequencies constant enough for us to lump them with
cither the Australians or the Astatics, or to define them as a sepa-
rate race.

As we travel towards the Americas, we find the M frequency
beguns to rise, and the frequency of B drops off rapidly to zero,
thus giving us populations (23) which are intermediate between the
Astatics and the Amenican Indians. Nevertheless, there is no special
reason to suppose that this 15 due to the introduction of any Poly-
nesian blood mto America, and/or American Indian blood into
Polynesia.

Similarly, we shall have a very hard time deciding just where the
boundary 1s to be drawn between European and Asiatic, unless sub-
sequent study reveals some sharp discontinuity in the frequency
of the Rh negative gene, perhaps somewhere between the former
German-Polish border and central Sibersa. But gene interchange
has been so easy on the great Euro-Asiatic continent that we can
hardly expect to find a sharp ractal boundary.

On the other hand, if we examne populations in regions where
the g phy has enforced rather complete isolation, we often find,
as we might expect, that they differ sharply from the inhabtants of
neighboring  continents. ‘Thus the natives of the Aleutian I
lands (13), although, Like other American aborigines, they ar¢
Mongoloid in appearance, differ just as sharply as do the other
Americans from any Asiatics yet tested, by having charactcris(ifﬂuy
low frequencies of N (Table 25). And the Greenland Eskimo,
although nat too far from Europe, and exposed for cepturies 10
European influence, alsa prove to be characteristically American in
segard to therr lack of B, high frequency of A, and low N (7).

Data are msufficient for discussion of other transitional peopics
such as the inhabitants of North Africa, but 1t can hardly be doubted
that many examples of intermediate races will be found. We shoul
do well to consider that there may never have been any pure racss
(p- 192), before we call such peoples “mixed races.”

Similarity to Older Classifications

Tt will be noted that our proposed racial classification, although i
is based upon gene frequendies, as we decided a valid classification
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must be (p. 27), does not really differ 1n any very startling way,
in 5o far as the ultimate categories are concerned, from some of the
older classifications based on skin color, hair form, etc, Far from
discouraging us, this should be a sign that our new methods are
not doing so badly. For, in spite of all protestations that they were

. considering race and not geography, most wniters on anthropology
have generally tried to set up classifications that made sense geo-
graphically, For this reason they emphasized often 1n the course of
asingle work various things at various times: sometimes skin color,
sometumes head form, sometimes something else. Consequently they
always reached, except when some bold worker like Dixon (p. 194)
took the bit in his teeth and ran past all warning signals, a final goal
of human races distributed roughly according to geography and
common descent. All we have done is to show that the same thing
can be actomplished more simply, and without so many mconsisten-
cies in the application of our method, by considering gene fre-
quencies,

Advantages of the Gene Method

But it must not be thought that the use of the genetic method has
mercly served to confirm what was already known. This method
hzs. advantages which we have already pointed out (p. 27) and
which we may go over briefly again.
. 1) The method of gene frequencies is completely objective {sub-
Ject to the qualification that our deaision as to what boundary

tween fquucncics is to separate two races remains always a man-
made and arbitrary decision); 2) the gene method 15 quantitative
tather than qualitative, so the observed frequencies give us some
idea of how much different races differ from each other, and the
consequences of race mixture can be accurately predicted (p. r1r).

_ A3 an example of point 2), we may mention the Australan abo-
Uigines and the Ainu. Both of these peoples have been called by
some authors “basic white™ (11a). However, 1n the present state
of our knowledge of the inhentance of skin color (p. 310), we can-
fiot state how much the very dark skin of the Australian marks him
off from the European. But a glance at his blood group frequencies
tells us at once that he is pretty similar 1n regard to the original
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absence of B, but different in regard to M and Rh negative. It will
be scen (p. 152) that we can probably account for the acquisition
of the Rh negative gene by the Europeans by the hypothesis of mix-
ture, and the peculiar M frequencies of the Australian by random
genetic dnft (p. 154). Thus 1t is not impossible to sec a common
origin for thesc diverse peoples, although they have by this time
differentiated into separate races.

In regard to the Ainu, we find a frequency of B which suggests
considerable Mongoloid mixture, but the M frequency s closer ©
that of Europeans. Random genetic drtft has apparently not aﬁcafd
the M of the Ainu much. The B observed (ca. 30-40 per cent) i
however, so tremendously high that we cannot consider the Alny,
in spite of his Light skin color, to be as closely related to Europeass
as are the Australian aborigines (unless, of course, we consider it
probable that random genetic dnft or repeated mutation has raised
the B frequency). It scems more plausible to suppose that the darker
skin of the Australian has been acquired since his arrival in Avs
tralia, probably by the action of natural selection.

Racial Superiority

The genetic classification of races is more objective, and bettet
founded scientifically, than older classifications. The differences We
find between races are mherited in a known manner, ot influence
by environment, and thus pretty fundamental, But the new criterid
differ from some older criteria 1n an impostant respect, In certar?
parts of the world, an individual will be considered “infecior” if he
has, for instance, a dark skin, but in no part of the world does the
possession of a blood group A gene, or even an Rh pegative g68%
exclude him from the best society. There are no prejudces aganst
genes. And since we have absolutely no reason to think that the
possession or lack of any of the genes we have considc'r:d hese
confers on its p any ad ge as a p 1 contributor t¢
the advance of cultures and civilizations, there is no reason that
any prejudice should exist. We have already pointed out—Pp 3=
that there are actually no grounds, other than prejudices and emo
tions, for objecting to a dark sk, bu it is not very easy t0 conyince
certain individuals of this (9).
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cuarrzer x Other Human Genes

‘Water, water, everywhere,
Nor any drop to dnnk.
— coLerIoGe: The Rime of the Ancient Mariner

Since there 15 no particular reason to think that the blood group-
ing characteristics are 1nherently superior to, or differ in their essen*
tial importance from other physical charactersstics, the reader may
well have begun to feel that 1t 1s high time we began an examination
of other inhented human tratts to find out whether other human
genes are known whose study will aid us in developing and ampli-
fying the classification already presented.

Features of a Useful Character

We may recapitulate with a few general considerations as to what
sort of charactersstics scem likely to be of anthropological value. For
a characterjstic to be of most use to us as physical anthropologists
concerned with the classification of men, it must be (2) gcncu.czll}’
determined — that is, it must not simply be an effect of the environ-
ment as is the loss of an arm or a leg duc to an accident of war of
industry, but must be hereditary, We should be reasonably certait
that it is determined by a definite pair (or pairs) of genes or lf)’f’
known series of alleles. It is also necessary (b) that the characteristi¢
should not be too infrequent or too frequent in the populations that
we examine since otherwise its uscfulness for purposes of classific2”
tion will be slight. For, if 2 gene is extremely rare and only a few
individuals exhibit its effects there will always be some difficulty in
deciding that the different examples of this condttion are due to t};t
same gene exactly and not to other genes having similar or nearly
identical effects. Furthermore, in order to determine the gene fre-
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quency of a rare ch stic, and such d inations are always
our 2im 1n population studses, it will be necessary to examine an
excessively large number of individuals. On the other hand, if the
Bent is too common, nearly all individuals will be alike 1n respect
to the characteristic 1t determines and consequently 1t also will be
of utle use, the second situation being, 1 fact, sumply an mversion
of the first. Consequently we shall not be mterested 1n classifying
our subjects according to whether or not they are albinos or hemo-
philiacs, but on the other hand we shall not bother to note whether
they were born with a mouth, two eyes, and five fingers.

Results to Date

The mechanisms of the heredity of such common characterisics
as stature, the pigmentation of skin, hair, and eye, the shape of the
head and face, are sull imperfectly understood; mn part, perhaps,
because of their complexity, but 1 part, it cannot be doubted, be-
cause studies of them have thus far been made by so few 1nvesti-
gators, and these students have often abandoned the problem after
2 few halfhearted attempts. The blood group characteristics were
discovered by Dr. Landsteiner while he was making observations
onthe compatibility of mixtures of various human bloods, as a purely
academic piece of research The approximate mechanism of their
inheritance was discovered only after studies of the blood groups
in human famalics had been made by a comparatively large number
of physicians and scientists, and even then it remained for a mathe.
matician, who was especially interested in human genetics (2), to
formulate the correct hypothesis, more than ten years later. Further
dufferences such as M, N, and Rh (28, 29) were discovered 1n experi-
ments designed to analyze the antigemic constitution of blood types
and the reaction of blood groupmg factors when blood contaming
them was injected into ammals. Knowing this background we
should not be surprised to learn that the gene difference which is
pfobnbly next in value to blood groups in anthropolagical classifica-
tion (although, as already indicated, it is not quite certain that a
single gene pair is involved), “tasting” versus “non-tasting,” was
really discovered in what is essentally an acadental way,
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Taste for PTC

About cighteen years ago Dr. A, L. Fox had occasion to prepare
a quantity of phenyl-thio-carbamide (usually abbreviated PTC) (17)-
As he was placing this compound in a bottle some of it was dis-
persed into the air as dust. Thereupon another occupant of the
faboratory complained of the butter taste of the dust. This surprised

19~ THRESHOLD VALUES FOR

TASTE FOR PTG
(533 INDIVIDUALS)

PER CENT OF INDIVIDUALS

it 2 3 4 5 6 7 8 9 O N B
CONCENTRATION OF PTG (LOGARITHMIG SCALE)
Ficure 38. Frequencies of wvarious taste thresholds for
ok Rit B, 2

ide (after H.

Fox, who being much closer to the scenc of operations had of course
inhaled more of the dust, but had perceived no taste. He was ©
positive that the stuff was tasteless that he went so far as to taste
some of the crystals directly, finding them as tasteless as chalk.
Nevertheless the other chemist was convinced the substance was
bitter and was confirmed in this impression when he in turn tasted
the crystals and found them to be intensely bitter. Naturally a Lively
argument arose. In an attempt to settle it, the two chemists calle

in various other laboratory worhers, friends and other people with
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whom they could establish contact. Tt was supposed that the verdict
of these people would establish beyond question which of the two
chemists was peculiar 1n hus taste reacuon. To their surprise, how-
ever, it did o such thing. Some people declared the substance was
tasteless and some again found it bitter. The latter were in the
majority. The investigators could not find any clear relationship
between ability to taste PTC and age, race, or KX,

Geneticists (4, 41, 42) studied the problem of the inheritance of
this taste ability and came to the conclusion that the lack of abihity
10 taste PTC and related compounds 1s inhented as a simple Men-
delian recessive. Thus originated the discovery of what may be
another human gene pair which we may represent as T and 2, T
fepresenting the “tasting gene” and £ represenung the “non-tasung™
gene (35, 42, 43).

If different people are examined for their ability to taste phenyl-
thiocarhamide 1t is found that there 15 nearly always a relauvely
tharp difference in taste thresholds between those who can taste
faitly low concentrations and those who cither are entirely unable
to taste the substance or can taste it only in the strongest concen-
trations (see Fig. 38).

Table 33 shows some of the data which have been obtained in
chassifying indwviduals into tasters and non-tasters for phenyl-thio-
carbamide. Tt will be observed that well-marked geographical dif-
ferences exist. Certain groups of people, such as the American
Induany, seem to consist of nearly 100 per cent tasters, while in other
ethnic groups, as in Wales, large bers of s, ing
In some cases to more than 50 per cent of the total, may be found.

It has been suggested that the ability to taste 15 determined by a
single Mendelian gene pair, with the tasting gene (T) being domi-
nant over the non-tasting gene (£). An analysis similar to that
outlined in App. X11I-1 for a gene pair is given by Blakeslee (4) and
Hogben (25). I this theory is true, however, there must be some
difference in the penetrance (p. 77) of the gene in the two sexes,
for the percentage of tasters in a good many populations has been
found to be definitely higher in women than in men (5).

Although thousands of persons have been tested with phenyl.

io-carbamide, it still scems that, although perhaps the majority
of individuals snherit the factor as an allor-none characteristic, the
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TaBLE 33

Percentage of “Tasters” in Different Localities (5, 7, 8)

No Tested  Percentageof Tasters  Ratio

Place Female/Male
Male  Female Male Female Tasters
Dublin 2r 199 543 756 141
24 374 591 77 123
Wales 125 1z 447 743 166
Zagorsk (USSR) 197 289 578 672 1.16
Kharkov (USSR) 52 109 673 633 094
Tuflis (all) (USSR) 216 230 723 808 112
Tifhis (USSR)
(West Georguans)  tro 18 755 86 107
(East Georgrans) 6o 61 667 820 123
Cawo (all) 310 259 773 787 102
Cairo
(Copts) 59 5t 713 765 107
{Mohammedans) 251 208 786 793 101
Assiue (all) 229 251 743 78.x 105
Assiut
(Copts) 182 19 731 764 105
(Mohammedans) 47 52 87 847 1.08
San Sebastdn (all) 54 31 760 712 094
San Scbasudn
(Basques) 29 69 827 71.0 086
{Non-Basques) 25 49 680 715 105
Boarij
{Syrians) 61 58 606 759 135
Meshghara, Syria
{Christians) 82 14 695 7.4 1.03
(Moslems) 115 56 791 853 113
Beyrouth and Ghazir
{Armeniaps) 147 164 728 774 1.06
Baghdad
{Chrastians) 46 14 80.4 500 of2
{Moslemns) 217 105 69.6 224 104
(Jews) 55 13 8oo 831 105
Ramah, N. M 121 148 80 984 1.00

Sec also Gates (1), Swandskov (45), and Pasr (33).
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gene displaying simple dominance, certain families show peculiari-
ties, and individuals of an intermediate degree of ability to taste are
found (5). Some of these indwiduals can apparently taste the sub-
stance, but to them 1t does not have the immediate and intense bitter
taste which the rest of us tasters percerve, For them the taste is some-
what hard to characterize and is not partcularly objectionable.
Either another genc must be involved or a modifying gene acting
on the originally postulated Mendehan pair exists. It is to be re-
gretted, therefore, that writers such as Hogben (25) offer the family
data on tasting as conclusive evidence that a human characterisic
which is definutely due to the presence or absence of a single Men-
delian gene has been added to the hst of those already found
serologically, Even in Hogben’s presentation, for instance, the non-
tster X non-taster matings, which by hypothesis should produce
only non-tasters, are shown as producing five tasters. Neither Hog-
ben nor Snyder (42), from whom the data were taken, offers any
explanation of this.

Tt will be noticed that the results for the tasting gene parallel in
general what has already been observed for the Rh negative and
A; genes, that is, that the European populations tend to differ rather
stribingly from Mongoloid populations In both cascs there is 1n.
sufficient information about the Africans.

It was a matter of considerable interest, of course, to find what
!be taste reactions of the anthropoid apes would be, and this ques-
ton was investigated by Fisher, Ford, and Huxley in 1939 (6).
They found that the chimpanzees in the London zoo showed defi.
nite differences in taste threshold for phenylthio-carbamude, just
23 do human beings; and since these differences seemed to be cone
sistent and peculiar to the individual, we are doubtless justified 1n
tupposing that they are nherited, since it is hard to sec how they
could be the result of conditioning. It is the opinion of Fisher, Ford,
and Huxley that their observations suggest that our ancestors, which
we have in common with those of the anthropoids, may have pos.
sessed both the T and the t genes, have passed them on to us, aad
that the heterozygote may enjoy some selective advantage over cither
of the homozygotes, since otherwise, in the long period of time that
h:'s clapsed, sclection, or genetic drift, or both, would probably have
eliminated one of the gencs from the species. As to the nature of this
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selective advantage, no suggestion was made. It probably has no
direct connection with the ability to taste phenyl-thio-carbamide,
which 1n any case was synthesized only a relatively short time ago.
But the genes which control the ability to taste this substance may
at the same time affect other and more important aspects of the
physiology of man. We do not as yet know what these aspects arc.*
A selective advantage for the heterozygote, as opposed to both homo-
zygotes, has been shown convincingly for certain characters of
Drosophila by Dobzhansky and Spassky (14). Perhaps this phe-
nomenon occurs elsewhere and 1t may help to explain the survival
of many of the seemingly neutral (or even disadvantageous) genes
which seem to have persisted for a long time 1n a species, Dobzhan-
sky, however, believes that such phenomena are more often the
consequence of a balance of mutation rates than a consequence of
any selective advantage of the heterozygote.

It has been found that rats differ considerably in their threshold
for tasting PTC, practically as much, 1n fact, as do human beings,
an observation which mught lend some support to the suggestion
put forward by Fusher, Ford, and Huxley, since rats are even further
down 1n the evolutionary scale than are anthropoids. Phenyl-thio-
carbamzde is not tovic in the mnute amounts required for deter-
minmng taste threshold in man (cf. 26), but 1n any considerable
quantity 1t is toxic (35), and the “non-tasting” rats were sometimes
killed by eatng meals of food ¢ ing it. A related substance,
a-naphthol-thiocarbarmide, abbreviated ANTU, was subsequently
developed for use as a rodent poison. It scems to be especially effec-
tive against the Norway rat.

1t may be remarked that phenyl thio-carbamide probably owes its bitter taste
to chemical groupings sinular to some found in thiouraal ‘This last substance,
together with some of 1ts dervatves, has been used as an antagonst to the hormone
of the thyroid gland in certain chnical 1nstances. It mught be that homozygous
tasters are unduly sensiuve to some of the anu-thyrod substances which occur 1
certain foods such as cabbage and turnips, for at least one of these substances is also
chemcally somewhat smilar (12). The homozygous mon-tasters might be unduly
msensinve, which might casily be a disadvantage in fegions poor in sodine, Thus
the beterozygotes might possess a better endocnne balance. An association between
dubetes and “tasie-bhindness” has been suggested {452). In some such way it I8
possble to imagine that cuher the tsung or the non-tasting gene might have
evolubonasy importance, Experiments dengned to tewt these ideas are pow 10
progress.
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Secreting Gene

Another and somewhat remarkable gene difference which has

en found in man 1s related to the blood groups but 1s not, 1n aself,
2 blood-grouping factor. This 15 the secreting gene (39, 40). It was
discovered fairly early that the blood group antigens A and B were
generally present in the saliva and (as we hnow now) m almost
all of the body tissues of an individual 1f they were present 1n his
red bload cells (1e, a group B individual would have the B sub-
stance in hus saliva and gastric juice, a group A person would have
A, an AB both, and 2 group O person neither). The use of proper
reagents enabled the rule to be extended to the group O substance
2lso (37). But in some cases the group substance could not be demon-
steated in saliva or body flurds, or was present in very small amouats,
and Schiff (3g) suggested that the presence or absence of the blood
8roup substance in the saliva was determined by a special gene,
which he designated as § (for sccretor) ; the non-secreting gene was
designated as 5, and § was supposed to be the darminant member
of the pair, Such a theory explains well the families which have
thus far been studied, as illustrated 1n Table 34.

TasLe 34

Inheritance of “Secreting” Factor (48)

Number of Families Children
S s
105 241 3
62 103 67
18 o s

. Later Schiff was able to demonstrate that there were differences
I the incidence of the secreting gene m different ethnic groups, as
is illustrated in "Table 35

Unfnmma(cly, determining whether an individual belongs to the
secreting or to the non-secreting group is rather a tedious process,
especially in the case of individuals of group O. ‘Therefore, Schiff's
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Tasiz 35

Frequency of Secretors and Non-secretors in Various
Racial Groups

Senes Place  Reference Number Per Cent Gene Frequency for
Tested Secretors Non-seeretors  Secretor Non-secretor
s )
Negroes New York  (38) 178 612 388 038 062
Dapes  Copen-
hagen  (24) 263 740 260 049 051
Japanese Japan YR 243 o.51 049
Germans Berhn (38) 363 780 220 053 .47
Poles Poland 88 794 216 054 046
Whites  New York  (38) 7s  B24 176 038 o4z
Finns Helsnki  (34) 196 863 137 063 a37
Amencan New Mex.
Induns 1o © 63 985 15 088 otz
Amencan Uuh 32) 79 1000 ° 1.00 °
Indians

results have not been extended much, and no adequate survey of
racial differences in the frequency of this human gene has yet been
obtained. When such information is available to us, however, it may
prove fully as interesting and important as that available in connec-
tion with any other genetically controlled human characteristic.

Mid-digital Hair

Danforth (12) suggested that complete absence of hair on the
middle segment of the fingers is a simple recessive trait in man,
and there can be no doubt that the condition is inherited Danforth
reported a study of 8o families with 178 children, Bernstein and
Burks (3) extended Danforth’s study, but concluded that more than
a simple Mendclian pair of genes were involved. They offered the
hypothesis of five multiple alleles, D, Dy, Dy, Dy, D (listed in order
of increasing dominance) where the subscripts correspond to the
number of fingers having mid-digital hair. Individuals of the geno-
type D,D, would have no mid-digital hair,



OTHER HUMAN GENES 285

TasLe 36
Incidence of Mid-digital Hair in Various Populations
678
Population Place Number Examned  Per Cent with Mid-digital
Hair
Males Females Males  Females
Russians
Georgians n Moscow 116 115 646 453
(West) Tiflis g 124 496 35
Georguans
(East) Tiflss 62 7 564 338
Russians Kharkov 58 112 569 509
Egypuans
(Copts} Cairo 55 52 655 462
{Moslems)  Cairo 228 203 456 364
(Copts) Assiut 202 215 515 530
(Moslemns)  Assiut 50 53 680 283
Basques San Sebastian 25 53 640 736
Syrmans
(Moslems)  Boarij 68 61 779 557
(Christians)  Meshghara % 16 689 So0
{Moslems) ~ Meshghara 129 66 581 545
Armenians Beyrouth and 165 172 624 616
Ghazir
Arabs
{Moslems)  Baghdad 233 132 674 507
(Christians)  Baghdad B 1 646 S0
Jews Baghdad 69 136 710 506

There are probably racal differences 1 the incidence of mid-
digital hair. The principal studies are shown in Table 36.

The extent of the racial variation, at least in these studies, would
seem to be less than that shown by certain other heredutary char-
acteristics.

Other Genes

We now come to the question of the inheritance of eye color. It
has long becn believed that bright blue eyes are inberited as a defi-
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nite Mendelian recessive, although the inheritance of the other
varteties of eye pigmentation 1s still somewhat obscure. For a recent
although not defimtive study of the question, the reader is referred
to a paper by Brues (10). However, according to Gates (18), blue
eyes which are inherited as a domnant have been observed, and this
means that up to the present, at any rate, we are debarred from
interpretng most of the material which has been obtained on eye
pigmentation in terms of gene frequencies. This material suffers
from the added disadvantage that a large number of different
systems of recording the degree of pigmentation and other charac-
tenstics of the s have been used by different workers, making it
difficult to compare and correlate different series of studes. For
typical systems of recording eye color, the reader is referred to
Marun’s dugenfarben Tafeln (31), Riddell (36), Brues (10),
Tocher (47), and Boyd and Boyd (6). The difference between
them is considerable and none can be regarded as completely ade-
quate. Examples of racial vaniation in eye color will be found in
Chapter XI, Table 39.

The first suggestion as to the mode of inheritance of a character
is of course that it is determined by the presence of one gene of 2
Mendelian pasr, and this 1dea has been proposed in connection with
a large number of human traits. Nevertheless, it has seldom becn
found to explan all the facts, and the above short Lst practically
exhausts the series of human charactersstics which would be poten-
tially useful to us and which can stll with any plausibility be
explained on the basis of a pair of genes or even a senies of allelo-
morphs. It 1s true that such a mechanism has been proposed for 2
number of other characteristics, For instance, Wiener, Zieve, and
Fries (49) have suggested the hypothests that allergy is inherited
as 2 simple Mendelian pair. They rep the genes making for
allergy as H and the normal non-allergic gene by A. It is thought
that the homozygous HH indwidual always develops allergy, us-
ally before puberty, whereas the heterozygous HE person may Of
may not develop allergy, and if he does is likely to develop it only
after the age of puberty. The data analyzed by Wiener, Zieve, and
Fries agree well with this hypothesis, but the whole subject of
allergy is far too complex for us to state with confidence that the
exact mode of inheritance of all its varicties is yet understood.
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"That there is a hereditary factor in allergy can scarcely be doubted.
Even in cases of food allergies, where the subject may not know
that he suffers from allergy, the hereditary factor may operate (21,
11). Unfortunately we cannot be sure that the inheritance is due
to the action of a simple Mendehan pair of genes.

No matter how many genes may prove to be involved in the in-
heritance of allergics, however, it seems hikely that racial differences
in the incidence of some at least of these genes exist. Thus in Iraly
there is 2 disease known as favism, which is caused by eating the
borse bean (Viciz faba) or by inhaling s pollen. The symptoms
indicate a hemolytic effect on the red blood cells, leading to chulls,
vomiting, jaundice, and hemoglobinuria, sometimes with enlarge-
ment of the Lver and spleen Racial differences in susceptibility to
favism probably exist, for 1t seems to be limited in Europe to peo-
ples of the Meduterranean “race.” The horse bean (called there the
broad bean) is commonly eaten in England, but the population is
not affected by it. In the United States (where, however, the gen-
eral population does not know or eat the horse bean), descendants
of Italian famulies sometimes get the disease (30).*

For rare human genes special methods of genetic analysis have
been devised, and some of them will be discussed 1n the Appendix
on statsstical methods (p. 437).

‘The inheritance of baldness (a character whose cxpression is
affected by sex) may be farly simple, and ractal dfferences in the
frequencies of the genes involved probably exist.

Harris (22) d a series of goo Enghsh and Tuded
that the hypothesis that premature (by “premature” in this case we
mean before the age of forty-two) baldpess is inherited discretely and
distinctly from late baldness, and that it is inhersted as a sumple
Mendelian dominant, would fit the observations. Further studies
will of course be needed to make sure that the inheritance is as
simple as thus,

There can be Lttle doubt that there are marked racial differences

*For the benefit of specialists 1n allergy, 1t may be mentioned that st 15 possible
that the effects of the horse bean meght be due not to a real allergy, but to 2 direct
acton of certain protcins of this bean which have the property of combining with
buman and other red cells. The racial differences then might be due to differences

in sbsorpuon of these proteins int the qrcufaton, But this s pure speculation at
presenr,
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in the incidence of premature baldness in man. Harris found 120
out of goo Englishmen had gone bald prematurely, or in other
words 13.3 per cent. In a series of more than 150 Navaho Indian
males examined (44), not a single prematurely bald male was
found Other data suggest also that racial differences exist, but fur-
ther studies along this ine (and also further studies of the genetic
mechanism) will be needed before we can make much use of the
trait as a physical anthropological charactenstic.

The well-known difference between the ncidence of baldness in
men and 1n women has been explained by Hamilton (20) on the
hypothesis that the hereditary tendency to baldness will manifest
ttself only 1n the presence of an adequate level of male sex hormone
in the body. Although women produce some male hormone, the
same levels are seldom reached as in men.

There remain a large number of human characteristics which
are pretty certamly inherited 1n Mendelian fashion (1, 19). Their
mheritance has been established by the carcful study of pedigrees
of affected families. A number of abnormal conditions of the eye
arc inherited — see summary in (19). Unfortunately, all or nearly
all of the rest of these characteristics occur so rarely that their value
for anthropological classification is almost zero. To establish gene
frequencies 1t would be necessary to study an impracucably large
number of dividuals and in many cases the sample afforded by an
entire small population or tnbe would be insufficient to prevent 2
decided effect due to random genetic drift (p. 154), so that relatively
meaningless variations from place to place in the incidence of 2
character would be found and in the usual population sample we
might even fail to encounter a single person exhibiting the trait.

A case which is perhaps somewhat on the borderline is color
blindness, apparently usually a sex hnked characteristic which
occurs in white males with a frequency of something like 5-8
per cent. It is supposed to be transmitted by a recessive gene located
on the X ch and it is displayed by females only rarely,
i, when both of their X chromosemes contain the gene. Conse-
quently gene frequencies must in practice be estimated entircly by
the study of the approximately 5 per cent of males who display
the characteristic. The mechanism of inheritance just outlined fits
a2 number of pedigrees of color blindness, but a survey of the It
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erature on color blindness (19) seems to indicate that at least six
types exist. They are called protanopia (P), deuteranopia (D),
hia (PA), d lia (DA), extreme protanomalia

(EPA), and extreme deuteranomaha (EDAY). Their supposed domi-
nance relations are given by Gates (19) 10 his Human Genetics.
er plications, such as i d also come into

P

TasLe 37
Per Cent of Color Bhindness in Males in Certain Ethnic
Groups
Ethnic Group Number of Persons Per Cent of
Tested Color-blind Males

Eskimo 125 o8
Melanesians (New Guinea) 1
Mavaho Indrans 53500 L1
Japancse 3
Chukehi (Eastern Siberta) 3
Bechuanal (S Africa) 407" 34
American Negroes 20195 39
Egyptians 5
Lapps 6
Chinese 1164 (13
White Americang 7958 8.4
Europeans 734 8oy

the picture. Also 1t is not always easy to be sure what type of color
blindness a given individual really has (19). Therefore we are not
able at the present time to make much use of the (still fragmen-
tary) studies on the 1ncidence of color blindness for purposes of
antheopological classification. Kroeber (27) and Gates (19) have
Summarized what 1s known about the inaidence of red-green color
blindness in males of various “races.” (Sec Fable 37.) No startling
conclusions emerge from an examination of these data.

A hereditaty lack of normal pigmentation in skin, hair, and
¢yes, known as albinism, occurs in man, and 1s often inherited as
a simple 1 recessive, although some pedigrees suggest a
s (19). Its incidence in Eu.

hat more heated meck
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ropean races is only about 1 in 10,000, 50 it is far too rare to be
of any anthropological use. Furthermore the data on the incidence
1 other popul are most unsatisf: .

Next on the list, perhaps, come certain abnormalities known as
inborn errors of metabolism, in which the metabolism of some
substance 1n the body differs from that 1n the normal, or some sub-
stance is excreted by the individual, which is not usually found, or
found only 1n traces in the excreta of normal individuals For in-
stance cystnurea, a condition wn which the amino aad cystine
appears 1n the unne, is inherited as a rare recessive in man (46)-
Alkaptonuria, a condition in which alkapton, probably a derivative
of the amino acid tyrosine, occurs 1n the urine, is sumilarly inherited
(19). Similar abnormaliies have been found in apimals also. A
classical ple of this is furnished by the dog. Nitrogenous com-
pounds of the purine group (things like caffein, for example) arc
oxidized 1n most dogs to the compound which is known as allan-
toin. In the Dalmatian coach dog, however, they are oxidized in-
completely, only so far as the compound known as uric acid, which
happens to be also the stage which is reached in the purine metab-
olism of man. The condition is 1nherited, but the canine species
differs in this case from man in displaying both conditions, and
therefore two “races.””

A number of other such abnormalities of metabolism exist. Many
of them have been shown to be inherited in a definitc Mendel:2n
fashion; thus the presence of a five carbon sugar (pentose) is a defi-
nitely heredi i

¥ bue ly rare, condition in man (15). Its
rarity means that it is for our purposes merely a physiological curi-
osity and of no value for purposes of classification. Some investi-
gators (Lasker), for example, thought that the cases of pentosuria
in the world could be traced back to a single family, and thus ulti-
mately to 2 single individual. This mutation has “spread” but has
not become more frequent (p. 114).

Materials for Further Study

At intervals in the course of human history, and especially in the
tast few centuries, during which there has been a scientific study Oj
nature and of man, a good deal of information has been accumul;
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ahout human 1nheritance and recently two large books, consisting
each of two volumes, have been written on the subject (1, 19). It
might thercfore have been supposed that the preparation of the
present chapter would have been a very easy matter, smce abun-
dant material Lies ready at hand. The blood group genes should be
only the hors d'oeuvres of a rich repast now ready to serve Alas,
this is not the case. If we examune attentively the two large works
on human inhertance referred to, the first published by Baur,
Fischer, and Lenz (1), the second by Professor Gates (19), we dis-
cover that in reality we have very little exact knowledge of human
heredity, It is true that a large number of abnormal conditions are
known to be inherited in man, and they have been investigated,
mate or less casually, mostly by physicians; but few, if any, of these
characteristics are determined by a known genetic mechamsm 10 a
known way, The authors have compiled whatever material was
avalable to them and, whether or not final analysis of the mechan-
ics of the inheritance of human traits has been worked out in a
given case, they have simply presented us with the evidence so far
as 1t goes Thus often 1s not far. For, up to the present time, very
litele money has been made available for research in human genetics,
and such meager information as we have comes from the efforts of
people who found themselves interested in the subject and seized
what small opportunity they could to make observauons which
they thought would be of some value. Furthermore, analysis of
Benetic traits in man is not as easy as it 1s with animals, for with
ammals one can almost always make trial breedings to test the truth
or falsehood of a hypothesis, but in man it must be tested by the
2cumulation of sufficient family material to have statistical validity.
The identification of hereditary human traits has been carried out
In many cases, but the analysis of the exact genetic mechanism has
usually not been completed because it required more time and money
than the investigator gould afford to devote to what was essentially
only a hobby.

‘Thus the story of the study of human heredity is largely a story
of brave beginnings which have not yet achieved the final stages of
complete scientific proof. In the book by Gates, for instance, in
addition to the blood groups, there are discussed such subjects as
Eye Color, Hair Color, Color Bhindness, Hereditary Variations and
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Abnormalities of the Eye, Hereditary Variations and Abnormalities
of the Ear, Albinism, Abnormakties and Diseases of the Skin, Hair,
Nails and Teeth, Anatomical Abnormalities of the Hands, Feet and
Limbs, Anomalies of the Skeleton and of the Bone Structure,
Metabolic Defects and Derangements, Hemophiha and Related
Hereditary Conditions, Other Inhertted Diseases and Abnormali-
ties of the Blood System, Allergy, Hereditary Syndromes, Inherited
Abnormalities of the Alimentary Canal, Various Sexual and Inter-
sexual Condstions, Twins and Twinning, Inherited Muscular and
Neuro-Muscular Abnormalities, Hereditary Vanations, Defects and
Diseases of the Nervous System, Mental Defects, Mental Ability,
Cancer, Constiution and Body-Buwild, Congenital Abnormalities,
Stature and Size, and Anthropological Characters. After examina-
tion of all the evidence we are obliged to say that investigations into
the fammlies of persons possessing these characteristics have not
in any case been sufficient to establish the exact mechanism of in-
heritance, with the exception of the few characters we have already
discussed, and of certain rare abnormalities such as (possibly) poly-
dactyly, and even here proof is lacking that the gene determining
the polydactyly of one family is the same as that which determines
polydactyly in another. 'The requisite cross-matings have, of course;
never been carried out.

So, aside from a few rare abnormalities which from their very
nature can never be of much use to us in anthropology, we must
regretfully admit that the students of human heredity have so far
not carried out a th hgoing job of 1dentification of human ge-
netic mechanisms, save in the case of the blood groups. It is not too
difficult to understand why this should be true. Financial rewards
for such work are almost nonexistent, and 2 knowledge of human
heredity is a kind of knowledge which at present commands Little
respect. It is important to know how to manufacture plutonium,
but nobody cares how your Great-uncle George got that extra toc
A knowledge of the exact mechanism of blood group reactions
proved to be of importance in saving the lives of patients in hospi-
tals, therefore one can understand why this branch of the subject
flourished while many other budding investigations never reached

full flower. .
Some idea of possible methods by which a correct analysis of
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other human hereditary traits may be attained in the future will be
given 1 Chapter X111 By the use of these and other methods, the
human geneticist of the future, it cannot be doubted, will provide
us with much valuable matenial beaning on questions of race.
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cuarrzr x1 Incompletely Analyzed
Genetic Characteristics

And makes us rather bear those ills we have

Than fly to others that we know not of?

Thus conscience docs make cowards of us all . . .
suaxespEARe — Hamlet, Prince of Denmark,

By incompletely analyzed charactersstics, we mean characteristics
which have not been studied sufficiently so that the exact genetic
mechanism by which they are iherited 1s known, even though 1t
may be believed or even well established that they are defimitely
hcr:dmry 1 character.

Stature

For a long time stature has been considered an anthropological
eharactenistic, and of course it is. If we examune races which are
sufficiently different, we may find statisucally sigmificant differences
In average stature, or even (in a few cases) a differcnce 1n stature
50 great that there is no overlapping. An example of this 15 given
by Morant {39) from a study of the stature of 98 Congo Pygmies

1g- 39), 109 Japanese from the Kaga province, and 105 Dinkas.

t absolute separation was found between the ranges of stature
of the Pygmies and the Dinkas. ‘The tallest member of the Pygmies
%as shorter than the shortest of the Dinkas, although, as Morant
Points out (39), it is probable that with larger samples the distribu-
fion might overlap to some extent. However, a muxed series made

¥ taking ro0 Pygmies and 100 Dinkas would very definitely give
3 bimodal character of distribution, that 15 a distnbution showing
%0 means instead of one (Fig. 40). Both senes (the Pygmies and
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the Dinkas) overlap the range of stature found in the 109 Japa-
acse men studied 1n the Kaga province. The distribution would,
however, obviously still be bimodal »f the Japanese and the Pygmies
or the Japanese and the Dinkas were lumped together. Therefore,

Fiouze 39. Drawing showing a Pygmy beside @ European
of normadl stature,

on the basis of statistical evidence, we are justified in considering
the average stature of these groups as different.

Stature is far from an ideal character to use in human classifica-
tions, for it varies, even within the same population, from one indr
vidual to the other, there is a definite sex difference, and in afl
probability one’s final height is determined not only by heredity but
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also by environment (p. 8g). In connection with this latter pos-
sibility, we must keep in mind the fact that many peoples seem to
be gradually increasing in height, and that there is evidence that
this increase has been going on for a long time in Europe (30).
This may be connected with improved nutrition, but we mught re-
call also that there is a general evolutionary principle that organ-
isms of a phylum tend to increase in size as evolution goes on (53).
-
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Ficure 40. Distribution of stature in Pygmies, Japanese,
and Dinkas.

Knowing little or nothing of how the characters are inherited,
We cannot assess quantitauvely the difference (in terms of gene
frequencies) between two populations. We may measure the pheno-
types, it is true, but since some genes produce much greater mor-
phological difference than do others, and since their final product
~—the adult organism — depends in so many cases on the environ-
ment, mere records of the phenotypic frequencies which result from
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the action of unknown combinations of unknown numbers of genes
will tell us lttle,

‘We do not know how many genes are involved in the inheritance
of stature, and we do not know exactly how they operate. The total
height of a man is made up by the combined lengths of the head,
neck, trunk, and legs. Davenport (13) in his study of the inheritance
of stature found some correlation between some of these variables;
he thought that shortness was due to the presence of certain genes
which inhibit growth, and believed that the factors for tallness were
chiefly recessive, It 1s also probable that the time of onset of puberty
makes a difference in the final stature which an individual will
reach.

From an investigation of the stature of a group we are not able
at the present time, therefore, to compute the gene frequencies of
any of the genes responsible. Consequently, we are not able accu-
rately to compare these results with those obtained from other popu-
lations, for the same average stature, even 1n the same environment,
could result from different combinations of genes; also, we cannot
predict what would be the result of crossing two populations each
possessing a known range of stature.

Head Form

About 2 hundred years ago the Swedish anatomist, Anders Retzius,
thought that he had discovered that the relation between the breadth
and length of the brain case vanied not so much between individ-
uals as it did between different human groups or races. The propor-
tions of the skull can be expressed numerically as the cephalic index,
which is the breadth of the skull expressed as a pereentage of the
length. The cranial index is computed from the ofa
skull; the cephalic index from those of a living head. The differ-
ence is usually slight. Some skulls are long and narrow and arc
called dolichocephalic. Other skulls are short and broad and are
called brachycephakie, It is common to call skulls dolichocephalic
if the index breadth/length, expressed as percentage, is below 75
We call them brachycephalic if it is over 8o, Skull forms between
these limits arc called mesocephalic, Measurements of head formt
offer the advantage that the cephalic index scems to remain almost
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constant after infancy; the characteristic head form is established
carly in Iife, and therefore the cephalic index measurement could
be 2pplied to the children in a population as well as to the adults.
There are cradle effects, which are perhaps usually temporary, but
It is now recognized that certain forms of hard cradle produce a
fattening of the occiput; and thus make the individual more
brachycephalic than he would naturally be (20).

The two authors chuefly responsible for the use of the cephalic
indcx iﬂ Lhc blist and defini Of hduvisi Of the
white race were Deniker (16) and Ripley (48). The fair long-
headed whites were called Nordics by Densker, and Ripley gave the
dark, roundheaded whites the name Alpine. But a French sociolo-
8ist, de Lapouge (34), a German journalist, Ammon (2), and 2
German dentist, Rose (49), completed these characterizations by
postulating, in addwion, certain correlated psychic qualities. Am-
mon said: “The long heads [dolichocephalics] of German descent
represent the bearers of higher spinitnal life, the occupants of domi-
nant positions, to which they are destined by nature, the innate
defenders of the fatherland and the soctal order. Thete whole chac-
acter pred ines them to ari; . From purely scientific in-
terests, to which the longheads are driven by their desire for
knowledge and to which they devote all the impetus of their char-
acter, the round heads keep more aloof. ‘Their inchnation to the
democranc theory of equality is due to the fact that they themselves
do not exceed mediocrity and feel nothing but an aversion, if not
hatred, against grandness which they cannot understand.”

Weidenreich (57) points out that Ammon and Rése tried to
Prove that even 1n the same racial group the good and bad qualitics
~judged by their advancement in their respective carcers — were
correlated with higher or lower skull indices. Rose measured the
heads of umiversity people, soldiers, employees of big industrial
<orporations, business leaders, clerks and laborers and summarized
h'ls fesults 1n the ex cathedra sentence (49): “The higher the posi-
tion and the greater the salary, the Jonger are the heads.” More re-
cently writers in Nazi Germany speculated on the color of the souls
of the different white races. Giinther (25) reported that the soul of
the Dinaric race seemed to be a dark green. Giinther was awarded
the Goethe medal for art and science in 1941. Without further ex-
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amination of the results of Rose and Giinther, we may dismiss
them as belonging to that mystical Teutonic school of anthropology
which passed out of existence, we hope forever, with the end of
World War II
The claum that the Northern and Middle European longheads and
dheads rep d two completely different races was first ad-
vanced by the Swedish anatomsst, G. Retzius (46), and by C. M.
Furst (22). Finding that a high percentage of the modern popula-
tion of Sweden was longheaded and of fair complexion, they 1den-
ufied the long Neolithic skulls studied by them with the Nordics
and identified the round skulls as those of an alien population, prob-
ably with a dark plexion, which had migrated to Sweden from
the East in increasing numbers as time went on "The mesocephalic
skulls were regarded as hybrids of the longheads and the round-
heads.

The 1dennifications were based almost exclusively upon comparison
of the brain cases, but to a certamn extent also on metrical char
acters of the face, although in the case of the roundheaded Neo-
lithic people the facial parts were mostly fragmentary and not dis-
tinct enough for much use to be made of them. It was assumed that
the occurrence and distnbution of these two “races” as they were
found 1n Sweden was typical of all Northern and Middle Europe.

Archacologists found that in Germany and Switzerland in Neo-
lithic and early hustoric times, the majority of the skulls were
dolichocephalic, with only 2 lmited number of brachycephahes.
But in later times the proportions became completely reversed
(p- 302), so that today the overwhelming majority of the popula-
tion in both countries 15 brachycephalic with a minority of doliche-
cephalics (Fig. 41). The latest and most careful anthropometric
measurements in Europe show that the central European popu -
tion is not dolichocephalic but brachycephalic to a prcnounocd de-
gree. If, as was once postulated, the desirable qualuies in the Euro-
pean racial stock belonged to the longheads and the desirabl
ones to the roundheads, the European population now would be
in a rather bad way.

For many years it was considered that the dokchocephalics ha.d
been replaced by brachycephalics solely as the result of Asiatic
immigration, although the other observed facts did not scem ©
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agree with such an enormous migration as would have been neces-
sary. Nevertheless, for many years, the substitution by immigration
theory was rather generally accepted, and 1t was assumed that the

FiouRe 41, Cranial index in Eurasia and Africa (after
Gerhardt).

brf&lyccphalic skulls had belonged to Asiatic individuals with dark
$xin and hair who had migrated into Europe in carly historic times.
Weidenreich pointed out that to escape from. this embarrassing
dilemma there was only enc way open, which was to consider that
the roundheads were not derived entirely from foreign Asiatic
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clements which had come in from outside, but had been derived
by modification from people who were originally longheaded, and
heref c dhead could be idered as having the same
racial ongin as the longhead. In the words of Weidenreich, “The
substitution theory was replaced by the transformation theory.”
Weidenreich offered various bits of evidence indicating that the

o7, _DOLICHOCEPHALICS  MESOCEPHALICS  BRACHYCEPHALICS
INDICES
=5 by 8" Centuries

w19 Century

8+

o

41

2

O Mttt
64 66 68 70 72 74 16 78

INDICES

Ficure 42. Recent shift in cranial index of European popu-
latsons (after Schwerz).

head form of the human race in various parts of the world has been
changing from dolichocephaly to brachycephaly and is appxreﬂdy
still changing today. This is illustrated in Figure 42 (56)- \Vcidfn-
reich does not offer any evolutionary cause for this trapsformatio®
but if we examine the Lst of possible evolutionary forces cited in
Chapter V T think we can conclude that the most likely foree 1
selection, although at certain times and in certain places other 2522
cies may also have operated. ¢
Today many recognize (x1, 29, 56, 57) that a definite process @
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brachycephalization has been going on in Europe, probably aided
by other factors 1n addation to whatever influx of genes immgrants
from Asia may have carried; and 1t 1s no longer necessary to sup-
pose that the early brachycephalics were all dark skinned and dark
hatred. For all we know, they may have had har which was fair
or dark, perhaps ranging from flaxen and plaunum to dark blond.

It is not hard to sce why early anthropologists picked upon the
skull as a means of racial classificauon. The skull 1s exceedingly
dursble, so that it is often found in a farr state of preservation when
the rest of the body, including the remainder of the skeleton, has
disappeared. Also the skull, by 1ts conformation, offers the oppor-
tunty of making numerous measurements with a faurly high de-
gree of precision, whether or not we know what these measure-
ments mean, The charactenstics of the skull were selected, not
because there was any proof that they were umquely fitted to

stinguish one race from another, but stmply because there were
a lot of skulls 1n various bursal places and (eventually) in most
museums, Also the fact that the skull contans the bram, the seat
of intelligence, may have helped convince early anthropologusts that
the skull would be of more value 1n disunguishing the ethnic origin
21d innate abilities of different sorts of men than would other parts
ﬂf'!hc body. Actually there is Ittle evidence which indicates that

is true,

Are Skulls the Key?

Even if we grant that, after all, human skulls must tell vs some-
thing about their former owners, we must keep in mind certain
‘lﬂ’hcnlary fallacies which have clouded the logic of some of our
Predecessors. Weidenreich (57) points out that skulls cannot really

separated sharply into three classes — dolichocephalic, mesoce-
Phalic, and brachycephalic, A scparation 15 made, but it is entirely
"bltrary, and actually each of these categories runs into the other
Without any break. We can therefore set up any arbitrary limits we
ke which enable us to decrde what we wish to consider a medium

tad, 2 longhead, or 2 dhead. The mechanism of inheri

of skull form, although skull shape must be at least partially deter-
mined by heredity, has never been completely worked out. It seems
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certain, however (3), that skull form 1s determined by a number
of different genes, and therefore we cannot treat brachycephaly and
dolichocephaly as if they were the result of a single Mendelian pair
of genes. Authors who have attempted to do so have obtained con-
flicting results; some have found brachycephaly dominant to doli-
chocephaly, but others could not confirm this. It has been found
that 1pherited or constitutional factors, such as the gene for poly-
dactyly (26), may influence the shape of the head. Godmn (24)
believed that in the majority of cases the shape of the child's head
was determined by that of the mother. Baur, Fischer, and Lenz (3)
have pointed out that identical cephalic 1ndices mught resule from
quite dufferent conformations of various cranial bones which 1n turn
mght be due to enurcly different genes. Some authors seem to
have eonfused the increase 1n meadence of brachycephaly in Europe
in historic times with proof that brachycephaly is determined by 2
dominant gene. Sumilar proposals have been made for the New
Waorld. To one of the exhibits 1 the Mesa Verde Museum 1n Colo-
rado is attached a legend which reads: “The Pucblo Indians ap-
pear to have been the direct descendants of the Basket Makers.
Although the shape of the skull was radically different this is be-
lieved to have resulted from two causes.

“(x) [Effects of a hard cradle.]

“(2) Natural domi: of round headed over long head-
edness, Because of thus trait the round-headed Basker Makers, even
though in the minority, would eause the heads gradually to broaden
as they mter-married with the long-headed members of the tribe”

Again the insidious idea of genophagy comes out! This passage
could never have been written by anybody famihar with the con-
cepts of genetic equilibrium (Ch. IV).

Craniometry

It is now pretty well recognized that from the measurement of
the cephalic index alone it is impossible to distinguish different
races. If 2 number of measurements are made on the skull it is pos-
sible to make some distinctions, as is shown in Table 38, but it will
be noticed that even when a large number of measurements are
made, the distinction is not absolute and a number of characteristics
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must be determined, none of which is known to be inherited in a
Mendclian manner. Krogman believes that it should be possible to
distinguish basic divisions of kind, such as white from yellow,
yellow from black, and white from black, with a reasonable degree
of accuracy. However, Howells (29) is content to assert merely
that the trained eye can generally spot the narrow, poorly filled
skull of the Australan abongme with its large brows and small
chn, or the wide face and peculiar high-puched cranium of the
Eskimo, or the long, straight face of the European. He admits that
Negroes, Amenican Indians, and Mongoloids are generally hard to
distinguish. The uncertain genetic basis of skull form and the pos-
sible effects of the environment upon them has been recognized by
Coon (11), who states: “We must also remember that the men
who conquered the cold lived under new and rigorous chmanc
and dietary conditions and that these conditions must have exerted
a strong influence upon the more plastic elements of their bodily
form. Therefore metrical or morphological differences in physical
type which appear duning the course of the millennia, may wmply
in some i a resp to rather than a diversity
of ongin”

The shape of the head has been found to be influenced by environ-
mental factors such as vitamin lack (a1, 41), use of hard cradles,
etc. The studies of Boas (5) on the effect of environment on head
form have already been mentioned. His conclusions were criticized
by Morant and Samson (40), although in his reply (6) Boas con-
vinces us that many of their criticisms were not to be taken too
seriously.

In a more recent study which will be much harder to “debunk,”
Shapiro (50) found that there were real and impressive changes in
the cephalic index in the Japanese 1n Hawaii after only one genera-
tion. His studies indicated that the male Hawaiian-born showed a
difference in cephalic index from the male immigrant of 2 60, which
is more than 6 times the standard etror (this term is defined in Ap-
pendix A).

Shapiro also found significant changes in at least 21 different meas-
urements, including weight, length of the lower arm, length of the
hand, total leg length, chest width, total face length, trunk height,
and so forth. He concluded that it was necessary to recognize the
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dynamic, plastic character of the human organism and, by logical
ion, the plastic ch of human lations.

Ppop

Nasal Index

‘The nasal index (breadth of the nose X 100, divided by the height
of the nose) (37) has long been used as one of the means of disun-
guishing races. It is probably a highly adaptive character (15, 55),
however, and its mode of inheritance 1s still far from clear (23).

Hair Form

The form of human hair has long attracted the attention of ob-
servers, and Pruner-Bey (45) states that Greck authors constantly
used words denoting different hair form when writng about differ-
ent peoples, However, the variations 1 hair form visible to the naked
€y¢ are rather hard to describe or record with precision, so it was
fele by many that a great advance had been made when Pruner-Bey
(45) in a paper read before the Anthropological Society of Paris in
’.863 reported the results of the microscopie study of transverse sec-
tions of human hair. This worker thought that he had detected sig-
oificant racial differences 1n the shape of the cross section of the
ha‘m, and a correlation between this and the hair form as we see 1t
with the naked cye. He stated that the flatter the hair the more it
curls, and the rounder the hair, the more suff and smooth it will
be. On one end of the scale he placed the Negroes and Papuans,
and on the other the Pol Japanese, and American Indians,
Many imtergradations between the two extremes were thought
to exist, Pruner-Bey went so far as to say, “A single hair, presenung
ﬂl: average formi characteristic of the race, might serve to define
1/

pnfonunatcly Pruner-Bey worked with very small samples, and
evidently did not appreciate cither the variation from one individual
to another within the same race, or the individual variations in the
separate hairs of the same person Few today would be so optimistic
about the use of hair form in racial classification, although it is still
used (27) to some extent. Also the difficulty of cbtaining satisfactory
microscopic sections of hairs for measurement is much greater than
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would have been supposed, and this severely limits the usefulness of
the method.

But as usual, the most serious limitation is our lack of
ing of the heredity of the character. No doubt it is largely determined
by genes, but we still must ask what genes, and how many? Are
these genes d neutral, or ive? The mechanism of in-
heritance of hair form has been studied by Keers (31), the Daven-
ports (14), and Bean (4), but the analysis is still far from complete.
It is therefore impossibl pare different populations quanti-
tatively for this characteristic. Woolly hair has been observed to arisc
as a mutation in families of Caucasian descent, and in such cases
seems to act as 2 sumple dominant. It would therefore be increased
rapidly in incidence by the action of natural selection (Chap. VII)
in an environment in which 1t offered an advantage. Perhaps under
certain conditons kinky hair does offer a sclective advantage.

E) d.

Pigmentation

Skin color has been used for purposes of racial classification for a
very lang time; nevertheless the exact manner in which it is in-
herited is stll in doubt (3, 23). Skin color is due mainly to the pres-
ence of the black pigment melanin in greater or less concentrations,
the yellow pigment carotene, and the red blood in the superficial
capillaries (18, 28). The production and deposition of melanin in
the skin is influenced partly by hormones of the adrenal cortex, and
to a considerable extent by exposure to light, particularly light of
certain wave lengths. The only accurate way of recording skia color
is the spectrophotometric method, which was used by Edwards and
Duntley (19). (See Fig. 43.)

In view of these facts, it is hardly to be supposed that the in-
heritance of total skin color can be extremely simple, and the studies
which have been made up to the present have not as yet revealed
the hereditary mechanism. The most extensive work was done by
Davenport (12), who, having studied chiefly the varying blackness
of different skins, proposed the relatively simple theory that skin
calor is contralled by two pairs of cumulative factors. If we follow
Davenport (12) and denote the genes producing heavy depasits of
melanin as G and F, expressing the alleles which produce only shght
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deposts as g and f, we have the possible combinations shown in
Figure 44 From this 1t would be predicted that 2 mating of black
and white would always produce mulattoes of quite umform skin
color, Mating among such mulattoes could theoretically sometimes
produce children darker than either parent (cluldren obtarmung G
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BLUE YELLOW RED
D PSRN SRR N 2N e

VISLET SN

PER CENT OF LIGHT REFLEGTED

400 450 500 550 €0 650

WAVELENGTH IN MILLIMICRONS

Ficuze 43. Photospectrometric andlysis of the skin color
of vanous races (after Edwards and Duntley).

from one parent and F from another). Relatively simple cases of
segregation for skin color have n fact been sometimes observed in
South Africa (23). But in other mixed populations authenticated
€ases are practically non-existent (54). Probably more than two gene
PAis are usually involved. Results of a typical American Negro
mating are shown in Figure 45.
. Davenport did not think he had found any clear<ut cases of
throwbacks” in mixed marriages 1n which the parents were ap-
parently white, The inhabitants of Jamaica, where this study was



Genotype Skin Color According To

Davenport Glass

FF GG Black Black

{FF Gg Dark Golored GChocolate
Ff GG — Chocolate
Ff Gg Medium Golored Mulatto
ff GG — Mulotto
FF gg —_ Mulotio
Ff a9 Light Colored  Bruneite
ff 6o — Brunette
ff g9 White White

Ficure 44. Davenpors’s hypothesis of skin color ink

FIcUre 45. Skin color in a sypical American Negro family.
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chiefly carried out, agreed that the idea of such throwbacks was
probably a myth. Davenport also points out the possibility that ille-
Sinmacy might explain supposed reversions to a much darker skin
color; from his genetic hypothesis he did not think genetic reversion
¢ould actually occur at all frequently. Davenport found no evidence
that there was any correlation between skin color and hair form in
later generations derived from Negro-white crosses. Thus the two
“Negroid” traits are inherited ind pendently, as would be expected.

Eye Color

Teis one of the oldest obseryations that the color of the iris duffers
in populations in different parts of the world, and physical anthro-
pologists have usually recorded the eye color of the populations
studied by them. The records have vaned from mere verbal descrip-
tions of the eyes (47), or numerical estimation on some arbitrary
scale of the degree of pigmentauon (7, 47), to matching of the eyes
examined as nearly as possible to a graded series of artificial eyes
(37). Calor photography has been used also. All of these methods
suffer from some disadvantages, but at the same time all serve to
provide some recard of the iris pigmentation of the population ex-
amifed, As an example of the results of recording the eye color of
various populations in a very simple, although doubtless very crude,
fashion, we offer in Table 39 a summary of eye color studies on vari-
ous European and Near Eastern populanons, where considerable
variation is found. In studies on Negroes or Amenican Indians the
highter grades of eye color are scldom encountered.

One of the questions which it is desirable to answer, of course, is
the mechanism of inhentance of human eye color. 1f this were
known, studies of gene frequenties in various populations might
enable us to make quantitative comparisons. However, the exact
mechanism by which human eye color is inherited has not yet been
worked out, and it is obviously rather complex. Certain facts are
known or at Jeast suspected. There is a sex difference in eye color.
Calor often darkens with age; and women of a given age tend to
havs darker eyes than men of the same age in many populations;
for instance, Riddell (47), studying eye color in Glasgow, estimated

3t 2 woman there had, on the average, an eye color that of a male
about twenty.nine years older, It is also believed that pure blue eyes |




Taste 39 (From 7, 8, 9)
Frequency in Per Cent of Eye Pigmentation

Place Number Tested Per Ceat Having Eye Pigmeatation of Grade ®

1 2 3 4
Insh (Dublin) Males 24 s00 125 291 83
Females 360 347 275 30.6 72
Wales (N. Towns) Males 102 402 216 353 29
Females 88 284 29% 330 st
Russia (Zagorsk, Males 197 325 371 228 76
N. Moscow) Females 2g0 323 379 25 52
Russia (Kharkov) Males 65 i54 431 292 123
Females 120 283 283 342 92

Russia (Tifhis)
(WestGeorgians)  Males a1 74 124 a1 331
Females 124 40 153 500 309
(East Georgians) Males 63 ° 175 555 270
Females g1 14 Bs 451 450
Egypt (Caro) Males 52 o 97 288 635
Copts Females 53 19 ° 132 839
Mushms Males 1264 0§ 53 151 788
Fernales 217 as 28 47 820
Egypt (Assiut) Males 192 o 15 250 735
Copts Females 199 o 15 33t 754
Mushms Males 43 ° ° 29.4 706
Females 48 2.1 21 188 77:0

Spain (Saa Schastidn)

Basque Males 23 80 200 6oo 120
Females 53 170 207 s85 38
Non-Basques Males 17 g 59 764 59
Females 45 ° 156 622 222

Syria (Boari))
Mushms es 68 74 132 750 44
Females 6o 160 200 68.3 7

Syna (Meshghara)
Chaistians Males 89 as 168 72 45
Females 17 59 8 647 176
Mushms Males 142 106 134 697 63
Females 67 55 90 263 104
Beyrouth and Ghazir
. {Armenians) Males 142 21 127 775 77
Females 155 65 84 03 348
Baghdad

(Christians) Males 48 21 42 625 312
Females 15 67 ° 533 400
(Mushms) Males 236 08 42 615 331
Females 136 ° 37 a1z 552
(Jews) Males 60 s0 so 3ty 583
Females 132 23 30 2z 75

*Eyc pigmentation 1s given 1 four arbrrary grades, grade 4 bong the darkest
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are recessive to darker cyes, an analogy with what is known aboumt
the tendency of the darker degrees of pigmentation to be dominant
in animals, and this belief has often been stated as a demonstrated
fact; nevertheless, it is far from being proved beyond a doubt. The
inheritance of other degrees of pigmentation 1s stll obscure, al-
though certain tentative theories have been proposed (p. 286). The
change in color with age, and the sex difference 1 pigmentation,
are alone sufficient to render an exact genetic analysis difficult, The
difficulties of recording eye color 1n an unequivocal and reproducible
manner further complicate the subject.

Eye color furnishes a good example of the undeveloped state of
human genetscs, Few anthropological studies meet less opposition
than an examination of the eyes to determmne their color, and many
workers have made such examinations n the course of their in-
vestigations, What seems to be needed 1s study of a sufficient num-

cr of families 1n the Iight of definute, although tentative, theories
about the hereditary mechanism. Then, as the first crude hypotheses
are disproved, more refined ones can be introduced and the method
of classification altered accordingly, if such alteration seems to be
needed, Eventually the moment will come when it is realized that
the newest theory accounts sausfactorily for all the known facts. If
this time should come 1n the near future, eye color classification will
at once move far up towards the head of the list of characters useful
for anthropological classification.

The Mongolian Spot

The so-called Mongolian or sacral spot is a black-and-blue mark
found on the lower part of the back of infants and young children of
all, probably, of the racial groups in which the skin has much pig-
mentation (3, 23). It is thus not specifically a Mongolian character-
istic, but is observed not only among Koreans, Chinese, Japanese,
Eskimo and American Indians, but also often among Negroes,
Spaniards, Portuguese, the peoples of the Malay Penmsula and in

olynesians, It seems to be found sometimes 10 the “white” races.
Pc{ri:r (44) ascribes its incidence in European children to the great
Asiatic invasions of Autila in the ffth century, of Genghis Khan in
the twelfth, and of Tamerlane in the h. This in
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an interesting way with Candela’s theory of the introduction of
blood group gene B into Europe (see p. 116). A theory of inher-
itance of the sacral spot, based on two pairs of genes, has been
formulated by Larsen and Godfrey (35). It accounts for the results
observed 1n their study of 473 children from various mixed matings.
Gates (23), however, believes that large-scale observations of many
races and racial crosses will be required to make the genetics of the
character fully understood.

The Epicanthic Eye Fold

The peculiarity of the eyehd of certain Mongoloids, causing the
soalled “slant eyes,” and covering the eyelashes, seems to be hered-
itary, although 1t 15 undoubtedly more frequent in children-—at
least in many Mongoloid populations —than 1n the older adults. In
most European populations the Mongolian epicanthic eye fold is
almost completely absent, as 1n Germany and Italy. Nevertheless, 2
considerable frequency of blood group gene B, which presumably
came from Asmtics who onginally possessed the epicanthue fold,
1s present. In these populations genes for the epicanthic eye fold arc
therefore presumably present, unless they have been elimmated by
selection, and since we have no reason to think this character is 2
disadvantageous one, 1t is not likely that they have. Since the epi-
canthic eye fold 15 s0 scldom seen in Europe, we must conclude
cither that it is due to a recessive gene, and only manifests stself in
the homozygote, or that it is the result of the interaction of a num-
ber of independent genes, which have got independently assorted
in the dilute (from the Mongoloid point of view) populations of
Europe. The latter alternative is perhaps the more probable.

General Summary

A great many more pages could be written on the difficulties of
genetic analysis of morphological and other characteristics whic}l
have been previously used or proposed for purposes of racial classi-
fication. We have not, for instance, discussed hair color. It 15 ponted
out by Mather (38) that the biometrical studies made in man by
Galton, Pearson, and their associates have disclosed a wealth of
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variation suggestive of a polygenetic interpretation of the inherit-
ance of many common characteristics. If a number of genes are
involved in determining a charactenstic and if, in addrtion, as often
happens with morphological characteristics, the environment may
also have an effect, the difficultics of exact genetic analysis become
extremely great, especially 1 man, where onre cannot perform
breeding experiments at will but must examine the consequences
of marriages and unions voluntanly or icadentally contracted.
Without exact genenc analysis we are not 1 a positon {0 state
how much one group differs from another group.

As an example of the complexity which may possibly be encoun-
tered when a genetic analysis of morphological characters 1s eventu-
ally ateempted, it may be instructive to take an actual case. Alvord (1)
undertook the analysis of two unrelated famulies, both of which
displayed in some of their members syndactyly (skeletal fusions
between phalanges in hands and feet) or zygodactyly (webbed
digits), or both. Six generations including more than 350 “durect
line” descendants of one of the families were studied. It was con-
cluded that, although the trait has ordinartly been assumed to be

itted as a simple 1 d the mech of in-
heritance is actually much more complex. Alvord concluded that
there were probably numerous “modifying factors™ operating, some
apparently influenced by sex, and that the mechanism of inheritance
of the abnormality was not necessanily the same in the two families.
Tn addition, rather marked differences in the expression of the gene
(or genes) were found, so that some phenotypically normal members
could transmit zygodactyly or syndactyly or both, and polydactyly
could be transmitted through an indwvidual who was non-polydactyl
but zygodactyl, and so on, suggesting that the different mamfesta-
tions are essentially interchangeable, and may possibly result from
varable effects on the development of the phalanges in different
indviduals.

This difference in “expressivity” of what may be the same main
gene illustrates one of the difficuluies which may be encountered
when we try to reduce the results of any of the customary morpho-
logical or biometrical observations to a genetic basis. Also Alvord
suggesied that a number of different genes may affect the developing
digits in a similar or even an identical fashion. Considering the rela-




3!6 INCOMPLETELY ANALYZED GENETIC CHARACTERISTICS

tively extensive family material studied in this instance, and the
striking nature of the characteristic being studied, it is a lesson in
caution to realize that the author did not presume to offer anything
like a complete genctic analysis of this undoubtedly hereditary
physical characteristic. Nevertheless, until this has been done, as
Alvord fully realized, the results of studies on different families
cannot be strictly compared, and thus the character would not be
of much anthropological value, even if it were frequent enough
in any ethnic groups known to us, which it is not.

Although the attempts which have been made thus far to analyze
beredutary charactenssties of man have almost invariably revealed a
situation which is complex and difficule to reduce to a clear state-
ment about the action or interaction of several genes in various
environments, this need not always be the case. On the contrary, it
mght well be that thoroughgoing attempts to discover the genetic
basis for some of the boddly traits which we could use for classi-
fication would uncover some fairly simple examples of gene ac-
tion, No proved example from human genetics can be offered,
but there are examples in some of the lower forms, and we have
1o reason to suppose that analogous situations could not exist in
man,

A good example is furnished by hereditary obesity in the
mouse (17), of which one kind is caused by one particular gene
(which happens to produce yellow coat color also). General bodily
obesity in man might well prove a genetically complex trait, and
doubtless there are a number of other hereditary types of obesity
in mice. In this particular instance, however, the gene is detectable
by the yellow coat color which it produces even in the heterozygous
condition.

It was found that the possession merely of the “yellow” gene (or
whatever portion of the particular chromasome which has been iden-
tified as this gene) caused marked obesity. The physiological mech-
anism seemed to be a shight increase of appetite, a shightly reduced
activity, and a considerably greater cfficiency of food utilization.
That somewhat analogous genes affecting body weight in man
exist can hardly be doubted; the only uncertainty is whether any
such simple situation can be found. In the meantime, however,
anthropologists should continue to take a hopeful view of the possi-
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bilty of identifying charactenistics which are caused in man by
the possession of a single gene. Characteristics which seem to vary
in frequency in different ethnic groups exposed to the same environ-
ment should furnish the greatest temptaton to the genetically
minded physical anthropologist.

The “somatotypes” of Sheldon (52), although established arbi-
trarily and apparently with luttle thought of what genetic mechanism
determines them, furnish examples of human physical charactenistics
which the physical anthropologist of the future might attempt to
analyze genetically, As a preliminary to this, of course, we should
want a survey of the types of physique in various races.

1f we had any known example of a common charactenstic which
definitely rendered an individual supenior or inferior to all of hus
fellows, and which was known to be inhented, 1t would obviously
be imperative to work out the genetics of this charactenstic, and
this has been done in some cases.* The present evidence, however,
does not suggest that any existing human race duffers materially,
on the average, from any other human race i regard to any such
important characteristic as intelligence, adaptability, or abdity to
survive in various climates with suitable artificial aids, It is true
that human intelligence seems to (and probably does) vary enor-
mously from one individual to another, but sumilar variations are
2pparently found 1n all the races with which we are acquainted.
Such studies as have been made in some cases suggested that the
incidence of inherited mental defect 1s lower m the “uncivihized”
faces than in the “civilized” peoples (23). Individuals of gemus
bave arisen from all sorts of racal origins, but as yet we know little
or nothing of the genetics of the inheritance of “genns,” which 1s
almost certain to prove a fairly complex matter.

Without genetic analysis of a characteristic, there is always the
possibility that two groups of men extubjung about the same visible
or external characteristics may nevertheless differ genetically a good
d.ca!, for, as has already been pointed out, different genes may some-
times produce practically the same end effect (1). A good example
of this is furnished by the several different mechanisms by whach
suppression of the eruption of the upper lateral incisors is ef.

(;: ”;"Y’pyrmn't amentia (43), mongalion idiocy {36, 42), and other characrers
< 33)...
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tively extensive family material studied in this instance, and the
striking nature of the characteristic being studied, it is a lesson in
caution to realize that the author did not presume to offer anything
like a complete geneuc analysis of this undoubtedly hereditary
physical charactenstic, Nevertheless, until this has been done, as
Alvord fully realized, the results of studies on different families
cannot be strictly compared, and thus the character would not be
of much anthropological value, even if it were frequent enough
in any ethnic groups known to us, which it is not.

Although the attempts which have been made thus far to analyze
hereditary charactenisucs of man have almost invariably revealed 2
situation whach is complex and difficult to reduce to a clear state-
ment about the action or interaction of several genes in various
environments, this need not always be the case. On the contrary, it
might well be that thoroughgoing attempts to discover the genetic
basis for some of the bodily traits which we could use for classi-
ficaton would uncover some faitly simple examples of gene ac-
tion. No proved example from human genctics can be offered,
but there are examples 1n some of the lower forms, and we have
no reason to suppose that analogous situations could not exist in
man.

A good example is furnished by hereditary obesity in the
mouse (17), of which one kind is caused by one particular gene
(which happens to produce yellow coat color also). General boddy
obesity in man might well prove a genctically complex trait, and
doubtless there are a number of other hereditary types of obesity
in mice. In this particular instance, however, the gene is detectable
by the yellow coat color which it produces even in the heterozygous
condition.

It was found that the possession merely of the “yellow” gene (o
whatever pottion of the particular chromosome which has been iden-
tified as this gene) caused marked obesity. The physiological mech-
anism seemed to be a shght increase of appetite, a slightly reduced
activity, and a considerably greater efficiency of food utihzatiof:
That somewhat analogous genes affecting body weight in mat
exist can hardly be doubted; the only uncertainty is whether anY
such simple situation can be found. In the meantire, howeveh
anthropologists should continue to take a hopeful view of the possi
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TasLE 40 (Continued)

Mendelian Charactenistics 1n Man (10)

319

Dominant Recessive
Eyes

Brown Blue or gray
Hazel or green Bluc or gray
Pigmented s Albino
“Mongolian fold™ No fold
Droopiag eyehds (Prosts) Normal
Nearsightedness (Myopia) (curvature of cornea  Normal

too great)
Normat
Farughtedness (Hyperopia) (short eyeball)
Astigmatism (cornea not spherical)
Cataract (opaque lens)
Glaucoma {excessive pressure tn eyeball)

Skeleton and Muscles

Short stature (several genes)
Dwarfism (Achondroplasia)
Midget (Atcliosis) (two genes?)
Short broad skull (several genes)
Extra digus (Polydactyly)
Short digats (Brachydactyly)
Spht hand (“lobster claw™)
Hare Iip and cleft palate (also a recessive?)

upture, susceptibility to
Absent long palmar muscle

Circulatory and Resprratory Systems
Hemalyuc jaundice
Nosebleed and blood cysts {Tclangicctases)
Varicose veins and hemorrhods
Hereditary dropsy (Edema)
High blood pressure (Hypertension)
Allergy

Resistance to tuberculosis
Exeretory System

Polyeystic lndney
Daabetes insipidus

Nearsightedness
ormal
Normal
Normal
Normal

Tall stature
Normal

Normal

Long narrow skull
Normal

Normal

Normal

Normal

Normal

Normal

Normal
Normal
Normal
Normal
Normal
Normal
Suscepubility to T'B

Normal
Normal
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fected (5t). Drawing conclusions as to racial affinities from the
study of similar characteristics not inherited in the same manner,
or for that matter, similar characterssucs the mode of whose -
heritance 1s not known, can be very misleading in physical anthro-
pology. The experiment of Dixon (p. 194) again furnishes us with
a good example of this.

As a possible guide to further work, let us end with a summary
of the supposed genete relationships of factors determining certain
morphological characteristics. The indicated conclusions are of
course to the highest degree tentative and hypothetical. All of the
characters listed belong 1n the category of the incompletely analyzed
hereditary characteristics.

TanLE 40

Mendehan Charactersstics in Man, (10)

Dominant Recessive

Skon, Har, Nads, Teth
Black skin (two genes, incomplete dominance) — “White” skin

Prebald (skin and hatr spotted with whte) Self color
Whate forelock Sclf color

Dark hair (several genes) Light hair
Non-red hair Red hair

Dark skin (several genes) ‘White skin
Freckles No freckles
Pigmented skin, hair, eyes Albino

Curly hair (hybrid, wavy) Straight hair
‘Woolly hair (Negrowd type; several genes) Straight hair
Woolly hair (Caucasoid type) Non.woolly hair
Abundant body hair Little body harr
Normal Harless (Hypotrichosis)
Hairl h hosis) Normal

Early baldness (domunant 1n male) Normal

Scaly skin (Ichthyosis) Normal
Thickened skin (Tylosis) Normal

Absent teeth (various types) Normal

Defective dentin (opalescent testh) 1
Free ear lobes Adherent ear lobes
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‘Taste q0 (Continued)

Mendelran Charactenisties in Man (10)

Domunant

Recessive

Endocrine Glands
Diabetes mellitus

Digestive System
Normal
Ulcers {mode of inheritance uncertain)
Enlarged colon (Hirschsprung’s disease)

Reproductive System
Hypospadias

Cancers and Other Malignant Tumore
Normal
von Recklinghausen’s disease
Cancer of the stomach (?)
Normal

Nervous System
Tasters
Normal
Audutory nerve atrophy
Otosclerosis
Normal (mild type dominant)
Normal
Paralysis agitans
Huntington's chorea
Normal (mld type dominant)
Normal
Normal
Manic-depressive psychoses

Normal

Pyloric stenosis

Normal
Normal

Xeroderma pigmentosum
Normal

Normal

Reupal glioma

Non-tasters
Congenital deafness
Normal

Normal

Muscular atrophy
Spinal ataxia
Normal

Normat
Fecble-mindedness
Amaurotic idiocy
Schizophrenia
Normal

Specta] Talents (Dominance Uncertain)

Musical ability

Ability in drawing, painting, sculpture

Mathematical ability
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CHAPTER XII Man’s Past

What song the Syrens sang, or what name Achilles assumed
when he hud himself among women, although puzzling ques-
tions, are not beyond all conjecture

— s THOMaS BROWNE, “Hydriotphia”

Sives we are d, as anthropol with the evol

of man (p. 131), we must now inquire: How much can we learn
of the history of human races, using “race” i the genettc sense?
‘What methods are at our disposal i attempting to answer the
question?

Materials Available

The materials available to us are of two classes: a) observations
on the present geographical distnbution of human races and the
geneuc traits we have used in defimng them, and b}, information
which may be obtained from an examination of ancent human
remams, particularly skelctons From the first sort of informanon
We may attempt to reconstruct the geographical distribution of races
in the past, making certain p about the t
which have been responsible for bringing about the present distre
blftmns. From the second sort of information we may try to ascer-
tin some at least of the racal featuses of skeletons and other
remains which are found at various parts of the earth’s surface

Neither of these procedures is new, and neither differs in any
essential way from the procedures of those physical anthropologists
who relied on purely morphological ertteria.

Tt is altogether likely that the most smportant means for recon-
structing early human history will always be method a), inference
of past distributions from the present situation. In this respect we
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can greatly amplify the work of the morphologists, because the
characters we detect are clear<ut, “all or none” factors inherited in
a known manner. Our speculations, guided by the laws of heredity
and evolution (Chs. If and V) can be much more prease and in
all probability better founded. In our reconstructions of past situa-
tions, we can take into account the number of genes contnbuted
by various populations, and avoid errors which might resulr from
careless assumptions that physical characters can spread in the same
way cultural characteristics can. Also, we are not completely de-
barred from obtaming some information about ancient remains

(p-247).

Scarcity of Fossil Remains

Any 1dea that human prehistory can be reconstructed from an
examination of fossil remarns 1s an sgnss fazuns. There aren't enough
fossil bones.

Let us consider the fossil remains of the horse, the course of whose
evolution is pretty well und d. We are in p of a rela-
tively large number of skeletal remains of this animal, representing
various stages of evolution. And yet the material we have is 2
pathetically small fraction of what once existed in the form of living
ammals. Using conservative figures for the numbers of individuals
and generations, it has been calculated that if all the horses that
have ever lived, from Hyracotherisum (Eokippus) to Equus, were
to form a parade 45 miles wide and walk steadily, as close together
as possible, at a speed of 6 mules per hour, they would require 90
years to pass the reviewing stand (20).

Or, to put it another way, a pile of photographs, one of cach harse,
on paper of the thickness on which this book is printed, would be
about 10 mullion miles high. No one knows how many thousands
of fossilized specimens have reached museums, but certamnly not
over one horse in several million has survived the hazards of burial
fossilization, solution in rock, removal by erosion, and faslure to I‘:s
discovered. For other groups, such as carly Tertiary primates, i
which we are more interested here, the museum expectation 1
destined to be much lower, perhaps of the order of one chance 12
10** or 10™ (20). To the non-mathematical reader, we can only re-
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mark that these are very small chances indeed, very much less than
the chance that he will some day be struck by lightming.

The remains of early man are much scarcet than those of early
horses. "Therefare, we cannot expect to find a complete Ime of
fossils connecting the present-day races of man with ther onigwal
ancestors, Naturally, if it were possible, we should like to trace
the descent of man back without a break to the earhiest primates.
But the situation at present seems to be so unsatisfactory that we
cannot definitely assert that we have found skeletons older than
25,000 years of any of the ancestors of any of the human races which
pow live in the vanous parts of the earth It 1s true that certain
anthropologists (32) have thought that they detected a Chinese
flavor 1n some of the ancient skulls found in the caves near Peking,
but others (18, 25) uteerly disagree with this Dobzhansky (8) says,
“Whether the Peking and Java men were speaifically, or only
racially, distinet from the Neanderthalians, is an open question.”
The general picture which emerges 1s that Homo saptens as a stock
is 2 good deal older than was suggested until recently, and Nean-
derthal man may, or may not be, as old. And as we shall see, there

is evidence that some mixing may have occurred between the two
variants,

The Size of Human Populations

. We appreciate the special difficulties of trymg to fill 1n the gaps
in the record of human ancestry when we realize that there 1s every
teason to believe that unul faily recently, geologically speaking,
man was a relatively rare animal. Some years ago, Pearl and
Gould (26), in 2 very interesting essay on world population growth,
discussed several hypotheses as to the pumbers of men existing in the
past. They came to the conclusion that 1n all probability the num-
bers of human beings in the whole world remained on the whole
below the level of 425 million uatil about the year 1630, and although
they realized that the existing skeletal remains are inadequate to
‘““_’}C us to make certain that populations larger than thew “base
lne " of 425 million might not possibly have existed in the past, they
considered it unlikely. After the year 1630 a sharp increase in the
warld’s population began, which has continued until the present
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can greatly amplify the work of the morphologists, because the
characters we detect are clear-cut, “all or none” factors inherited in
a known manner. Our speculations, guided by the laws of heredity
and evolution (Chs. II and V) can be much more precise and 10
all probability better founded. In our reconstructions of past situa-
tions, we can take into account the number of genes contribued
by various populations, and avoid errors which might result from
careless assumptions that physical characters can spread in the same
way cultural characteristics can. Also, we are not completely de-
barred from obtammung some information about ancient remains
(p-247)-

Scarcity of Fossil Remains

Any idea that human prehistory can be reconstructed from an
examination of fossil remains 1s an 1gnis fatuus. There aren’t enough
fossil bones.

Let us consider the fossil remains of the horse, the course of whose
evolution 15 pretty well understood. We are in possession of a rela-
tavely large number of skeletal remains of this animal, representing
various stages of evolution. And yet the material we have is 2
pathetically small fraction of what once existed in the form of lving
animals. Using conservative figures for the numbers of indvidnals
and generations, it has been calculated that if all the horses that
have ever lived, from Hyracotherium (Eohippus) to Eguus, were
to form a parade 75 miles wide and walk steadily, as close together
as possible, at a speed of 6 miles per hous, they would require 99
years to pass the reviewing stand (20).

Or, to put it ancther way, a pile of photographs, one of each horsey
on paper of the thickness on which this book is printed, would be
about 10 million sules high. No onc knows how many thousands
of fossiized specimens have reached museums, but certainly {10‘
over one horse in several million has survived the hazards of burial,
fossilizanion, solution in rock, removal by erosion, and failure to be
discovered. For other groups, such as carly Tertiary primates, 17
which we are more interested here, the museum xpectation »
destined to be much lower, perhaps of the order of one chance 1P
10" or 16" (20). To the non-mathematical reader, we can only re-
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Probable “Polyphyletic” Origin of Man

We can probably never be certain about the place and the time of
the origin of Homo sapsens, but Dobzhansky 15 of the opimion that
probably mankind did not onginate n any one single place.
Howells (19) believes that mankind probably onginated as early
asthe Miocene. The place or places of origin are thought by Howells
to include possibly Asia or Africa, with perhaps a shight edge in
favor of Asia, Dobzhansky (8) has brought strong arguments to
bear agamst the idea which is occasionally brought forward (14)
for a polyphyletic ongin of man from orang-like, gonlla-like, and
chimpanzee-like ancestors. He points out that the orang, gorilla,
and chimpanzee as we know them today are unquestionably sepa-
sate species, apparently completely solated reproductively. It is
therefore highly unlikely that such full species could converge to
such an extent that the human races denved from them would
show no reproductive isolation at all. It is generally agreed (Gates
excepted) that the present races of man form 2 single species. The
gwn'bxhzy of intermixture always scems to have existed and there
is evidence that it frequently occurred, Therefore Dobzhansky (8)
agrees with Wedenreich (33) that several known fossil Thominids
are the actual ancestors of living mankind, but he does not think
it necessary to assume that each fossil type became transformed 1nto
4 separate human race. According to Dobzhansky, the contnbutions
of the ancestral type to the general pool of genes which the species
possesses have been broken up and recombined by the process of
reproduction, and also probably acted upon by the forces of nattral
selection before they became incorporated into the modern racial
groups. Thus we all share 1n our mixed hormimd ancestry.

There is no reason to suppose that any of the hominid populations
was homogeneous, scrologically or otherwise. We know nothing
about the blood groups of Neanderthal man, but it seems entirely
possible that, if muxture with H. sapiens occurred, new serological
characteristics not originally possessed by Homo sapiens might have

1 introduced by mixture with Homo neanderthalensis, Homo
fﬂlmn': and perhaps other subspecies. In a way we thus are more
inclined to reconsider the polyphyletic theory of the origin of the
human race, a theory which was for a long time abandoned but
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which in the light of new discoveries seems not entirely umpossible.

Any resemblances which may be found between the skeletons
of primitive homimds and the modern human inhabitants of the
same region have been assumed by various workers to indicate the
descent of the modern group from the primitive hominids in ques-
tion. Dobzhansky points out, however, that such resemblances can
be accounted for in other ways. In different parts of the world the
environment might have differed so that 1n some places the process
of selection favored the development in the inhabitants of certam
morphological characteristics, while in other parts of the world
other characteristics would be favored. So the rescmblance between
the ancient skeletons and the modern inhabitants might be due to
a similar evolutionary agency having acted on both for a sufficient
length of time. Dobzhansky does allow, however, for the possibility
that some of these resemblances might be duc to the fact that some
of the original primitive inhabitants of various regions were mixed
with and had their genes incorporated with the gene pool of the
modern inhabitants, who may largely be the descendants of the
invaders.

We must, therefore, start our consideration of the racial history
of mankind with a question: Was or was not carly man more
homogencous than present-day man taken as a whole? There seem
to be two main possibilities: if mankind originated mostly at one
place and at one time and from one ancestor (or set of ancestors),
then it is a possibility that early man was relauvely homogeneous
and that different individual members of the race resembled each
other closely. If on the other hand modern man, as some anthro-
pologists believe (7, 8, 33), is the result of the fusion of various
hominid groups at different times and places, then early man may
well have been fully as diverse as present-day Homo sapsens.
Schultz (30) found a relauvely high variability 1n the gibbons he
studied, suggesting perhaps that the second of the above possibili-
ties is the more likely.

Early Human Races

Let us now return to the procedure which at the beginning of
this chapter scemed to offer the best approach to the racial hustory
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of man, namely a survey of present-day races, and their probable
geographical origin. Since racial characters can, and obviously do,
evolve mdependently of each other, we shall do well to consider
each character of our “racial constellation” separately, This pro-
ccdure has the further merit that 1t enables us to consider separately
charactenssties which have different values, for the characteristics
about whose distribution we know the most will have on the whale
the greatest value for reconstrucung early racal history.

Let us begin with the blood groups, because, as we have already
shown, far more is known about the distribution of the blood groups
in various parts of the world than about any other human charac-
teristic, and we know the exact genetic mechamism by which the

lood groups arc inherited and shall therefore be 1 2 position to
talk about genes and not merely about phenotypic physical charac-
teristics determined in a manner as yet unknown. Later, of course,
We may want to examine some of the other human physical char-
acteristics,

The origin of the present human races will be cleared up of we
can account for the origin of the differences in frequencies of van-
Qus genes which we now observe,

The 4, B, O System

The chief characteristucs of the blood group distnbution in the
human race have already been outlined 1n Chapter VIIL

The blood group factors A and B, or at any rate factors closely
resembling them, are possessed by various of the anthropoids {p.
334). There is thercfore no difficulty in supposing that earliest man
started with the possession of the O, A, and B genes. It 1s difficult
to tell the proportion in which these existed, There are four mecha-
nisms which we should consider as possibly having been operative
(see Chapter V) in bringing about the present geographical differ-
ences, These mechanisms are: 1) mutation, 2) sclection, 3) genetic
drift or “jsolation,” and 4) mixture, exther between races which had
acquired different gene frequencies by the action of one or more of
the above agencics, or between spectes which had been different for
avery long time. The latter would imply what is termed a polyphy-
Ietic origin of the human race as we now have it.
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American Indians, Mutations

When the first observations were made on the blood groups of
the North Amenican Indsans it was found that group B was ex-
tremely rare and that group A scemed to occur mostly in trbes
where there was considerable possibiity of European mixture. The
frequency of the gene A in the Indians examined in these early
investigations was generally found to be less than in the modern
populations of Western Europe, and consequently Iess than that
in the white population of the United States. Since it was pretty
well agreed that the American Indian had come to this continent
from Asia at no very remote ume, 1t was suggested that the stocks
which were the ancestors of the Amenican Indian had left Asia
before the blood groups A and B had originated and that after this
time the A and B genes had oniginated 1n Asia as mutations (12,
13, 31). Although 1t was never precisely stated in so many words,
it 1s obvious (39) that many proponents of this mutation concept of
the origin of blood groups had 1n mind merely the concept of 2
single mutation for A and a single mutation for B, each occurring
some place in the Old World. The fact that such misunderstanding
of the evolutionary pawers of mutation alone should have been
possible shows how little genetic principles were comprehended at
that time by writers dealing with human evolution. Some authors
even went so far as to lacalize the hypothetical mutation for B as
having occurred 1n Asia and the mutation for A in Europe, since
B is less frequent in Europe than in Asia,

It has already been shown above (Ch. V) how untenable is the
idea that a single mutatton (unaided by other agencies) could appre-
ciably alter the genetic frequency of a hereditary factor in a PUP“.la'
tion, and after this began to be realized, scientists who still main-
tained that the blood groups must have onginated as mutations
suggested that an increased frequency of mutation (13) had occurre'd
in Asia and Europe, after the Amencan Indians had left for this
continent, and had continued long enough to lead ultimately to
the production of the relatvely high frequencies of these gencs
which are now present in many parts of the Old World, especially
in Asia.
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However, 1t was found (23) that blood group A, 1 certain North
Amencan Indian tribes, was actually much more frequent than in
any part of Asia and much more frequent than m the white popu-
lation of North America. Tests showed that the hughest frequencies
in these tribes occurred not among groups of mixed blood but
among those whose pedigrees were the purest, the obviously hybrid-
1zed groups having less. It therefore became immedhately obvious
that the blood group A, at least, had been brought to America by
the American Indians themselves, or by their ancestors. European
mixture could pever have produced the very high frequencies found,
However, the conservatism of science at cestain tumes is so great
that obviously necessary corrections 1n hypotheses are not made
untf long after the discoveries which make them necessary have
been reported, Tt was several years before 1t was generally recog-
mzed that there is absolutely no need to suppose that the A in the
American Tndians was mtroduced by white muxture or that the
A in Asia and Europe arose as a mutation, although this shift in
point of view was indicated by the evidence available by 1926.

Even 1f we consider the Indsans who have only moderate amounts
°f_A, it can be shown by calculation that the hypothests of muxture
with the “white race” to explain the presence of A m the North
American Indians who possess it 15 a very unlikely one, since it
would Jead us to expect that the Indians should also possess a good
deal more gronp B than they actually do, since the frequency of
the B gene 1 most European populations is real and finste, even
though lower than that of A. This problem can be treated statis-
tically (2). Table 41 shows that the hypothesis of mixture is ex-
tremely unlikely in most cases.

. Asopposed to the very real presence of large amounts of group A
in certain American Indian tribes, however, there scems to be a
definite absence of group B in nearly all American abongines not
known to possess European blood. Unuil recently there were two
notable exceptions to this statement. Golden (15) reported a consid-
erable percentage of group B in the Caraja Indrans in Brazil, and
Rahm (28) reported that 30 out of 33 Yahgans (or Yémanas) which
h.c tested in Therra del Fuego belong to group B. The Yahgans have
since been retested by Lipschutz (22) (cf. 29) with the result that
in pure Yahgans, no group B was found at all. Rahm is now in-
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American Indians, Mutations

When the first observations were made on the blood groups of
the North American Indsans it was found that group B was ex-
tremely rare and that group A scemed to occur mostly in tribes
where there was considerable possibility of European mixture. The
frequency of the gene A 1 the Indians examined in these carly
investigations was generally found to be less than in the modem
populations of Western Europe, and consequently less than that
in the white population of the United States. Since it was pretty
well agreed that the American Indian had come to this continent
from Asia at no very remote tme, 1t was suggested that the stocks
which were the ancestors of the American Indian had left Asia
before the blood groups A and B had originated and that after this
time the A and B genes had originated m Asia as mutations (12,
13, 31). Although 1t was never precisely stated in so many words,
it 15 obvious (39) that many proponents of this mutation coneept of
the origin of blood groups had in mind merely the concept of 2
single mutation for A and a single mutation for B, each occurring
some place m the Old World. The fact that such misunderstanding
of the evolutionary powers of mutation alone should have been
possible shows how little genetic principles were comprehended at
that time by writers dealing with human evolution. Some authors
even went so far as to localize the hypothetical mutation for B as
having occurred in Asia and the mutation for A in Europe, sioce
B is less frequent 1n Europe than in Asia,

It has already been shown above (Ch. V) how untenable is the
idea that a single mutation (unarded by other agencies) could appre-
ciably alter the genetic frequency of a hereditary factor in a POP“,IA'
tion, and after this began to be realized, scientists who stll main-
tained that the blood groups must have originated as mutations
suggested that an increased frequency of mutation (13) had oceurred
in Asia and Europe, after the American Indians had left for this
continent, and had continued long enough to lead ukimately t©
the production of the relatively high frequencies of these genes
which are now present in many parts of the Old World, especially
in Asia,
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However, it was found (23) that blood group A, 1n certain North
American {ndian tribes, was actually much more frequent than in
any part of Asta and much more frequent than 1n the white popu-
lation of North America. Tests showed that the highest frequencies
in these tobes occurred not ameng groups of mixed blood but
amosg those whose pedigrees were the purest, the cbviously ‘hybrid-
ized groups having less It therefore became immediately obvious
that the hlood group A, at least, had been brought to Amertca by
the American Indians themselves, or by their ancestors. European
mixture could never have produced the very high freq found.
However, the conservatism of science 2t certain tumes is so great
that obviously necessary corrections in hypotheses are not made
until long after the discoveries which make them necessary have
been reported. It was several years before it was generally recog-
Rized that there is absolutely no need to suppose that the A 1n the
American Indians was introduced by whute muxture or that the
A m Asia and Europe arose as 2 mutation, although this shift in
point of view was indicated by the evidence available by ra26.

Even if we consider the Indians who have only moderate amounts
of A, it can be shown by calculation that the hypothesis of mixture
with the “white race” to explan the presence of A in the North
American Indians who possess 1t is a very unlikely one, smce it
would lead us to expect that the Indians should also possess a good
deal more group B than they actually do, smce the frequency of
the B gene in most European populations is real and finite, even
though [ower than that of A. This problem can be treated stanis-
tically (2), Table 41 shows that the hypothesss of muxture is ex-
tremely unlikely in most cases.
. s opposed to the very real presence of large amounts of group A
1 certain Amerjcan Indian tribes, however, there seems to be a
definite absence of group B in nearly all American aborigines not

nown to possess European bload. Untl recently there were two
notable exceptions to this statement. Golden (15) reported a consid-
erable percentage of group B in the Caraja Indians in Brazil, and
Raht (28) reported that 30 out of 33 Yahgans (or Y4manas) which
h_c tested in Tierra del Fuego belong to group B The Yahgans have
since been retested by Lipschiitz (22) (cf. 29) with the result that
in pure Yahgans, no group B was fouad at all Rahm 15 now in-
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chned to think that possibly the serum he used in domng the tests
had gone bad 1n the rather long interval which elapsed from the
ume 1t was sent from Germany to the ume when he reached the
Yahgans and was able to test thewr blood (4). Therefore there
remains only the group B reported by Golden in Brazil and the
finding of some group B 1n Peruvian mummues (5) to ndicate that
there was ever any appreciable amount of group B at all in this
continent until the arrival of the white man. And 1n the case of the
mummies, it 15 perhaps still a posstbility that the material tested
was not really from individuals who died before European contact
became possible,

It would be possible, of course, to abandon the 1dea of mutation
as an explanation for the present A 1 Asia and Europe, but to
retain it as an explanation for the presence of B, since group B
does seem to be absent from the Amencan Indan with the two
possible exceptions just mentioned. It 15 also absent from many of
the peoples of the Pacific Islands and from the Austrahan abongi-
nes with the exception of the natives of the extreme northern coastal
fringe, which has been infiltrated in recent centurses by Melanesian
elements, This suggestion would involve our assuming that at one
me there was a greatly increased rate of mutation from O to B
or A to B (or both) in Asa, without any such increase occurring
on this continent. Furthermore, the short tume that the North Amer-
ican Indians have been on this continent requires that we assume,
on this hypothess, a rate of mutanon among the Asatics higher
than any which has been observed in studies on Drosophila or
rodents or other experimental ammals (3). There is, however, still
another fact which should dissuade us from hasuly accepting the
mutation point of view: factors wholly or substantially indistin-
guishable from A and B are present in the other anthropoids (35).
Table 42 shows what is known about the A and B blood groups
of various primates and ic will be scen that A and B are by no
means unknown in primate species other than man.

Substances closely related to the A and B blood group substances
of man are present in other bers of the animal kingdom. The
blood group A sul is particularly widespread. Tt has been
found possible to isolate fram animal sources A-and B-ike substances
in fairly pure form, which are used in treating universal donor
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‘The Occurrence of Blood Factors O, A, and B in Man
and Other Primates

Organism Blood Factors
Lemurs B°
Tarst ?
Platyrrhina B®; A%, B*
Cercopithecidae A®, B*
Gibbons A, B
Orangs A, B, A*, B*
Chimpanzees A, O, A*
Gonllas A, B*
Lxsung human races A, B,0

The symbols A°, B® indicate Alike and B-like antigens in the red eells, re-
acting with human antiA and ant-B agglutinins, A* and B® sndicate Aike
and Blike antigens found in the tissues and secretions.

This table is based on work by Landstemner (35) and Wicner, Candela 2nd
Goss.

blood (group O) before using it for transfusion. The present 12w
materials are hog stomach for the A substance, and horse stom?ch
for the B-like substances (37). Therefore, far from being something
new and pecubar to the human race, the A and B substances scem
to be old and respected el of our phylogeny. They may have
been modified somewhat m the course of evolution just as other
human characteristics have, but they seem hardly to be any more
novel, in the true sense of the word, than does the spinal column
If the A and B genes had actually been recent mutations in human
Tustory, so recent that this was the reason the American Indians ﬁild
not possess them, one would have expected that the B gene, which
was supposed by the mutationist school to be the most recent 10
origin, would also have been late in reaching other regions remave!
by distance from Asia. In particular, if, as one author somewhat
rashly supposed, the origin of the B gene was somewhat later t.hag
the beginning of the Christian Era, one would expect that the ol
Egyptian mummies, some of them antedating the beginning of the
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Christian era by several thousand years, would not exhibit any
trace of the B characteristics. However, when a techmque capable
of detecting A and B substances in mummified tissue was devel-
oped (5) it was found that A and B were sometimes present even
in the oldest material which could be examuned, notably m some
predynastic Egypuan mumsmics more than 5000 years old. There
therefore seem to be a number of persuasive reasons why we should
not assume that the A and B genes onginated as recent mutations,
and a number of reasons for supposing that they are part of our
common heritage from our early anthropoid ancestors.

Action of Selection

When we come to the second agency which might have modified
blood group frequencies in the world, namely, natural selection,
we shall be obliged to return, on the whole, a verdict of not proved.
Itis very difficult to establish that a character has no selective advan-

* tage, whatever, and, as Fisher has shown mathematically (10), selec-
tive advantages which seem at first sight very small may nevertheless
be quite sufficient to bring about evolutonary modification of the
characteristics of a species.

We may tentatively suggest that #f selection does act on the blood
group characteristics, there 15 some reason to think that B is some-
what favored over O and A, since the preseat distnbution of blood
group frequencies suggests that the frequency of the B characteristic
}}as increased markedly in Asia and Europe within fairly recent
times geologically, or even within tustorical times (3). However,
!.hxs increase could probably be accounted for by other factors, and
is no more than a slight indicatton that some advantage might
inhere in the possession of the blood group B. For example, we
have reason to believe that the ancestors of the American Indians
and of the Polynesians must have come from some part of the
Pacific Coast of the Asiatic manland, at no very remote time.
Indians and Polynesians are notable for their lack of B, yet the
Present populations of the Asiatic coast show considerable B. Also
2 map of the Southern Pacific region, 1f we plot on it the frequencies
of gene B, suggests a gradient from north to south, implying possi-

ly a migration pressure of B genes in this direction. The evidence
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is rather clear (1, 36) that B was intreduced only into the northera
part of Australia, and that in fairly recent times.

Migration

Haldane (16) believes that we are justified in supposing that
“Neolithic Europe was occupied by peoples of a blood group dis-
tribution not unlike that of American tnibes, that is to say with B
rare or absent (g small or zero) whilst the frequencies of O and A
(and therefore the values of r and p) were variable. . . .”* He sup-
poses further that “the areas with high p were however rather
irregularly distnbuted. There was probably one around the Baluc,
and another 1n the Iberian peninsula, . . . ‘This primitive Europcan
population has been diluted by immigration from the east of peoples
1 whom ¢ was higher and r lower, whilst p lay (1n most cases at
least) within the European range.”

This picture is consistent with the idea that carliest man probably
possessed a blood group distribution not far different from that of
present-day Asiatics or Negroes, say p =o0.25, g = 0.15, 7 =060,
but that isolation early produced groups devord of gene B. After 2
possible small dribble of people with some B, such groups without
B later entered Amenica, probably in more than one wave, and
isolation in the new environment was favored to such a degree
that sull further differentiation took place, giving some tribes with
much A, some with a moderate amount, and some, posstbly, with
none, In Central Asia, and 1n Africa, groups with about the normal
frequencies would scem to have remained. All this may be supposed
to have taken place some time before or during the Plesstocene.

Then followed a great numerical increase of the populations it
Asia, and to some extent in Africa. These spilled over somewhat
into Europe, modifying the blood group distribution there, an!
leaving the east-to-west gradient of g seen on the map. To 2 certain
extent, doubtless, the A possessors retreated, to “refuge areas,
before the advance of the B possessors, whom we may perhaps
suppose to have been more advanced in the afts of war, huotung,
and/or agriculture. The Asiatic B possessors did not penetrate, it

#The symbols g, g, and 7 stand for the frequencies (p 226) of the gencs 4, B,
and O respectuvely.
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this last advance, to Australia or the New World, though they did
reach, for instance, New Guinea,

Four possible stages in the hypothetical distribution of early man
and the blood groups are shown in Figure 46.

The intervals between the stages are supposed to be very long.
Changes from one stage to the other need not have been simul-
taneous; in particular, events mn Amenca may have been even later
than other changes shown in stage IV. Man is shown losing B
before entering the New World, but it 1s equally possible that this
happened after he reached America.

Random Genetic Drift

‘The third factor which we must consider as possibly operating
to bring about the present blood group distribution in the world is
the factor of isolation, or random genetic drift as it has been termed
by Sewall Wright (38). In small populations 1t would be quite
possible for a blood group gene, especially one that was not very
common to begin with, to disappear entirely by accident, without
any action whatever of natural selection (p. 154).

In fact this may be the most probable explanation of the present
world distribution of the A, B, O blood groups We find that the
American Indians and the Australtan aborigmes, together with
most of the Polynesian populations, apparently possess lietle 1f any
group B, while group B 1s widely distbuted throughout Africa,
Asia, and the Melanesian populations of the Paafic. We do not
know how many indrviduals were ref d in the (p bly)
several successive migrations from Asia to the New World, but the
numbers might well have been small, and in such cases there would
have been a good opportunity for the relatively rare blood group
gene B to be lost by random sampling — that 15, by mere failure to
be reproduced in the new popul ether 1 Asia or the New
World, and the same argument could apply to Australia and the
Polynesians (see p. 171).

The chief objection to this line of argument seems to be the fact
that we have to suppose that genetic dnft eliminated the gene B in
fcvual different human populations® the American Indians reach-
ing the New World, the Pol it the A tian aborigi and
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pr bly the Paleolithic inhab of Europe. This may involve
the assumption of too much comadence, for, although it is perfectly
possible that genctic dnft mught have eliminated the gene in any
one of these regions, it seemns less likely that it wonld have operated
simultaneously 1n the same direction 1n all of them. Future investi-
gations may enable us to resolve this difficulty.

Other Blood Group Genes
The M, N Series

We may now consider the origin of the present distribution of
some of the serological factors other than the classical A, B blood
groups. Next to the A, B groups, the M, N blood types are second
1 the amount of information available to us from studies of the
world population, and 1t 1s somewhat casier than with the 4, B
groups to summarize the peculianties of their distribution. The fre-
quencies for M and N are roughly m = 0.55, # = 0.45 throughout
most of the world. The chief exceptions to this are American Tn-
dians with a much lower #, and the Australian aborigines, with 2
much higher value. Details are shown in Table 25.

We have scen that the frequency of the gene A does not fall abso-
lutely abruptly from the relatvely high figures found in most of t.h.c
rest of the world to the low figures found i the Australian aborigi-
nes (see Fig. 23), but seems to exhibu a sort of cline (see p. 233)
having low values in New Guinea and other populations to the
west and north of Australia. Stmmons and collaborators feel that the
available evidence tends to support the hypothesis put forward by
Birdsell and Boyd (1): namely that there may once have existed 2
north to south gradient m the frequency of the gene M along the
Asnatic Pacific Coast, and that the present frequencies of M found
m Japan in the Ajnu, in various Pacific populations, and in the
Austrahan aborigines are a present-day relic of this carly state of
affairs. If this hypothesis 15 correct, 1t may be supposed further that
the peoples in whom this gradient was found were on the whale
non-Mongolord and that the immigration of the Mongoloid peoples
from the interior of Asia to various points on the coast has tende
to break up and obscure this original cline or gradient.

Whether the very high frequencies of the Af gene in North
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America are simply a reflection of the onginal gradient seems some-
what doubtful, since the American Indians are at least partly Mon-
goloid in most other charactersstics. Although some of the ugh M
frequency could be explamned on this basts, we should also hgvc 0
resort to the hypothesis of random genetic variatton to account for
the extensive Joss of N genes in a population evidently largely
denved from the Asatic Mongols who probably possessed plenty
of N. It should be noted that, although American Indians vary a
good deal in their O and A frequencies, a fact which mighe be
explained by random genetic variation, they are fairly homogeneous
for M and N, although the Navaho show disinctly Jess N than
do most athers.

The fact that we have found 1t needful to invoke the hypothesis
of genetic dnft to account for the charactersstics of the American
Indian in regard to both the A, B groups and the M and N blood
types might suggest that the Amencan conunent was onginally
populated by pumbers of people which were effecuvely so small,
geneucally, that the phenomenon of “random geneuc dnft,” which
we know is most effective 1 small 1solated populations, operated
fairly often. If this 1s a true pieture of early man 1n Amernica, then

c large migrations envisaged by certam writers of the past become
less probable, Of course, 1t will be understood that we cannot now
distingtush between a large population which leaves Asia and
arrives in the New World, only to find its numbers reduced almost
10 zero by disease or privation, and a small population which Jeaves
Asia and arrives essenually intact.

Investigation of the M gene in anthropoids has revealed facts
which are somewhat surprising, Reagents which were all equally
good far detecting the M gene in man often showed striking differ-
ences in their reaction with varous primate bloods. This was par-
ticularly true with the blood of the rhesus monkey. Landsteiner
and Wiener (21) concluded that alf individuals of the species of
Chimpanzees possessed genes for both M-like and N-like antigens,
5o that the entire hereditary mechanism of the M and N factors in
these animals was different from what it is in man. We are quite
unable to state at what stage the human race acquired the present
system of two allelomorphic genes M and N, determining three
types—M, N, and MN.
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The RE Series

In addition to the A, B blood groups and the M and N bload
types, considerable 1nformation is now available on the world dis-
tribution of the Rh or rhesus blood types (see Table 29) and their
subtypes. Not enough information has accumulated for us to attempt
much of 2 reconstrucuon of early siuatons, however.

The problem of accounting for the presence of the Rh negative
genes in peoples of European stock, in the face of its almost com-
plete abseace in the rest of the world, was at first quite a puzzle.
It has been proposed by Hogben (17) and by Wiener (34) (se¢ p
151} that the action of the disease which sometimes results from Rh
wcompatbility would tend to eliminate the Rh negative gene if its
frequency were below a certain value (050). Above this value, the
presence of the discase would tend to ehminate the Rk positive
genes. Thus we should have a position of unstable equilibrum
when a population p d the gene freq ies Rh==050,
r# = 050. Any departure from this state in either direction would
lead to further departure in the same direction, The conclusions of
Hogben have been challenged by a number of authors and R. &.
Fisher (27) has stated that, in his opinton, it is far from certain that
the existence of a disease which results in the death of certain types
of children which can be produced by a given mating will neces-
sarily mean that this mating will produce, on the average fewer
chldren than do unaffected matings. He points out that there is 3
strong tendency to compensate for the loss of children who due at
birth or in infancy by having a larger number of births, so that the
total farmly may be as large as, or larger than, one in which the
Rh blood types of the parents were completely compatible. 1f it were
not for these arguments, it would be easy to suppose that the Rh
negative gene had originally existed in all the human race, bt that
1n the population of Asia, where natural selection may be supposed
to act more severely than it does on the present-day popula(xon ol
Europe, the disadvantageous Rh negative gene had been ‘eliminated.
Until recently, this was about the only plausible theory as ©© why
peoples of European stock differ in Rh frequencies from all the other
peoples of the world who have been examined. Mxture with 501
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other phically isolated subspecies of man, such as Neander-
thal man, might explain the situation if we were sure that Nean-
derthal man had been predominantly Rh negative and that peoples
of European stock possess more Neanderthal genes than do the
peoples of Asia. Nether of these possibilities, however, was more
than specnlation Wiener (34) pointed out tn a paper published in
1942 that “ . . if one assumes the existence of populations in the
past {and possibly sull surviving at the present time) consisting
almost exclusively of Rh-negative indiwviduals, then from crosses
with other populations consisung largely of Rh positive persons . . .
a hybnd population could result. . . . Wiener offered no sugges-
tion as to what that high Rh negative population might prove
1o be.

The situation was altered almost overmght by the discovery (g,
24) that the Basques, a genetically isolated, non-Indo-European
population of Europe, long thought to represent an early stratum
of the colonists of Europe, possessed much more Rh negauve (ca. 30
per cent) than do the other Europeans It was at once suggested (24),
and seems highly probable, that the average European, with his
13-15 per cent Rh negative, originally acquired it by mixture with
an early European population of which the Basques are at present
the only known living example.

Subgroups

Although peoples of Enropean stock seem to differ scrologically
from the populations of all or nearly all the rest of the world, except
possibly the African, in that they have the subgroup A, of the blood
group A (sce p 236) and have a considerable amount of rA” and
k" genes, when and in what manner they acqured these differ-
ences is not casy to state. We do not at the present time know of
any human (or even anthropaid) group with much more A,, pro-
portionally, than the average European. Perhaps A, has some sclec-
tive disadvantage, and under the conditions of stringent selection
in Asia was ehminated, before the ancestors of the Amencan Indians
left for this conti In paleolihic European man the gene, al-
though possibly somewhat inferior to A,, lingered on. But all thic
must be admitted to be in the highest degree conjectural.
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Other Characteristics

‘We are unable to make a very good guess as to the time of origin
of the Mongolian eye fold, since this 1s a charactenistic which is not
detectable 1n skeletal material, and ut is evidently genetically com-
plex, so not much can be inferred from present-day distributions.
From its oceurrence in American Indians we may suppose its ongin
to be before the time when the ancestors of the Amenican Indians
Ieft Asia for the New World. Other genes, such as the one (if these
is only one) conferring on its possessors the abiluy to taste phenyl-
thio-carbamide, may be much more ancient and may possibly go
back to the anthropards ar even carlier (11). Again, however, it is
extremely difficult to guess when the present geographical differ-
ences in the distubution of the gene were set up.

Our carliest glunpse of the racial pre-history of mankind, there-
fore, does not go back much beyond the dawn of the earliest written
hustory, We start with the assumption of a possibly already some-
what differenuiated saprens stock, sparsely scattered over consider-
able areas of Asia, and possibly also 1n Europe. We suppose that
this stock possessed the O, A, and B blood groups, and somehow
acquired the modern human mechanism of inheritance of M and
N, possessed 1n an unknown quantity the gene for tasting phenyl-
thio-carbamide and may or may not have possessed the Rh negative
gene. This essentially pnmitve “white stock”* may have spread
all through Asta, to Europe, and to the Japanese islands, where
remnants of 1t are still found in the Ainu, and also down through
Southern Asia to Australia and other regions. We have already
shown there is reason to suppose that at this time or somewhat
Later a gradient from south to north in the frequency of the M gene
existed, so that the northern population had more M than did the
southern. After dispersal, this prumitive white stock—in warmer
climates —was probably acquiring a darker complexion, although

 These stocks are called bascally "white” {p. 273) because on being crossed with
whate faces the offspring suggest that not so many genes (of less domunant genes)
for dack pigmentstion were present 1 the dack (or black) ancestors s 15 the €as
with the African Negroes Body hair and certan morphological features also help
bolster up this conviction, Also the gene #* (Cde) is found 12 both Europeans and
Austrahans.
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retaining many of the primitive cranial characteristics we charac-
terize as “white.” The Australian abongines would seem to be at
least partially derived from the southern groups possessing 2 low
frequency of M; later influences acung on small isolated populations
may have caused the frequency to drop and possibly to reach zero
in certain Australian tribes (1).
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exarrer x111 Man's Future

Others mustrust and say, “But ume escapes:
Live now or neverl”
He said, “What's ume? leave Now for dogs and apes!
Man has Forever.”
— srownING

The Future of Our Race Concepts

Ir has been the purpose of this book to point the way towards
an intelligent and profitable study of the physical charactenistics of
man, and if this purpose has been at all achieved, the reader will
have gamed the impression that such study 1s best accomplished
chiefly by the 1nvesugation of the geographical distribution of known
genes, and by attempts to discover the genes which determune other
physcal characterisucs which vary 1n inadence 1 different human
populations. What 1s now known is 1n all probability a mere frac-
ton of the knowledge which the future will bring.

Making use of the rather meager data now available bearing on
the few characters whach are inherited in 2 known manner, genetic
races of man have been distinguished (p. 268). These races corre-
spond, in the degree to which they differ from cach other, to the
races which are delineated within the species of some of the lower
organisms Whether we consider the differences to be tmportant or
not is entirely up to us. Scientifically all we can state is that our
races may perhaps continue to be convenient designations for differ-
ent human geographical groups, but it 15 more hkely that new
discoveries will provide different, and still better, means for duffer-
entiaung men into racial groups.

Merely becanse blood groups have been used as illustrations so
often in the preceding chapters, we should not conclude that they
will necessarily continue to offer any unique advantage for racial
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classification. Their special advantages at the present time consist
1 the fact that we know the way 1n which they are inherited, and
we possess reagents which detect the results of the action of nearly
every individual gene involved, a fact which greatly facilitates
genetic analysis. The analysis of phenotypes 1nto genotypes is not
Likely to be so easy with characteristics such as skin color (p. 310),
although we of course cannot know what future research will bring
forth in the way of new and rapid methods. Other charactenstics,
as yet incompletely studied, will probably eventually prove equally
valuable. At the moment, we are forced to base our tentative con-
clusions upon what 1s really a very scanty knowledge of human
genetics, which has been largely a by-product of the rescarch of
clinicrans and other persons who are not primanly geneticrsts.
Once any considerable number of persons trained in the methods
of genetics turn their energies to the problem of analyzing the
genetic basts of human charactersstics, we may expect a mass of
data 10 accumutate which will enable us to differenunate human
races with much more exactness, and draw much more far-reaching
conclusions as to their ongimn.

Finding the Genetic Basis of Traits

A few words should perhaps be said about the methods of dis-
covering new genes. Some of these methods have already been
discussed or included by implication 1n certain sections in the pre-
ceding chapters, but we may now attempt to be a lttle more explicit.
It should be obvious to all readers that most of the human physical
characters we are likely to want to study are complex, and therefore
not determined by a single gene par. We have discussed the in-
henitance of the color of the skin, and some of the hypotheses which
have been offered 1o explain its inheritance. At least two pairs of
genes were scen to be required (p. 310). A re-examination ©
Mendel's work (Ch IT) will give us 2n idea of how a genetic
analysis might be expected to proceed. ,

As a first step, we shall choose some character in which ind'l-
viduals show a satisfactory degree of contrast. Tt will be simpler if
we do not start with characters which are markedly influenced by
sex, although this imposes a rather severe hmitation on our work,
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since so many characters do vary with sex, and sex-influenced char-
acters will sooner or later have to be studied, if our knowledge of
human genetics is to be made at all complete. The next step is to
examune the offspring of matings of parents who differ in regard
to the feature we have chosen to study. It 15 always tempting to
hope that the study will prove that the presence or absence of a
single gene determines the character, and that we have thus located
a new gene pair (which may or may not prove to be on one of the
chromasemes which we have already identified as carrymng genes
for the various blood group anugens, or for the taste reaction for
phenylthiocarbamude, etc). Experience (cf. p. 313) teaches us,
however, that the rosy expectation of finding each new character
to be due to a single pair of alleles will not usually be fulfilled.
Multiple genes or allelomorphs are very likely to be wnvolved (p.
241). Daffe m p and exp ty may also be en-
countered (p. 77).

The individual children of the matings we study will probably
exhibit the character under 1nvesugation to a greater or less extent,
and vanous gradations between the extremes will be cbserved.
Dufficult problems of differentiation between phenotypes —a matter
which often involves indvidual jud —and of fature
for purposes of recording, ete., will arsse. The important thing to
look for is segregation. that 1s, a siuation 1n which a certamn char.
acter, or a certain factor contnbuting towards the possession of a
character, appears in some of the offspring but is nearly or enurely
lacking in the others. We may then postulaze that this segregating
character is determined by a sigle gene, but we cannot as a rule
immediately be sure of this. Our postulate must be tested by the
observation of stll more famblies (see Appendre X1iI-1).

Tt is at this point that the efforts of the would-be student of human
genetics have often fatled in the past. The prelmmary studies have
been gone through trumphantly, but the prospect of the dismal
and probably fi 1l ding job of 1 data,
unul each successive hypothesis of the hereditary mechanism has
cither been proved or disproved, has seemed too forbidding, and
further work has been abandoned,

We cannot with justice state that lack of scientific vision or even
Tack of interest in human genetics has been entirely responsible for
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the present situation. The lack of information about human genetics
is rather a by-product of our particular way of asganizing (or not
orgamzing) scienufic inquiry, and of our way of recruiung new
members to this particular branch of science (or for that matter to
scientific work 1n general). Almost every young scientist is faced
with the necessity of building up as soon as possible a scientific
reputation, which he must have to enable him to get financial sup-
port for further scientific work or to get a heanng for the results
of his later work and 1deas; and more prosaically, to make it possible
for bim to secure a teaching or research position 15 order to support
himself and his family. Few young researchers have been in a posi-
tion to embark on a program of research which might not result in
any scienufic publication unul they had put 1n twenty years or so
of hard work. It is necessary to score small initia] successes in order
to be in line for a chance at the bigger successes, and even then the
chance at the latter may come at a ime when it 15 already too late
in hfe for the nvesugator to do his best work. It 1s to be hoped that
in the future a more hberal attitude towards basic research which
does not promise immediate and spectacular results will prevail and
that governments which can spend money hike water during a war
will be willing to support during peacetime a few promising scholars,
for Life if necessary, and not require immediate publications, and in
particular that funds will be made available for the scientists who
wish to study and analyze the very important subject of the genetics
of human physique. There are signs that something of this sort may
eventually come about in this country.

Hypothetical Ilustration

It is not possible for any of us, sitting back perhaps in a com-
fortable armchanr, to predict with certainty what the course of future
research in human heredity will be. We may, however, consider 2
hypothetical illustration, which may possibly not be too far from
typical of the problems which will arise. Let us suppose that a young
student has decided to study the inheritance of the shape of the
nose. His first task will be to classify the shape of the nose according
to some system which seems sensible to him.

As an illustration of the sort of classification which a beginner
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might set up for noses, we may refer to the classification proposed
in Marun’s (27) magmficent textbook of morphological anthro-
pology.

Furst Martin considers the nasal index, which is the ratio of the
breadth of the nose to 1ts length (these measurements are all made
from well-defined specified pownts). This varies somewhat with sex,
but not as much as might at first be feared. ‘The nasal index varies
considerably with race and Martin gives tables of its values for males,
and occasionally for females, for various populations. More impor-
tant, he calls attention to the fact that the nasal index does not by
any means tell the whole story about a nose.

In the first place, some races {e.g. Bushmen) have very concave
noses, and the appearance of the nose is lower and broader than the
nasal index suggests. In the second place, the shape and position of
the nostrils must be considered “Then Martin gives fifteen different
1deal types of nasal profile, to one of which nearly any human nase
would be similar. Also, he considers the depth of the nose (that is,
the extent to which it protrudes from the face). Then the fleshy
lobes of the nose (Nasenflugel) can vary. Obviously a good many
kinds of noses are possible (Fig. 47).

The next task of the mvestigator, and one which strangely bas
only too often been 1gnored, is to find out, from a study of em-
bryology and early develop how his classifications and his
various types correspond with the actual facts of morphological
development. Martin, 1n the work just referred to, gives this funda-
mental question, 1n the case of noses, scant attention. In most cases
1t can be confidently anticipated that 2 study of the embryology
and growth of an organ will enable the original “exhaustive” classi-
fication, which may have scemed so impressive, but is actually often
only superficial, to be amended, and 2 better and revised version,
giving inf ion of more fund 1 1mp will then
result,

Now the student has the problem of trying to find out how many *
genes, acting in what way, determine the shape of the nose. Also
chimatic and other envi; 1 inf] must be considered. For
Purposes of orientation, the student will examine a large number
of famihes, and tentatively record certain characteristics, or cestain
developmental trends, which he thinks may be unit characters—
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several possible pitfalls. If the characters are influenced by the sex
of the individual, the investigators must not assume without further
study that the gene is sex-linked (p. 68). If more than one gene
is found to be involved, they must not assume smmediately that
these genes are alleles. They must not assume that a gene is domi-
nant or recessive to any other gene until this is actually demon-
strated by the study of family material. They must not assume that
they have identified all the genes which nfluence noses until they
can predict, in a sausfactory manner, from the parental (and possibly
grandparental) types, the possible nasal structures of the offspring
of all the famulies available to them. They must not assume that in
different races the same gene must necessarily be involved in pro-
ducing a character which superficially, at least, seems to be the
same or that any gene 1dentified must occur in other populations
with the same frequency.
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As a very crude example, we may mention that it is not entirely
impossible that a faily small number of genes are involved in the
determination of facial features, for it is 2 common observation
that strong segregation of these characteristics often occurs in fami-
Lies, so that, even 1n spute of sex differences, some children look very
much like the father, and some very much like,the mather. Or the
facial type of one of the grandparents may emerge. If the physiog-
nomy were determined, in each individual, by a large number of
genes, on different chromosomes, many of these would get separated
rather often 1 the process of reproduction, even in one

The result would be that we would more often observe an apparent
blending of the parental features in all the cluldren.

Qur final goal 15 the determination of the main genes responsible
for human physique and mental abilities, and their mode of opera-
ton and interaction It would be especually important, as already
stated, to identify which genes can influence human behavior, 1n-
directly, as by affecung the endocrine glands, the sex organs, etc,
or ducectly by affecung vaneties of temperament, etc. We already
know enough (3, 15, 38) to predict that genes must exist which
largely control such things as musical ability, mathemaucal ability,
and the bigh degrees of physical co-ordination necessary far out-
standing performances 1n such games as tennis and polo. When more
thorough geneuc studies have been made, we shall then be 1n a posi-
von to classify men more accurately and minutely than is possible
at present, We shall also be 1n a position to assess the relatve abili-
ties, in regard to any particular line of endeavor, of different persons
or of different geographical groups. We have already suggested
that the over-all differences of this sort between geographical groups
are probably small; but we know that the differences between 1adi-
viduals of the same group are sometmes very great.

All of this knowledge which we hope may be discovered in the
future will be of very great value to the cultural anthropologust and
the socialogist. It should be of even greater value to parents and
educators, Children who are known to be born without any genes
for musical performance ability, for example, will be spared the
ordeal of years of useless music lessons.
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“Improving” the Human Stock,

On the other hand, we must beware of painting for ourselves
any rosy picture such as that which has been offered in the past by
those who called th 1 genists. The scemed to
suppose that once our proper human destiny was sufficiently under-
stood {and some of them seemed to take it for granted that this
happy state of affairs had already been attained), it would be possi-
ble to begin to select for desirable genes in man, and to eliminate
undesirable genes. Thus they thought to improve the human species.
But before we decide that some human beings are better than others,
we must ask ourselves, “Better for what?” The earth offers a large
number of different types of physical environment, and the complex
contemporaneous human cultures, or just the cultures of the West-
ern World in which we live, offer a very large number of different
cutlets for different varieties of human ability. It is not easy to say
with confidence that any of the vareties of abihty are bad, and
others are good, or that some are better than others. Was Sir Isaac
Newton more valuable to the human race than Ludwig van Bee-
thaven? This question cannot be answered scientifically because it
is a silly question and has no meaning, and nearly all sumilar ques-
tions which invelve the ideas of good and bad in human abilities
are equally silly.

It is very easy to be too sure of how things would work out 1n 2
hypothetical case. In a primitive society, where ability to run, hunt,
and fight seems to be demanded of all, it might be supposed that
any inherited physical disability would act practically as a lethal,
and no doubt selection against such traits is strong. However, the
legends of the blind poet Homer, and the lame smith Hephaes-
tos (39), and observations on “primnve” peoples of today, suggest
that even in early times persons with major physical disabilities
could still sometimes make valuable contnibutions to the society
in which they lived, and be rewarded by being allowed to survive,
ar least. In our own time there have been many men and women
who have made important 1ntellectual contributions to our culture,
in spite of serious physical handicaps. The names of Edison, Stein-
metz, and Dostoevsky come to mund, and the list could be almost
indefinitely extended.
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There are a few human genes which 1t would undoubtedly be
desirable to eliminate, if this could be done without causing more
suffering in the process of elymination than their presence among
us causes now. Genes causing congenttal idiocy are perhaps among
these, A number of other examples could be thought of, although
it does not always prove as simple a problem as one might
think (8). .

The elmination of a dominant gene, 10 a society willing and
able to undertake the project, would be fairly simple. Stenilization
of alt affected persons, or the voluntary avoidance of the production
of offspring by them, would accomplish this 1 one generation.
Unfortunately, most of the human genes known to be undesirable
are recessive, and 1n such cases stenhizauon of the affected persons
would act very slowly. Hogben (20) has pointed out that continued
stenilization of all ndwiduals affected by albimsm would only
reduce the incidence of the gene to half uts present frequency in
a period of time about equivalent to the entire Chrisuan era. Any
scheme to improve the human race which requures lengths of time
of this order can thus be dismissed as chumerical. Long before the
artificial selection had produced much effect, we could anticipate
either that medical science would have discovered how to prevent
the undesirable effects of the gene, as 1t has already mn the case of
diabetes, or that mankind, by indulging in some folly such as an
atomic war (31), would have wiped out most of the populations
which were thus trying to improve themselves.

For the ume being, at Jeast, we shall do much better to devote
our energics to making better education available to those who
already possess genes making them capable of benefiung from it
and to attempt to improve the mutual understanding and relation-
ships of the various groups of men who at prescnt consider them-
sclves racially or culurally distinct.

In the meantime, further genetics-guided study, as outlined here,
should eventually make possible a fairly complete and accurate
classification of mankind into races, These races also will probably
not differ very much in aver-all mnnate abilitics, and it is very inter-
esting to ask ourselves: what will happen to these racial distinctions,
and~ to the racial distinctions which have seemed to certain persons
30 important in the past?
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“Improving” the Human Stock,

On the other hand, we must beware of painting for ourselves
any rosy picture such as that which has been offered in the past by
those who called tt 1 g The ists seemed to
suppose that once our proper human destiny was sufficiently under-
stood (and some of them seemed to take 1t for granted that this
happy state of affairs had already been attained), it would be possi-
ble to begin to select for desirable genes in man, and to elimnate
undesirable genes, Thus they thought to improve the human spectes.
But before we decide that some human beings are better than others,
we must ask ourselves, “Better for what?” The earth offers a large
number of different types of physical environment, and the complex
contemporaneous human cultures, or just the cultures of the Woest-
ern World 1n which we live, offer a very large number of different
outlets for different varieties of human ability. It is not easy to sy
with confidence that any of the varieties of ability are bad, and
others are good, or that some are better than others, Was Str Isaac
Newton more valuable to the human race than Ludwig van Bc?-
thoven? This question cannot be answered scientifically because it
is a silly question and has no meaning, and nearly all similar ques*
tions which 1nvolve the ideas of good and bad in human abilities
are equally silly.

It is very easy to be too sure of how things would work out in2
hypothetical case. In a primitive society, where ability to run, hunt,
and fight seems to be demanded of all, 1t might be supposed that
any inherited physical disability would act practically as a fethal,
and no doubt selection against such traits is strong. However, the
legends of the blind poet Homer, and the lame smith Hephaes-
tos (39), and observations on “primative” peoples of today, suggest
that even 1n early times persons with major physical disabslities
could stll sometimes make valuable contributions to the society
in which they lived, and be rewarded by being allowed to Survive,
at least. In our own time there have been many men and woment
who have made important intellectual contributions to our cultu.rc,
in spite of serious physical handicaps. The names of Edison, Stein-
metz, and Dostoevsky come to mind, and the lst could be almost
indefinitely extended.
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There are a few human genes which it would undoubtedly be
desirable to eliminate, if this could be done without causing more
suffering in the process of elimination than their presence among
us causes now. Genes cawsing congemital sdiocy are perhaps among
these. A number of other examples could be thoughe of, although
it does not always prove as simple a problem as one might
think (8). .

The elimination of a dominant gene, in a society willing and
able to undertake the project, would be fairly simple. Stenlization
of all affected persons, or the voluntary avordance of the production
of offspring by them, would accomplish this i one gencration,
Unfortunately, most of the human genes known to be undesirable
are recessive, and in such cases sterthzation of the affected persons
would act very slowly. Hogben (z0) has pornted out that continued
sterihzation of all indwiduals affected by albimism would only
reduce the incidence of the gene to half ats present frequency in
a period of ime about equvalent to the entire Christian era. Any
scheme to improve the human race which requires lengths of ume
of this order can thus be dismissed as chimencal. Long before the
antificial selection had produced much effect, we could anticipate
either that medical science would have discovered how to prevent
the undesirable effects of the gene, as 1t has already in the case of
duabetes, or that mankind, by indulging 1 some folly such as an
atomuc war (34), would have wiped out most of the populations
which were thus trying to improve themselves.

For the time being, at least, we shall do much better to devote
our energies to making better education available to those \\130
already possess genes making them capable of benefiting from it,
and to atrempt to improve the mutual understanding and relation-
ships of the various groups of men who at present consider them-
selves racially or culturally distinct,

In the meantime, further gencties-guided study, s outhined here,
should eventually make possible a fairly complete and accurate
classification of manhind into races, These races also will probably
not differ very much in over-all innate abihties, and it is very i!\m_
esting to ask oursclves: what will happen to these racial distinctions,
and to the racial dustinctions which have scemed to certain persons
s0 important in the past?
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The Future of Races

Racial doctrines and prejudices about race have been extremely
prevalent in our time (19), and have even led to attempts to ex-
terminate particular “races” in certain areas of the world. It 1s not
too obvious what will happen in the future. ¥ we are Utopians, of
course, we may believe in some inevitable millennium, and iof we
are entirely pessimistic about the human species we may believe
that its case 15 hopeless. As sciennsts we should not belong to either
of these camps, but try to answer the question by an impartial
examination of the available evidence. Will mankind continue to
diverge 1nto more and more distinct races, or will the forces of
amalgamation produce a more and more homogeneous world popu-
lation of Homo sapiens? Anything we say on this subject must
necessarily be somewhat in the Iine of prophecy, and time, in the
usual way, will determune whether it was correct or false. However,
we have a few facts on which to base our predictions, although we
may have to base some of them on less certain grounds than we do
the others.

This book has been written after the end of a great war which
was, 1n part at least, duc to conflicts over racial issues, and which
terminated in a way clearly indicating a definite possibility that
organized cwvilization as we know 1t today may succeed in totally
destroying itself. If this should happen but not render the planet
uninhabitable, it would leave the human species to be pcrp:(uatcd
mostly by the populations of regions not reached by our ‘modera
weapons, including perhaps the abonigines of the Australian desert,
and Eskimo and other inhabutants of the polar regions, and the
natwes of Central Africa. The genetic composition of future Ha.mo
sapiens might be greatly altered if this should happen. [In addition,
undesirable mutations might result (282) from the penetraung
radiauon released by atomic weapons.] It seems impossible at present
to predict whether or not this (from our point of view) disastrous
outcome will actually occur or not. It seems, however, to be mor
constructive to work on the assumption that it will somehow bc
avoided, although at the time of writng a method of avoiding it

appears to be as yet unknown and unobtainable. Let us supposes for
the sake of argument, that orgamized civilization wll avoid destroy-
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ing itself by the use of atomic bombs, radwactive dust, bacterio-
logical warfare, poison gas, or anything similar, and that the same
racial groups which we have at present will continue to contribute
to the racial picture in the future, What shall we predict to be the
outcome?

Relative Size of Populations

There is reason to think that technological advance will at least
roughly equalize the mulitary power of the varous natons, and
that this will be accomplished before any great change in the rela-
tive population numbers which at present exist has ime to take
place. This would imply that the relative numbers of different races
in varous parts of the world at the present time can serve as a rough
guide to the relative numbers of thewr descendants in the eventual
world population. If thus is so, then the atizenship of the future
world state will be largely Asiatic by descent, with the Africans,
Americans, and Europeans coming in a very bad second indeed,
and the descendants of Icclanders, for example, being 2 miconty so
small as hardly to be mentioned. (Not that there is any reason to
believe the population of Ieeland mferor; this prediction is made
solely on the basis of present numbers.)

Is0, we must take account of changes in bith rate. It 1s low
and declining in most European countries. In Eastern Europe, the
U;SS R., Turkey, Japan, Palesune, parts of North Africa, and cer-
tain Latin American countries the fertility is also dechning, but the
dechine in mortality has got ahcad of the dechine in fertibty, and
this has meant very rapid population increase. Although it seems
certam that the population growth in these countries will eventually
slow down, their capacity for growth 1s still immense (5). The
population of the USSR. in 1970 might be as much as 70,000,000
more than it was in 1940, There is not convincing evidence from
history that a country in which 2 declining birth rate once sets in
ever reverses the trend and again begins rapidly to increase its num-
bers. Tt scems practically certain, therefore, that the great bulk of the
population of the world in the next few generations will be recruited
from Asia, Africa, and perhaps the Near East, certain islands of the
Pacific and Caribbean, and parts of Central and South America (5).
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It is difficult to believe that this will be accomplished without 2
considerable degree of 2 which may result in the long
run in a type of Homo sapiens showing less difference between
geographical groups than at present, especially in regard to some
of the outward physical charactenstics such as skin color and types
of face and hair, since we must anticipate that st will be largely
Asiatics and Africans who will be the maimn producers of the popu-
lation of the new world. How strasght versus kinky hair will make
out is hard to predict in our present state of ignorance. Possibly at
the time which we are attempting to visualize nobody will care.

In spite of the notable role in scientific research and technologcal
development which has been played in recent times by the popula-
tions of Europe and more recently by those of North America, there
is every reason to think that their ultimate role on the stage of
history will be a munor one and the final composite Homo sapiens
will on the whole not particularly resemble physically the present
inhabitants of the Western World.

The conclusions of writers such as Burch and Pendell (6) that
rapidly increasing populations can be 1nduced to restrict their num-
bers by the use of contraceptive measures seem to be based on pure
optimism. It is very difficult indeed to see how an uneducated
Indian family is going to learn about contraception, and how it can
afford the expense of contraceptive apparatus which costs a sunt
which equals a substantial fraction of their yeasly food budget. It
scems much more Iikely that population increase 1n the parts of the
world where it is now greatest will continue at least for several
generations (5).

Potential Contributors to the Probable Future
World Population

Since we have no scientific reason to suppose that the Asiate (7)
is less capable of developing science and technology than the Euro-
pean, there is no reason to suppose that the world will suffer any
cultural or technological decline as a result of the final adjustment
of populations and population densities, which seems 1nevitable, an!
even desirable. ‘The ultimate limit will probably be sct manly by
the world capacity for food production (4, 5, 26)-
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It seems fairly obvious from current political events that so long
as any relatively uninhabired areas remain 1n the world there will
be pressure from peoples of the more densely populated areas to
occupy them (29). It also seems true that as long as culturally un-
developed arcas ewist, other more aggressive, and 1n thetr own
opinion culturally more advanced, neighbors will wish to take over
the administration of such areas. We cannot look forward to an
era of permanent peace, therefore, untl each area of the world’s
sucface 15 inhabited to the proper degree by human bemgs This
degree will be determined largely by climate, soil productivity, and
the ultimate standard of hving (6) which the human race adopts.

No doubt British and American readers will hope that the stand-
ard of lving to be adopted will be similar to that which exists in
their own countries. For this hope, however, our glimpse 1nto the
future of mankind offers litle support. America 1s at the present
time occupied by a fauly sparse population enjoying the highest
standard of hiving in the world, mamly because other areas of the
world where much denser populations exist have not yet developed
the technological and scientific devices which would enable them to
compete. However, m the Second World War many Americans
must have realized that the supposedly backward Asiatic Japanese
had essentially mastered many of the “secrets” of Western technol-
gy, all in the brief period of ume since 1860

There is every reason to think that the principles of science will
within a generation or so penctrate to the most remote quarters of
the globe, and nations composed of individuals with quite different
standards of living will be able to construct atomic bombs, rocket
weapons, and other devices which will enable them to compete, in
war at least, with the at present technologically more advanced
nations of European stock From a long-range pownt of view there.
fore, there is no doubt that the more numesous populations are
destined to be the great seplenishers of the human species in the
future.

Nations existing at a very low living standard may nevertheless
from time to time produce, and allow adequate education to, great
men. Witness the great chemist, Mendeleev, ansing from the back-
ward Russian society of his day, and Buddha growing up in over-
populated India.
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We may ask ourselves, will natural selection, in the densely popu-
lated world of the*future, play any great role in altering the fre-
quency of any of the genes we have considered as bases of racial
classtficatton? It is doubtful of there will be much effect due to this
agency. We have not been able to find that any of the blood groups
offer a marked selective advantage or disadvantage— with the prob-
able exception of the Rh factor, and even there the opinion of experts
is sull divided (31). The gene for tasting phenylthiocarbamide,
whatever its main purpose, teleologically speaking, may be, seems
to have existed for a long time before the development of sapiens
man. Head form may have some selective advantage but if so the
advantages are probably in the direction of brachycephaly. Skin
color, however, might offer varying advantages in different areas.
In the tropics it may be an advantage to have a darker skin color,
in the North possibly an advantage to be lighter, and it may be
that the permanent situation will adjust itself along some such lines
of distinction. This would leave a place in the sus, or more properly
speaking, out of the sun, for the so<alled white race. They will be
allowed to inhabit the frozen North, the southern tip of South
America and Antarctica, while the darker-skinned members of the
race will probably monepolize the mare tropical and even the tem-
PC(Q[C Zones.

The future we predict for races therefore is that they will largely
cease to exist, and no harm will be done. Considering the dllﬁcu‘]ﬁ?s
which racial doctrines have caused us in the past few decades, this
is hardly a dismal prospect, and is likely to offend only those who
still maintain irrational prejudices against the idea of racial misture.

Rate of Race Mixture

An interesting study of the rate at which mixture between Ameri-
can Indian and white populations occurs has been published by
Cook (10). He finds, unsurprisingly, that the rate of muxture de-
pends on cultural conditions rather than on the physical charac-
teristics. He has computed that in California 100 years will suffice
to give complete mixture in the case of the cismontane Indlafﬂ
studied by bim but he supposes that in the casc of the Great Basin
and Nevada Indians 500 years will be required. Both of these ar¢
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relatively small periods compared to the length of time mankind
has existed and the great expanse of time which (we hope) still Les
before the human species. But the final results of world tendencies
towards race mixture will certainly not be achieved overnight, no
matter how modern transport and the anticipated breaking down
of racial prejudices may accelerate them.

The process of race crossing between Chinese and Enghsh and
other mixtures has been studied by vanous workers (1, 14, 17, 21,
23, 24, 37). None of this work suggests that race mixture will not
continue to occur, or that it is harmful in any way. That race mix-
ture is not harmful, and may in fact be beneficial, ss suggested by
studies of Castle (9) and Haldare (16).

Probable Appearance of Future World Population

As to the characteristics of the future race or races which will
emerge from miscegenation we may draw some fairly definite con-
clusions, In factors controlled by genes 1n a known manner the
caleulanon is casy to make and we can see in Appendix V-2 of
this book (p. 416) how to do 1t. If an overwhelming number of
Asiatics possessing about 30 per cent of blood group B mate with
a relatively small number of North Amertcan Indians or white
Europeans possessing relatively small amounts of blood group B

05 per cent) the offspring will have considerable amounts of
blood group B, and the percentages of B 1n the hybrids will amount
£ 20 or 25 per cent or over. The same sert of calculation applies to
the other genetic charactenistics. The future world population will
therefore consist mostly of individuals who can taste phenyl-thio-
carbamide, who are very seldom Rh negative, etc. If we wish to
speak also of the physical characteristics by which race was formerly
defined, certain conclusions can still be drawn, From an early but
thorough study of European-Hottentot mixture (12), Fischer con-
cluded that dark hair and eyes, lighter skin color, tallacss and an
Increased frontojugal index tended to predominate, European char-
acteristics which tended to predominate i the offspring were appar-
ently only those of skin color and stature.

In a study of A 1 hite crosses Davenport (11) found
that the shorter arm, shorter leg, and broader head of the white
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arrpenp1x a Statistical Methods

Introduction

No single characteristic has been discovered which is sufficient to
identify an individual as belonging to a certain race. This statement
holds true whether we define race as we proposed in Chapter 1X
or whether we accept the older and more conventional defimitions
of race. The vanous races or groups of mankind are “polymorphic”
in regard to practically every character which can be used for racial
classification, and there is no one way 1n which the members of
¢ach race arc alt alike.

Means

If we make a particutar observation on cach of a number of indi-
viduals and find, as we usually do, that they are not all identical
this respect, we shall find, if the number of individuals 1s ac all
great, and especally if we wish to compare them with some other
group, that it will not be convenient to enumerate seriaim the
various results obtained. Instead, we resort to the device of finding
the mean of the serics, that 15, we add up all the observations (using
whatever numerical scale we find convenient for the characterisuic
in question), and divide the sum by the number of individuals in-
cluded This gives us a value which does not comcide, perhaps, with
the results for any one individual, or any large group of individuals,
but does represent the population as a whole. Thus our mean will
just be the arithmencal average with which we are familar from
school arithmetic. Other estimates (e.g. median, mode), similar to
the mean but differing from it somewhat, are also someumes used
in statistics but we shall not consider them here. (The median is not
the arithmetical average, but the value which is just half-way from
the smallest to the largest, The mode is the value observed most
frequently.)
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By comparing the means of two populations, we are, somewhat
indirectly, companing the populations themselves. Much use has
been made of such comparisons.

Let x symbolize the numencal value of an observation, and n the
number of observations. Then

Sx
me=—
where the symbol m represents the mean, and the Greek letter =
indicates the addition of all the observed values of x.

Deviations

A survey of a table or especially of a graph of a series of observa-
tions on a population which varies 1n the ordmary way will reveal
that there are usually two characteristics which are worthy of note.
One 15 the value of the mean, and the other is the width of the
curve, or in other words the extent of the range over which the
observed values are found to be distributed Thus latter property, if
the observations conform to a certain mathematical curve called the
Normal Curve of Error, or, more briefly, the normal curve, can be
measured by determining a value called the standard deviauon,
which is usually represented by the Greek letter 0. Two different
ways of estimating o have been proposed, both depending on the
average value of the deviations of the various observations from the
center of the curve. The simplest way 15 just to take the average of
the deviations from the means. The larger the average deviation,
the larger the value of o, and the flatter the curve. This method of
estimating o had 2 considerable vogue at one time, and indeed if
an infinitely large number of observations were available for each
series being examined, one could always get the true value of @
by this method. But n practice we do not have an mfinte set of
observations for properties we wish to study, and our value of « will
be only an estimate of the o of the (assumed and hypothetical)
infinite set of observations of which our set is but a sample. Fisher
calls attention to this difference by representing the true value of
the standard deviation by the Greek letter o, and our esumate of
it by the Latin letter 5. With a hmited population to deal with, 1t
has been found mathemaucally, although the proof of it is beyond
the scope of the present text (37, 44) that the best estimate of o is
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obtained 1f we square the deviations before adding them, and then
divide, not by the number of observations, but by the number of
degrees of freedom, which in this case 1s one less than the number
of cbservations. Then extracting the square root of this quantity
gives Us our estimate of o, In mathematical symbols, we have,
o5 S (x—m)
n

where the vertical lines represent the fact that we add the absolute
value of x — s, or 1n other words, pay no attention to whether
%= 15 postuve or negative, and

3
o= (3 x—m)
n—r

Instead of o, for a Jong tume it was customary to use 06745 o,
which was called the probable error (P.E.) because values up to
=1 PE. included just half of the results. The advantages of the
P.E. are neghgible, however, and modern writers use e and avoid

the continual multiplication by a constant.
Let vs consider a typical sertes of observations (Table 43) of the

TasLe 43

Distribution of 400 Indwiduals 1nto g Skin Color Cate-
gores. The Larger Numbers Indicate Darker
Pigmentation

Number
Class of
Indinduals

50
106

O N AT W N
A .
8wt 58
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sort we might get in anthropology. Suppose skin color could be
classified into nine numerical grades, and we cxamined a population
which was variable, but on the whole rather intermediate for pig-
mentation. If we graph the observations, we obtain Figure 48, which
approximates farly well to a typical normal distibution.

DISTRIBUTION OF SKIN COLOR
20+ (400 INDIVIOUALS)

NUMBER OF INDIVIDUALS

2 3 4 5 s 7 8 9

SKIN COLOR GRADE

Fioure 48. Distnibution of vanous grades of skin color
in a population.

It should be ioned that our classification of the data into dis-
crete classes of pigmentation has resulted 1n a simplification which
is 1n genetic pology, but which has to be introduced
after the observations are made on metrical characters. If the height
of 1583 individuals were measured, to the nearest millimeter, it would
probably be found that practically every possible height class (and
there might be 50 or more of these) was represented at least once.
To obtain the mean it would be necessary to muluply each height
by the number of individuals who possessed it, add, and divide by
the number of individuals, This would involve a lot of arithmetic,
and we should soon get into the habit of collecting the observed
heights into groups, say one centimeter in size. So we should collect
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all the heights from 175.1 to 1760 into one group, those from 176.x
to 1770 1nto another, and so on.

In the present instance we have already performed the grouping,
so the caleulation of the mean reduces simply to the calculation of
a weighted mean (Table 44). It will be noted, however, that the

TasLE 44

Calculation of a Weighted Mean and Its Standard Error
by the Detailed and More Labonious Method

Pigmentation

Class Number Frequency Product
(x) ® =
x 3 3
2 50 100
3 106 318
4 109 436
5 80 400
& 2 252
7 7 49
8 2 16
9 X -2

400 583

Mean == 1583/400 = 3958

To caleulate o (the standard ersor or standard deviaton), it would be
Decessary to take the difference between each pigmentation value, square st,
multiply by the frequency of that class, and add, Then this sum would be
dwided by one less than the total number of observations (e, 399), and the
square root would be extracted This involves much manipulaton of pum-
bers 3l containing three decimals, which 15 laborious The next table (Table
45} shows how to do the calculations in much simpler fashion.

caleulation of o will still offer some difficulties. Tt is better to choose
the value of a central pigmentation group and use this as the work-
ing mean, In this way both the true mean and o can readily be cal-
culated (Table 45).

The first column of Table 45 shows the skin color class, the second
the number of individuals found in cach class. The third column
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‘TABLE 45
Calculation of Mean and Standard Deviation
Skin Number of Deviation from
Color Indwviduals Working Mean dxf &£
Class ® )
1 3 -3 -9 27
2 50 -z —100 200
3 106 —r —106 106
—215
3 109 o -
5 8o +1 +80 8o
6 P 42 +84 168
7 7 +3 421 63
8 2 +4 +8 3
9 T +5 +5 25
Total 400 +108 701
—215
X7
)2
Correction for meap = Cm? = o7
400
Corrected &% 7003

Mean = (4~—17/400) = 3958 Estumated vanance = 00.3/399 == 1755
{Esumated ¢ =1 325)

Sheppard’s adjustment for grouping= o083

Adyusted varanc 1672

Adjusted estimate of o = *1.293

shows the deviation of each class from the working mean. The
fourth column is formed by multplying each deviation by the fre-
quency of its class, and the fifth column by muluplying each fre-
quency by the square of the deviation. The fifth column is added
directly, but in the fourth column the upper portion, representing
negative deviations, is added separately and subtracted from the
sum of the lower portion (or vice versa). The difference enables us
to correct the working mean to the true mean (by dividing the



STATISTICAL METHODS 375

difference by the total number, 400, and adding the quotient alge-
braically to the working mean).

We thea correct the fifth column by subtracting a correction, so
as to obtain the true mean. This correction s obtamned by taking
the result obtained by adding the two parts of the fourth column,
squaring, and diding by the number of observauons. The cor-
rected column five, divided by 399 (one less than the number of
observations), gives us the estmate of the quantty which Fisher
calls the variance. All subsequent calculations are based on it, We
obtain the value 2 175, By taking the square root of this quantity
We get an estimate of the standard devsation, which proves to be
1480,

For more precise work we have to allow for the fact that our data
were grouped It has been pomnted out by Fisher (21) that the
process of grouping may be represented as the addition to any true
value of 2 “grouping error,” posive or negatwve, which takes all
values from — 1 to + % of the grouping unit with equal fre-
quency. The effect of this on the population, and its average effect
on samples, is to add a constant quantity Y12 to the number called
the “variance”) of which we take the square root n order to esti-
mate the standard deviation. Sheppard’s method of adjustment for
grouping consists simply 1n subtracting this quantity from the esti-
mate of the varsance before the square root is extracted. This changes
our first value and consequently the value of the estimated standard
deviation,

The mean and the standard deviaton together characterize the
sample. In general, giving the mean of a seres together with the
standard deviation as calculated above is equivalent to giving all of
the information contained in the senes of observations, since the
mean and the standard deviation are the only two variables deter-
mining the description of 2 notmal distribution curve.

Non-Normal Distributions

I the curve is not a normal curve, ather factors may be considered.
In actual practice, it has not usually proved possible to do much
more than examine the arithmetical series to see if there is evidence
of a bimodal distribution, as shown in Figure 49, from which we
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may suspect that we are dealing with two different populauons and
with two different means. If the curves overlap, however, as shown
here, 1t may be difficult to estimate the standard deviation of either
series, although, 1f we wish to run a certamn rsk, we can reconstruct
what we think the two curves would look like if separate (as shown
by the dotted lines) and then estimate means and deviations.

FREQUENCY

OBSERVED VALUES

Fiure 49. Bimadal curve, resulting from the combination
of two normal curves (see Fig. 50).

Although we have used the term “normal curve” in the above
discussion, we have on the whole restricted ourselves to what could
be found out about an actual set of data, without making any
assumptions as to the mathematical laws whach such data may con-
form to. Nevertheless, we cannot attempt an exposition of statistical
methods without giving the reader at least 2 glmpse of the theo-
retical foundations of the methods which are so often useful in
dealing with anthrapological data. So a bare minimum of theory
seems required at this point.

Probability

‘The basis of all the more elaborate statistical merthods is the con-
cept of probability, But there has been considerable disagreement,
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even among those most expert in the subject, as to how probability
ought to be defined, and it would not be wise to enter into that
dispute here. We are going to be practical, not philosophical. Let us
smply say that 1f we have a coin, symmetsically made, 2nd toss this
coun into the air and allow it to fall to the floor, either the side of
the coin which usually bears a head, or the obverse side which 15
called tails, will be viable when the comn comes to rest. (We ignore
the very remote chance that the con might come to rest on 1ts edge.)
Since the coin is symmetrical, we say that the probability that the
throw will result 1n heads is %, or 50 per cent, and likewise the
probability that the throw will result 1n tails is . Which will
actually happen we cannot predict, for a probability is different
from a certainty. A probabihity simply makes a statement about the
chances that a thing may happen but does not assert that it neces-
sartly must happen. However, if we toss the com repeatedly, say
several thousand times, probability enables us to assert that it is very
unlikely that the coin (assuming it really is perfectly symmetrical)
will fall heads every time, or tals every tme. Probability even
allows us to assert that it is very unlikely that out of a thousand
throws the number of heads will differ very much from 500, and
the same for the number of tails. In throwing dice, the probability
of getting any one number (with honest dice) is 1 out of 6, and a
veteran player would become very suspicious if, after a thousand
throws, he found the number 6 was turning up about two thirds
of the time. In fact, we may be quite certain that it would not
require anything lihe a thousand such throws to convince 2 pro-
fessional gambler that there was something wrong with the dice.
Probability in this sense is pretty well understood by most people,
and gl we need to go into here is the arithmetical principles 1n-
volved in applying it to the study of samples, large or small, which
may represent a portion of the population we are investigating, or
may actually be the whole population.

Let us revert to our hypothetical example of throwing 2 coin,
and et us symbolize the chance of throwing heads by the letter
and the chance of throwing tails by the letter #. Since we assume
that one or the other must happen, and since in the language of

bability certainty is rep d by the figure one, we know that,
even i A and £ duffer somewhat, & - 23= 1. If we 103 the coin two
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times in succession the chance that we shall obtain heads the first
time 15 represented by the probability 4 and, of conditions remain
the same, the chance that we shall obtain heads the second time is
also rep 1 by the probability 4. The probability of two inde-
pendent events occurring simul ly or m ion 1s equal
to the product of the respective probabilities So the probability that
we shall throw heads twice m succession 15 represented by

EXh=H

The probabality, sirmlarly, that we shall throw tails twice in succes-
sion is equal to 7. The probability that we shall throw heads and
then tails 1s equal to 4 X # and the probability that we shall throw
tails and then heads is equal to # X 4, which amounts to the same
thing, so the probability of throwing heads and tails in the two
tries 15 equal to

2kt
Therefore we shall obtain:
Chances of two heads .. 3
Chances of ohe head and one tail 25kt
Chances of two tails . £

The reader who remembers his algebra will recognize these as
the successive terms of the binomual expansion of (4 +£)% and 1t
15 easy to show that when more tries are involved, the chances of
the various outcomes are calculated similarly from the expression
(% +£)%, where n=number of trials. The observations obtained
in observing an actual group can be compared with this hypothetical
prediction which is made on the basis of pure chance.

Normal Curve of Error

If » is at all large, the computations become laborious, for the
number of terms in the expansion becomes larger and larger. Fortu-
nately, this need not distress us too much since we are very seldom
interested in the actual probability of vatsous individual outcomes,
such as heads, followed by tails, followed by heads, and so forth;
but merely wish to know if a given observed result is Likely or
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unlikely on the basis of pure chance. This enables us to make use
of a short cut. When # is large, the curve obtawned by plotung,
against the probability of each possible outcome, the number of
tmes this outcome is to be expected, 15 the curve shown in Figure 50,
which is known as the normal curve of error, or probability curve,

05

04
03
02}~

01}

[ L I 1 f
“4¢ =30 -2¢ -lo [] +l¢  +20 +30c  +do

Fiauze s0. Normal frequency curve, or standard curve
of error.

which has a known formula. (To be exact, we get this curve if n
1s infintte and % = ¢, However, even if 7 1s of the order of 20-50,
and £ is not exactly equal to #, the resulting curve comes very close
to the one shown here.) We know that this curve has a certain
simple function, called the standard deviation, and which is repre-
sented by the Greek letter o (sigma), which has this property: if
we lay off distances equal to o on each side of the center of the
probability curve—whxch will correspond to the mean of our

n the population we have ined —these kines
will include betwcen them about two thirds (6745 per cent) of
the area under the curve, or in other words, the probability of a
XC§uét represented by a point outside these lines is only about ene

ird,

We have already scen {p. 370) that the value of e is a measure
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of the range of variation in observations which obey the normal
curve, Thus we can begin to see a tie-in between facts we observe,
and predictions we make on the basis of probability.

Significant Deviations

We may calculate also the probahility of results corresponding
to deviations from a mean corresponding to 24, 30, or any other
multple we like. Therefore, if we observe a given deviation from
a mean, we may calculate, or determune from tables, just how justi-
fiable 1t 15 to assume that this 15 one of the rare but possible members
of the family of measurements included in the total group, and that
1ts Jarger than usual deviation from the mean is just the result of
chance. This probability is never zero. Just how small it must be
before we decide on the basis of it that the result is too improdable
to be due solely to chance js a matter of individual taste, and may
depend also upon the type of experiment in which we are engaged.
We might be more readily convinced, for instance, by an experi-
ment with such tangible materials as an antiserum supposed to
protect against diphtheria than by an experiment which apparently
demonstrated the existence of telepathy or clairvoyance. If we do
not believe that the observed departure from expectation is due
to chance, we decide that the measurement in question really hes
outside the range of the remainder of the measurements which
we have been examining, and is due to something other than
chance.

In biological work in general it has proved satisfactory to con-
sider a deviatioh as being “significant” if it lies as much as 20
from the center of the curve, because such an observation would be
made by chance only about once in 20 times (5 per cent of the
cases). Something which occurs in 5 per cent of the cases examined
is not outside the realm of probability, it is true, and if we wish
to be quite certain that the observations in question should be con-
sidered significantly different from the mean of our other observa-
tions, we should have to take a higher multiple of « as our gwde.
But this procedure will have the disadvantage that the higher the
muluple of @, and the more improbable the observation must be
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for us to consider it significantly different, the less are the chances
that we can differentiate, by our sampling methods, two groups
which are actually different.

We should not progress further without trying to make clear to
the reader the sense in which we arc using the word “significant.”
It is true that it is a technical term, standing for an idea common
in experimental science, but not 1n daly life, but, as Fisher points
out (24), there is no need for anyone to fail to understand it, since
it can be made plain in very simple terms. Fusher says, let us sup-
pose that we have measurements of the statures of 100 Englishmen
and 100 Frenchmen. It may be that the first group are, on the
average, an inch taller than the second, although the two sets of
heights overlap widely. Of course, if the two groups have been
chosen from therr respective populations in such a way as not to be
random samples of the populations they represent, then it is clear
that an examination of these samples will not enable us to draw
adequate conclusions about those populations, but if we know, or
assume, that our samples are satisfactory as to the manner in which
they have been obtained, the further question then arises as to
whether the magnitude of the observed difference between them
might not have occurred by chance in two samples taken from
populations of exactly the same average height. If the probabiliry of
this js considerable, that is, if this would have occurred in 50 or
€Ven 10 per cent of such samplings, the difference between our
samples is usnally said to be insignificant. If the probability of acci-
fitnt is too small, such as 1 in 1000 or even 1 in 100 or T in 20 trials,
it is usnally termed “significant,” and is ded as provid
substantia] evidence of a difference n average stature between the
two populations sampled. We must notice that the test can never
lead us to assert that the two populations are identical in stature.
In the first example, we are only allowed to say that the data pro-
vided from our samples are not sufficient to justfy the assertion
that they are different. In the second case, where we call the differ-
ence significant, we are able to be somewhat more positive, for we
©an state that: either our sampling has been exceptionally unfort-
Rate, or the populations really do differ more or less in the way
{ndica!ed by the available data. The chances of our being deceived
in the last conclusion may be very small, and what is more impor-
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tant, they may be caleulated with accuracy without our having to
rely on personal judgment.

1t may not be immediately clear to some people how 1t is possible
to calculate how often a certain average would be recorded 1n, say,
1000 trials, if as a matter of fact we have never made a thousand
such trials, and have only one small sample on which to base our
opinon. Fisher (24) pomnts out that the simplest way of under-
standing quite nigorously, yet without the use of mathematics, what
the calculation of the test of significance amounts to is to consider
what would happen if our 200 actual measurements of Enghshmen
and Frenchmen were written on cards and then without regard to
nationality were divided at random nto two new groups of 100
each. This division 1nto two groups could be done in a very large
number of ways, but though the number is enormous, it is a fimte
and calculable number. Let us suppose that for each of these ways
of division the difference between the two average statures of the
two artificially established groups was calculated, Sometimes the
difference in average stature will be less than one inch, and some-
times greater. If it is very seldom greater than an inch, for instance
in only 100 of the many ways i which the subdivision into two
artificial populations can possibly be made, the statistician will have
been right 1n saymng that the original two samples differed signifi-
cantly For if in fact the two populations were homogeneous, and
the two samples also not significantly different, there would be
nothmg to distinguish the particular subdiwvision in which the

are d from the Englst from any of the
other possible subdvisions of 100 results versus another 100 results.
Actually, as Fisher points out, the statistician does not have to carry
out this simple but in practice very tedious process, but makes other
caleulations, more practicable, but based on exactly the same prin-
ciple.

The test of significance does no more, and attempts to do no
more, than to answer the straightforward question: could these
samples have been drawn at random from the same population?
—and caleulate a probability. If the probability is very small the
answer given is so. If it is not so small as to reach the level of sig-
nificance required, the answer is, “Yes, they could.” Fisher points
out that the answer is never, “Yes, they must have been.”
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1f we want 2 measure of the significance of a given deviation from
chance expectation, we may calculate it for the coin-tossing experi-
ment, where the probabilities /4 and 7 are known, as

o=\/nht

where 2 s the number of tnals. If we tossed a2 comn 100
times, and knew it was absolutely unbiased, we should find
¢=1/100-4;-%; =5. Therefore, ff we were presented with a
set of results in which 65 heads had been obtamed, and only 35
tails, we should say that since the 65 observed heads differed from
the predicted number (50) by 15 (this number 15 called the devia-
tion, or D), and therefore -13: 155 =3, it looked as 1f something
other than chance had been operating.

Tn most scientific work the absolute values of 4 and #, or what-
ever corresponds to them, are not known, but must be estmated
experimentally. In such cases we are forced to be sausfied with an
estimate of o, We have already shown (p 374) how such an esti-
mate is obtained in the case of a simple distnibution

Unless the characteristic which we are measuring or testing for
is actually determined solely by chance, we cannot expect that its
distribution in a population will follow the normal frequency curve,
which is derived from the idea of pure chance. In a population
where a lethal gene 15 operating, we shall find that in the offspring

e distribution will not be that of a normal curve, since the inds-
viduals receiving 2 double dose of the lethal gene die before reach-
ing the adult stage and thus will not be represented. (There are
many other kinds of deviation from normahty which can affect
a population.) ‘The kind of curve obtained can also be affected by
the procedures of observation and the methods we use to record
the characteristic in question. If we ask a group of subjects to com-
pare a group of weights, by hfting them, with a standard weight,
We can express the errors they make as so many ounces or grams
in each case. These errors could be plotted against the number of
times they were observed, But we could also plot the logarithms
of the weights, and obtain quite a different curve. The latter turns
out to be more nearly a normal curve (34)-
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Frequencies

In reasoning about populations of various sizes, to make our ob-
servations comparable, we must take the frequency with which a
character is observed 1n each population.

Suppose we are examining a large number of individuals and
observing them for the presence or absence of some certain feature.
If the first two subjects we examine differ in such a way that one
displays the characteristic, whereas the other does not, from these
observations we should be led to calculate an incidence of the char-
acter of 50 per cent. But is this result characteristic of the rest of
the population? Gbviously we have very little reason to believe that
it is, since our estimate 1s based on a sample of only two individuals.
Even if we make observations on ten individuals, our estimate of
the frequency of the characteristic will still be subject to possible
error, and only if we study the cntire population, which 15 often
an impossible task, will we know the actual frequency of expression
of the charactenistic in this particolar group.

It seems logical therefore that there should be a standard devia-
tion attached to any estimates of the frequency of a charactenstic
in a population. This will obviously depend on the size of the
sample selected. It can readily be derived from the formula for &
we have already given, and if we change our symbols, so that
h=p, t=1—p,and 2=V, we find that it can be proved (34,
41, 42) that

where o stands for our estimate of the standard deviation of the
frequency p, p for the observed frequency of the characteristic,
V for the total number of individuals examined and the square root
sign 1/~ has the usual significance. It is not difficult to compile
a table from which standard deviations of frequencies or, if we
prefer, of per cents (since a per cent is just a frequency multiphed
by 100) of any observed characteristic may be obtaned. We offer
such a table in Table 46. We may use this to test roughly if an
observed difference in percentages is significant. More accurate eval-
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TasLe 46
Standard Deviations (o) of Observed Per Cents (43)

Size of Sample Observed Per Cent
[\¢]
100r g0 200r 80 300r70 400160 50
100 300 400 458 490 500
150 245 327 374 400 408
200 212 283 324 346 354
250 190 253 290 310 316
300 173 231 265 283 289
400 150 200 229 245 250
500 134 179 205 219 224
750 1I0 146 167 79 183
1000 095 127 145 155 158
1500 78 103 118 127 129
2000 067 o8y 103 10 112
3000 055 073 084 089 ogr
5c00 042 o057 ofy 069 oyt
To,co0 030 040 046 049 050
20,000 ozt 028 03z 035 035

Use of Table. Supposc we have two samples of a populauon, each of 100
indtviduals In one the per cent of group O has been found to be 40 per
ceat, in the other 50 per cent. May we assume a real serological difference in
the two samples? From the table, o for 40 per cent and 100 1ndividuals = 4 go;
for 50 per centand 100 individuals we find 5 00 We obtain op =\aZ + o7
We find 0o =685 The difference, 10, between the twa observations, di-
vided by = 1 46. Stmee this is less than the ratio 2.00, which is arbitrarsly
taken as the boundary between significance and nonsignificance, the observa-
tons cannot be sad to differ significantly If the samples had been twice as
large, we should obtain a ratio D/ap of about 2.2, which is by agreement
sigmficant, but not stnikingly so.

uation of the significance of a difference between two series may
be had by other methods, such as the x* test.

Of course no amount of statistical caleulation can be counted on
always to protect us from false conclusions due to erroneous deter-
minations, Calculations may even at times create a false picture of
certainty which is not justified. If an investigator, using an unsaus-
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factory blood grouping anti-A serum, should find a percentage of
group O of 70, while a more careful worker found for another
sample of the same population a percentage of O of 40, the differ-
ence between the two series would appear mathematically signifi-
cant even though the samples might not be very large. And although
the data obtained by the first worker might even be compatible with
the conditions of genetic equilibrium, suggesting an anthropelogical
difference between the two samples, the real cause of the discrepancy
would have been faulty techmique.

Chi Square

There is another statistical esumate which proves useful in an-
thropological work, This 1s the staustic known as x? (21). The x*
test was speaifically designed to test whether an observed distribu-

TaBLE 47

Hypothetical Results of Tests for “Taste-Blindness”
on Populations A and B

Population Tasters ‘Non-tasters
A 150 50
B 75 s

tion of individuals into different categories could be due solely to
chance. In other words, it enables us to test if a difference between
two populations is merely a matter of sampling error, or reflects 2
real difference in the composition of the populations, For example,
suppose we merely classfy individuals into “tasters” and “non-
tasters” (p. 278). If for two populations, A and B, we find the re-
sults shown in Table 47, it is clear without further tests that the
data do not indicate any difference in respect to taste gene frequen-
cies, for the numbers are exactly proportional.

Suppose, however, we test two populations C and D, and obtain
results which are not so easily analyzed (Table 48), The proportion
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of “tasters” is different in the two populations, but 1s it “signuficant™?
We can answer this question by compuung x*

TasLE 48

Hypothetical Results of Tests for “Taste-Blindness”
on Populations C and I

Population ‘Tasters Non-tasters
c 2¢
75 S
D [ 2

The value of »* is obtained by dividing (an each class) the square
of the difference between the number observed and the number
expected, by the number expected, and adding all these quottents.
The “expected” numbers are calculated from the assumption that
the observed difference 15 simply due to chance, and the two samples
are both representatives of the same population, Consequently we
compute the expected values from the observed proportions found
1 the sum of the two populations C and D. The details are shown
i Tables 49 and 50.

In general, the larger the value of x* the more unlikely it is that
the observed distbution could be due solely to chance. To find
what the probabilitics are that chance alone 15 responsible, we must
Look up our value of x* 1n a table such as that given by Fisher (21),
and note that for our present case, 1 which there 1s one “degree
of freedom,” the probability of getting 2 x* as large as 512 15 less
than 0 05 and not much more than o.02 Since 1t is generally agreed
that a probability of less than 0.5 is significant (p. 380), 1t follows
that we shall incline to the behef that the inadence of tasters in
populations C and D is actually somewhat different.

The number of “degrees of freedom” in 2 2 X 2 table such as the
above is always equal to one. For larger tables the degrees of free-
dom can be calculated by ascertamning how many of the “cells” of
the table could be filled 1n arbitrarily and still leave enough of them
empty so that, by filling the remamnder 1n properly, the original
marginal totals would remain the same. (There are 4 cells in a
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TABLE 49

Preliminary Calculations for x*

Population T t Total
c 75 25 100
D 6o 40 100
c+D 135 65 200

Expected value of T for population C= ——-— =X 100= 675
=55 =

Expected value of tz= Py X 100=325

Expected valuc of T for D= % X 100 = 675,

for t—-6—5>(xoo—325

‘Taste 50

Calculation of x*

Population T t
observed expected observed expected
c 75 675 25 325
D 6o 67.5 40 325

Taking the differences between observed and expected values for C(T),
€(t), D(T), and D(t) 1n successton and dividing each by the expected value,
we have,

2 2 2
G5 G5, G, (75)
675 325 67.5 32 5
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2X 2 table, 6 in 2 3 X 2 table, ete.) It is clear that in a 2 X 2 table
Iike the present one, only one cell can be filled in arbitranly. In
fillng in the remaining cells we may make use of any values we
Plce\ls:, positive or negative, and thus obtamn the original marginal
totals.

3 If the numbers involved are small, so that the number expected
in any class is less than 10, a “correction for continuity” should
be appled to the simple calculations just outlined, for greatest
accuracy (27). This is particularly desirable if the results appear
to be just barely significant (probabihty shghtly less thao oos).
.(A x;xclhod of making this correction 15 given by Fisher and Yates
27 .

Application of the x* test to biological experiments, even to some
of the results which have been published as showing real differences
between small samples, or the advantage in medical practice of some
certain mode of treatment, sometimes gives surpristng results For
instance, 1if out of one group of 73 individuals examuned, only 28
possessed the epicanthic eye fold, whereas out of another group of
13t was found that g possessed this characteristic, st is probable that
some workers would postulate a greater Mongolexd influence on
the second group. Actually, however, accurate application of the e
test shows that the results are below our usnal level of sigmfi-
cance (27).

Another example of the use of the x* test in anthropology is 1ts
?pplimxion to a test of genetic expectation, For instance, in crosses

lving two Mendel h by breeding the fiest hybnd
generation we should expect to obtain four classes 1 the ratio of
9:3:3:1. Good observations on such families 1n man are npot
available, but the principle can be illustrated by an example from
a plant expenment. Fisher analyzed some observations on Primula
10 see if they agreed wath this hypothesis. The plants were first
classified as having flat leaves or crumped leaves. Then these cate-
gories were classified according to the character of the “eye.” The
observed numbers of individuals and the expected numbers based
on the Mendelian formula are shown 1n Table 51. From these
is caleulated to be 10.870, and, when we consult the tables, remem-
bering that here the number of degrees of freedom is 3, we see that
the chance of exceeding this value of ¥* 15 between 001 and 0.02,
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‘TABLE 51

Observations (de Winton and Bateson) on Segregation
of Two Characters in Primula

FLAT LEAVES CRIMPED LEAVES

Normal  Primrose Normal  Primrase  Totd
Eye  Queen Eye Eye  Queen Eye

Observed (B) 328 122 P 3 5o
Ez(pectcd (E) 315 105 105 35 sbo
&*/E 0537 2752 7467 oty 10870

The symbol B stands for the obscrved number in each class, E for the
“expected” number calculated from the assumption that the classes ought 1
show frequencies i the rato g 3+3 1 (p. 37). This symbol d =B —E The
sum of the four different values of d*/E 1s equal to x%.

so that if we take the usual limit of 0.05 as significant we shall say
that in this case the deviations from expectation are Jefinitely
significant.

The x* test can be used to test whether, in a collection of random
observations made on brothers and sisters, the character being
studied behaves genetically as a umit, Ths test can thus be of gret
value 1n the identification of characters determied by indiidual
genes. We have seen (Ch, XI) that uncertainty about the mode of
inheritance, and the absence of any information as to the frequen-
cies of the genes acting, is one of the defects of the anthropologica!
characters formerly used to determine racial differences. By us ©
the x° test, Cotterman (12) seemed to show that the taste reactios
to PTC behaved genetically as a unit. However, some uncxphincd
exceptions (tasting children resulting from mnon-tasting X no%*
tasting matings) have since been reported, and the X test farls
to work when applied to these results. Either these exceptions Itp-
resent errors, or the inability to taste PTC is not inherited 25 2
simple recessive.

The x* m“h?d_ can be applied to test whether differcnces 18

bers of individuals belonging to various blood groups in &
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ferent populations are significant. For instance, in the Egyptian
town of Assiut, Boyd and Boyd (8) found the following distribu-
tion of M, MN, and N individuals among the Copts (Christians)
and Muskms respectively: Copts, M = 105, MN = 223, N=84;
Mushms, M= 30, MN =63, N ==13. Is there any reason to sup-
pose that the incidence of the three phenotypes 1s different in these
two differeat rebigious groups? Caleulation (Table 52) shows that

TaLe 52
M, N Blood Types in Assiut

M MN N Totals
Copts 105 223 83 412
Gora)  (273)  (72)
Mustims 20 63 13 106
(276)  (s8s) _ (198)
Totats 135 286 97 518

Figures in parcntheses arc the value to be expected if the two populations
do not differ in M, N frequencies,
po2f | a8 68 L 24t 45t | 688
X a Tags T7ra Va6 Vs ig8 — 4433

for this case x* = about 4.43, and cxamination of Fisher's table shows
that for one degree of freedom such a value of ¥ has a probabihey
of about 0.03 In other words, the observed difference could arise
only 1n about 3 per cent of the trials in samples drawn purely by
chance from the same population, and the observed difference is
significant.

Another example of the use of the x* method will be found in
Chapter XI1 where the test was used to determine whether or not
the observed blood group distnbution in certain American Indian
tribes could reasonably be ascribed to the results of mixture with
Europeans. In this case, the procedure was to caleulate the results
of varying degrecs of mixture with a European stock which had
blood group frequencies similar to those at present found in the
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white population in North America, and compare these with the
observed distributions. Certain ones of these hypothetical mixed
populations would of course give better agreement (that 15, smaller
values of x*) than would othets. In most cases, 7, as thus computed,
passed through a munil and if this mini was found to be
larger than could reasonably be attbuted to chance, then it was
concluded that it was unreasonable to attribute the frequencies
observed 1n these Indians to any possible race mixure.

Correlation Cocfficient

Still another statistical techmque which we must discuss is the
determination of the correlation coefficient. Fisher states that no
quantity is more characteristic than this of biometrical work. Cer-
tainly extensive use of the correlation coefficient has been made in
physical anthropology. In determming the correlation coefficient we
are merely trying to answer the question whether or not two ob-
served measurements or quantines tend to go together more often
than would be expected on the basis of pure chance, The simplest
way of getting a preliminary idea of this is to make a graph, plot-
ting one vanable as the abscissa and the other as the ordmate and
let each individual combination of the two be repre-
sented by a dot, which gives us a socalled “scatter diagram” as
shown in Figure 51. From the shape of this diagram it is very often
evident to the eye, even without calculation, that the two quantities
are correlated, Complete absence of correlation would generally give
a more or less circular pattern, if we plot both our measurements
on linear scales. The existence of correlation is shown by the pres-
ence of an elliptical pattern, and the greater the eccentricity of the
ellipse, the greater js the correlation.

One of the earliest and most striking successful applications of
the method of correlation was in the biometrical study of inheritance.
This was at a time when nothing was known of the mechanism of
inheritance as we have outlined it in Chapter II, but by the method
of correlation it was possible to demonstrate the existence of inherit-
ance in human families, that is, to show that qualities present in the
parents tended to be present in the children more often than would
be expected on the basis of chance. In future anthropological work,
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Fiouxe 51, Scatter diagram, strength vs. weight (after
Jones).

the method of correlation will probably be less and less used, since
we shall be dealing more and more with characters inherited in 2
known manner, and 10 such cases x* can be used. Those working
with genetic traits will seldom find 1t necessary to compute correla-
tion coefficients, Therefore methods of calculating such coefficients
are not presented here,

Gene Frequencies
When we observe the color of the skin, hair or eyes of 2 group

of people, or even when we determine their blood groups, in most
indviduals this only tells us their superficial or phenotypic charac-
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teristics. For example, it seems that certain brown-eyed people can
produce only brown-eyed children, but many persons whose eyes
are brown are capable of having blue-eyed children, thus apparently
proving their possession of a recessive gene for blue eyes. The situ-
ation with the blood groups 1s somewhat similar. A person of blood
group O 1s known to be of genotype OO, and a person of blood
group AB belongs to genotype AB. However, many people belong-
1ng to the rather common blood group A possess one gene for A
and one for O and thus are heterozygous; and the same is true of
group B. In populations 1n which group A is common (as is nearly
everywhere the case) and group B 1s relatively uncommon, a higher
proportion of the group B individuals (often over go per cent) are
heterozygous than 15 true of the more common group A. The group
B frequencies 1 such a case would lead one to overestimate the
frequencies with which the gene B is represented 1n the population.
‘The quanutative feature which 1s really characteristic of the popu-
lation, 1f we seck to compare 1t with another population, is not the
frequency of the different phenatypes which we can detect by super-
fictal examination, but rather the relative frequency of the genes
theraselves.

The anthropologist of the future will evidently be concerned
more and more with the calculation of gene frequencies, and less
with the computation of the mean of a series of measurements
Let us turn, then, to the problem of estimaung gene frequencies
and methods of testing the significance of differences which are
found 1n such frequencies.

When we speak of the number of genes in a population, we
really mean the number of genes which have gone into producing
the population we are studying. A single gene coming from a single
reproducuve cell is all that is needed to give one indwidual the
property of having genes of this sort in his body cells, and of
being able to transmit the gene to his offspring. In a population
all the individuals of which are homozygous for a certain gene,
say X, 1t is obvious that each individual’s character in respect to
the specific factor we are considering is a result of the reaction of
two genes for X. If X is a dominant gene, of course a single genc
for X would have been sufficient to produce the same characteris-
tic. A population of » homozygous indviduals for the gene X
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would be the result of the action of 2z genes for X. A populaton of
# mdividuals all heterozygous would be the result of the action of
n genes for X, For convenience, we take the gene frequency of X
as equal to 1.00 for a population all of whose members are homozy-
gous for X. This means we shall count only half of the genes in
each homozygous individual’s make-up, so the gene frequency of X
in 2 population of # individuals all homozygous for X would be
Z =4 In this simple case we calculate the gene frequency simply
by dwiding by two the actual number of genes we know to have
produced the population. This of course gives a number equal to
the population number  itsclf.

A shghly more complicated case is found in the M, N gene
series, where we find just three genotypes, MM, MN, and NN.
All three are izable dircctly by serological tests. The indi-
vidual of phenotype MN cbviously has one gene for M and one
for N. The individual of phenotype MM has two genes for M and
the NN has two genes for N, so we may enumerate the gene fre-
quency in the population by a simple process of counting. It will
Pprove most c to have our puted gene frequencies add
up exactly to 1,000, so we shall have to allow for the fact that the
adult individual possesses two genes at each homologous chromo-
some locus, and thus obtain the following formulas:

w=30 4 XN 8]
n=R+ MY ta]

The gene frequency for M, which we represent by small s, is given
by [1] and the gene frequency for N by [2]. Fisher (21) has ponted
out that in some cases more than one way exists to estimate a quan-
tity from ohservation and some ways are preferable to others be-
cause they give what he calls the maximum likelihood values. It
happens in this case that this simple method of esumating the M
and N gene frequencies satisfies Fisher's criteria.

The reliability with which we can compute the gene frequencies
from a given sample will of course depend on the population being
tested, for the frequencies observed may vary, depending on the
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size of the sample. Figure 52, taken from a paper by Moureau (38),
shows how the blood type frequencies computed from samples of
various sizes fluctuate, while the samples are still small, from the

MN
50-/\/\f/—\,v—-f——~———
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% .
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s L — : f
00 500 oo 2000 3000

NUMBER EXAMINED

Ficure 52. Random fluctuations in blood group frequencies,
showsng influence of sample size (after Moureau).

obviously more reliable value estimated from a population of 3000
individuals.

From the principle of random mating (p. 410) we know that in
a population 1n genetic equilibrium the frequencies of the three
blood types M, MN and N will be given by the successive terms
of the binomial expansion of (m + n)? where m +n == 1. Thus
we obtain
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where the bar (-) over the letter shows that the symbol represents
the frequency of the type in the population. If the population is really
m genetic equilibrivm (and we have made no errors 1 our deter-
minations), 1t follows that m = /M, n= VN, and VM 4-v/N
= 1000 exactly. Now of course it may happen that, due to acci-
dents in our sampling of the population, the value /M does not
give exactly the right result for m, or \/N for z. In such a case we
may find that the sum of /M and v/N does not equal 1.000. Desig-
nate the difference between the sum (\/if 4-vN) and 1.000 as D.
Then it has been shown by Wiener (49, 50) that this quanuty D
has a standard deviation, op, which is very sumply calculated by
the formula

op = o3
A%
where V represents the number of individuals examined

We may use oy, to test whether our observed D 1s so great as to
suggest that we have made serous errofs 1n our deterrminations, or
the population is not 1n genetic equibbrium, or both. Just as a mat.

ter of chancc,E should not exceed the value 2,00 more than about
o

once in 20 times. When series of M, N tests donre by reliable
workers are tested in this way, we find that the statisucal expectation
is confirmed (s0).

The standard deviation of our esumanons of the M and N gene
frequencies by simple counting (p. 395) has been shown by Wiener
(50) and Stevens (47) to be equal to:

=
Im = A2V

where V is the number of persons examuned. The standard devia-
tion is the same for both gene frequencies. It will be noted that,
as is usual 1n statisucs, it falls off as the square root of the num-
ber of individuals tested.

From the principle of random mating we deduce for the 0, 4, B
scries of genes that the frequencies of the various phenotypes
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will be given by the binomial expansion of (p g -+7r)?, where
p 4 g -+ r==1.000. This gives us

A= p' 4 2pr
B=g4 2y
AR = 2pg
o=¢

where the letters have the usual significance.

Solving these equations for p, g, and r, we are enabled to estmate
these gene frequencies from the observed blood group frequen-
cies (51).

We have r=/0. Substituung in the first equation, we get

P2+ 2p /1 O=A
Solving this quadratic equation, we obtam

p=VOT+A-VD,
¢g=vO+B -0

These scem to be the best simple formulas to use for computing
these gene frequencies, for the method allows extension to cases in
which we have more than three allelomorphs.

For instance, if we wish to cansider the sub-groups of A and AB.
and et p; Tepresent the frequency of the gene for A,, and p, that
for A, we can easily show that

simlarly,

P =VO+ A+ A ~VO+ A,
t2=VOE A, —VO

Bernstein (2, 3) was able to show, for the simple case of three
allelomorphs, that
r=+v0

p=1~vO+B
g=1~-VvVO+ A

These formulas have been much used, and are historically earlier
than those just given, but they offer no advantage, the labar of
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computation s the same, and either computation can be done by a
nomogram (6, 7, 30). If we represent the difference of the sum of
our gene estmates from unity by D, as before, the value of D ob-
tained m either way will have the same value, but will differ in

sign (7). .
Bernstein (3) showed how to compute the standard deviation of
D in this casc. Let

D=1-G+g+n
The standard deviation of this difference 15 given by the cxpression:
o= JB/G~Xx =D

dard d

By dividing the observed difft by 1ts one
may estimate whether or not the deviation could be due to chance.
This computation can also be performed with the 21d of a nomo-
gram (6, 7).

The computation of Rh gene frequencies, if we assume with
Wiener that they are inherited by a series of muluple allefes, is
much the same as that in the 4, 4z, B, O system. Wiener and Sonn
have offered fairly simple formulas (51a) and Fisher (25, 26) has
shown how to obtain the best statistical estimates.

The above estimates of p, g, and r are not the best possible, and
usually do not satisfy the relation p+-g+r=1 exactly (sec Table
55). Bernstein (2, 3) devised a method of estimation which gave
values which came closer to adding up to unity, and which at the
same time gave as good a statistical fit 25 was desired. His revised

formulas were
- (- E7He D
(- =\FF R D
(B D)

Stevens (47) later showed how the values of p, g, and r giving the
best staustical estimate could be derived, to any desired degree of
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approximation, from Fisher's method of “maximum lkelihood.”
1f the gene frequencies of diff 1 are to be comp

or if one wishes to do computation of degrees of race mixture (p.
418), it is preferable to get the best statistical estimates of p, ¢, and ,
either by Bernstein's adjustments, or by Stevens’s method. The latter
is somewhat more difficult, but has the advantage that the standard
dewiations (p. 370) of the gene frequencies can be estimated simul-
taneously (see App. IV-3).

Alleles vs. Independent Factors

Now it will be of interest to take up the statistical considerations
by which Bernstein (2) proved that the two factor hypathesis of
von Dungern and Hurszfeld (13) was incorrect, and that his own
triple allele theory fitted the statistical facts in addition to the fact
that it predicted more correctly the outcome of O X AB matings
(p. 410).

From the principle of random mating, again (p. 218) we find if
the blood groups, as von Dungern and Hirszfeld supposed, are in-
herited as a series of two independent pairs of factors A and a and

‘TaBLE 53
Frequencies of the Four Blood Groups
(Theory of von Dungern and Hirszfeld)

Groups ~ Genotypes Frequencics
6] 2abb bl
r AABD P52
Aabb wr o] TTE—
B 22BB ) g -
aaBb P =Pa-D
_ AABB 7
BB . -
AB ﬁ;‘ o P”-PM =G -G -7

AaBb 2P - 249
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B and b, that the frcqucncxes of lhe four blood groups would be
d by the followi " (Table 53), where p=the
frcqu:ncy of the gene 4, and 7 7 the frequency of the gene g, g the
frequency of B and 7 that of 5:
From the gene frequencies 1n Table 53, it follows that

OXAB=AXE

Bernstein examined this relation for various populations, and found
it did not generally hold. Table 54, based on selected data known
TABLE 54
Statistical "T'est of Theory of von Dungern and Hirszfeld
(Data from (7))

Number Frequencies of Grovps  _  __ _ _
Popularion of OXAB AXB

People o} A B AB
English 422 o479 0424 0083 oor4 o006 00352
Dansh 6 0306 0436 0125 0043 ©0OI70 00545
Finns g7z 0340 0424 o171 0065 00221 o0a735
Germans 39174 0365 0425 o145 o00fs o037 00616
Russians 439 0310 0344 ©0249 0088 o0o0z8o 00856
Welsh 192 o479 0328 0162 oo3t oo  oeos3
Bantut 500 0632 ©0164 o174 0o ooily 00285
Japanese 29,799 0301 ©3%84 0219 0097 o021 00841
Synans 306 0392 ©386 o173 0049 o019z o00B67
‘Traqs. 386 0337 o314 0282 0067 oo0225 00885
Bedouin 208 0433 022t 0303 0043 0018 oofify
Chinese 1000 6307 ©35t 0342 0100 0037 00858
“Hindus” 654 ©320 ©0190 036 0085 o009 ooy52
Egyptizns sz o273 038y o255 0088 o020 oogyg

to be reliable, shows that the relationship fails to hold for various
populations in different parts of the world.
At the same time Bernsicin pointed out that a statistical test of

Bis theory, raaking use of the ratio 2, did hold ss wwell as could

be expected, and Table 55, based on the same data as the previous



402 STATISTICAL METHODS

‘TABLE 55
Statistical Test of Bernstein's Theory of Blood Group
Inheritance
Population ? q r r+g+r D o D/o
English 0250 ©050 0692 0992 0,008  ©0.0046 17
Danish 0282 0088 o629 0999 000X 0.0068 o1
Finns 0285 0126 0583 0994 0006 00054 j24
Germans 0285 oo ofos 0999 0,001 000079 13
Russians 0246 0186 o565 0997 0003 00087 03
Welsh o199 0102 0602 0993 0007 00086 o8
Bantu or02 o108 o706 006 0006 00037 16
Japanese 0279 0172 0549 1000 oooo  ooorz <ol
Syrians 0248 omn8 o626 0992 0008 00085 °og
‘Iraqis 0213 o193 o581 0987 0013 00092 .4
Bedonin 0142 0191 o658 0001 0009 000Gy 09
Chinese 0193 0253 0554 1000 0000 00064 <ol

“Hindus" o150 ©0a80 o374 1004  oooy ooogo 06
Egyptians 0273 0I90 0523 0986 oo14 00094 L5

The gene frequencies p, ¢, and r were calculated according to the original
(unadjusted) Bernsten formulas (sce above), and the difference between
their sum and unity is compared with the Standard Deviation of that dif-
ference. Since D/g in no case exceeds the value 200, 1t is seen that all the
series of data in this table conform to the Bernstemn theory.

table, shows the conformity of the Bernstein theory to the obser-
vations.

Linkage

It was pointed out in the chapter on genetics that the fact that
only 2 finite (24 pairs in man) number of chromosomes carry the
entire number of genes which the species possesses results in the
phenomenon which we call linkage; that is, factors which occur
together in the parent tend to occur together in the offspring. This
results in deviations from the expected (on the basis of independ-
ent assortment) Mendelian ratios in the offspring.
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In the lower organisms, it is not difficult to determine linkage
between two characteristics, since a crucial experiment can gener-
ally be arranged where both factors are present and the deviation
from the expected independent assortment ratios 1 the offspring
can readily be ascertained. The “crossing-over” value (p. 66) can
also be estimated from a number of such experiments.

In man we have a different situation, since we cannot set up cru-
cial breeding expesiments to determine linkage or absence of link-
age, but must depend on observations of the results of matings
made outside of our control.

Sex linkage provides the simplest case. Because of the fact that
sex in man is determined by the X, Y pair of chromosames, it has
been possible to determine the linkage of any gene which occurs on
the X chromosome with any other gene determining a character
occurring on this chromosome. Madlener (36) discovered in 1928
a family in which hemophilia and color blindness were both pres-
ent in three males. Further information about this famly is given
by Bell and Haldane {1).

It is not nearly so casy to detect linkage between characteristics
o the other chromosomes, or autosomal linkage as it is called.
Such linkage has been claimed a number of umes, but examination
has generally shown that it rested on faulty calculations. In 1926
Snyder (45) showed that various claims of linkage of certain dis-
cases and the blood groups were not sound statistically, At the same
time he determined the probable independence of eye color, the
blood groups, and recessive polydactyly, also of telangiectasis and
the blood groups.

Methods of detecting linkage in man have, however, been con-
tinually improved in a statistical sense. In 1931 Bernstein (4) pointed
out that linkage could be detected and esimated from data involv-
ing parents and children only. It thus proved to be unnecessary, al-
though it would be highly desirable, to follow two characters
through a series of generations in man, a process which is time

ing and often ly difficult. B in, by use of his
method, confirmed the opinion of Landsteiner and Levine that
the A, B blood groups were probably independent in inheritance
of the M, N blood types. In 1932 Wiener (48) pointed out that the
families which we are testing for autosomal linkage can be divided
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1nto three classes: linked, cross-overs, and indeterminate. The last
class provides no information about hinkage, and is discarded on
analysis. The frequencies of the other two classes can then be com-
pared with the expectation for vanous assumed linkage intensities
or, if we like to phrase 1t so, for linkage with various degrees of
crossing-over, since of course two genes on the same chromosome
which exhibit no crossing-over will extubit 100 per cent linkage
intensity. In 1934 Hogben (33) improved these methods.

If dominance is complete the following three classes of matings
allow us to estimate the proportion of phenotypes which depend
on crossing-over values:

(1] CeDd X ccdd
[2] CeDd X Cedd or CeDd X eeDd
[3] CeDd X CeDd

Bernstein showed that linkage could be determined from mat-
ings [1] and [2] when Cc was disunguishable from CC and Dd
from DD. However, 1n man the heterozygotes are often indistin-
guishable from one or the other of the homozygotes, or else the
character of the homozygote 1s unknown because of 1ts rare occur-
rence. Hogben derived a more general expression and drew up
tables for testing gene linkage. He called attention to the fact that,
since possessors of rare domunant genes can be assumed without
serious error to be all heterozygous, Bernstein’s method can be used
to assign a cross-over value regardless cither of inbreeding or of
homogamy (mate selection), This would not be true of a rare
Tecessive.

In 1934 Haldane (29) extended these methods for detecting au-
tosomal linkage and included the case of three allelomorphs, devel-
oping a number of new formulae for Linkage of various types of
autosomal genes.

In a later paper Fisher (22) pointed out that Haldane’s technic,
using the Bernstein method, scored all types of families adequately
except one. He gave an alternative # statistic for scoring backcross
families which is applicable to all cases and enables famihes of dif-
ferent size to be combined.

Snyder, Burks (9, 10, 11) and Penrose (39, 40) evidently real-
ized independently that information about linkage could be de-
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tived from information on a single generation only. This was based
on the rather elementary consideration that 1f linkage is occurning
certain types of pairs of sibs will be commoner than others in some
families, and an analysis of different families will enable us to
detect this fact, if enough children from families possessing both
characteristics are examined. However, this method has the disad-
vantage of including a large number of families (or, more pre-
cisely, of sib pairs) whose ¢h istics provide absolutely no
information as to linkage, which results in a tendency for the
valuable information obtained from the few pairs which are really
sigiificant to be obscured by the uminformative pairs. Fisher points
out (23) that the value of the data from large families 15 much
enhanced by sconng the famikes individually instead of classifying
all of the sib pairs in a fourfold table as first proposed by Penrose.
Later on, Finney (14, 15, 16, 18, 19, 20) took up the problem (17)
and showed how even partial information regarding a character
in the parents could add to the information provided by sibs alone
about linkage. He also noted that adequate information concern-
ing a few families, parents and children, was of greater value than
a relatively vast amount of information concerning sibs only. The
methods used by these workers in testing for autosomal linkage
involve statistical principles analogous to those which we have used
above. They are rather complicated, however, so that it seems
inadvisable to present them here, and any reader with a taste for
pedigrees and a hope for turning up a case of autosomal linkage
should examine the original papers.

Problems of linkage should not be approached without an ade-
quate grounding in this sometimes difficult subject, however, for
mistakes have been made even by some of the best workers in this
and related fields. Thus Hogben (31) published a formula giving
the standard deviation of the expected number of recessives as
calculated from data on small families. However, Haldane (28)
showed that it contained, as an implicit assumption, one of the
facts which it was desired to ascertain. Hogben in a later paper
(32) showed that the formula could be derived independently and
correctly without making use of this assumption. Also Finney (14),
who has done some of the best work in the field, deduced from
the data of Zicve, Wiener, and Frics (52) that there was linkage
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between the A, B, O blood groups and allergy, Bernstein and others
(5), however, found this claim actually to be unjustified. It is
therefore best to procecd with caution in analyzing data for pos-
sible evidence of autosomal linkage in man.

The most extensive linkage study to date, involving cxamina-
tions for 171 possible linkage relations in man, was reported by
Kloepfer (33); some cvidence for linkage between certain char-
acters presumably determined or influenced by autosomal genes
was clamed. Thus there scemed to be some evidence that genes
affecting finger length and eye color were linked. But the author
was very cautious about attempting the construction of even a rudi-
mentary map of human chromosomes. Nevertheless, the sort of
results reported show that careful study of adequate family mate-
rial, especially if more than one generation can be included, would
enable such chromosome maps to be begun,

Snyder, Russell, and Graham (46) have apparently detected
antosomal linkage between the gene causing sickle<cell anemia and
the M, N genes. Although the numbers they report are small, the
results seem to be statistically sigmificant.
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Ler us suppose that a fraction g of the germ cells produced in a
given population contatned the gene Y, and the remainder of the
sex cells, or the fraction 1 — g, carned the alternative gene y. If mat-
ing oceurs at random, the frequencies of homozygous YY and yy
and heterozygous Yy individuals 1n the next generanon will be pro-
duced as shown in Table 56.

‘TasLE 56

Frequencies with Random Maung

Genotype Frequency

Y gXqg=q
2 G-gXi—=G—¢r
Yy Q-+ - D=2~

In other words, we shall have the genotype YY equal in frequency
to ¢, Yy equal to (1 — g) + (1 — ¢) = 29(1 ~ ¢), and yy equal
to (1—g)*

Again, if these three types of individuals are equally viable and
fertile, each of them will produce a proportional share of the sex
cells of the next generation. The frequency with which we shall find

sex cells carrying the gene Y will be zf’+1q(xT—q—) =g+

9(1 — g) = g. The frequency of sex cells carrying y will be (1 — ¢)*
+q(t—g)=1—2¢+4"+g—4"=1—gq. These are just the
frequencies we started with. In other words, mere reproducuon will
not change the gene frequencies from one generation to another,
and if the gene Y causes dark eyes and the gene y causes blue eyes,
the percentage of blue eyes at the end of any number of generations
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(assuming always that there has been no action of selective or other
evolutionary forces) is going to be the same as it was originally.
Weinberg (26) even extended the demonstration to the case of
multiple allelomorphs, although no actual examples of multiple
allelomorphs were known to him at the time he wrote his paper.

There may be some readers who, retaining a certain distrust of
reasoning based on gene frequencics, would prefer to sce a more di-
rect demonstration that one gencration of random mating gives
a population which is in equilibrium, or in other words, will not
change in its genetic position unless evol y forces come
into play. Such a demonstration can be given, and nothing more than
simple algebra is required, plus an clementary knowledge of genetics.
Let us assume a population possessing two genes, one dominant over
the other. Then three types of individuals will exist: d
heterozygotes, and recessives. Let us assume that we start with a pop-
ulation not in equilibrium, so that the recessives, heterozygotes and
dominants are in the ratio a :b :c, where the only condition on a, b,
and ¢ is that they must add up to one, since by hypothesis the three
types account for the whole of the population.

If mating occurs at random, that is, the genetic types do not influ-
ence the choice of partners for the production of offspring, matings
will occur in the frequencies RX R, HXH, DX D, 2R X H,
2R X D, and 2H X D. This can be obtained by writing out the pos-
sible matings, or by observing that they are the various terms of

‘TABLE 572

Frequencies of Different Types of Offspring Resulting from
Various Matings

Mating Offspring

R’ H' D’
RXR 3 ° o
HXH U % %
DXD o o o
RXHoHXR ¥% % °
RXDorDXR ° 1 °
HXDorDXH ° Y% b
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the expansion of the expression (R 4 H - D), In terms of frequen-
cits, we have o + 8% -+ ¢ -+ 2ab -+ 2ac - 2b¢, From these frequen-
cies, and an elementary knowledge of genetics (Table 57a), we can
compute the frequencies of offspring of the various types.

If we want to see 1f random mating has given us equihbrium, we
must first sce what are the frequencies of the three types in the first
generation resulting from random mating, then see if these frequen-
cies change following another generation of random maung. From
Table 572 we can see fairly easily that the frequencies of the various
types in the first generation are gong to be those set forth in

Table 57b.
Taste 57b

Frequencies of Offspring from Various Types of Matings

Mating Offspring

R H D
RXR a? o °

+ I B
HXH = by -

4 2 4
DX D o o o
RXHorHXR ab ab ©
RXDorDXR ° 20 °
HXDorDXH a be &

If we add the various columns 1n Table 57b, we find that the three
types, recessive (R'), b ygote (H'), and domi (D"), are
found in the first generation of random mating in the proportions

(a’+b—;+ab):(é$+ab+ut+55)-(§+t’+h).

_The next step is 1o caleulate from these frequencies the frequen-
cies of R, H, and D which will emerge after one more generation
of random mating. From Table 57a we notice that we may calculate
the new frequency of R, which we may call R, by adding up-the
expressions
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51 2 I £Z
2 p —|—
(4 + : + ab) -+ 4(1 -:,ab + za;-}- b:)
+(a’+;+45)(:+ab+u:+h)‘
If we do this, and simplify the resulung equation, we find that
R =4 + % + ab

or, in other words,
R"” = R’

We find similarly that H” =H’ and D” =1, which completes
our demonstration that a single generation of random maung pro-
duces genetic equilibrium, and that the composition of the popu-
lation does not thereafter change, unless acted on by evolutionary
forces.

The reader should be told that the demonstration outlined ahove,
although correct in principle, and very simple in outhine, involves
some rather arduous algebra, and that few persons succeed m car-
rying it through the first nme without making some simple but

ying errors A d ation which 1s better mathematically
consists 1n starting with a population which 1s known, from 1its gene
frequencies, to be in equilibnum, and showing that the frequencies
are not changed by a generation of random mating, Such a proof
is to be found, for example, in Hogben’s “An Introduction to Mathe-
matical Genetics.”

It should also be remarked that 1n such proofs we assume the
population to be very large, as otherwise random fluctuations might
alter our predicted probabilities, and that we assume the gene fre-
quencies in the males to be the same as those in the females. It is
obvious, for example, that a mating of 5,000,000 recessive females
with 5,600,000 dominant males could produce only heterozygotes,
so that genetic equilibrium would not be attained in such a case in
one generation of what would usually be termed random mating-
Tn actual populations we do find that the frequencies of autosomal
genes are for all practical purposes the same in the two sexes.

One further mathematical conclusion results from the above equa-
tions If our population had already been in genetic equilibrium
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when we started, we should have found that the frequency of reces-
sives 1n the parent generation would be the same as that in the
first generation where we assumed random matng. In other words,

2y B )
a=4a +4+a.

If in this expression we substitute for b the value 1—a—c, we
obtain p

b = 4ac
ot b=V

which shows that the condition for equilibrium 15 that the frequency
of the h:tcrozygotcs be equal to twace the square root of the product
of the frequencies of the dominants and the recessives.

. The distribution of sex-linked genes 10 a system of random mat-
ing obeys a different law. A sex-linked gene 1s carried only by the
female (X) ch so no male h can exist. The
only heterozygotes are females. If (a-+5) =1, a population is in
¢quibbrium when the proportions are as follows:

Females Males
R H D R D
a* 5 2 5
—_— db p - -
2 z z 2

'A’ before, g and  are the gene frequencies of the recessive and dom-
Inant allelomorphs for the population as a whole. That a popula-
ton with this constitution 15 1n equilibrium is scen as follows: a
dominant female has two chromosomes carrymng the domunant
sexhnked genes a dominant male has only one, plus a “blank” male
?hmmosomc which we represent by Y. The various matings eccur
in the proportions:

Mating Relative frequency
RY X RR a3
RY X RD 2%
RY X DD ab®
DY X RR b

DY X RD 2abt
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These relative frequencies are obtained from Table 58 by multiply-
1ng all values by 4 to simphfy the numbers.

Tasie 58
Random Mating, Sex Linkage

Females
H D
1
2 b g
z z
R [ fiic] b
z 4 1 4
Males
ot 2 o »
2 4 * 4

The frequencies of the resultng offspring will be

Mating RR RD DD RY DY
v RR 43 4!
RY X £ - — < -
2 2
ryxmp 22 2 @ B
2 2 2 2
ab? ab®
RY X DD —_ _— — — -
1 2
% a%h
DYXRR  — = - = -
2 2
ab? ab* ab? ab*
DYXRD -~ T o T
B 4

pYxop - o~ T -
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By adding the columns, we get
P+ _ _a
RR = —= 7_(a+b) T o
Thus we have as before,
Type Relative frequency

al

RR by

Females {RD ab
b!

DD by

RY £

Males 5
DY z

Hawever, this condition of equilibrium is not atta‘nxd in a single
btituti .
n c

as wit 3 p g
¢quilbrium js displaced, the new onc is approached gradual}y, and
the proportions in ensuing generanons osaillate about their new

equilibrium values,
.
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In order to determine the gene frequencies of a new pop re-
sulting from the mixture of two others with different gene frequen-
cles, 1t is only necessary to take the average of the gene frequencies
of the two parent populauons, weighted according to the numbers
of individuals which are involved in making up the cross (13)
(ignoring possible complications produced 1n such cases as the one
where one group consists mostly of males, the other mostly of
females, and polygamy is practiced). Let us suppose, for instance,
that 325 North Amencan Indians all belonging to blood group O,
that is, possessing only the gene for O and no genes for A or B,
are mixed genetically with 2 hypothetical population of 150 white
English possessing the genes A, B, and O in the proportions
p = 0281, g = 0059, r == 0.660. The initial population we will start
with will be 325 - 150 == 475, and the method of computing the gene
frequencies which would result is shown in "Tables 59 and 6o. From
these gene frequencies we can calculate the blood group frequencies
in the new mixed population from the usual formulas
a

O=r

A= p* X apr

B=g*X 2gr

AB = 2pg

1o

‘TABLE 59
Caleulation of Weighted Gene Frequencies

? q r

Indians EXO EXo B 10
475 475 475
Whget 152 0 10
Whites' X 0.128; X o 660
. s CoM peXeess o
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Tasie 60
Weighted Gene Frequencies and Frequencies it New

Population

» g ’ Total

Indians o o © 6342 —
“Whites™ 008874 001863 o 2084 —
Total 08874 01863 08526 ©9999

Therefore we obtain:

O = (8026)? = 0.7966

A = (o8874)* X 2(08874)( 8916) = 1663

B = (.01863) X 2( 01863)( 8926) = 0336
AB = 2(.08874)(.01863) = .c033

of, in other words, expressed 1n per cents, the new frequencies are:

O =799

A = 16,6

= 3.4
AB = o3 -

F{nm the above proof (App. IV-1) that genetic equilibrium is
tained 1n one generation of random maung, 1t 1s apparent that
f the offspring of this hypothetical race mixture mated at random
(nonassorl.wely) from now on, the above blood group frequencies

}Vuuld not alter, in the absence of selection (p. 140) or 1solate effects
P- 154).
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417
‘TasLe 6o
Weighted Gene Frequencies and Frequencies in New
Populauen
? g ’ Toral
Todiang o ° 06842 —
Whites”  ooS874  oo186 12084 —
Total 08874 01863 o 8526 © 9939

Therefore we obtamn:

O = (8526)* = 0 7966

A = (08874)? X 2(.c8874)( 8926) = .1663

B = (.01863)% X 2(.0x863)( 8926) = 336
AB = 2(.08874)(.01863) = 0c033

or, in other words, expressed in per cents, the new frequencies are:

From the above proof (App. TV-1) that genetic equilibrium is
attined in one generation of randora mating, it 1s apparent that
o the offspring of this hypothetical race mixture mated at random
(nonassontively) from now on, the above blood group frequencies
would nat alter, in the absence of selection (p. 140) or 1solate effects
(- 154).
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In order to determine the gene frequencies of a new population re-
sulung from the muxture of two others with different gene frequen-
cies, 1t 1s only necessary to take the average of the gene frequencies
of the two parent populations, weighted according ta the numbers
of sndiduals which are mnvolved in making up the cross (13)
(1gnonng possible complications produced 1n such cases as the one
where one group consists mostly of males, the other mostly of
females, and polygamy is practiced). Let us suppose, for instance,
that 325 North American Indians all belonging to blood group O,
that is, possessing only the gene for O and no genes for A or B,
are mixed genetically with a hypothetical population of 150 white
Enghsh possessing the genes A, B, and O in the proportions
P == 0281, g == 0059, r = 0.660. 'The initial population we will start
with will be 325 4 150 = 475, and the method of computing the gene
frequencies which would result is shown in Tables 59 and 6o. From
these gene frequencies we can caleulate the blood group frequencies
in the new mixed population from the usual formulas
a

O =
A= p X 2pr
Bo= g2 X 2gr
AB = 2pq
TaeLe 59

Calculation of Weighted Gene Frequencies

? q r

Tndians B SV ELS RV oo
475 475 475

“Whites 2% 5,8 150 252 s o 660
475 T w0
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xng - ynz =
ky ™
xnp & yne = xna + yta

(1 ~ mdx = (m — ne)y
J_fr TP

x 7y — Ne

7t

3 - x_
But * 100 = per cent Russian mixture. Let ——— =g
x4y x

Ioo . .
Then —= = per cent Russian mixture
4

ny — 1+ 12— nE
- 1A — ng

A — BE
71g — BE

Suh:tituung the above values for #, we obtain

2 _ytx_
wa+x—'_—x =z

Therefore, the per cent of Russian mixture = ‘100

0084 + 0330 X 100 = 24 45 per cent Russian muxture.

Laughlin (233) concludes that this value is consistent with other
Observations on the Aleuts.

similar calculation can be applied to the value of the frequency
of the blood group A gene found for 2 group of Navaho school
childreq by Allen and Korber (1a), and the results of Boyd and
Boyd (7) fora group which was probably purer. Allen and Korber
found p= .1, Boyd and Boyd found p=oa20 If we assume
the bigher valye of # in the first group is entirely due to muxture
with white Americans, and that the white group had a value of
#0281 (3), we obtain

9148 — o.120 0.018 ¢
o2k, ———— X 100 = X 100 = 174 per ccnl
0281 — 0,120 X 0.161

thnc mixture, £ estimati

8 the case of the M, N blood types, no problem of estimation
of !l}e gene fre ucncies’ arises, for they are given directly by the
Telations g =ﬁ+ MN/2, n =N+ MN/2. But i the case of the
O, A, B blood groups, since the heterozygotes cannot all be recog-
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Ir two populati breed, the resulting hybrids are generally
intermediate in character. ‘The final result will depend on the num-
bers of the parental populations, and the mode of inheritance of
the features we choose to examine.

I the characteristics we are interested in are determined by a
known number of gencs acting in a known manner, we can make
quantitauve predictions about the hybnd population, just as 2
chemist could predict the percentage of Cl in a muxture of 5 parts
of NaCl and 5 parts of KCL Bernstein (2c) showed how such cal-
culations could be made for the O, A, B blood groups and also

ioned that the caleul could be reversed in dealing with
problems of mixture. The reverse of the process is exactly analogous
to the calculations of *“indirect analysis” in quantitauve chemical
analysis (sce for example Fales and Kenny 13b) and involves no
new principle. Examples of such caleulations have been published
by Wicner (26a), Boyd (3), Ottensooser (242), and da Silva (252).

Laughlin (232) recently examined the M, N blood types in the
Aleutian Istands. He found for one probably mixed population 2
gene frequency of #2=0.171. It was of interest to determine, if pos-
sible, how much white mixture this population had received during
the days of Russian rule. Assuming that the original Aleut popu-
fation had a value of 7n=0.087 (the value found by Fabricius-
Hansen [13a] for the Eskimo of Angmassalik), and assuming for
the Russian clement the value of n=o0417 (the value found by
Boyd and Boyd [4] for the Russians of Kharkov) it is possible to
calculate very simply the amount of Russian “blood"” in the present
Aleutians. Let np =the N frequency of the Russians, n, == the
frequency of the Aleuts, and ng = the N frequency of the Eskimos
who are assumed to be similar to the original Aleuts. Let us assume
that the hybrid population was made up of x Russians and y Eslamos.
Then
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xng -+ yne -
x4y
xnp -+ yng = xna -+ s
(n — na)x = (ma — ne)y
Z_mom

X np— ng

* 100 = per cent Russian mixture. Let>—= =g

Bur = 21t
x+y x

100
Then T = per cent Russian mixture

Nowf-l-xaj':x=s="———————————“—"‘+m—"z

na — NE
i i nx ~ fE
Therefore, the per cent of Russian mixture = P i
R~ #E

Substituting the above values for n, we obtain
0.084 = 0330 X 100 = 24 45 per cent Russian mixture.

Laughtin (232) concludes that this value is consistent with other
Observations on the Aleuts.

A similar caleulanon can be applied to the value of the frequency
Df.the blood group A gene found for a group of Navaho school
children by Allen and Korber (x2), and the resubts of Boyd and
Boyd (7) for a group which was probably purer. Allen and Korber
found p=o0148, Boyd and Boyd found p==o120. If we assume
d{c higher value of p in the first group is entirely due to mixture
with white Amenicans, and that the white group had a value of
P =0a81 (3), we obtamn

0148 — o320 oo28
———— X 100 = 100 = T er cent
0181 ~ o120 0.161 X 00 74P

white mixture.

In the case of the M, N blood types, no problem of estimation
of the gene frequencics arises, for they are given directly by the
relations m =M + MN/2, 2 = N-+MN/2. But in the case of the
O, A, B blood groups, since the heterozygotes cannot all be recog-
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mized directly, the exact gene frequencies p, g, and r cannot be
determined, but instead estimates must be made, based on the
observed phenotypic frequencies (see p. 399). Two simple ways of
estimating p, g, and r have been proposed. They are described in
Appendix A. When the populations tested are small, and not in
genetic equilibrium, the two methods may yield results which i
fer rather widely. An example of this 15 to be found 1n the paper by
da Silva (252), who tested whites, Negroes, and mulattoes in Bra-
zil, and attempted to estimate from the resultung blood group fre-
quencies the proportion of white and Negro “blood” in the mulat-
toes. Using the frequencies of the gene A (p), he estimated, when
he employed the Bernstein formulas, that the mulattoes were 527
per cent Negro. Using the Wiener formulas, the result would be
328 per cent Negro. Clearly these values differ more than is desit-
able, and the question arises, which is more nearly correct? Da
Silva apparently assumed that the most nearly correct value would
be arrived at by averaging the two sets of gene frequencies for
each population, and then carrying out the caleulation of the degree
of mixture. He thus obtained the value of 44.3 per cent Negro mix-
ture.

The procedure used by da Silva would not usally give the best
estimate of the proportion of Negro to white in the ancestry of
the mulatto population, because neither the Bernstein nor the
Wiener formulas give the best estimate of the gene frequencies
from the data employed, nor does an average of the two, Stevens
(25b) has shown how the best statistical estimates can be arsived
at, for any given set of data, by Fisher’s method of “maximum
likelthood.” It is clear that the best notion of the degree of mixture
will be obtained if we base our calculations on the best estimates
which we can make from the data.

If we apply Stevens’s methods to the data of da Silva, we obtain
the estimates shown in Table 61. From them, using the values of p,
we can caleulate that the mulattoes represent 508 per cent Negro.
This is obviously the best value we can estimate from p, but it s
also cbvious, from the size of the standard errors of the values, that
it cannot be too precise, since the samples are small, and some of
them, at least, do not seem to represent populations in genetic equi-
Tibsium It is interesting to note, however, that da Silva’s estimates
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‘Taste 61

Blood Group Gene Frequencies Calculated by Various Methods
(from da Silva’s data)

Gene  Bernstern Wiencr  Average  Stevens  Bernstemn
6b)

Frequency (22) (o (25b) @b)

i J33 108 121 131 k018 131

Negroes q 147 a2 135 145 £ 018 45
745 745 745 TH E o T

? a0 186 194 200 % o5 200

Mulattoes ¢ w2 096 .op 1 & org .aml
r 701 s Jo1 687 + czg 688

? 279 124 252 274 % oy 17X

Whites 4 13 o0 og8 .19 £ o016 12
r 651 65T 651 .6o7 k o2y 606

of the degree of mixture, based on the Bernstan formulas, are
tloser to the best estimate than s results obtained from the values
szP obtained by averaging the results of the two formulas. His
J5St estimate {5 19 points too high, but hus second (average) result
565 point too low. Thus the Bernstein formulas gave the better
:]i:ulu in the present instance, In other cases it would be expected
t the Wiener formulas would be preferable. But in all cases it
r:‘;!‘g seem \?:st to base calculations of mixture on the mamum

E hood estimate of the gene frequencies.
Ve sl:namm of gene frequencies by the method of Stevens is not
ad? fficule, and has the advantages that the frequencies obtained
easif Up exactly to rocoo, and that the standard deviations can
Wl 5 b.c calculated. However, Bernstein (2b) proposed a method
.lch is simpler mathematically, and which, as Stevens (25b)
imms out, gives values also satisfying exactly the maximum Iikeli-

ood_equauans (App. A).

a;l ;5 well worth while to adjust the crude gene frequencies as
culated by the original Bernstein or Wiener methods, for both
“mx:;:‘:f q's employ the incfficient estimate r=V/D. In the case of the
©” group examined by da Silva, the use of this inefficient
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THE treatment p d here is a bination of some of those
referred to. Let g represent the frequency of the “unfavorable” (or
abnormal) gene, k the “selection coefficient,” * and p the mutation
rate per chromosome per generation (assuming the mutation ap-
pears only on one or the other of a certain pair of chromosomes).
If N represents the effective size of the population (see Appendix
V=), the number of new cases per generation is approximately 2N,
while the number eliminated is 2(k)¢?N, At equlibrium, these will
be equal, so that

20N = 24N, or kg? = p

Therefore, g = \/— or, if we wish to discuss the mutation frequency,
we can write p = kg®.

Wright pownts out that g may be farly high, Thus if == 000001
and k =o.01, then g =~/0.0001 = 0.032.

1t on the average there are setasned only ggg gametes carrying a genc, while

1000 gametes carrying ats allele are retawned, the value of the sclecuon coeficient
k,= 00001,
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Front our simple assumption that z and Z are reproduced in each
generation in the ratio 3Z~= (1 — k), we nate that the probability

-k
, where ¢

that = survives in the next generation is just 2
is 2 constant depending on population size, mode of reproduction,
cte. Similarly, the probability of survival of Z is E From the fre-
quencics we have assumed for the alleles, we compute that the prob-

ability that a gene will survive and be Z 15 g, and the probabulity
that it will be z s = DI =K,
c

The sum of these two probabilities must equal 1.000, since by
hypothesis we have assumed only the two alleles z and Z at the locus
in question. Therefore the probabulity that a surviving gene in the
hext (n+1) generation will be Z is the first probability divided
by the sum of the two, or

1

<
G==-B 1
[ c

It is casily seen that the constant ¢ cancels out. Performing the
rest of the algebra, we obtain for the new frequency of Z, which we
may call Z, 4, the value

—
1= k(1 -
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THE treatment presented here is a combination of some of those
referred to. Let g rep the freg v of the “unf: ble” {or
abnormal) gene, k the “selection coefficient,” * and p the mutation
rate per chromosome per generation (assuming the mutation ap-
pears only on one or the other of a cestain pair of chramosomes).
IE N represents the effective size of the population (sce Appendix
V-7), the number of new cases per generation is approximately 2N,
while the number elminated is 2(k)¢*N. At equilibrium, these will
be equal, so that

2(1)g"N = 24N, or kg? =

Therefore, g = \/é or, 1f we wish to discuss the mutation frequencys
we can wnte p = kg’

Wright pounts out that g may be fairly high, Thus if p = 000001
and k= o.01, then g =1/60001 = 0.032.

*IE on fhe average there are retaned only 939 gametss carrying 3 geat, %hie

1000 gametes carryiog ws allele are Tetamned, the value of the sctecuon coefaient
k, = 0.0001.
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zygotes (fertilized eggs) immediately after fertilization consists of
two phenotypes X and Y, and that the ratia is vX:1Y or X/Y =v.

the proportion in the next generation which form fertile unions
15 vX: (1 — k)Y, we shall describe k as the cocfficient of sclection
(n favor of X over Y) (sce above).

It is not too hard to follow Haldanc's further reasoning, if we
are willing to take for granted a simple application of the calculus
which he makes. The only calculus involved s really rather simple,
an'd the result can be looked up 1n any handbook. Haldane’s

iginality consisted largely in red the (actually rather complex)
problem to 2 simplified formulati ble to really simple
mathematical treatment.

Let us first consider the case of a population compased of domi-
nants, h gotes, and ives The domi and the hetero-
Zygotes are the group which have allele Z, and the recessives are
the group zz=Y, If we let the ratio of the numbers of genes
Z-/ Zu Where z is the recessive gene, equal v, the three types will
exist in the ratio

v ZZ 1 1viZ2 - R

It only (x —Xk) of the recessives survive to breed, the survivors
are then in the ratio of

Val2Z :2vaZ2 - (x — k)22

Haldane (30) then proceeds to show that random mating among

sse three types in the new proportions will give the same result
we obtain if we calculate the new ratio Va4 directly from the ratio
Z/z among the gametes of the population as a whole. The easiest
Way 10 sec this is to consider some very simple case, such as an aquane
rganism which sheds its gametes directly 1o the water. If cach
Zygote produced N gametes which conjugate, the numbers of
Bametes of type Z and z will clearly be

N(v,? 4 vo)Z, and N(vo + (x - )z,
50 that in the (o4 1)st gencration
Zoyy oz + o)

a1 M T 14 ve—k
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To get the difference in gene frequency caused in this one genera-
tion by the selective process, we subtract the value for the nth gen-
eration, with which we started, from the value for the (n+1)st
generation, and represent the difference, as usual by the symbol 4.

We obtain

- 7 PO ¢ Skl )
G-a-p ITG-Ba-9

Since the selective coefficient k is quite small in actual sitvations,
the whole expression k(1 — g) can be neglected in comparison with
unity, and thus the entire denominator, to a sufficiently good ap-
proximation, can be considered unity. Therefore we get the approxi-
mation

A

87 = kq(r — *

Under actual conditions, of course, selection affects the individ-
uals possessing the genes, and not the genes directly, so we should
examine the results of mathematical work on problems somewhat
more closely analogous to those which real populations present.

In 1924 Professor J. B. S. Haldane began the task of elaborating
a mathematical theory of natural selection (30, 31, 32, 33 34 33 30
He began with the simple assumption that as a result of selection,
onl)j a certain fraction of the individuals possessing 2 characteristic
against which natural selection is acting would survive to bret
‘“{d produce offspring. Of course many of the “favored” type
might also fail to survive and produce offspring, but the nmbers
of the “unfavorable” type would still be smaller in proportio
since we must suppose that accidents, and other destructive 38¢%
cies unrelated to natural selection, would by and large affect
types cqually. Haldane said: let us suppose that a generatof of

 For the bes it note
bt s i e by e S S e
the finite duffercnce Aq by the infinitesimal 32 which it would approach s 3 1%
where B represents Gme meanted m gencratags, The tesdlt i

n=tlog, (1 —q,}

o (1 —
where g, is the Frequency of Z whep n o . =2
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zygotes (fertilized eggs) immediately after fertilization consists of
two phenotypes X and Y, and that the rauo 1s vX:1Y or X/Y =v.
I the proportion in the next generation which form fertile unions
is vX:(r — k)Y, we shall describe k as the coefficient of selection
(i favor of X over Y) (see above).

It is not too hard to follow Haldane's further reasoning, if we
are willing to take for granted a simple application of the calculus
which he makes. The only ealeutus involved 15 really rather simple,
and the result can be looked up in any handbook. Haldane's
originality consisted largely in reducing the (actvally rather complex)
problem to a si plified formulati ble to really simple
mathematical treatment.

Let us first consider the case of a population composed of domi-
nants, heterozygotes, and recessives. The domnants and the hetero-
2ygotes are the group which have allele Z, and the recessives are
the group 2z =Y. If we let the ratio of the numbers of genes
Zo/2,, where # is the recessive gene, equal vy, the three types will
exist in the ratio

vo2ZZ 12vaZ2 " 2

If only (1 — k) of the recessives survive to breed, the survivors
are then n the ratio of

Va2ZZ - vaZz . (1 — 2

Haldane (30) then proceeds to show that random mating among
these threc types in the new proportions will give the same result
we obtain if we calculate the new ratio Va4 directly from the ratio
Z/z among the gametes of the population as a whole. The casiest
way to see this is to consider some very simple case, such as an aquaric
organism which sheds tts gametes directly into the water, If each
zygote produced N gametes which conjugate, the numbers of
gametes of type Z and z will clearly be

N(va? + va)Z, and N(va + (2 ~ Kz,
50 that in the (n - 1)st generation

ot _ oy, = 2V

Ratt 14 va—k
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Hence,
kv,
Ave=ven —va= iy

If the rate of selection 15 low, we can neglect k in comparison
with 14 v,. Also, since the change in v each time will be small,
we make the transition from changes in v by steps to the continuous
change which is more to the methods of the differential
caleulus (in other words, replace Av by dv,/dn). We thus get 2
simple and well-behaved equation which will give results not too
far from the truth, if our assumptions have been reasonable.*

We then wiste dv,/dn=kv,/(x 4 v,) approximately.

Integrating, we obtain

fniil’dv= f"kdn
e v

orkn = va — v + log, Y2 Table 15 (p. 146) is calculated

A\

from this equation.

*It 55 not ncoessary to neglect k in the denomunator of the equation just above
1R order to cbtam an equation which can be yategrated, but 1t 15 perhiaps & good 1dea,
since neglecting 1t mntroduces a change which 1¢ 1 the opposite durecton from the
creor we commit when we take the step of replacing v by dva/da
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Ler the selection rate for homozygotes and heterozygotes be dif-
ferent. Tn other words, if the frequencies of the three genotypes,
assuming that only two genes Z and z are involved (the treatment
for more complex cases is simular), 1n the nth generation are in
the ratio

v2ZZ v 2%t R
in the (n -+ r)st generation they will be in the ratio
v2ZZ - 2v(i— W22 (= R

where k is the selective disad ge of the homozygous recessive
as compared to the 4 and h is the selectve
disadvantage of the heterozygote as compared with the dominant.
The selective factors h and k are assumed to be constants; thexr
values will serve as a measure of the disadvantage under which
individuals of these types must labor under the condions of therr
environment.

Sinice V.41 15 the ratio of the frequency of the gene Z to the fre-
quency of gene z, in the (- 1)st generation,

Vol 4 va(z — B)
Ve T T - k) + v~ B)

and

_ hv 4 (k— v,
A= Ven — % T G G - B)

“This dufference equation determines vq as a function of n. If there
is no selection against the heterozygotes (Zz), h =0, and the above
equation reduces to the one denved earlier. The above equation can
also be integrated, but the jntegral is rather compheated and it is
probable that any readers who would be capable of using it would
also be capable of deriving it, so it is not presented here.
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WienEr's procedure is mathematically very easy, and will be pre-
sented practically in his notation because of its simplicity. It is essen-
tially the same as that of Koller (47). He assumes that we are
dealing with a population of constant size, containing Z genes for
Rh and z genes for th (the Rh negative gene). The inital distrs-
bution would be as follows:

Z z
A W S
Zrg ™ T Z4%
1t the number of fetuses and newborn that die from erythroblastosis
dunng one generation s C, then the distnibution of the genes in
the second generation would be

Z-C 5. - _2=C
ZHz<0 M T ZIz—C
Therefore, if at the outset the number of Rh genes (all together)
equaled the number of Rh negatve (rh) genes, the relatuve pro-

portions would remain the same, for then we should have Z==
and the two fractions above would be equal.

Rb, =

Rbnﬂ =
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Spontancous Decay of Variability

THe idea of the spontancous decay of varability, or loss of genetic
factors with time, was apparently first stated by Brooks in 1899 (6).
The genetic implications were clanfied by Hagedoorn and Hage-
doory in 1921 {29) and the idea was later developed largely mnde-
pendently by Fisher (22), Dubinta (17), Romaschoft (67), Dubinin
and Romaschoff (18), and parucularly Wnght (89). Dubimin and
Romaschoff (18) conducted an experiment to serve as a model of
Wha't would happen to a small population. They used a bowl con-
taming 100 marbles, each marble having a different number, to
illustrate the results of the process of reproduction as apphied to such
2 population, Twenty-five marbles were taken out at random and
discarded. Another sct of twenty-five marbles was taken out, and
in place of those removed, for each number of the second set of
marbles removed, two new marbles bearing the same number as
the originals for which they were substituted were returned to the
Wi so that the original number of marbles (100) was restored.
S operation corresponded to one g of breeding and
resulted in the climination of 25 “alleles,” bur consequently doubled «
e frequency of 25 others, chosen at random. As this operation was
'CPC:fttd again and again, Dubinin and Romaschoff observed a pro-
Bressive decay in the variability of the “population,” for they found
at fewer and fewer different pumbers remamed in the bowl,
2lthough the numbers which were left had come to be represented
by any marbles each. Eventually, all the marbles came to have
the same number, and the population had become homogencous,
9% in the language of ‘Wright (8y), a certain gene had become
ed” In ten separate experiments of this sort, Dubinin and
Romaschoff abserved the attai of a plete “h ygosis™
after repetition of the imitation breed: g process, imes after
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Wiener's procedure 1s mathematically very easy, and will be pre-
sented practically in his notation because of 1ts simplicity. It is essen-
tially the same as that of Koller (47). He assumes that we are
dealing with a population of constant size, containing Z genes for
Rh and 7 genes for th (the Rh negative gene). The initial distr-
bution would be as follows:

Z k4
Rhe=gie ™" 74z
1f the number of fetuses and newborn that die from crythmblaxtos.is
during one generation 1s C, then the distribution of the genes 12
the second generation would be

z-¢ ., _z=C

Z4g =20 T Z 4z —2C
Therefore, if at the outset the number of Rh genes (all “’.g“h“)
equaled the number of Rh negauve (rh) genes, the relative pro-

portions would remain the same, for then we should have Z=2
and the two fractions above would be equal.

Rl'nﬂ =
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Spontaneons Decay of Variability

Trx idea of the spontaneous decay of variability, or loss of genetic
factors with time, was apparently first stated by Brooks 1n 1899 (6).
The genetic implications were clanfied by Hagedoorn and Hage-
doarn in 1921 (29) and the 1dea was later developed largely inde-
pendently by Fisher (22), Dubmin (17), Romaschoff (67), Dubinin
and Romaschoff (18), and parucularly Wright (8g). Dubinn and
Romaschoff {18) conducted an experiment to serve as a model of
what would happen to a small population. They used a bowl con-
taining 100 marbles, each marble having a different number, to
ilfustrate the results of the process of reproduction as applied to such
2 population. Twenty-five marbles were taken out at random and
discarded. Another set of twenty-five marbles was taken out, and
in place of those removed, for each number of the second set of
marbles removed, two new marbles bearing the same number as
the originals for which they were substituted were returned to the
bow! so that the original number of marbles (100) was restored.
is operati ponded to one g ion of breeding and
1esulted in the elimination of 25 “alfeles,” but consequently doubled «
the frequency of 25 others, chosen at random. As this operation was
tepeated again and again, Dubinin and Romaschoff observed a pro-
gressive decay in the varsabibity of the “population,” for they found
that fewer and fewer different numbers remained in the bowl,
although the numbers which were left had come to be represented
by many marbles cach. Eventually, all the marbles came to have
the same nuraber, and the population had become homogeneous,
or, in the language of Wnght (87), a cerain gene had become
“fixed” In ten separate experiments of this sort, Dubinin and
R hoff ubserved the attail of a complete “} i
after repetition of the imitation breeding process, sometimes after
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only 108 and sometimes after as many as 464 “generations.” The
victorious allele each time had a different number, showing that the
process of fixation was purcly random, as expected. According to
Wnght (86), the way in which these experiments were carried out
would imutate pretty closely the behavior of a population with an
effective population number, N, of about 50. It 15 imphat n the
assumptions of such an experiment, of course, that no new muta-
tions are taking place.

The rapudity of the effect 1s demonstrated by Wnight's calcula-
tion that 1n a population of N breeding indwiduals, N/2 genes
either reach fixaton or are lost 1n every generation.

Let us start with a non-mutating population in which gene fre-
quencies vary all the way from o per cent to 100 per cent with
different gene locy, and for the sake of simplicity let us consider
a number of gene loct which can be occupied by two alternative
alleles. Then N/4 of these genes will reach “fixation” and N/4
will be lost in every generation and therefore N/2 of the gene loci
become homozygous in all indviduals each generation, Wright's
formula for describing this process is approximately Ly = Loe™ "
where Lo and L are the numbers of unfixed genes (ie, not of
frequency 100 or o per cent) m the initial and the T generation
respectively; N is the effective population number, and e is the base
of natural logarithms,

Dubinin and Romaschoff furnished an illustration of the impor-
tance of differences i population numbers by making their experi-
ments with marbles in two ways. In some experiments they used
bowls which contained 100 marbles. It required many more repeti-
tions of their process or “generations” to obtain a complete uniformity
of the population 1n the former series of experiments than in the
fatter. With 100 marbles the number of “generations” varies from
108 to 464 generations and with ten marbles from only 14 to 51
“generations.” Again we should remember that the numbers o
marbles used corresponded more nearly to 2N than to N for an
actual population.

If we have a population which has genes distributed according
to the Hardy-Pearson- Weinberg law (i e, in equilibrium), and ea
allele has a frequency of 50 per cent, then if N = 100, half of these
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genes will be fixed in 137 generations, another half in another 137

generations, ete. In mathematical terms, we wute L. =ose=
o

€77, and solve for T, finding T = 137. The smaller the cffective

population size, the greater the random vanaton of gene frequency

and the less effective selecnon pressure becomes.
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Effective Population Size

Tre number N which we have been using is not, as said above,
the number of the total population, but the “effective population”
number. What we have said about 1t already will give the reader
a sufficiently good idea. The best way to define it scems to be
in mathematical terms (87, 88). Supposc that we have a certain
number of parents, N,, who produce different numbers of young
(who belong to the new generation). If the popnlation is static,
each parent produces on the average 2 gametes which result in sur-
viving offspring. Let the number of gametes which an 'mdivxdu?l
contributes to the next generation be k, and let the variance in this
number among different individuals be 0,% Then N = %I%_—ox‘:z‘ .
This is a very hypothetical and unlikely case, in which the effective
size of the population is twice as great as the apparent size. If, as
would often be the case in nature {and is usually true even of human
populations), most of the offspring came from a small percentage
of the mature individuals of the parental generation, the effective
size would be much less than the apparent size,

Many populations, as already indicated, vary tremendously 1
numbers from generation to generation. Suppose the breeding popy-
lation of a certain variety in an jsolated region increases tenfold in
each of six sueceeding generations (Ng==10" % N,) but thes falls
to its original number (N,), the effective size of the population (N)
for this period turns out 1g be 63 No.



Appendix XIII-1

Wien a character is determined by 2 single dominant gene, we
note that matings in which the character does not appear in ather
patent always result in children also without the character, and that
matings between parents both of whom have the character may pro-
duce some children who have the character, and some who have not.

If the gene is truly dominant, and exhibits complete penetrance
(6 77), one will find, f large cnough numbers of families are
studied, that the second type of mating can be subdivided into two
classes: those in which all the children are like their parents, and
those in which 75 per cent of them are fike their parents, but 25
per cent fack the characte in question, The first of these classes will
¢onsist mostly of maungs where one or both of the parents is

omozygous {p. 34), plus a few cases where one or both are
heterozygous (p. 40), but by chance produced no recessive type
children; the second class will include the (usually more numerous)
cases where both parents are heterazygous for the gene in question,

Matings between parents, one of whom has the character and
one of whom does not, will again fall into two classes; the first ine
cluding those families in which only positive children (i ¢., those with
the characteristic) will be found, and the second, and usuaily more
numerous, including the families where approximately 50 per cent
of the children display the characteristic. These correspond to matings
ofah positve individual to an i dividual not showing

o
the ch ,and of a h gote to an individual not showing it.

Hypothctical Example

We may illustrate these facts by taking an jmaginary gene C2sa
typical dominant, and the gene ¢ as a recessive (Table 62). (The
reader should not, however, conclude from this illustration that all,
or even the majority, of genes exhubit clear-cut dormmant-recessive
relationships — p. 42.)
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Table 62

Resules of Various Possible Matings (sce text)

a X X ee
23 (49
{100 per ceat) (100 pet cent)
a X CC
G
(oo per cent)
X e G X
o Ce C 49
(50 per cear), (50 per cent) Cso per cent), (50 per cent)

G X Ce

3 Ce o«
(25 per cent), (50 per cenr), (25 per cent)

"To show that a character is recessve, 1t 15 necessary, but not suffi-
cient, to demonstrate that it always appears in the children of parents
both of whom have the characterisuc (p. 33). It will, however,
appear also in the chuldren of some parents who do not extubit the
character.

Tt is apparent that the frequency with which the character appears
in children of parents who do not openly show it 1s not independent
of the frequency of affected individuals in the population. In fact,
we can calculate the expected frequency and compare it with the
observed, and test any discrepancy statisucally (App. A). A lutle
thought will show that three types of individuals are possible,
CC, Ce, and cc, and that if we represent the gene frequency of €
by ¢ and that of ¢ by r (where p-++=1) we shall find the fre-
quencies of the three classes are given by the binomial expansiont
of (p4-r)? so that CC=p?, Ce=2pr, cc =12, So, from the fre-
quency of affected individuals in the population, we can calculate
r=vVz, p=1—r. (The bar over the S¢ signifies that we ar¢
dealing with frequencies, not per cents)) Snyder (35) gives more
details of such computations.

1¢ we represent the homozygous recessive (cc) by R, the hetero
zygote (Ce) by H, and the homozygous dominant (CC) by D, we
may tabulate the matings as follows (20): (Table 63). We then can
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‘Table 63

Proportion of Recessives from Different Types of
Matng (20)

Proportsons of recessive
o

Types of mating ofispriog
RXR 1
RXH
HXH %
RXDorHXDorD XD °

calculate, assuming random mating, that the matings between the
th:ee classes will oceur in the proportions given by (D -+ H -+ R) =
D*+ H*{ R4 2DH + 2DR -+ 2HR.
The frequencies of the matings which contribute recessives (see

Table 63) 1n terms of the gene frequencies are:

HXH = 4G —r)*

HXD= gz —rF

DXD=(0a-—-n
Since we want the relative proportions. we can diwide each of these
expressions by the coramon factor (1 — r)’, and obtain

Matang Frequency
HXH 4
HXD 4t —1)
DXD G-

K we add the righthand column, we obtain, making the usual
algebraic simplifications, (1 + r)® Therefore the ravo of maungs
of the H X H type to the total 15

»”
L Sl il e
From Table 63 we sce that 1/4 of the offspring of such matings will

of the recesave type (cc). None of the offspring of the DX H
or BX D maungs can show the recessive character ¢. Thercfore
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the proportion of recessives from matings of types showing the domi-
nant charactenstic 1s

4% L ” ( , )s
G+ 4—(x+r)’ or 1+
1f the observed frequency checks with this value (using for » the
value we calculate from the presumptive recessive class), our con-
clusion that we have identified a ive gene is strengthened

Since only two genes are involved, and one is completely recessive,
the population 15 divided on this basis inta two classes, and the ratio
between them can be anything, depending on the value of the gene
frequency r of the recessive.

If neither gene 15 dominant, but both exert their characteristic
effects, as is the case with the M and N blood group genes (Ch
VIII), the population will be divided into three classes, and we shall
find, within the limts of the errors of random sampling, that the rela-
tionship \/M 4- /N =1 will hold (42). The gene frequencies in
such a case are esumated very simply and exactly by the relanonships

m=M-+ @ and =N+ M—l\—{, and the sum of these values
2

always has to be one, from the simple way they are computed.

Statistical Methods of Detecting Genes

1 a population can be divided neatly into two categories, onc
possessing a character and the other not possessing it, studies o0
fanuly material, if properly analyzed, will enable us to decide if
the characteristic we are recording is determined by a single geas,
and therefore inherited in the simplest possible manner. Exght
methods of analysis have been proposed by various workers. They
are: 1) the “direct” or “3 priort” method of Bernstein, 2) the “sib
method” of Weinberg, 3) the method of “empty sib series” of LCﬂZ“v
4) the “sib method” of Fisher and Mather, 5) the “proband method
of Fisher, 6) the “percentage affected” method of Macklin, 7) the
durect estimation of segregation ratios of Haldane, and 8) the “Hog-
ben method.” The mathematjes required for such caleulations is 100
advanced to be treated here; it will be found summarized by Ludwig
and Boost (25), who demonstrare that mathematically these eight
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methods reduce to four— namely, the methods of Haldane, Bern-
stein, Lenz, and Weinberg. The Bernstein and Lenz methods differ
mainly in a constant factor, and are the preferred procedures. The
Weinberg method yiclds less information from a given set of data,
while the Haldane method, although good 1n regard to the informa-
ton it extracts from the dara, is very laborious to calcufate. Examples
of the varions calculations are 1o be found n (25). The method of
“maximum Ykehhood,” as used by Hogben, scems to be the best
staustical method of detecting rare recessive genes.

Multiple Pairs vs. Allelomorphs

When the inheritance of a ¢h is comphicated, it is not always
£45y to decide whether 1ts heredity 15 due to several gene paurs acting
independently or to the action of a series of allelomorphic genes, all
capable of occupying the same chromosome locus, but present in any
wndividual only two at 2 ume (p. 242). Esther may make a consider-

able number of genotypes and phenotypes possible,
. Sometimes mathematical calculations enable us to reach a decision
in this matrer. Considening two characters X and Y, and represent-
13g the frequency of individuals having the gene X by X+ and
e frequcncy of those not having X as X —, and so on, it is, as has
been pointed out by Bernstein (z) and Wiener (42) 2 ncccssary,tlla‘u[
fhci duti at

Dot necessarily a that genes be indep d

X=Y-) X (X4+Y4) = X+ Y-) X (X=Y4)

For if the genes are not independent, but allelomorphic, that is, if
cither can accupy the same locus 1n a chramosome, then the left side
of the squatian [(X—Y —) X (X+ Y -+)] could be greater than
the right, Also, the frequency of the X + Y -+ type cannot exceed
50 per cent, Also, /X — + /¥ — must be greater than or equal
to 1. If the expression [(X—~Y—) X (X-+Y+)] (the left hand
side of the above equation) is greater than the right hand side, but
the fr:qucucy X+ Y+ is greater than 50 per cent, then the char-
acters X and Y are probably complex characters determined by 2
sigle gene, cach of which however produces more than one effect.

‘mples of this in human ioheritance are found in the Rh series
of genes, for example, when the Rk, (CDe in Fisher’s nomenclature)
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gene causes the production in the red blood cells of the individual
of two distinct antigens, r4” (C) and Rk, (D).

Characters of the latter sort evidently belong in the class of what
Darwin called correlated characters. By this term we may denote
charactersstics which are actually caused by the same gene or genes
and also characters which are caused by genes which he close to-
gether on the chromosome, and are thus closely linked. Fisher (32}
apparently considers that the Rh characters are actually of the second
sort with hinkage virtually complete.

To summarize, we are able to recogmize a dominant gene most
readily, and 2 recessive gene having a common dominant allele
somewhat less readily, Muluple alleles are recognized less readily,
but statistical studies on populations may disprove or, alternatively,
support 2 theory of the action of a certain number of alleles if the
effect of each gene 15 clearly gnizable. When derable num-
bers of genes with similar or ill-defined effects are involved, analysis,

at least of human popul b nearly imp

Examination of Human Pedigrees

In particular famibes the ratio of different hereditary types in in-
dividuals may differ widely from that which would be found in
large populations. Suppose, for instance, that we have two parents
who are both known to be heterozygous for a recessive character
(say Ce X Cc). Let us suppose that the first child is a recessive {¢¢)
Such matings produce, on the average, 1 pure recessive {cc) and
% dominant (2 Cc and 1CC). It does not therefore follow that the
next three children in this family will be dominants (CC or Ce). The
chances each time are 1 in 4 that 2 child can be a recessive type {ec),
and the chance of the two parents in question producing four chil-
dren of type cc is % X Vi X % X % = Y56, which is by no means
so low a probability that we can say it will never happen, although
it is true that it is not too likely. So we might actually find each
successive child of a family of four produced by the mating Ce X C¢
coming up as pure recessives (cc). i

Conversely, suppose two parents have produced several children
all type GC. Does it follow that one or both of the parents must
be pure dominant (CC)? No, for such a family could be produced
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by ewo Ce parents, just by chance failure of any cc child to appear.

wever, if we know that C is completely dominant over ¢, we
My state that even one type C (CC or Cc) child in a family proves
that the parents are ot both cc. For two such parents could produce
otly e children. 1f we are not sute about domnance, however, we
cannot make such a statement.

From this it wili appear that the conclusions we can draw from
e inspection of 2 single famuly will be rather limited, even with
Baes which fave clear-cut effects, 100 per cent penetrance, and
Uiform pressivity, If p e is i plete and i
Vartable, the situation is still worse and analysis will be difficult.

2 trait is are, 1t may be dangerous to combine studies on more
than ope family in order to enlarge the mass of data we wish to
study, for the trait may be inherited in different ways 1n different
famibes, 1 dhe trait is common, there will be enough matngs of
Sorelated individuals, some of whom exbibit the trait, to test this
pornt,

Another dxﬂiculty with human pedigrees is that the investgator
1747 not be able to examine all of the farmuly himself, or that some

¢y members may already be dead. In such a case he may have to
rely on stazements made from memory by relatives. Such statements,
even from scholarly people, can be very unreliable. For example,
o8¢ lady knawn to me, who has published a number of good scien-
tiflc Papers, stated on several occasions that one of her brothers ha.d
Webbed toes, Qn actually checking this with the brother (and his
mother) it turned out that this was not so, and never had been.

W the error arose §s hard to explain, but there 1t was.

< influence of s¢x, as well as possible sex linkage, must also be
©nsidered, Thus white females seldom become bald, as the male
%% hormone seems to be required, as a rule, for the gene (or genes)
for baldness to manifest wself (or themselves) (p. 288). Yet the
ondition would not be called sex-linked, but rather sex-influenced,
o sexlimited, Tn faet the absence of the expression of a trait in one
X is by no means proof that it is sex-linked in inheritance. Nor
5 15 presence in both sexes proof that it is not sex-linked, Red-
8een color Blindpess is belicved to be inherited by a gene on the
chromosome, and is thus sex-linked, but colorblind women are

“ometimes foupd,
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