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Foreword

Nature-nurture polemics are no
longer quite as rife as they used to be
during the period between the two
world wars. Nevertheless, the ques-
tion of the relative contributions of
heredity and environment to the
causation of the differences between
persons remains one of the outstand-
ing unsettled problems of the Science
of Man The diversity of opinion
continues to be as great and irrecon-
cilable as ever Only a few years ago
Darlington was able to wnite “Man
is immensely adaptable, not through
the plasticity of the individual but
through the variability of the spe-
cies .. Individual adaptability is in-
deed one of the great illusions of
common sense observation ™ At the
opposite extreme, Alfred Adler wrote

But the concept that character and

vii

personality are inherited from one’s
parents is universally harmful be-
cause it hinders the educator 1n his
task and cramps his confidence.” And
yet, is this so intractable an 1ssue that
it must remain outside the frame-
work of scientific analysis® Obviously
1t need not be, but the only hope of
arnving at an umversally satisfactory
settlement lies 1n acquisition of well
authenticated evidence, not in decla-
rations of personal opinions, however
i 1

s y or per y
stated Careful gathering of rehable
data was the goal which Osborne
and De George set for themselves,
and their book reports the results so
far obtained

The naive hope that some day we
shall know which human “traits” or
“characters” are hereditary and



FOREWORD

which are environmental is no longer
entertained by any informed student
of the problem. More sophisticated
approaches had to be adapted All
traits and all characters are hereditary
and all are environmental; there is
no organism without heredity, and
no heredity can produce an organ-
1sm except by transforming a part of
the environment snto a living body,
the path which the development
of the body takes is necessanly within
the norm of reacuon of the organism,
set by 1ts genotype but realized within
a given succession of environments.
‘The nature-nurrare problem takes,
then, a different form We must ask
what portion of the vanance in a
given trast observable i a given
population 15 ascribable (o the exist-
ing diversity of genotypes and what
part can be accounted for by the
diversity of environments This sta-
tistical approach js adopted by Os-
borne and De George. The critical
value 15 everywhere the ratio of the
variances observed between members
of monozygotic twin pairs and be-
1ween those of dizygotic twin pairs.
These “antrapair” variances are, 1n
turn, compared with the “interpair”
vanances, which measure the diver-
sity of the forms which a given tran
takes in the population from which
the twins studied are a sample.

Some of the results obtamed by
Osborne and De George can be un-
derstood properly only in the Jight of
the principle that what is inhented 1
the norm of reaction to the environ-

viii

ment, and not this or that “char-
acter.” Thus, Oshorne and De George
have found no appreciable genetic
components in the variability of such
traits as the body weight, the head
length, and some measurements taken
wransversally to the long axis of the
body Other studies on twins, particu-
larly the classic work of Newman,
Freeman, and Holzinger, have found
a strong genetic component in the
same characters Aund yet, there is no
contradiction between these studies.
It turns out that a considerable pro-
portion of the twins studied by New-
man, Freeman, and Holzinger were
young people still in the process of
growth, while Osborne and De George
have dealt with adult twins The
most reasonable explanation is, con-
sequently, that the genetic compo-
nents in the determmation of the
growth rates and growth patterns are
relatively greater than those in the
conformation of the fully developed
traits in the adult.

The work of Osborne and De
George represents a great step for-
ward in the studies on the nature-
nurture problem. Surely, much
further work is needed, the data
which they have collected will how-
ever remain a part of the store of
factual evidence, as well as an ex-
ample of how such evidence should
be gathered and analyzed,

Theodosius Dobzhansky
Columbia University, New York



Preface

The study reported here explores the
possibilities of investigating the im-
portant question of genctic and en-
vironmental interaction by genetic
methods utihzing the techniques of
morphological description and meas-
urement,

The complex nature of man’s
genetic varniation and some of the
problems which are unique to human
studies are reviewed The twmn
method 1s then evaluated, within the
context of our understanding of the
ph of human t ing, for
1ts usefulness 1n detecting genetic
variability and analyzing genetic and
environmental interaction, With this
background, the twin method 1s then
applied to the study of different de-
scripions and measurements of
morphological variation

Because this is a preminary study,
emphasis has been placed upon the
methods of mvestigation and upon
providing an empirical basis for the
application of genetic and morpho-
logical studies to different human
problems Tt 1s hoped that the methods
presented here and the results of this
analysis will suggest further twin re-
search and morphological studses in
genetics, anthropology, and the med-
ical sciences.

While the present study was de-
signed for the analysis of genetic and
environmental effects on what may
be termed “normal” morphological
vanation, selection of the subjects on
the basis of medical histories and ex-
aminations has made it possible to
extend considerably the scope of the
vestigation. Most of the data relur-
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ing to medical information have been
reported elsewhere Those aspects
which have a bearing on the evalua~
tion of the twin method or the analy-
sis of morphological variables are
reported here. Extensive data avail-
able from the records of the Columbia-
Presbyterian Medical Center also
have been incorporated

The Twin Study Project was
carried out under the auspices of the

Institute for the Study of Human
Variation in Columbia University,
and was conducted within the facili-
ties of the Columha-Presbyterian
Medical Center. The collection of
the data was started in September
1952 with a polt of all new adrmissions
to Vanderbilt Clinsc, for twins, 1t was
completed in March 1956.

R HO

June, 1959 F. V. DeG.
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CHAPTER 1

Genetic Study of Morphological
Variation

Genetic study of morphological vari-
ation 1s a study of complex multi-
factonial inheritance, which has for
the greater part been avoided in
human genetics In science, however,
solutions must be sought for even the
most elusive problems, and the time
has come when complexly inherited
traits and the intricacies of heredity
and environment interactions cannot
be avoided in genefic studies of man

In order to evaluate genetic methods
for studying the more complex part
of human variation, and for investi-
gating heredity and environment in-
teractions, we shall first take into ac-
count the development of methods 1n
human genetics and the types of
problems for which these methods
are designed.

The sctence of genetics 1s based
upon the theorem that inhentance is
paruculate and upon Mendel’s dem-
onstration that the hereditary umts
which determine recogmzable dif-
ferences 1n phenotypic characters
will segregate in a predictable fashion.
These principles having been granted,
1t follows that the products of inher-
stance themselves become predicta-
ble. Thus when Sutton (1903)
presented evidence for the relations
between chromosomal segregation
and assortment at meiosts and the
segregation and assortment of inher-
ited quabtative differences, a satis-
factory explanation was provided for
the physical basis of inheritance and
for the mechanism by which heredi-
tary factors are distributed At the
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time of these early beginnings of the
modern science of genetics, the only
alternative to these satisfying and ex-
perimentally workable principles was
a theory of blending ancestral inher-
itance. Evidence for this latter theory
depended upon biometrical and sta-
tistical treatment of continuous and
quantitatively varying differences
While Galton and Pearson had been
able to demonstrate by family studies
that this type of vanability was at
least 1n part inherited, they could
not advance a satisfactory theory for
the mechanism of hereditary trans-
mission from one generation to the
next, nor could they match the pre-
dictability levels of the Mendelian
geneticists.

Even today the particulate theory
of inheritance and the existence of
chromosomal determinants are in-
ferences drawn from observattons of
Mendehan segregation It 1s not sur-
prising, therefore, that at the begin-
ning of the science of geneucs, inhers-
tance was equated with discrete or
qualitative changes and that interest
was focused almost exclusively upon
variations of a discontinuous nature
which gave the clearly discernible

2 ote d ded

ability, as well as the two theories,
were viewed as alternatives.

After Nilsson-Ehle and Johannsen
n 1909 independently demonstrated
that both genetic and non-genetic
quantitative variability could be iden-
tified in the same character, it was
evident that genetxc mﬂuenct:s could
be dist ished from envir
modifications, and that heredity plays
a role in determining quantitative or
continuously graded differences. In
1918 R A Fisher proposed 2 method
for analyzing such continuously vary-
ing characters “on the supposition of
Mendelian inheritance.” Evidence
for this supposition has been exten-
sively provided, as for example by
Karl Sax (1923) when he was able to
show linkage between marker genes
and genetic factors producing quan-
titative effects. Although the contro-
versy as to whether continuous or
quantitative variability could be in-
herited was ended, a tendency has
persisted to consider variability asa
dichotomy, continuous vs. discon-
tinuous This tendency, together with
certain limitations of interest, have
had an important bearing upon the
present development of human

greg gly
this theory. In the conflict which de-
veloped between Mendelian genet-
cists and biometricians, discontinuous
variability was viewed as being of an
entirely different nature from that of
continuously graded or quantitative
variation The two “types” of vari-

One of the first and main points of
disagreement about these two sup-
posedly different types of variability
was their relative importance in
evolutionary change Darwin and
his followers considered small fluctu-
ating and continuously varying differ-
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ences to be the building blocks of
adaptation and evolution. The oppos-
ing view of the mutationists, which
was formulated in large part by de
Vries (1901), maintained that evolu-
tion proceeded by large and drastic
mutational stages or steps of qualita-
tive change. The theory that discon-
tinuous or qualitative evolutionary
changes resulted from discrete muta-
tions appealed to the Mendelian
geneticists as being compatible with
their particulate theory of inhentance.
These Darwinian and mutational
theories of evolution are still subjects
for discussion, but with the gradual
filling in of the paleontological record
and the development of population
genetics, there s less need to account
for sudden evolutionary changes or
for large and drastic mutational
stages (Dobzhansky, 1951, 1955,
Mayr, 1942, Schmalhausen, 1940,
Simpson, 1949, 1953). Darwiman
views are now recognized as com-
patible with the principles of modern
genetics, and a synthesis 1s taking
place between concepts that had at
one time been considered diametn-
cally opposed. The basis of this syn-
thesis is summarized 1n a single
statement by Dobzhansky (1955)
“Evolution 15 a gradual and contin-
uous process, but it results from the
ion of many di d

changes, mutations, a great majonty
of which are small

‘This long-continued controversy as
to types of vanability results in large

part from the all too common failure
to distinguish clearly between deter-
minant and effect, genotype and
phenotype. The idea of a gradual
and continuous process of evolution
which is now acceptable to the geneti-
cist applies to the adapuve changes
of the phenotype brought about by
discontinuous genotypic changes,
mutations, which, though Mendelian
1n nature, are small in their pheno-
typic effects. The modern geneticist
accepts the importance ascribed to
continuous variation by Darwin while
preserving the particulate theory of
inhentance.’ With the acceptance of
the importance of continuous varia-
tion 1n evolution and 1ts compatibility
with genetic principle, it is now pos-
sible through the study of evolution-
ary problems to add greatly to our
understanding of genetic variabihty.

Evolution may be described simply
as adaptive genetic change under
natural selection The adaptiveness
of any genetic determinant is the
consequence of its influence on the
phenotype and of the integration of
this effect 1nto the total complex of
characters which make up the whole
functioning organism. Therefore, it
1s ultimately the total genetic consti-

“Julizn Huxiey (1926), who has contobuted so
much to genetic and evoluuonary theory, 1n a re-
view of Morgan's The Theory of the Cene, which he
enutled “A Static Theory of Heredity,” made the
followng prophetic statement “It may be that with
further analyns the antnomy between mutation
and eontinuous vamauon will be shawn to have
rested on utterly falsc bases'™
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tution of the orgamism which s of
evolutionary importance Genetiessts
have come to recognize that even
when they are studying 2 hereduary
character showing a fairly simple and
discontinuous expresstan, 1t 18 never
possible to deal with a single wolated
genetic factor, but rather with the
entire genetic ‘“reaction system”
(Schmathausen, 1949). These bal-
anced reaction systems have been
selected to buffer or protect the or-
ganism aganst the shock of drasuc
genetic or environmental change.
Therefore under natural conditions
individuals having such genetic pro-
tection will have the greatest chance
of survival and of assuming 2n evo-
lutionary role Though couched in
different terminology, these prinaipfes
and the potential impaortance of their
effects upon human variation were
recogmzed by Darwin

With respect o the causes of varability,
we are 1n all cases very ignorant, but
we can see that 1n man as mn the lower
animals, they stand 1n some relation 1o
the condstions to which each species
has been exposed, during several gen-
erations Domesticated ammals vary
more than those m a state of nature,
and this 1s apparently due to the diver-
sified and changing natare of the condi-
nons to which they have been subjected
In this respect the different races of
man resemnble domesticated ammals,
and so do the individuals of the same
race, when mhabitng a very wide area
like that of America 1t is, never-
theless, an error to speak of man, even

1f we look only to the conditions to which
he has been exposed, as “far more do-
mesticated” than any other anjmal .,..
in ancther and much more important
respect, man differs widely from any
strictly domesticated antmat; for his
breeding has never long been controlled,
either by methodical or unconscious
1 . { we ider all the
races of man as forming a single species,
his range is enormous Lits a well
known law that widely ranging species
are much more variable than species
with restricted ranges, and the van-
ahhity of man may with more truth be
compared with that of widely ranging
speties, than with that of domesticated
ammals
Darwin {1871}, “The Descent of
Man and Selection 1n Relatron to
Sex * Taken from The Ongim of Speces
and the Descent of Man, The Modem
Labrary, New York, pp 415-416

Man’s evolutionary history and
the fact that he is a widely distributed
polymorphic and outbreeding species
mtroduce nto his genetic variability
the very complexities which the ge-
neticist tries to reduce 1n his expert-
mental organisms through intentional
or arbificial selection and inbreeding
{Mayr, 1955). Consequently, human
populations are more similar to na-
tural or wild popufations than to
laboratory animal colonies Innatural
or wild populations it is necessary t©
deal with complex units of genetic
argantzation, even with the whole
genotype {Lerner, 1935).

Complex multifactorial inheritance,
and therefore continuous and quan-



GENETIC STUDY OF MORPHOLOGICAL VARIATION

titative variation, must now be recog-
nized not only as compatible with
modern genetic theory, but also as
constituting an essential part of mod-
ern theory. With this evolution in
thinking, work in other areas of genet-
ics which until quite recently has
been almost totally ignored in ortho-
dox human genetics takes on new
mmportance Studies in polygenic in-
heritance have been carried out most
extensively in connection with plant
and ammal breeding, where for most
practical problems it is necessary to
deal with variation which is unques-
tionably of a multifactonal or con-
tinuous and quantitative nature, In
this work, continuous and quantita-
tive varation 1s attnbuted to the
action of polygenes which have a
minor and multiplicative or additive
effect, while qualitative differences
result from the action of a single or
major gene. The terms major gene
and polygene obviously refer to the
inherited genetic determinants, which
by our particulate theory of inhern-
tance we take to be discrete or dis-
continucus chromosomal elements
The confusion in terminology between
cause and effect which has plagued
the use of the terms continuous and
discontinuous, or quantitative and
qualitative, is avoided, and a grada-
tion rather than a dichotomy of type
is clearly implied by terms which
!‘ogmall’)" translate 1nto “one” or

We cannot, however, escape the

fact that hereditary determunants
can only be inferred from their ob-
servable phenotypic effects, and we
must thereby attach our labels of
major gene and polygene n accord-
ance with the usual criteria for quali-
tative or quantitative variability, be-
tween which it 1s not always easy to
disunguish What may at first appear
to be a qualitative difference may
later be found to be quantitative as
a more precise measure becomes
available or the measunng scale is
changed. A simple example is the
test for taste sensiuvity to phenyl-
thiocarbamide which long provided
a classroom example of a qualitative
difference 1n man. As long as mm-
pregnated paper or pure crystals are
used, the population can be divided
easily into tasters and non-tasters It
15 now known that if solutsons of
various concentrations are used, taste
acuity to this substance shows a con-
tinuous range from a saturated solu-
tion to dilutions of only 5 or 10 parts
per million The use of a finer meas-
uring scale, therefore, shows thata
difference formerly thought to be qual-
itative 1s continuous or quantitative.
Simularly, a character which ap-
pears qualitative by one measure-
ment will be found to be quantitative
when placed upon a different kind of
scale An excellent example 15 given
by Lush (1948) 1n a discussion of the
practical importance of this problem
The colors of the spectrum when
viewed by the human eye are placed
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upon a qualitative scale, but, if meas-
ured 1n 1erms of the length of hght
waves, the scale becomes guantita-
tive. By definition, measurable phe-
nomena are quantitative, while those
which lend themselves to classifica-
tion, or to categorization, are quali-
tative Simple as these definitions for
quantitative or qualitative, contin-
uous or discontinuous, may at first
seem, 1t 18 readily apparent that, in
terms of actual phenomena, a sepa-
ration of varnability into these two
types may be entirely artificial and
arbitrary
The strict classification of a char-
acter as qualitative or discontinuous
may obscure umportant aspects of its
variability and even result in errors
of genetic interpretation As Mather
(1953) states, the antigenic properties
are, and may be the only, discon~
tinuous characters in man, but even
they have a quanttative level. In the
ABO blood group series a single
genetic factor or major gene is typi-
cally responsible for classification of
the type of an individual’s antigenic
property within this antigenic series
An individual homozygous for the
Type O producing factor will be
classified as Type O Nevertheless,
not all but only some individuals of
this type can be used as umversal
blood donors, and considerable indi-
vidual and quantitative variability
is found 1n antibody formation and
strength of reaction among Type O
persons. These quanutative differ-

ences in strength of reaction can be
demonstrated also for every other
known blood factor. A different and
even more striking deviation from the
single major gene ideal of the anti-
genic substances which affects the
total expression of a blood factor is
now known. Individuals have been
found who even when not homozy-
gous for the Type O producing factor
will be typed as O, and the genotype
of such an individual cannot be in-
fered directly from his phenotype, 20
inference that normally is possible
(Levine, 1955). More common ex-
amples of departures from the major
gene ideal are the “dosage” effects
which result in quantitative differ-
ences 1 the amount of antigenic
substance present in the blood. In
these instances, there is an interaction
hetween the major genes in the
heterozygous condition. This dosage
effect can be found in the MN and
several others of the adequately
studied blood group systems (Race
and Sanger, 1954)

It is now clear that the early sepa-
ration of variation into two types,
continuous and discontinuous, is no
longer necessary in the light of mod-
ern genetic theory. As a matter of
fact, 1t cannot be supported by actual
observation. It is, of course, conven-~
ient for descriptive purposes to speak
of different types of variation, but any
terms so applied have meaning only
when the level or nature of observa-
tion 1s clearly specified The greatest
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usefulness 1n attaching such descrip-
tive labels is to define the techmque
of analysis to be employed, for the
methods which are the most satis-
factory for analyzing simple genetic
situations are quite 1nappropnate for
use with more complex forms of in-
heritance For analysis of the more
complex forms, the terms major gene
and polygene, or even mulufactorial,
are probably to be preferred, as they
are less liable to be misunderstood
than are the terms continuous and
discontinuous, quantitative and qual-
itative The importance of multifac-
torial or polygenic mhentance in man
must now be recogmzed, both theory

and observation ndicate that it con-
stitutes the bulk of genetic vanation
in man (Darlington, 1954; Dob-
zhansky, 1954, 1955, Mather, 1949,
1953, Penrose, 1949, Snyder, 1955)
It follows, as has been repeatedly
stressed by Snyder (as well as others)
“that significant further progress m
the genetic analysis of human traits
depends on the development of
methods which will provide informa-
tion on polygenic differences infor-
mation which is not obtainable from
the standard techmques designed to
delineate major gene differences.”

(Snyder, 1955).

THE METHODS OF HUMAN GENETICS

The principal methods of human
genetics (pedigree analysis and the
study of gene frequencies 1n popula-
tions) have been designed primarily
for analyzing major gene differences
which demonstrate more or less
simple Mendelian segregations as
recognized by their essennally quali-
tative or discontinuous effects The
difficulties encountered 1n studying
human subjects have contributed to
this limutation of interest and method,
since the attempt to study more com-
plex inheritance would increase these
difficulties proportionately. This limi-
tation of method and interest and
consequently of concept has been
further supported by a Mendelian

rationale * While there can be httle
doubt that there was great wisdom
1n following Mendel’s model of con-
centrating upon genetically simple
characters at the beginning, 1t 15, as
we have seen, the more complex or
polygensc variation which constitutes
the greater part of geneuc variation
1t man The continued growth of the
science of human genetics will de-
pend upon development of methods
for dealing with these complex genetic

?Stern (1949) “Mendel taught us not to attempt
the study of 1nherttance of all the genetic differences
at once, bt 1o follow separately the mheritance of
differences dependent upon single pais of loci ”
{Sec also Necl, 1955 )
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problems.® This of course does not
mean that the continued search for
what may be essentially major gene
differences in man 1s unimportant, or
should be ignored, the extensive bio-
chemical, physiological, and sero-
logical studies, which are now so
popular, are particularly valuable for
they will contribute mformation
about functionally or adaptively im-
portant geneuc characters winch can
also serve as “marker genes,” the use
of which will increase the precision
and effectiveness of any type of genetic
prediction or analysis. The methods
for these studies are largely transfer-
able from experimental genetics,
however, and with the impressive
progress which has already been
made in therr apphcation to man,
they do not pose methodological
problems of the magnitude of those
in the study of multifactonal or poly-
genic variation,

The simple Mendelian methods of
analysis which worked so successfully
with major gene characters do not
lend themselves well to the analysis
of characters which depend upon the
action in more than three separate
loci. This becomes particularly true
if the phenotypic expression of the
character is modified by environ-
mental factors The more complex
the genetic and non-genetic compo-
nents of variability, the more intri-
cate become the methods of analysis,
and, consequently, the more difficult
they are to apply to other than ex-

10

perimental organisms. The methods
of analyzing multifactorjal heri-
tance, originzlly presented by R. A
Fisher, have now been greatly ex-
tended by Lush (1945), Mather
(1949), Wright (1952), and Kemp-
thorne (1955), as well as by others
These methods, which depend prin-
cipally upon correlations between
relatives and upon Fisher’s “analysis
of variance,” have been developed
mainly for applying genetic princi-
ples to animal and plant breeding.
In work with animals and plants, itis
possible to contral breed and progeny
test for specific characters or attr-
butes and for particular combinations
of such characters. The further the
study departs from these two basic
expertmental procedures, which are
practical and permissible with domes-
ticated animals, the less efficient are
these statistical methods.

Before approaching the considera-
tion of methods or procedures for
analyzing polygenic variation m man,
the fact that actual or planned ex-
perimental conditions can not be
attained must be recognized and
accepted. For a myriad of moral,
socral, religious, and political reasons,

3 Dobzhansky and Wallace (1954) “The preoccu-
pation with single gene cffects was, no doubt, rea-
sonable and expedient One learns arthmetc before
trigonometry, and simple tunes before symphonies
But 1n science, the ume usually comes when
oversimphification becomes misleading and directs
the thinking into wrong channels It looks s though
human genetics 15 on the verge of this situation ”
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controlled breeding cannot be insti-
tuted. Even 1f it were possible, any
type of breeding program would
yield a doubtful return for both prac-
tical and genetic reasons. In addition
to man’s unsuitability for experi-
mental procedures because of the
length of his life span, gestation pe-
riod, low reproductive rate, etc., his
genetic heterogeneity, extensive poly-
morphism, and breeding and evolu-
tionary history, as originally pomted
out by Darwin, would render any
conceivable breeding program futile.*
Nevertheless, even though the prin-
cipal element of an experimental
genetic procedure of controlled breed-
ing cannot be utihzed 1n human ge-
netic studies, naturally occurning
situations do exist 1n man which can
be exploited to great advantage
population isolates, population migra-
tion with 1ts concomitant mtermixmng
of genetically different peoples, the
occurrence of twins, consanguineous
matings, adoption practices, and
other culturally conditioned situa-
tions which are unique to man, such
as his sense of family unity with the
1 biol 1

accompanying r g g
relationships These are merely dif-
ferent, naturally occurring situations
for which different and appropriate
methods of analysis must be devised
In considering methods appropnate
for the study of human genetics,
which is in large part applied genetics,
account must be taken of its objec-
tives, which differ greatly from those

of any other applied genetics In the
usual application of genetic principle
and knowledge, the object is to select
and change the genetic constitution
of the individual, strain, or breedmng
population in such a way as to pro-
duce a desired phenotype. In other
words, genotypes are developed that,
at least within a particular environ-
ment, will produce a specific pheno-
type with a characternistic quality or
performance An example 1s hybrid
corn, which is developed for different
soil and climate areas to give yield
and quality of 2 desired standard In
man efforts must instead be directed
toward development of a variety of
physical and social environmental
constellations which will permit dif-
ferent genotypes with limited or par-
ticular norms of reaction to produce
phenotypes with a satisfactory char-
acter or performance For example,
the diabetic 1s impaired by a failure
*Evenstenl of the mentally defe 3
with our present genetic knowledge, be justified as
2 practicable procedure for effecting any unportant
change 1t the genetic constitution of a humar popu-
tation In fact, by the theory of balanced polymor-
phism this might not be adwisable 1n all cases even
1f st were practicable Eugemsts must recogmize that
the only biological measure of adapuveness 15
terms of and

therefore s hot stenlization but correction of the
social environment which places a premuwm upon
the reproductive activity of the least desirable ele-
ments This does not mean that stenlization on the
bass of an mdividual’s genetic character may not
be both pustified and aduisable for social and eco-
nomic reasons, providing that proper attention s
gnen to the possibility of etiological diversity as has
been pointed out by Planansky (1955)
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of glucose metabolism under condi-
tions normal for the non-diabetic. By
dietary control and/or insulin ther-
apy, the 1ll effects of a failure of
glucose metabohism are alleviated
without any alteration in the dia-
betic’s genetic endowment The ulti-
mate would be recogmtion of the
carrier state and of the potentally
susceptible, and prevention of the ex-
presston of this unfavorable trait by
either preventive therapy or marriage
counseling. The primary objective in
the application of human genetics is
not to change but to learn how to
anticipate and make the most of a
given genetic constitution In med:-
cine, eugenics, population manage-
ment, or any other aspect of the
human problem in which genetic
factors may play an important role,
the genetic method in the forseeable
future must have as its goal the ap-
propriate control or manipulation of
the environment rather than the

change of particular genetic determi-
nants, whole genotypes, or the genetic
character of the population.

With this objective, the genetic
study of man ceases to be just
“bound-up with the elucidation of
the heredity-environment problem”
(Synder, 1955) The interaction of
heredity and environment is the
problem. Unfortunately, emphasis on
the study of the mechanisms for
transmission and distribution of
major gene differences has resulted
i little experience in studying
heredity-environment interactions n
man If we are eventually to take ad-
vantage of man’s genetic variability,
as well as both the diversity and
modifiability of his environment, we
must increase our understanding of
the interaction between heredity and
environment To this end we should
appraise critically our methods of
studying this fundamental genetic
problem
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An Evaluation of
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CHAPTER 11

Methods of Analysis

In genetic studies of man the closest
approach to an expenimental pro-
cedure theoretically can be made by
the study of twins In theory this
method also constitutes the most ef-
ficient approach for appraising the
heredity-environment problem m
man, particularly with respect to
complex or multifactoral inheritance
(von Verschuer, 1939) Unfortunately,
the efforts to standardize a study pro-
cedure which fails to take into ac-
count man’s genetic and biological
complexity have prevented the reali-
zation of the potential value of twins

The twin study method began with
Galton’s recognition in 1875 of the
usefulness of twins for evaluating the
hature-nurture  problem  Galten
reasoned that the magnitude of the

differences between the within-par
differences of one- and two-egg twins
would provide an estimate of the rel-
ative importance of heredity and en-
vironment This is still the usual
method and objective of most twin
studies, and while 1t may provide a
good first estimate of heritability na
given trait, 1t does not fully utilize
the possibilities of twins, or, in many
i take into other
genetic and biological factors which
may be important for understanding
the actual nature of heredity-environ-
ment nteractions

The twin study method, as ongi-
nally visualized by Galton and as
now generally employed, is based
upon the theory that human twins
are of two types® Monozygotic twins




EVALUATION OF TWIN STUDIES

(MZ) result from the division of a
single ovum subsequent to 1ts fertil-
ization by a single sperm cell, and
dizygotic twins (DZ) result from the
separate fertilization of two different
ova., While we must be prepared for
the possible establishment of a third
type of twinning resulung from exther
fertilization by different sperm cells
after the division of the ovum or
from fertilization of the second polar
body, the occurrence of such a third
type, because of lack of evidence,
may be considered to have httle
methodological importance at pres-
ent. For our present purposes sve
shall therefore consider that there are
two types of twins single ovum twins
(MZ) having 1dentical genetic en-
dowments, or a coefficient of genetic
relationship of 10 or umty; and
double ova twins (DZ) whom we
may consider to have the same degree
of genetic stmulanty as do ordnary
full siblings, or an average coefficient
of genetic relationship of 0.5. Any
specific genetic or selection factor
that might be associated with dizygo-
tic twinmng but not shared by single-
born siblings could cause departures
from this ideal in some instances, but
for the moment we shall accept the
comparability of dizygotic twins with
single-born siblings It then follows,
as postulated by Galton, that any ob-
servable difference between the two
members of a monozygotic twin pair
must result from environmental n-
fluences alone, while the differences

between the two members of a dizy-
gotic twin pair will result not only
from environmental influences but
also from differences in their genetic
constitutions.

This twin study principle has been
utihized most extensively for estimat-
ing the relative importance of hered-
itary and environmental factors in
the etiology of specific disease entities
In studies of this type, twins are
classified according to whether one
or both members of a twin pair can
be considered affected.! If both mem-
bers are affected by a given disease,
the twin pair is classified as concord-
ant, 1f only one is affected, the pair is
clasafied as discordant. The herita-
bility of the disease is then stated as
a percentage value calculated by
Holzinger’s' formula (Holzinger,
1929).

% concordant (M2)—% concordant (DZ)

100—%; concordant (DZ)

The classification of concordance
and discordance is obviously qualita-
tive, and no quantitative within-pair
differences, or heterogeneity within
the monozygotic or dizygotic twin
categories, can be taken into account
within this formula. It is therefore
not surprising that single or major
gene causation has often been inferred
uncritically in the interpretation of

“This was in essence the method proposed by
Galton, but was formalized by Siemens in 1924 a3
the concordance-discordance method
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this type of analysis, Such mfluence
has possibly contributed to some of
the confusion which has beset evalu-
ation of genetic evidence obtained
from twin studies

Twin studies based upon the same
concordance-discordance principle
have been used also to estimate
heritability of traits which, even for
simplicity’s sake, cannot be classified
as qualitative, In these studies, as for
example those deahng with intel-
hgence and temperament test scores,
or physical measurements, the within-
pair difference values are expressed
either as intra-class correlation coef-
ficients (Holzinger, 1929), or as mean
within-pair variances (Penrose, 1949,
Neel and Schull, 1954). The formula®
in its most abbreviated form becomes

Vanance DZ—Vanance MZ
Varance DZ

The heritability estimate so obtained
does not, of course, tell to what extent
the trait is inherited, but only to what
extent its vanability 1s genetically de-
termined If the henitability estimate
obtained from either of these formulae
s equal to 10, the mterpretation
must be that all of the observed vari-
ation in the trait tested 1s due to
heredity If the estimate is 0 0, all of
the variability must be due to envar-
onment, or at least 1t must be assumed
that the majority of people in the
population from which the sample
was drawn are susceptible or possess
the abulity to react to some common

environmental agents, stresses, or stim-
ul. As might be expected, these two
extreme values are rarely met in
actual experience and the problem 15
usually one of interpreung mtermed-
1ate values Before examiming the
most tmportant factors to be con-
sidered 1n this interpretation, we will
take at their face values the concord-
ance-discordance figures entered i
these formulae, 1gnormng for the
moment any question as to their par-
ticular or collective rehiability

One of the most disconcerting
problems 1n human genetics 1s the
apparent lack of agreement occaston-
ally found between the hentability
estimates obtained from concordance-
discordance twin studies and other
types of genetic evidence These ap-
parent discrepancies led Neel and
Schull (1954) to state, with some
justification, that “In 1ts present
context, the twin method has not
vindicated the time spent in the col-
lection of such data” An example
commonly used to demonstrate viv-
1dly the manner of contradiction
which occurs between twin heritability
estimates and other types of informa-
tion 1s that found i Mongohan
idiocy In using all the twin data
compiled by Gedda from the htera-

“Thoele and Hervey tn 1952 presenicd a henta-
bility formula which has been extensively used in
ammal geneties (Stormont, 1954)
4 w2 {betueen pare varignce) — (wnthin par variance)
(between parr vanance) + (sthin par varsance)
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ture prior to 1951 for Mongolism,
Neel and Schull (1954) have calcu-
lated a heritability estimate of 0 881
Thus 15 one of the highest heritability
values obtained from twin data for
any severe and readily classifiable
congenital defect. Other types of
studies give little support to a strong
hereditary predisposition in Mongo-
lism. In fact, they indicate that hered-
1ty may play only a minor role in the
etiology of the disease Maternal age
and health, on the other hand, have
been convincingly estabhshed as the
most important of the recognized
contributors to the defect, for the m-
fant these factors are obwviously en-
vironmental and not genetic in nature
(Ingalls, 1947, Benda, 1950, Penrose,
1933, 1934, 1957)

At this point it would be well to
consider a significant feature of the
genetic relationship of twins which,
though elementary, is all too fre-
quently overlooked because of single
gene orientation. Monozygotic twins
are 1dentical not only for some major
gene which may be suspected of play-
ing a role in the determination of a
particular trait, but also for their
whole genetic constitutions Monozy-
gotic twins are therefore 1dentical not
only for all of the genetic factors
which have a modifying influence
upon the penetrance or expressivity
of a major gene but also in the degree
of their response to specific environ-
mental influences. This means that
monozygotic twins have identical

genetic buffering systems which by
homeostatic modifications of the de-
velopmental or physiological pattern
wll protect equally both members of
the pair through the usual range of
environmental variation Recogni-
tion of this complete genetic identity
of monozygotic twins is of paramount
importance in interpreting twin
stuches of multigenic characters

Lerner (1954) points out that
genetically determined “develop-
mental homeostasis must be based
upon the greater ability of the heter-
ozygote to stay within the norms of
canalized development ” Therefore,
1n a genetic system which may be
heterozygous as well as multifactorial,
1t would be rare indeed for both
members of a dizygotic twin pair to
possess entirely equal susceptibility
to an environmental influence and to
be equally affected. Complete com-
parability would be correspondingly
rare in siblings and collateral rela-
twves A low familial incidence factor,
if interpreted within the limits of a
simple or major gene hypothesis,
would appear to indicate a Jow in-
hentance factor and contradict any
finding of a high monozygotic twin
concordance rate, or high hentability
estimate.

However, as has been pointed out
(Penrose, 1953), the greater the num-
ber of genetic loci involved, the lower
the farmlial incidence will be, even
though the disease or trait depends
greatly upon a genetic predisposition-



METHODS OF ANALYSIS

Confining the interpretation of twin
evidence to a heritability estimate
within the narrow conceptual limits
of a simple or major gene hypothesis
may therefore result in an erroneous
conclusion that twin study data con-
flict with data from other types of
genetic studies The application of a
simple principle of Mendehan arith-
metic to twin data, going beyond the
mere calculation of a heritabihity es-
timate, demonstrates that if the
difference between the concordance
percentages of monozygotic and
dizygotic twins is excessive, such as a
ratio of 4:1, a single major gene
causation is practically precluded *
Returning to the example of Mon-
golsm, we find that the concordance
values from which the hentability
estimate of 0.881 was calculated were
83 9% for monozygotic twins and only
6.7% for dizygouc twins, a ratio of
approximately 131 1If we accept
these figures at face value, the inter-
pretation must still be that suscepti-
!nlxty to Mongolism 1s strongly
inherited, but that 1t is probably of
polygenic nature. If any reasonable
allowance is made for the reliability
of these pooled twin data (see Chap-
ter III), and consideration is given
to the fact that increased maternal
age, which is correlated with both
dizygotic twinning and M i

the family and population incidence
data of Reed (1954), Freeman (1955},
and others, do not deviate as widely
from the twin evidence as heretofore
has been implied.* Vindication of
twin data or of the effort expended
1n their collection often 1s less needed
than a new approach to ther
nterpretation.

Interpretation of twin data requires
that consideration be given to both
the nature of inheritance, whether
simple or complex, and to the rela-
tive frequency of the character in the
population Relatively rare multi-
factonal characters will yield low
dizygotic twin concordance rates, as
well as low familal madence Ex-
ceedingly common characters 1n the
population, even though multifac-
torial, will give high dizygotic con-
cordances and high familial incidence
figures In either case, comparison
with data on the general population
could lead to an erroneous conclusion
that the variance due to heredity 15
small The best clue to the henta-
bility of the trait would then be the

*Rufe (1951) has presented a method for estimating
muluple allehc inhentance by this principle Ele-
mentary as this interpretation 1s, it has been fre-
quently ignored Book (1953) discussed the type of
error m reasomng which has resulted from farhure

ldiocy., is the same for both members
of a dizygotic twin pair but different
for single-born siblings, then by a
hypothesis of polygenic inhentance,

o this smple principle m
twin studies of schizophrenia

« Allen and Baroff (1955), and Allen and Kallmann
(1957) discuss the relation of maternal age to Mon-
golism and twinning, and consider the possible cti-
ology of Mongolism as revealed by twia data
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concordance rate of the monozygotic
twin pairs

The usual purpose of the concord-
ance-discordance type of study, how-
ever, 15 to estimate the degree of
heritability, and 1t might be well to
ask what this estimate means in rela-
tion to the human problem To eval-
uate the heritability estimate, 1itis nec-
essary to determine the true meaning
and value of the concordant and dis-
cordant classifications The same prob-
lem that 1s encountered in assigning
the character labels of continuous or
discontinuous, quantitative or quali-
tative, occurs in categorizing within-
pair differences as concordant or
discordant The genetic diversity of
dizygotic twins and the almost typical
multifactorial or polygenic nature of
human vanation make these classifi-
cations entirely comparable. Nor can
these labels be easly or objectively
applied to monozygotic twins, for the
within-pair differences of monozy-
gotic twins are frequently found to
have a wide and continuous range
from near 1dentity to great dissimi-
larity Furthermare, calculation of a
heritabihty estmate rests on the as-
sumption that the genetic and non-
genetic components of vanation have
been partitioned with reasonable ac-
curacy in companng monozygotic
and dizygotic intrapair differences. If
the genetic thesis concerntng the co-
efficient of relationship of either
monozygotic or dizygotic twins is in
error, or if there is a jack of compar-

ability in the environmentalinfluences
affecting monozygotic and dizygotic
twin pairs, the accuracy with which
the genetic and non-genetic com-
ponents of variation are partitioned
1s immediately open to question, as
recognized by Galton. The probable
frequency and significance of the ex-
ceptions to the basic assumption of
the environmental comparability of
monozygotic and dizygotic twins have
even raised questions as to the prac-
tical value of twin data. Komai and
Fukuoka (1934); Burks (1938), and
Price (1950) have presented convinc-
g evidence and argument for both
the prenatal and postnatal environ-
mental incomparability of monozy-
gotic and dizygotic twin pairs. It
should therefore be recognized that
the reliability of the henitability esti-
mate 1s open to serious question, al}d
it would be well to consider even its
theoretical value as a goal in twin
analysis

The heritability estimate derived
from twin evidence 1s an attempt to
arrive at some measure of the extent
to which heredity affects the varia-
tion of character between two ind-
viduals 1n a particular population at
a given time, Even within these limits
the estimate can not take into ac-
count the fact that the character
under investigation occurs in com-
bination with other characters with
which it may be developmentally,
physiologically, or mechanically cor-
related A heritability estimate must
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further assume that the hereditary
and environmental factors which
may be involved in the determina-
tion of a character are entirely inde-
pendent (Lush in 1948 discussed
this difficulty with the heritability
estimate in animal breeding) Be-
cause of the complexity of the prob-
lems with which any such estimate
must deal, Hogben (1951) concluded
that, . . . the hope of evaluating the
respective contributions of nature and
nurture to vanation within a gen-
otypically heterogenous population m
an environment which is not uniform
is illusory 1n virtue of the lughly com-
plex and diverse relationship between
environmental differences and the
magnitude of manifest cifferences at-
tributable to gene substitutions
From a practical standpont heri-
tability esumates in man from what-
ever data should in all probability be
recognized as of rather hmited value
The only actual use of such estimates
Is to test the presence of measurable
hcr?ditary vanability and a simple
statistical method (see Chapter VIII)
which lends itself to tests of reha-
bility wath small samples 1s pref-
erable to the heritability estimate
While demonstration of a measurable
hereditary factor is the first objec-
tive of a twin study, 1t should not
be considered the final goal, nor does

with environmental forces which
modify the expression of particular
hereditary predispositions Monozy-
gotic twins are among the best sub-
Jects for study 1n connection with this
genetic problem because of ther
genetic identity and common within-
pair differences for the majonty of
measurable genetic traits. The best
known method 1s the study of mono-
zygotic twin pairs separated from
early infancy or childhood The first
detarled study of a parr of monozy-
gotic twins rased apart was that by
Muller 1n 1925 Later Newman,
Freeman, and Holzinger (1937) re-
ported on 19 pairs of monozygotic
twins who were separated from birth
or early infancy, and compared the
mtrapair differences of these sepa-
rated twins with those of 50 pairs of
monozygotic twins raised together
The method employed by these au-
thors was a direct adaptation of the
concordance-discordance  type of
study, and Holzinger’s formula for
estimating hentabihity was adjusted

* Waterhouse (1953} arrived at a simlar conclusion
concerming concordance-discordance studies and
suggested that thev should be regarded merely as a
forerunner to a more detailed mvestigation hall-
mann (1954) has presented and implemented a more
detailed study which he has termed the Twin Family
Method This is an extension of the concordance-

1t fully utilize the possibilities of twin
data.?

Among the important problems 1

uman genetics are those concerned

study to a wider range of related indi-
viduals, even including step-sibfings In practice this
muluphies the problems of wswal concordance-
discordance studies, but 1t does have value 1 that
\tattempts to extend the mterpretation of twin data
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to estimate environmental influence:

Variance of MZ apart—Variance of MZ together
Vareance of MZ apart

This method, like the heritability
estimate, merely provides a test for
the presence of measurable variability
in a character and cannot be in-
terpreted as reliably indicating the
degree of environmental influence.
The presence of an environmental
influence would of course be imphait
in the existence of measurable mon-
ozygotic twin intrapair differences.

Comparison of intrapair differences
of monozygotic twins rased together
with intrapair differences of those
reared apart has great additional
value, however, in providing a method
for identifying the nature of the en-
vironmental infiuences which result
in character differences Newman,
Freeman, and Holainger (1937)
recognized this as a possible method
for separating prenatal and postnatal
environmental influences. Unfortun-
ately, separation of pre- and post-
natal environment by this method is
very difficult to achieve except on
the basis of a number of probably
unwarranted assumptions It would
have 10 be assumed that the within-
pair variations in prenatal environ-
ment were entirely comparable in
the two twin samples (together and
apart), and that both samples were
drawn from the same population,
Because of the great difficulty in
studying twin pairs raised apart, 1t is

doubtful that either of these require-
ments could be adequately met. The
studies of Newman, Freeman, and
Holzinger exemplify the type of com-
phication which can arise: The twin
pairs raised apart came from all over
the United States and had a mean
age of 26 years, whereas all those
raised together came from the Chicago
area and had a mean age of approxi-
mately 13 years. In the presence of
such an age discrepancy, it is difficult
to evaluate the nature or magnitude
of any environmental influence other
than that of age.

A method designed to analyze
specific environmental influences
upon hereditary potentiality is the
co-twin control method originally
preseated in 1929 by Gesell and
Thompson By this method one mem-
ber of a monozygotic twin pair is used
as a check or control upon the other
member under intentionally vari
conditions of training or treatment.
If consideration is given to the appar-
ent comparability of the prenatal
development and health status oth
two members of a twin pair, this
method provides a valuable experi-
mental procedure for studymng the
interaction of heredity and environ-
ment. The experimental possibilities
of the method are restricted by the
type and degree of environmental
control to which human subjects can
be submutted reasonably and ethically.
The intrapair differences produced by
the quently minor alterations in
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environment will in most cases be
small, whereas the genetic interpair
vanability conditioning responses to
such changes in environmental stimult
may be relatively large mn their effects.
Broad generalizations from the con-
trolled study of single twin pairs there-
fore should be avorded. The most ex-
tensive co-twin control study ever
attempted was that of the Maxim
Gorky Institute in Moscow (Levit,
1934) Unfortunately, the results of
this study have not been presented
adequately to permit satisfactory
evaluation

The need as well as the possiilities
for extending the twin study method
are being recognized more and more
Le Roy (1957) has presented a statis-
tical model for extending a twin
analysis based largely upon methods
i agncultural genetics, following
closely the methods described by
Kempthorne (1955) By the use of
such statistical methods the different
components of variance can be par-
tittoned and the full range of the
genetic and environmental variables
inherent in the study sample can be
employed. While methods such as
these hold great promise for the
future, considerable work remains to
be done before their full application
to the analysis of quantitative attr-
butes in man can be made (Kemp-
thorne, 1957). For particular problems
somewhat similar results can be at-
tained with more direct procedures
by taking greater advantage of the

unique nature of twins For example,
in a study of serum lipids in which a
simple vanance analysis was used, the
effects of living together and shanng
more similar environments upon
serum hpid levels of individuals with
a coefficient of genetic relationship of
1.0,0 5, and 0.0, were compared with
the effects of decreasing environ-
mental similarity at each degree of
relationshup (Osborne et al, 1959)

Other methods of extending twin
data can be used, some of which will
be discussed presently.

In studying hereditary and envi-
ronmental interactions, one must keep
constantly in mind the complexity of
the hereditary and environmental
interrelationships among different
traits which result 1n character or
phenotypic correlations While m
man 1t is generally impossible to
study separately either a simple
genetic determinant or phenotypic
character, 1t 13 stll necessary to
achieve some character delineation
in a study of hereditary and environ-
mental influences or interactions For
this purpose the hereditary and en-
vironmental causes of correlation
must be separated Only then will 1t
be possible to determine whether the
genetic association 1s brought about
by selection or hybndization, and
similarly, whether the environmental
effects are the multiple results of a
single or of different environmental
forces. As long as any two characters
are studied in the same individual, it
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is impossible to disinguish between
hereditary and environmental sources
of correlation, a problem which can
be overcome in animal breeding by
a cross-character analysis between
indviduals of known relationship
(Lerner, 1950). In spite of the long
recogruzed problem of correlation of
characters in twin studies (R A,
Fisher, 1925, Stocks, 1930, 1932) and
the fact that the method used in
animal breeding 1s based upon a the-
aretical model equivalent to the situ-
ation pertaining in monozygotic
twins, this method has not been
extensively apphed in human twin
studies. By this method the compan-
son of trait A of one member of a
twin pair with trait B of the co-twin
(Lerner, 1950) provides a test of the
association between traits uncomphi-
cated by a common internal environ-
ment (Osborne, Horowitz, and De
George, 1958) An extension of this
type of analysis to co-twin control

studies or selected twin samples might
also be worthy of consideration. For
example, a cross-twin analysis in
monozygotic twins discordant for a
particular disease or congenital mal-
formation could contribute important
insights into the relation between pri-
mary and secondary effects.

The apparent himitations of twin
analysis, as has been pointed out by
many workers, may derive in large
part from a fatlure to ask the most
appropriate questions of twin data. It
should be recognized that the char-
acteristics which may cause a bias in
one type of twin analysis may provide
the phenotypic variation needed for
another. Preoccupation with the
problem of establishing the relative
mmportance of heredity or environ-
ment rather than with that of under-
standing their interactions has re-
sulted 1n failure to explore adequately
the possibilities for extending the use
of twin analysis,
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Obtaining a Twin Sample

Since the time of Sir Francis Galton’s
presentation of the twin study method,
the principal additions to the meth-
odology have had to do with obtain-
ing the twin sample and with
diagnosis of zygosity (von Verschuer,
1939). Partly because obtaimng a
twin sample is logically the first prob-
lem in a twin study, and partly be-
cause certain aspects of this problem
hzvg a direct bearing upon the diag-
nosis of zygosity, selection of the
sample will be discussed first, and
diagnoss of zygosity will be taken up
subsequently,

In 1927 Fisher pointed out the m-
portance of properly obtaining a
twin sample to avoid introducing an
unconscious selection bias In 1930
Luxenburger proposed the “total as-

certainment” of all twins m a pre-
scribed population as the solution to
thus problem The reasoning behind
this principle, “Luxenburger’s prin-
ciple of total ascertainment,” 1s eastly
visualized 1n respect to twin studies
of pathology, where bizarre cases and
twin pairs concordant for some spec-
tacular trait or disease will attract
attention and thereby be more readily
observed, reported n the hterature,
or brought to the notice of the -
vestigator In a sumilar way, the twin
status of an individual 1n any popu-
lation with a pathological condition
is more easily discovered 1f the co-
twin is also affected and therefore a
member of this same population The
latter situation, particularly impor-
tant in relauon to mstitutionalized
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subjects, led Luxenburger to the for-
mulation of his principle.

The problem of properly “ascer-
taining” subjects is by no means
confined to studies of twins, but
ever present and pressing 1n any
phase or form of genetic research in
man (Schull, 1954). In truth, the
*“ascertainment”” of subjects may he
relatively more simple in certain
types of twin studies than in many
other phases of human geneucs, for
example, census and birth twin data
lend themselves 1deally to statistical
treatment adequate for some pur-
poses. Allen (1955) presents an ex-
cellent discussion of these statistical
methads and their uses, and summar-
izes the types of conclusions which
can be drawn from general twin data,
such as birth records and census re-
ports, when the effects of different
twinmng frequencies, age of subjects,
postnatal twin mortahty, concordance
rates, and the proportion of “ascer-
tainment” are taken into account
The statistical methods discussed by
Allen are most useful for obtaning
first or basic approximations from
twin data, but by necessity they in-
volve many untested assumptions
which will require further vahdation
for particular types of studies

The importance of obtaining twin
samples free of twin pair concordance
biases has resulted in the develop-
ment of a method for testing the
“proportion of ascertainment.” By
this method a bias or over-represen-

tation of concordant twin pairs will
mean an excess of monozygotic twin
pairs, or at least an excess of mono-
zygotic pairs can be taken as evidence
of a biased sample. The number of
monozygotic twin pairs studied is
compared with the number theoreti-
cally expected in that population to
test for any excess of manozygotic
twin pairs. The number theoretically
expected is obtained by Weinberg's
differential method. For this purpose
a 11 sex ratio is usually assumed If
there 18 a 1-1 sex ratio at birth,
dizygotic pairs should occur in the
proportion of 13 3:248 9:18 9.
Since the number of unlike sex pairs
equals the number of like sex dizygotic
pairs, the total number of dizygotic
pairs equals twice the number of un-
like sex pairs The difference between
twice the number of unlike sex pairs
and the total number of twin pairs
in the sample, therefore, is the num-
ber of monozygotic pairs to be
expected

Obviously, use of this formula de-
pends upon the availability of stand-
ard twin statistics representative of
the twin population from which t.hc
sample is drawn. The twin statistics
should be appropriate for the racs,
geographic area, and age level of the
study sample to make proper alow-
ance for differences in twinning fre-
quency and twin mertality, However,
even with further correction of the
theoretical expectancies for concord:
ance rates, estimated proportion of
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“ascertainment,” etc., this problem
has been oversimplified in an attempt
to present a standard method for
general application

‘While this method may be entirely
adequate for broad studies mvolving
large populations, almost every study
of specific or particular nature will
present a unique set of problems
which must be solved For example,
cven 1f all the twins afflicted with
Mongolism in a population were ob-
tained at birth, and the standard
corrections applied 1n the “test of
ascertai ,” still to be idered
are: first, the very real possibility of
a higher than average dizygotic twin
frequency because both Mongolism
and dizygotic twinming are correlated
tughly ‘with maternal age, while
monozygotic twinning 1s not, and,
second, the possibility, strongly sug-
gested from empirical evidence, of a
sex differential in Mongohsm, for
both susceptibility and mortality,
which in combination could result
t00 few unlike sex pairs and a con-
sequent error in estimating the ex-
pected frequency of monozygotic
twins by Weinberg’s formula Influ-
ences of this nature, both in kind and
magnitude, may be peculiar to
Mongolism, and differ signi 1

The importance of the general
principle of “total ascertamment” of
a study sample can hardly be ques-
tioned, particularly in investigations
of spearfic or rare pathologies, but
the limits of its applications, as of its
value, should be recognized “Total
ascertainment” performs no mracu-
lous correction of all the biases in
twin studies Of parucular importance
1s the fact that “total ascertainment™
cannot correct biases resulting from
prenatal or natal influences which
may differentially affect monozygotic
and dizygotic intrapair differences
(Price, 1950) In fact, the inclusion of
all of the twins 1n a prescribed popu-
lation in a study will tend to preserve,
rather than remove, any such differ-
ences between monozygotic and
dizygotic twins regardless of the age
group of the sample or the nature of
the study Another consideration 15
the possible influence which the study
of all the twins 1n a prescribed popu-
lation may have upon the ultimate
application of certain types of twin
evidence The purpose of any twin
study 1s to obtain information which
can be translated into values that
will apply to the general population,
approximately 98% of whom are not

the prod of multiple births,

mnother disease populanonsaCertamly,
Inmany of the disease entities in which
We are interested, there 1s a strong sex
incidence factor which would make
total ascertamnment” of twins at
birth the minimal requirement.

Therefore, any significant differences
between twins and single-born in-
dividuals for the characters or traits
under 1nvestigation will affect the
value of twin study evidence 1n apph-
cation to a single-born population
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The most obvious and perhaps the
best known characterisuc in which
twins differ significantly from single-
born is in thew high frequency aof
prematurity  Guttmacher (1939)
found that premature birth weight
occurred five tunes as often 1 twin
as in smgle births, and that viable
twin pregnancies terminated on the
average 18 days carher than did
viable single pregnancies Ross and
Phalpott (1933) found a prematursty
rate of 65 6% among twins and evi-
dence that premarturity was the prin-
cipal apparent cause of fetal death in
twins These findings by Guttmacher
and by Ross and Philpott can be
supported by reliable birth statistics.
In Sloane Hosputal for Women, New
York, from 1948 to 1952, 309 viable
twin births occurred, 58 0% of these
infants were of premature weight as
compared with 7 5% of 14,229 viable
single-born (Premature birth wesght
was defined as viable birth weight
under 2500 grams) Whatever the
effects of prematunity, and there may
be many (Dunham, 1955) 1n addition
to the more spectacular such as
rewrolental fibroplasia and kernicterus,
they would probably be the same for
dizygotic twms and monozygotic
twins, but because of the excesstve rate
of prematurity i twins, they would
not be comparable for single-born.

In addition to prematurity, or
factors directly attnbutable to it, a
reduced overall survival rate 1 twins
has long been recognized In a pop-

ulation with a single-born survival
rate of 95 5%, Karn (1952) calculated
a survival rate of 84 0% for unlike sex
twins and 76 1% for like sex twins.
Other studies, such as those of Bender
(1952} and Ross (1953), show a
reduced survival rate of similar mag-
mitude tn twins So great a difference
m survival must be suspected of in-
troducing selective differences, both
phenotypic and genotypic, between
viable twins and the single-horn.
The relatively high frequency of
congenital abnormalities in twins is
of particular interest Stevenson etal
(1950) i compiling statistcs for
29,024 births at the Boston Lying-in
Hosputal, found an overall twin ratio
of I 83, but in the 673 pregnancies
that resulted in babies with con-
gennal malformations, there were 16
multiple pregnancies, a twin birth
ratie of 1:42 Of the 32 bahies result-
mg from these 16 pregnancies, 20
were malformed Sheldon (1938) and
Ford (1940) found twice the expected
twin frequency among children with
pyloricstenosis. Abt {1924) discovered
a higher susceptibility of twins 0
early rickets Gruenwald (1847) and
others have reported frequent occur-
rence of cardiac abnormalities in
twins, Neurological and mentat ab-
normalities also have been found t0
be unusually frequent Luxenburger
(1928), Rosanoff (1934), and Conrad
(1935) found an excess of twins, par-
ticularly dizygouc twins, among
epileptics, In 1955 Allen and Kall-
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mann reported that a study of
ndividuals committed to New York
State mental institutions revealed an
excess of twins 1 all major diagnostic
categories with a different and un-
explained deviation in sex ratio in
some categories The evidence con-
vincingly indicates not only that
mortality among twins is greater
than among single-born, but also that
the mental and physical health of a
disproportionate number of twins is
adversely affected

A view all too often accepted,
practice if not 1n principle, is that
once twins have come through the
ordeal of being born, they are (bar-
ning obvious congenital malforma-
tion) no more the vicims of their
prenatal environments than are the
single-born (Kallmann, 1954) Many
of the abnormalities which have been
found to occur with excessive fre-
quency 1n twins, however, may often
be delayed in their expression, or be
contributory to the development of
other defects at some later age An
example was discovered by the pres-
ent senior author while he was con-
ducting a search for twins among
new admissions to the Vanderbilt
Clinic, In the course of this search
20,089 admussion applications were
chcck;d (see Chapter V) and a
statistically significant excess of twins
was discovered among new admissions
to the orthopedic clinic (x* = 21 41
with1d f,P <. 001) The majority
of the twins found in this search, and

of those admutted to the orthopedic
chnic, were over 20 years of age.
‘While some of the orthopedic defects
exhibited 1 this group may well
have been to some extent apparent
previously, possibly even at burth,
they provide a good example of a
projection well into adult life of the
ill effects which may result from the
early disadvantages to which twins
seem frequently to be subject

It 15 evident from the foregomg
discussion that, in studies of normal
or non-pathological variation, selec-
tion of subjects on the basis of health
will be necessary at any age level
Because any type of selection auto-
matically mwvites the introduction of
bias, the principle of random sam-
pling s frequently proposed, especially
for studies of normal vanation True
random sampling, however, 1s ex-
tremely difficult if not impossible to
achieve, and may be quite meaning-
less in human populations We do
not know what a normal population
15, and 1f we did, there would not be
a single or average normal popula-
tion, but a number, each differing
from the others and all beyond our
present ability to define Further-
more, a true random sample of twins
would tend to preserve any biases
resulting from a differental effect of
prenatal mfluences upon monozy-
gotic and dizygotic twin pairs and
also from the incomparabilities which
may exist between multiple- and
single-born individuals.
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In the choice or hmitation of a
problem for investigation, some selec-
tion of a study population becomes
necessary, and the obtaining of suit-
able subjects should not be neglected
for the sake of convenience, or for
purposes of emphasizing the study
method which may not be appropri-
ate in every detail for the problem
under investigation. It is no more
possible to designate in detail a twin
study procedure which will be equally
applicable to ail problems than it is
to set forth a single statistical method
for analyzing all biological data
What will bias one study will not

necessarily bias another, and there
can be no single test or set of criteria.
In human studies the necessity for a
purposeful selection of subjects can
rarely be avoided, consequently the
only safe procedure is to determine
who the subjects are and of what
definable population they are
representative.’

'Little, C C (1954) “I don't want to discourage
the pomnt of view of the scekers for the Holy Grail
of Random Sampling That 1s all to the good, but
why not use a dehberately prepared population®-~
It 15 casier 1o tell what 1 1n a ‘mince pre’ when you
see the components as they go into 1t than to try to
pick them out afterwards ™
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The Diagnosis of Twin Zygosity

The central problem n any twin
study is the diagnosis of zygosity de-
&cn'nm'mg which twins are monozy-
gotic and which dizygotic. In spite
of innumerable attempts to standard-
ize procedures, diagnosing zygosity
remains the mast debated problem
In twin studies Galton’s formulation
of nature-nurture studies in twins as-
sumed that there were two distinct
and distinguishable types, but dis-
tinguishing one type from the other
has always been difficult Weinberg
In 1902 presented statistical evidence
for the theory of two twin types, but
the expectancy figure for the fre-
quency of monozygotic and dizygotic
twins derived by his formula differed
sufﬁc’i?mly from the then accepted
empirical findings to raise questions

as to the validity of his method
Thorndike 1 1905 concluded fron
his data that there were not two dis
unctly different types of twins at all
but instead a continuous range of m
born differences, for he failed to finc
the perfect bimodality 1n the curve o
intrapair differences which he as
sumed the twin and genetic theorie:
called for

In the twin work published prio
to about 1925, it was held that mon
ozygotic twins were Invariably en
closed in a single chorion, that, con:
versely, all double chorionic twin:
were dizygotic, and consequently tha
the number of chorions was an abso-
lute cniterion for determuning zy
gosity By calculation of the frequenc,
of monozygotic twins on the bass o
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fetal membranes, values were obtained
that ranged from 11% to 22% with
an average between 14% and 16%
Wemberg, 1 applying the differential
method, caleulated a frequency of
monozygotic twms which ranged
from 23% to 31%, depending upon
the populatnon studied This com-
paratively high frequency of mono-
zygote twmsng calculated by Wemn-

1925, through the use of these char
acters and other phenotypic features,
confidence 1n the diagnosis of 2ygo-
sity was sufficient to cause Siemens
(1925} to reopen the question, raised
by Danforth in 1918, of the reliabi-
1ty of fetal membranes as diagnostic
critena. Curtius (1928) and Lassen
(1931) presented fusther evidence
which confirmed beyond question
] ? £

berg’s method preasp d -
able debate, and his method was not
generally accepted untt R A Fisher
provided addional statistical evr
dence for these hugher valuesin 1919
After Apert m 1923 had conclusively
established that dizygotic twinnung 1s
correlated with maternal age (which
had been suggesied by Weinberg 1n
1902), this phenamenon, the difficul-
ties encountered n sampling, genenc
differences i twinning frequency,
and the differential mortality in twins
were invoked as explanations of the
discrepancies found between the
theoretically expected frequency of
mosozygotic twins and the observed
frequency of monachorionic twins
In the meantime considerable
progress was being made i descenb-
ing vanous phenotypic differences in
twins, partly out of necessity, for, at-
though the feta] membranes were
constdered positive evidence of zyga-
sity, such data were extremely diffi-
cult to obtan, they are rarely avail-
able in even the best obstetrical
records In 1904 Wilder began studies
of the fingerprims of twins, and by

@ Corner (1954), In
reviewing the accumulated data on
the fetal membranes of twins, caleu-
lated that 38% of all monozygotic
twins have separate chonons. While
the presence of a single chorion may
be taken as presumptive evidence of
monozygostty, the presence of two
chonons 18 now known to be useless
as a diagnostic crsterion In spite of
this knowledge, which has been ac-
cepted 1n all major twin studies since
1930, the writers of obstetrical records
and pathology reports sult presume to
make a diagnoss of dizygosity on the
bams of fetal membranes It should
also be noted that even the diagnoss
of monozygosity can not always be
rehed upon from the routine descrip-
tion of a single chorion, for, when the
membranes are damaged or fused,
even a careful gross examination
may be inconclusive

Acceptance of the practical limita-
uons of fetal membranes for diagnos-
ing zygosity left no alternative to the
evaluation of phenotypic characters
for this purpose However, the diag-
nosts of twin 7y gosity on the basis of
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phenotypic resemblances posed a
number of difficult questions which
led Muller in 1925 to suggest a
method for calculating the probabil-
ity of concordance between dizygotic
twins in certain observed traits by
comparing them with their siblings,
with recogmition, of course, of the
effect which racial or familial varia-
tion would have upon the actual
value of such observed differences or
similarities Muller (1925) emphasized
the necessity of using non-correlated
physical traits for diagnostic criteria,
and of evaluating “everonic” influ-
ences (apparently meaning all in-
ﬂ\{:nces other than genetic) that
might sigmficantly affect the twin
intrapair differences relative to dif-
ferences between single-born sibs
Because of the possible importance of
such trait correlations and “everomc”
influences, Burks (1926) questioned
the practical utility of Muller’s
method The hvely discussion which
cnsued was entered in 1927 by
Siemens who argued 1n favor of his
own similanty method of diagnosis
Presented in 1924 and 1925. Ap-
Parently the basis of Muller’s and
Burk’s discussion, and even some
Mendehan principles,’ were not fully
appreciated by those interested m
twin analysis, for Siemens’ similarity
method became the principal method
of zygosity diagnoss

lemgns’ method consists of simply
comparing the “totality of observed
resemblances of one-egg twins with

those of two-egg twins . 1 as many
traits as possible” (Siemens, 1927).
For this purpose Siemens listed var-
10us traits 1n four levels of usefulness
or reliabihity (a) hair color and form,
eye color, skin color, and downy hair
of the body, (b) such traits as freckles,
acne, furrowing of the tongue, (c)
form of the face, ears, hands, nails,
and body build, (d) mental make-up,
illnesses and abnormalities, finger-
prints, and blood groups Failure to
recognize the bias which the subjec-
tive use of this total array of char-
acters would 1nevitably 1ntroduce
mto any type of twin analysis could
only reflect musinterpretation of
Mendehan princtples The first active
objections raised to Siemens’ simi-
lanity method were concerned with
the intangible nature of the differ-
ences or similarties used as diagnos-
tic criteria, and the fact that the only
measure of certainty was the degree
of the 1nvestigator’s own satisfactton
mn his diagnosis

In 1933, Rife presented an exten-
sion of Muller’s earher statstical

"To counter Muller's and Burk’s concern for the
genetic and environmental complexity of human
vaniation, Siemensstated “As Mendelism has taught
us the independence of individual teaits 1 thery
tance, the chance that two egg twins would be as
alike as one egg twins 1n all the particalars of my
scheme 15 50 slight that this way, in wirtually every
case, one may make a diagnosis that, for practical
purposes, 18 almost absolutely certam 2 mathe-
matc calculation of this probability, such ay Prof
Muller has made by his method, 1 superfluous
here  (Siemens, 1927)
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method, and since this renewal of -
terest in calculating probability values
m twin diagnosis, considerable pro-
gress has been made 1n refinement of
the statistical procedures. With Rufe’s
formula, it is necessary to know the
genotype of the twins’ parents, or at
least to be able to infer their genetic
constitutions from their observable
phenotypes. Advances in serology
and serological genetics enabled Essen-
Moller (1938, 1941), Wiener and
Luff (1940), and Robinow (1943) to
elaborate these calculations toinclude
the use of blood group gene frequen-
cies when the parents of twin subjects
were not available for study A num-
ber of authors, such as R. A. Fisher
(1951), and Race and Sanger (1954),
have since contributed to the devel-
opment of these procedures The most
recent and complete presentation of
these statistical procedures is that of
Smith and Penrose (1955), and 1t
would appear that the purely statisti-
cal part of the method, at least for
use with the blood group systems,
may well have been brought to suf-
ficient accuracy and simplicity.
Future efforts to elaborate or re-
fine methods for diagnosing zygosity
should be directed toward other
than the purely statisucal aspects of
the problem Perhaps first to be con-
sidered 1s the possible extension of
the diagnostic criteria beyond the
blood group substances Smth and
Penrose attempted such an extension
of diagnostic criteria and suggested

the statistical procedures required in
the use of such characters, which in
all probability do not depend in their
expression upon relatively simple
genetic determinants Sirmilar methods
have been proposed also by Sutton
et al (1955)

In extending the criteria used in
zygosity diagnosis, the dermatoglyphic
characters, which are generally as-
sumed to rank next to the blood
group substances in reliability, are
most commonly employed Since
dermal patterns in twins were first
studied by Wilder in 1904, various
methods for their use in twin diagnosis
have been devised. Unfortunately,
evidence for the reliability of all of
these methods has come from testing
their agreement with a diagnosis
made by Siemens’ similarity method,
which is to say that the extent to which
twins with a general physical simi-
larity also have similar dermatoglyphic
patterns has been variously esti-
mated The danger inherent 1n this
circular test of reliability is most dra-
matically 1llustrated by the findings
i conjoined twins, whose general
physical resemblances and dermal
characters are frequently less similar
than those in twin paws reliably
judged to be dizygotic, though con-
Jomned twins are conceded to be mon-
ozygotic. Monozygotic twins always
show some differences 1n their derma-
toglyphic characters even in the
absence of other gross evidence of
developmental disruption. From this

'
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evidence it must be concluded that
dermal patterns are always, and
sometimes seriously, modified by en-
vironmental influences. These dif-
ferences in dermatoglyphic patterns
may well be correlated with dif-
ferences in other phenotypic char-
acters Traits with variable expressivity
make poor diagnostic criteria, partic-
ularly those which are mfluenced by
early develop al factors b

of the apparent frequency of develop-
?ilt[:;ltal disruptions in twins (Chapter

While dermatoglyphics can be an
mportant aid in diagnos:s, they are
never conclusive, and neither striking
similarities nor large differences con-
stitute proof of zygosity. This 15 well
exemplified in a table presented by
Smith and Penrose (1955). In 52 mon-
Ozygotic twin pairs the differences in
total ridgc count ranged from 0 to
40, and n 101 Like sex sibling pairs
from 0 to 183. Of these sibling parrs,
47 had differences from 0 to 40, as
had the monozygotic twin pairs Es-
tablishment of the usefulness of der-
matoglyphices as a diagnostic criterion
Will require a test of the correlation
between the intrapair differences of
thcsq dermal characteristics and other
Physical traits If dermal characters
tend only to approach dentity
monozygotic pairs whose zygosity
would not be questioned by other
¢riteria, and differ most in dizygouc
twins whose zygosity has already been
clearly established by other criteria,

then the considerable labor which
dermatoglyphic analysis entails can
hardly be justified for zygosity diag-
nosis save in the absence of other
more useful or practical criteria.
The diagnostic characterisucs
actually given preference in Siemens’
similarity method were hair, eye, and
skin pigmentation, and body hair.
While these characters may occa-
sionally suffer modification to some
degree from developmental or envi-
ronmental influences, theirr most
serious disadvantage 1s the extremely
subjective manner of classifying in-
trapair differences Skin color, par-
ticularly, 15 subjecuvely classified,
and its relatively high degree of
modifiability makes 1ts general use-
fulness highly questionable Although
most investigators will justifiably ac-
cept a radical difference in eye or
hair color between members of a twin
pair as sufficient evidence for a diag-
nosis of dizygosity, the difficulty of
classifying small differences makes
these characters less useful for estab-
Lishing monozygosity Thesr useful-
ness varies also 1n different raciat
groups (as pointed out by von
Verschuer, 1939), as well as 1n inter-
correlations between racial groups,
because these characters are com-
monly seen as associated racial char-
acteristics with an extreme range of
both inter- and intrapopulation var-
1ance The age and sex of the subjects
will obviously affect the practical
usefulness of body hair as a character
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for comparison, and age may affect
hair prigmentation Dizygotic twins,
particularly m Western European
stacks, may not have discermble dif-
ferences in harr color at an early age
but may differ markedly at a later
age, or vice versa. It is easily seen
that 1 different populauons, and
even between different twin parrs m
the same population, pigment and
hair characteristics will differ in their
diagnostic value.

The phenotypic characters of the
greatest potential valuve for use mn
diagnosing twin zygostty are those
which have a farly lugh level of
penetrance (ideally 100%) such as
blood factors (barring the rare ex-
ception pomnted out by Levine i
1955). In any event, a diagnostic
trait must have sufficient uniformity
of expression to permit acceptable
objectvity and reltability in the clas-
sification or recognition of 1ts variants.
There are several such characters
which vary enough 1n most popula-
tions to provide a potential source of
additional criteria for zygosity diag-
nosts, as, for example, variations in
ear form, teeth, wis pattern, digital
hair, etc. In using such characters,
however, the complex genetic nature
of the majority of human vartation
should not be lost sight of, and even
those characters which appear genet-
ically simple or exact m their expres-
sion in one instance may be subject
to both genetic and environmental
modificatton 1n another instance.

While radical intrapair differences m
the more reliable of these traits may
be employed with caution {see Ap-
pendix II) in proving dizygosity, at
present there is insufficient empirical
evidence of intrapair twin or sibling
variances either to warrant use of
any of these characters for probabil-
ity calculations or to interpret minor
intrapair differences as evidence of
monozygosity. Obviously, differences
in body measurements which char-
acterize growth and development
provide extremely tenuous diagnostic
critersa It is of interest to note here
that these considerations (the cor-
relations between characters, and the
genetic and environmental interac-
tions affecting tntrapair differences)
which were the subject of Muller’s
and Burk’s 1925-1926 discussion, stll
constitute one of the principal chal-
lenges 1n human genetic studies
Certain assumptions are inherent
m any statistical calculation, and it
would be well to examine next some
of the assumptions which are made
in the probability calculations em-
ployed in zygosity diagnosis. The fisst
step tn calculating the relative chance
that a twin pair is monozygotc or
dizygotic is to determine the proba-
bility of occurrence of the two kinds
of twins in the population from which
a given pair is drawn (Smith and
Penrose, 1995). Thus basic probabiht’y
1s obtained by applying Weinberg’s
differential method to appropriate
population statistics. Deviations from
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theoretical values may occur in some
populations. As Allen and Firschein
(1957) potnt out, rather large errors
can be introduced by disregarding
the size of the effect that maternal
age has on the MZ.DZ ratio. The
rehablity of the final probability cal-
culation will depend in large part upon
the particular population studied and
upon the nature of the investigation

The second step in the statistical
method for determining zygosity 1s to
fmd the incidence of the differences
in the diagnostic characters in the
two twin types Even mn blood groups,
n which monozygotic twins exhibit
fm.dlfferences, a problem arises, for
1t is necessary to assume that no
factors other than chance will affect
the expected mathematical ratios of
the blood types 1n viable drzygotic
twin pairs If this assumption 1s ac-
cepted, and either the parental blood
types ar the gene frequencies of the
Population from which a twin pair 1s
drawn are known, the incidence of
5‘hﬂcrcnces to be expected 1if the pair
is d}zygonc can be obtained for sta-
tistical comparison with the identity
which would exist if the twin parr
were monozygotic. To assume that
only chance would affect the ratios
in the blood groups is to say that
there are no important selection
factors associated with the blood
groups which would affect intraparr
differences of dizygotic twins. With
the growing body of evidence that
differential fertihty (Kirk et al,

1953) and survival rates 1n twins
{Osborne and De George, 1957) are
assaciated with blood group factors,
it should be evident that the assump-
uon of purely chance segregation
ratios 1n dizygotic twins 1s open to
serlous question

In establishing monozygosity, cal-
culated probability levels may, under
the most favorable circumstances,
approach the statistical equivalent of
a positive diagnosis When a careful
examnation of the fetal membranes
can be made and the existence of a
smgle chorion can be estabhished,
thus finding also may be taken as pre-
sumptive evidence of monozygosity
Similarly, so far as 1s now known, a
successful heteroplastic skin graft® s
proof of monozygosity, though nether
failure of the graft nor the presence
of two chorions disproves monozy-
gosity In general, and 1n adult studies
i particular, when parents and
siblings are not available to provide
the most favorable conditions for prob-
ability calculations, and rehable
membrane informaton s unavail-
able, some hmitations i zygosity
diagnosis must be accepted In reahty,
some limitation will almost always
be present, and the only method of
diagnosis which can consistently pro-
vide an absolutely dependable pont
of differentiation 1s that of proving

*From a practical standpornt, skin grafia will have
10 be himited to instances where the use of a surg-
cal procedure can be justified
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dizygosity (Osborne, 1956). This
method, presented mm Appendix II,
has the advantage that, since the
dizygotic twin category is known to
be correctly diagnosed, any error can
have but one direction the inclusion
of hike sex dizygotic twins in the mon-
ozygotic twin category

Convenient though it would be to
have a single statistical procedure
which could be applied to a standard
battery of diagnostic characters, this
is not always possible, The mvesti-
gator can never be relieved of the re-
sponsibility for employing the method
which is most appropriate for a par-
ticular mvestigation The usefulness
and rehability of diagnostic char-
acters must be separately evaluated
for that investigation, with due con-
sideration to the kind of population
to be studied, whether healthy or

pathological, and if the latter, to the
nature of the pathology. Mongohsm,
as discussed above, 1s a case in point
The age, sex, and racial composition
of the population are important con-
siderations, invariably limiting in
some manner the characters used
and the procedures followed, as well
as therr relative rehabilities. Most
important of all, circular reasoning
as a result of the character used in
establishing zygosity must be avoided
For example, with the use of a total
array of characters, the only justifi-
able conclusion mught well be that
the twins who are the most similar
differ the least Fisher, in analyzing
the twin data of Lauterbach, as early
as 1925 observed that twins more
alike 1n one character are more ahke
in other characters
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CHAPTER V

General Considerations

In any genetic study of human vana-
tion, some of the most difficult and
controversial questions concern the
nature of the sample to be studied

Man’s genetic heterogeneity, the
multifactoral or polygenic nature of
the greater part of his vanation, and
the complex environmental history
behind the development of any
measurable trait or attnibute pose
cntical problems for obtaiming or
sclecting an appropnate study sample.
A population sample which does not
have genetic and var-

study sample will require separation
of the sample into its definable ele-
ments for the analysis Since each
element must be large enough for
statistical vahdity, such a procedure
may necessitate a study of impractic-
able size To define what would con-
stitute radically different genetic
groups 1s arbitrary at best, 1n the
light of our present knowledge the
lLimuts should probably be set at the
level of a major racial classification
A more detailed defimtion of the
envirc al vanables, however,

iability will not provide measurable
trait variations, but at the same time
the sample must have definable
genetic and environmental Jimits In-
clusion of radically different genetic
and environmental groups in the

will be required to facilitate under-
of the g Ily condi d
components of vanation.
The environment can be conven-
1ently separated into several different
elements, one of which may be termed
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the social or economic environment,
which, for valid analysis of hereditary-
environmental interactions, should
represent the range which 1s average
for the genetic population studied.
For practical purposes such an aver-
age can be attained muost easily by
centering the study upon a middle
income population. Another defin.
able element of the environment,
and one of the most important, is
age. As any character, however
described or measured, 1s the result
of the process of development, choice
of the appropriate age level 1s the
most critical single factor in the
selection of subjects for study. Ob-
viously, for a study of senescent
changes, subjects of advanced age
will be required, while children will
be needed for a study of growth rates
or patterns of development. As both
genetic and environmental factors
affect the process of growth and
aging, as does the environmental
component, age itself, the interpreta-
tion of studies of subjects at the
maxima of these processes is ex-
tremely difficult except in terms of
the processes themselves If the pur-
pose is not specifically to study char-
acter variation mn growth or senes-
cence, the subjects should be past the
age of major growth and development
but should not have reached the age
of rapid dechine. Similarly, unless the
investigation 1s concerned with a
particular pathology, subjects exhibit-
ing medically definable pathologies,

or a history of serious disease, whether
genetically or environmentally deter-
mined, should be excluded from the
study population. Such a selection of
subjects has additional value in 2
twin study 1n that it will tend to
reduce two of the principal biases to
which twin data are susceptible (sec
Chapter III).

All twin studies so far carried out
with non-pathological or non-institu-
nonalized subjects have included
children of school age. Lauterbach
(1925) studied 212 pairs of school age
twins, while Dahlberg (1926) studied
243 pairs of twins utilizing subjects
from 3 to 30 years of age, only 47 of
which were over 18 years old. Stocks
(1932, 1933) published extensive d:.na
on more than 230 pairs of twins
ranging m age from 3 to 15 years In
1927 von Verschuer published a study
of 104 pairs of non-institutionalized
twins from 3 months to 68 years of
age In a later report (1952) von
Verschuer presented data on 5,000
unspecified pairs of twins, presurnably
of all age levels, including institu-
tionalized as well as non-institution-
alized subjects. In the Chicago study
by Newman, Freeman, and Holz-
mger (1937), the mean age of the
subjects was 13 years. Vogel and
Wendt (1956) reported a study of
170 pairs of twins ranging from 6 to
over 20 years of age. In the Michigan
study (Clark, 1956) of 81 twin pairs
aged 12 to 20 years, the median age
was 16 years, well within the period
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of rapid growth and physiological
change

The young average age typical of
twin study subjects is in part the
consequence of the greater difficulty
in obtamning adult twin pairs Chil-
dren can be secured as subjects for
study through school or parental con-
trol and cooperation, but in a society
which allows the individual choice of
occupation, freedom of geographical
movement, and the right to refuse to
be studied, it is far more difficult to
obtain adult pairs The ramifications
of this difficulty may affect the con-
clusions drawn from twin data The
greater mobility and freedom of males
result in fewer intact adult male twin
paurs than female available for study.
Furthermore, if either heredity or
environment plays any role in con-
ditioning the temperament, person-
ality, or ability factors that affect
choice of occupation, way of life, in-
terests, and family dependency, a dis-
Proportionate loss of available adult
pairs by both sex and zygosity type

is to be expected (Lehtovaara, 1938)
As the influences which affect the
proportions of different twin cate-
gories available for study are normal,
any attempt to select for a theoretical
proportion of twin types will invari-
ably bias the sample An intentional
selection by either sex or zygosity
will mean that certain pairs will not
be at the norm for their sex or
zygosity, or will not be drawn from the
same or even comparable populations
Because the proportion of twin pairs
by sex and zygosity which can be ex-
pected 1n an adult population in
good health is not known, such mn-
tentional selection of the study sample
may result 1n biases beyond any pos-
sibility of evaluation Therefore, to
study a non-institutionalized adult
twin population m good health, 1t 15
necessary to take all quahfied twin
paurs as they come, irrespective of sex
and zygosity, and to obtain the 1n-
formation necessary for an evaluation
of the sample
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The Source and an Evaluation
of the Study Sample

In the present study, Ty sub-

ial subj From these various

jects from a middle income popula-
tion were taken as they came, pro-
vided that both members of the twin
pair were avadable for study, in good
health, over 18 years of age, and
membess of the Caucanan race. To
obtain a representative saraple of an
adult population, various lists that
would include twins were used. An
impersonal search of records or mem-
bership lists of umiversities, YMCA,
YWGCA, and other organizauons was
made, and posters were placed on
bulletin boards requesting the names
and addresses of twins. Fraends and
colleagues of the authors, and twins
who responded for study were asked
to assist. The twins proved to be one
of the best sources of additional

44

P )
sources the names and addresses of
340 pairs of twins were obtained Ap-
pheations for adnussion to the Vander-
bilt Chinic of the Columbia-Presby-
terian Medicat Center in New fank
were studied also Most new patients
admutted to a large hospital clinicare
essentially normar indwiduals who are
seeking medical attentson for minor
complaints, and they represent diverse
social and economic backgrounds A
question whether the applicant wasa
twin or had a twin in the immed
ate family was stamped on all.clzmc
admission blanks The clinic registrars
assisted in seeing that this question
was answered, and a check was made
each night after the records had been
sent to the hospial record room In
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2 14-month period, 20,089 applicants
were questioned, and as a result 354
twin pairs were found, bringing our
total register to 694 pairs. In com-
piling this register of names and ad-
dresses, as much 1nformation as pos-
stble about each pair of twins was
secured It was then possible to select
by age, race, and stated health status
those who appeared to be qualified
for study

Aletter describing the twin study
was sent to each of 382 twin pairs
considered qualified, and a careful
record was kept of all correspondence
Of this number, 128 pairs were ex-
cluded because they could not be
found or because one or both mem-
bers of the pair were not available
for study. Every effort was made to
8¢t as many of the remaimng 254
Paus as possible to come 1n for study.
Appointments were made at the
twins’ convenience for evenings,
week-ends, and holidays (See Ap-
pendix I-A for an outline of the study
Procedure,) On accasion it was neces-
Sary to make as many as seven or
¢ight appointments for a twin pair;
Some contacts were continued nearly
three years before the pair was finally
€xamined Ofthe 254 pairs potentially
Quahfied and available, 131 pairs, or
51.6%', were studied ’
o Reliance upon volunteer participa-
slon creates a possibility of introduc-
Inga bI?s which would affect intra-
Pair variances If twins participated
1 the study because their similarities

aroused their interest in their twin
status, the magnitude of intrapair
varlances would probably be reduced
artificially To evaluate this effect, an
attempt was made to elicit testable
information from all of the 254 paus
considered qualified for study If the
twin parr either failed to respond to
the original contact letter or did not
request an appointment for study, a
second letter and a questionnawe
were sent If the pair still failed to re-
spond, a third letter and a second
questionnaire were mailed If the
third letter failed, an effort was made
to reach the pair by visit or by phone
Eventually completed questionnaires
were obtained from 76 additional
pairs of twins who did not otherwise
participate in the study. Consequently
there were only 47 pairs, or 18 5% of
the onigmal 254 twin pars, about
whom no spealfic information was
available. To interpret the question-
narre data, the essential questionnaire
information was obtained from all
twin pairs when they came i for
study The mformation sought was
whether they considered themselves,
or were considered, to be identical or
fraternal twins, how tall they thought
they were, and how much they
thought they weighed The question-
naires also ehaited social and educa-
tional nformation, which was
similarly obtained when the pairs
were studied, to provide data for an
evaluation of the study sample in re-
spect to these factors.
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The twins’ own estimates of their
zygosity, height, and weight were
used to calculate mean intrapair dif-
ferences in height and weight, and
similar calculations were made on
the basis of measurements taken at
the time of study While individuals
occasionally musjudged their height
and weight by a fair margin, the
mean intrapair differences calculated
from the estimates and actual values
showed remarkable agreement for
both those twins who considered
themselves to be 1dentical and those
who considered themselves to be fra-
ternal The greatest discrepancy be-
tween means calculated from esti-
mated and actual values occurred n
the females considering themselves ta
be fraternal Here the means differed
by 26 inches in height, and by 1 85
pounds in weight The mean intra-
parr values calculated from the esti-
mates of height and weight would
appear to be sufficiently reliable for
comparison of the studied and un-
studied twin pairs When the ques-
uonnatre twins’ and the studied twins
own estimates of height and weight
were compared, and both groups
were classified 1n accordance with
therr own zygosity diagnosis, the
mean intrapair height and weight
differences of the two groups were
found to be in almost perfect agree-
ment Therefore, with respect to
height and weight as indrcators of
physical similarity between the two

members of a twin pair, there was
no evidence that twin pairs who par-
uapated in the study looked more
alike than those in the original grovp
of 254 pairs who did not participate

To be ehgible for participation,
both members of any given twin pair
had to be in good general health To
venfy the health status of each sub-
Ject a careful health history was
taken, and a complete medical ex-
amination was made by a staff phy-
sician at the time of study (Appendix
I-A) To assure comparability of
data, medical history and examina-
tion forms were used to permit the
recording of negative as well as posi-
uve findings. Routine laboratory tests
were made. erythracyte sedimenta-
tion rate, complete blood count,
urinalysis, and chest x-rays. On the
basis of these examinations, one or
both members of 16 of the 131 twin
pairs studied were found to have
sufficient impairment of health to be
excluded from the analysis (Appen-
dix 1-B)

A second requirement was that the
subjects be over 18 years of age. At
the time of study 1t was discovered
that the ages of three pairs of twins
(Appendix I-B) had been misrepre-
sented, as these three pairs of twins
were under 18 years of age, they were
dropped from the study sample.

To evaluate the twin sample and
at the same time establish the com-
parability of the different twin cate-
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gories, 1t was necessary first to classify
the pairs in accordance with therr
zygosity diagnoses. The method em-
ployed in diagnosing zygosity (Ap-
pendix II) was based on proving
dizygosity by extensive serological
tests and selected morphological
characters. By this method the only
zygosity category which even in
theory could be conclusively proved
was reliably established, the only
possible error 1n diagnosis would be
the nclusion of extremely similar
dizygotic twin pairs in the monazy-
gotic category. The advantage of this
method is that it provides a known
direction of any error in diagnosis,
and therefore 2 known direction of
Cﬂ'cc't upon conclusions- an underesti-
mation of the importance of the ge-
netic component,

‘The mean ages ofeach sex and zygo-
Sity category, presented 1n Table 1, fall
around 24 1o 27 years, safely within the
most stable morphological and physio-
Iogical age period. An objective eval-
uation of social background, or even
occupation, becomes extremely diffi-
cult, and the study sample is proba-
bly best described as representing a
low muddle to upper middle income
8roup This can be demonstrated by
educational level, so far as it reflects
‘fhcse complex social or economic
actors In the study group 5 34% of
the subjects reported only grade
Sc.hocl education; 7 25% went to, but
did not complete, high school; and

Table 1.
Mean ages of twms studied
7 Mam  SD  SE

Monozygotic
Male 838 25 258 =881 177
Female %2 3¢ 261 £791 136
Dizygotic
Male 3 10 236 X505 160
Female 9§ 27 271 %982 189
Unbkesex 82 16 267 =830 207

16.03% completed high school but
took no further training Those tak-
ing training beyond high school were
as follows 13 36% attended trade
school, might school, or occasional
college courses, 2557% were in
college at the time they were studied,
23 28% had completed college. The
remaining 9 16% had taken at least
some tramning beyond college level. In
respect to educational, financial, and
occupational factors, there 1s no indi-
cation that the monozygotic, hike sex
dizygotic, or unhike sex twim pairs were
drawn from different populations
From Table 1 1t 1s apparent that
1n each sex and zygosity category the
proportions deviated markedly from
a 1:1 sex ratio or a 1:1:1 ratio of
monozygotic to hke sex dizygotic to
unlike sex twin pairs This deviation
was 1n accordance with that antici-
pated n volunteer adult pairs from a
normal, healthy population Females
outnumbered males, and monozy-
gotic pairs outnumbered like sex
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dizygotic pairs, and like sex dizygotic
paus outnumbered unlike sex pairs

Table 2 indicates that monozygotic
twins were more similar than drey-
gotic twins, presumably m the com-
plex of temperamens, 1nterest, abil-
ity, and motivational forces which
are associated with educational at-
tainment Symilarines of the same
type were necessary for both mem-
bers of a twin par to be interested
and willing to participate in the pres-
ent study While the small percent-
age of dizygotie pasrs concordant in
educational status indicates that
dizygotic twins of diverse interest
were studied, 1t 15 possible that those
studied were more stmfar psycho-
logically than the average for dizy-
gotic twins This possible bias, taken
together with the concordance dif-
ferences of monozygotic and dizy-
gotic twins for educational level,
would be of major concern if psycho-
logical or intelhigence tesung were to
be done with a twin sample of ths

Table 2 Concordance—~discordance
an educational fevel

G Do T Dis
n eordant  ordant cordant
Monozvgotsc
Male 33 ¥ B 2 667
Fernate 2y 40 37 3 150
Ttal e 6 s
Dzvgoue
Male 34 w07 3 3000
Femate gy 31 % 7 nxn
Total 4 n w0 3N
Unhbesex g9 18 10 g8 44t

freedom of choice and geographical
movement The greater reluctance of
males to be studied even when both
members of a pair are available must
play some part in the smaller pum-
ber of male pairs. This has long been
a well-known problem “. itk
found more difficult to get measure-
ments on two adult brothers, than on
nwo sisters” {Pearson, 1903). There &

nature For a study of morphol )
or physiolomical vanation, however,
a much stronger correlation between
psychological attributes and mor
phology and physiology than has yet
been demonstrated would have to be
assumed if thus selective factor were
to be considered a source of serious
bias.

The excess of fermale twin paws i
Tables 1 and 2 may 1n part represent
the difference between the sexes m

no question that cultural and psycho-
logical forces have affected the com-
position of thus study sample, and the
direction of the departures from
equal numbers of males and females,
or from z theoretical ratio of zygostty
types, 15 1n accordance with what
mught be expected from these influ-
ences. So far as 1t has been possible
to determine, there is no reason to
suspect a sertous effect upon the
physical resemblances or differences
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of the twin pairs studied. There are
other factors of a biological nature,
however, which can affect the com-
position of a study sample, and thereby
influence data on physical attributes

and the interpretation of the data.
These factors will be given consid-
eration for their possible effect on
conclusions based on these and sim-
ilar twin data
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The Frequency of Twin Pairs in
Relation to Sex and Zygosity

The frequency of twins and the pro-
portions of pairs by sex and by zygo-
sity depend upon the age level of the
population. In a review of the ac-
cumulated evidence, Greulich (1934)
concluded that by adulthood the
number of twins in the general pop-
ulation would be approximately 50%
of the twin birth inadence These
were also the conclusions of Eckert
(1928) Westergaard (1891-92), using
Enghsh insurance company statistics,
found that as early as age five male
twins had been reduced by one-half,
and females by one-third. In a study
of 75,013 Califorma school children,
Wilson and Jones (1931} discovered
a 38 2% over-all loss of twin children,
and like Westergaard, a dispropor-
tionate loss of males Infant mortality

50

and the excessively high frequency of
congenital malformations or other
disease states in twins contribute
heavily to these findings, which have
particular importance 1n a study of
adult twins 1n good health.

Table 3 presents the number of
twin pairs according to sex in the
principal studies of essentially healthy
subjects in which no apparent selec-
tion was made for either sex or zygo-
sity. To demonstrate the tendency of
the proportion of male to female Tike
sex pairs and unlike sex pairs to de-
crease with increasing age, the dif-
ferent studies are listed, as nearly a5
possible, in accordance with the age
level of the sample. Chi-square yalucs
have been calculated and significant
departures from a secondary (at
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Table 3.
Sex composition of twn study samples

38 29 s ss+ee a2 Total
Lauterbach (1925) » . A 3 e . e
Wien & Jones (031 2 P % 3 e eg; : .
n ) 82 831* 131 7 201

Mernman (1924) % 374 626 652 318
n B 107 27 191 52 243

Dablberg (1926) % 410 560 786 24
419 681 62 40* 15 1415

Warthouse (1950) 5 381 619 * (7)? 7 3;?» 3
Presentstudy n 35 61 708% 9% 16 112

% 365 635 857 143
Total n 98 1373 9818* 291 84 3125

*+* sgnificant at < 01

birth) sex ratio of 1:1 are indicated

Table 4 presents similar data from
studies in which actual diagnoses of
2ygosity were made Interestingly,
the data of Table 4 1mply that the
loss of male-male pairs may not be
due to a monozygotic twin loss, as
has been suggested (Yerushalmy and
Sheex:ar, 1940), but may be due to a
deﬁclency of dizygotic male-male
pairs available for study. The ob-
vious deficiency of unlike sex pairs
seen in Table 3 adds credibility to
this finding.

To investigate the possible effect of
selection which might nfluence dizy-
golic twin 1intrapair differences or
otherwise affect the nterpretation of

twin data, sibling data were obtamned.
At the ume of study every twin pair
was questioned about their single-
born siblings, and every effort was
made to carry out a parallel study of
the siblings and parents It soon be-
came apparent that the siblings
lacked the incentive essential for vol-
untary participation An extremely
poor sibling response resulted, and
there was evidence that a large pro-
portion of those who cooperated did
so to get the benefit of a medical
check-up because of some health
problem In all, only 29 siblings were
studied, but even this hmited num-
ber was of some value It was dis-
covered that only 30 0% of the dizy-
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Table 4.
Sex and zygosity composition of twmn samples
Dipgonc Venogpgotic
58 92 « 338 29 = Toul
Newman (1928) 24 23 308 25 18 1139 95
% 46 15 5385 5814 4186
Dahlberg (1926) 38 57 3800 46 50 167 19
% 1000 6000 4792 5208
Clack (1936) 14 23 2189 23 2 091 8t
% 3784 6216 5227 4773
Present study 10 27 6429* 25 34 803 96
% 2703 7297 4237 5763
Total 86 135 12 726% 119 123 2200 463
% 389t 6109 4917 5083

** ngmficant at <0025

gotic twins were discordant for their
ABO blood groups, in comparison
with 52 5% of the sibling pairs (Os-
borne and De George, 1957)

To investigate the possibility of
selective survival 1n dizygotic twins
in relation to the ABO blood groups,
additonal twin subjects were ob-
tained from the Fetal Life Study of
the Columbia-Presbyterian Medical
Center In this juvemle twin sample
evidence of an ABO selection factor
was found to be much stronger than
in the adult group Other character-
istics of the juvenile sample, prin-
cipally those relating to health status,
suggested complex relationships of
sex, zygosity, and survival which
could have important imphcations
for the interpretation of twin data.
All Sloane Hospital records of twin

deliveries classified as viable (weight
of 1000 grams or more) for the pertod
1945 to 1954 inclusive were studied
The sex and survival data from these
records are presented m Table 5
classified as to whether the mother
was a private or a ward patient, and
as to whether she was white or
Negro. One or both of 23 of the 393
viable twin pairs died before dis-
charge from the hospital With this
small number of neonatal deaths, no
statistical test is possible, and only
the percentage of loss is indicated.
The smaller number of male-male
pairs in the ward groups and qle
smaller number of unlike sex pairs
are suggestive of the data given In
Table 3, where it was noted that as
the ratio of male-male pairs dca‘cas.cd,
so did the ratio of unlike sex pais-
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Table 5. Viable twin pairs* born 1n Sloane Hosprtal 1945 to 1954 incluswe,
by race and by hospital service
Tual Neonatal deaths
One  Bah %

53 9% 43492 3% T mwm  tems  los

Povate whet PR 35 89 5 14 3 [T
% 6067 3933 6542 3358

Ward white n 50 6t 1 42 153 9 [ 3t
% 4505 5195 7255 2745

Total white no 104 % 200 &7 87 12 3 sm;
% 5200 4800 6969 2031

Ward Negro [ 0 I ) 108 3 ER Pt
% 4667 5333 6944 3056

Toal no 13 136 25 120 M v 6 sul
%5055 4945 6962 3038

;Wﬂzh: 1000 gms and over

“There were 0o private patient Negro twms born dunng this perod

A comparison of male and female
pairs in the private and ward white
categones (Table 5) gives a chi-square
of 423, with14d f, P = .04 While
all dewiations from the expected
numbers are small, with only border-
line significance in the comparison of
private and ward white categories,
there are two features of interest The
first is that the expected reduction in
the number of hke sex pawrs and con-
sequent increase in the ratio of un-
like sex pairs due to 2 stmple loss of
male-male pairs did not occur. In-
stead, the ratio of unlike sex pairs
decreased as the proportion of male-
male pairs decreased, again indicat-
Ing that the male loss may be a loss

of dizygotic males, whether of like or
unhke sex pairs

The second feature 1s that the sex
ratio at birth 1s more strongly related
to some factor inherent in private
and ward status than it 1s to race
The sex ratios of the ward white and
ward Negro viable twins are very
similar to each other but differ from
that seen 1n the private patient popu-
lation The effect of socio-economic
status upon the sex ratios at birth has
been previously noted the higher
the socio-economic status, the higher
the male incidence (Bernstem, 1948).
A complex relationship between eco-
nomic status and the incaidence of
twins has been reported also by
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Lilienfeld and Pasamanick (1955),
they found that in Baltimore the
ratio of unlike to like sex twins de-
creased with rising socio-economic
level. Applying the Weinberg differ-
ential method, they interpreted their
data as providing ewidence for a
higher prenatal survival of monozy-
gotic twins in the hgher socio-
economic groups On the other hand,
if in the data given by Lilienfeld and
Pasamanick survival is in reality
more closely related to sex than
zygosity, a higher survival rate of
male-male pairs would, as previously
pointed out. affect the ratio of unlike
sex pairs The use of Weinberg’s dif-
ferential method might then incor-
rectly indicate a higher frequency of
monozygotic twins While the private
group in the present data in part
represented a higher socto-economic
group, the ward group did not neces-
sarily equate with the lower socio-
economic categories of the Balttmore
study. Perhaps of equal importance
15 the fact that medical care for pri-
vate and ward patients differed rel-
atively little in the present data,
whereas in the Baltimore data it
may have differed widely. In that
case, the factors which influenced sex
and zygosity in the two series would
be quite different, and the chief point
of agreement between the two sets of
data would be that both demonstrate
the modifiability of the ratios of twin
pairs.

With the suggestion that some pre-
natal factors differently affected the
secondary sex ratios in the private
and ward populations, we obtained
abortion data for the period 1950 to
1954 inclusive. After exclusion of all
therapentic abortions,! cases shere
pregnancy was not conclusively es-
tablished, or where there was an
indication of intentional interference
with the pregnancies, there were
1845 Negro and white abortions.
These included: early abortions (less
than 15 weeks), late abortions (15 to
19 weeks), and previables (20 to 27
weeks, weight under 1000 grams)
Table 6 presents statistics for the 349
abortions of single fetuses in which
sex was recorded. In recognition of
the problem to be encountered in sex
determination (Tietze, 1948), great
care was taken to assure that 2 care-
ful sex diagnosts had been made, and
sex determination was accepted only
for fetuses over an estimated age of
12 weeks. In the private service the
excess of male abortions is not quite
as marked as in the ward; this may
reflect a larger number of male
viables (as could be inferred from the
sex ratio in the twin data of Table 5)
rather than any difference in the
primary sex ratio.

" Therapeutic abortions were excluded becausc i
purpose of the present investigation was 10 ¢
lsh the sex ratio n spontancous abortions, rather
than the primary sex rato
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Table 6
Sex distribution 1n single abortions, by hosprtal service and race
Early Late Prevable Total

2 H H H 2 s ?

Privatet n 15 t 28 5 23 29 66 35
% 9 63 818 152 42 558 63 347

Vardwhte | P 16 1 28 5 29 18 73 2
% sl 59 848 152 617 383 53 247

Ward Negro n 14 2 45 13 42 31 101 49
% 815 125 7116 224 553 7 673 327

*One single-born Negra female excluded

In only 575 of the 1845 spontane-
ous abortion records could the num-
ber of aborted fetuses be established ?
Of these 575 abortions 20 were re-
corded as twins {Table 7); they are
scattered irregularly throughout the
various categories and the data yield
ne additional information about the
Sex ratios observed in the viable twins
While these abortion data do not
reveal an excess of male twin abor-
tions, they obviously do not give a
complete record of either sex or
number of twin conceptions in the
1845 abortion records examined.
Furthermore the earlier the abortion,
the less complete the mformation as
10 sex and number of fetuses; an
ea1ly loss of males or of twins would
not be detectable.

Certain comparatve calculations
can by made, however, which may
be of interest as the data from these
vecords are in all probabulity as ac-

curate and complete as any records
presently available The twin inc-
dence in the 575 abortions suitable
for calculation of incidence figures
was 1282 Among the private
patients it was 122, and 1n the ward
population 1t was 1.31 1 In the ward
population the ratio among whites
was 1 77, and among Negroes 1 22,
but the numbers are so small that
they have little reliabihity In the
same hospital dunng the same five
year period, the numbers of viable
twins and of all viable births was
240 18,357, or an incidence of 1 76 5.
The hospital statistics for viable births
do not permit a separation on the
basis of race, and a viable twin nc1-
dence only for private and ward
patients can be calculated Ths is

Only those cases were included n which intact
fetus or fetuses were observed and there was no evt
dence of any possible loss of products of conception
prior to the patients’ admission
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Table 7. Sex distribution m twn abor-
twons, by hospital service and race
Sex

38 2% 3% unknoun®
Proatet 52 1 0 4
Wardwhite n 0 1 o i
Ward Negro 3 4 3 §
Total n 5 & 3 6

* Undifierentiated fac sex o sex not speciied (sex disg
Rosts bot scaepted for fetuses ader 13 weeky” gestanony
 One Negro fermale not inciuded

found to be 1943 for private, and
1 689 for ward patients (both white
and Negro). If the abortion and
viable birth data are combmed to
obtain an estimate of the mcidence 1
all pregnancies represented here, the
twin incidence among pravate patients
was | 88.1 and among ward patents
1662 These abornon data provide
further evidence of a higher merdence
of twin conceptions than is mdicated
by burth records, as was hypothesized
earherin a study of the possible early
fetal loss of twins in relation fo the
ABO blood groups (Osharne and
De George, 1957)

If comparable information for twn
and single-born abortions s used, the
twin abortion rate 1s found 10 be two
and one-half imes that of singletons
The neonatat mortality of twin in-
dividualsis 3 67%, affecting 5 82% of
afl viable twin paus, the neonatal
mortality for the single-born during
the same period 18 2.30% While the
neonatal mortality of twins is greater

Table 8, Sex of mdrrduals in
Juvenile twn birth series
Sex

38 9% 3% unbwoun Toul

Non »

supving® 15t 6 0 4 B

Surviung B e 4 -
Towal

pars 2 2 w2 owm

* facudes abartions, sultbirths, and neonatal deaths
tIncludes 5 pasrs of twins
$lacludes 2 pass of twins

than for the single-born, bath per-
centages, as well as their ratios, are
lower than usually reported (sec
Chapter I11). These lower mortahties
reflect the better than average obste-
trical and pediatric care, which e
sulted in the survival of a certain
percentage of the less favored infants
who would otherwise have bcgn Jost
by the end of the neonatal period.
A possible cansequence of reducing
prenatal loss and neonatal xr.mrtah}y
can be seen in our juvenile twin
series, a special sample of the Larger
Sloane Hospital twin population.
Thus juvenile twin series was obtained
from the Fetal Life Study carried out
in the Departments of Obstetrics and
Pediatrics of the Columbia-Presby-
terian Medical Center (Mclntash et
al., 1954). All expectant mmhmﬁ_ﬁ(}l"
mitted to Sloane Antepartum Clinic
from 1946 to 1952 inclusive, with a
duration of pregnancy of four months



TWINS IN RELATION TO SEX AND ZYGOSITY

or less on their first visit, were in-
cluded After exclusion of the women
wransferred or discharged from the
clinic for various reasons, there were
5964 pregnancies, of which 83 were
twin pregnancies. In Table 8 the data
on survival of these 83 twin preg-
nancies are presented. An excess of
males among the total twin preg-
nancies, 32 3 3 to 27 9 ¢ pais,
was reduced by prenatal and neo-
natal deaths to an equal proportion
of males and females surviving the
neonatal period The surviving in-
fants were carefully followed in the
pediatric chinic until one year of age.

In 1955, when these twin pairs
were four or more years of age, all
those available for study were brought
1nto the pediatric clinic for medical
check-up, blood tests, and zygosity
dlagm?sns The health status of 68
Surviving twin pairs was evaluated A
count was made of the twins defi-
nitely presenting sufficient 1mpair~
ment of health to preclude eligibility
for a study comparable with that of
the adult series {Osborne and De
George, 1957) The result of this
evaluation is given in Table 9 The
mtial excess of males had been re-
?uccd in the neonatal period, and
0.“0.ng this there was an excessive
climination of unlike sex pairs be-
cause of imparred health. (The male
was affected in three pairs, the female
i three pairs and both members n
Seven pairs ) Since the loss of male-

Table 8. Health status of survwing
Juvenile series twin pars

38 29 3% Total

Healthy 20 2 9 9
Health imparred 3 313 19
Total 23 23 22 68

male pairs occurred earher than did
that of the unlike sex, and since 1t
was more frequently due to death, 1t
would appear to reflect a more serious
disadvantage for male pairs, though
the loss of unlike sex pairs was more
frequent on the basis of postnatal
health The actual proportion of the
male loss 1s of course not known, for,
as has been indicated, early abortion
data can not be complete From the
data from this juvenile series, how-
ever, the following loss of twin pairs
as a result of death or 1ll health can
be caleulated male-male 31 2%,
female-female 26 0%, unlke sex
59 1% The greater loss of male than
female twin pairs 1s 1n accordance
with previous observations, and the
high loss of unlike sex pairs 15 con-
sistent with the data given in Table 3
In testing for relationships among
maternal age, time of abortion, and
sex, no significant correlations were
found Similarly, when the health
status of the twin subjects 1n either
the adult or juvenile senes 1s tested
against maternal age and parity, no
apparent relationship is discovered
Surprisingly, negauve results were
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found also mn an analysis of birth
weights of live-born twins on the
bases of either actual birth weight or
mtraparr birth weight differences. It
should be emphasized, however, that
these findings would not necessanly
be comparable with those from stmi-
lar studies of the single-born In twins,
brrth weight does not have the same
relation to maturation that 1t has
in the single-born (Folsome, 1956)
Intraparr differences in birth weight
of monozygotic twins have heen com-
pared with intrapair differences in
dermatoglyphics and tooth dimen-
sions These two sets of characters
were used to provide a measure of
developmental differences, since der-
matoglyphics are formed early in
prenatal development while the
d ions of the per teeth
are established later No significant
correlations were found 1n either the
healthy twins or those with imparred
health

From the data presented here, cer-
tain general conclusions can be drawn
which have importance for the nter-
pretation of twin data. Adult twin
pairs, particularly those in good
health, are the surviving representa-
tives of a much larger mutial twin
population than even the birth rec-
ords indicate. The twin data from
other studies (Tables 3 and 4) and the
data from our hospital sertes (Tables
5-9) raise a question as to whether it
can be assumed that only monozy-

gotic twins suffer from the hazards of
multiple conception. 1f the actual
twin conception rate, including that
of dizygotic twins, is as high as these
data imply, and if twin survival i
related to both sex and genetic con-
stitution, the comparability of dizy-
gotic twins with single-born siblings,
and probability calculations based on
simple segregation ratios must be re-
luated For such a r Iuation,
application of Weinberg’s differential
method to heterogeneous data will
not be sufficient; data from actual
observation are essential.

The above conclusions are clearly
in accord with those set forth in Part
Two “An Evaluation of the Twin
Study Method ” There is no simple
formula for the interpretation of twin
evidence, nor for the evaluation of:a
twin sample The numbers of pairs
can deviate markedly in both scx_and
zygostty from theoretical proportions,
as a result of many influences. Since
the general impravement in obster
trical and early pediatric care will
undoubtedly result in greater survival
of the developmentally less favored,
medical evaluation of a study sample
will become increasingly important.
Certainly for the selection of a hc:fhhy
twin population there is no substitute
for a thorough medical examination
of all study subjects. Each study pop:
ulation must be described and
evaluated.




Cuapter VIII

The Method of Analysis

We have discussed the importance of
studying complex or polygenic 1n-

erntance in man, and the use of twin
study methods for this purpose The
adult twin sample obtamed for the
Ppresent study has been described and
evaluated Before presenting the
methods of analysis, we shall consider
some of the characteristics of morpho-
logical variability to be lyzed

presence of both hereditary and envi
ronmental components of varability
has been accumulated. Evidence fromr
racial studies has established the
range of variation for a large numbe;
of morphological measurements, and
has provided clues as to which meas
urements are relatively more stabl
and which more susceptible to envr
T al modification (Boas, 1912

Because of the hmitations of our
present knowledge, visible and meas-
urable characters present certain
distmct advantages for the study of
complex or polygenic inhentance in
man  Morphological measurements
‘c;n be made with relatve precision,

€ range of their variability 1s great,
and considerable evidence of the

1928, Shaprro and Hulse, 1939,
Trevor, 1953) Other types of studie
have shown that there 1s 2 wide rang
of famihal correlations for differen
measurements (Pearson, 1903; Dav:
enport, 1925, Howells, 1949) Sul
others have shown nterrelationship:
between certain measurements form.
1ng relatively ndependent measure
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ment groups, indicating independent
growth or genetic factors affecting
different body complexes (McCloy,
1940; Howells, 15851, 1953)

A reliable measurement is prere-
quusite for a genetic study of polygenic
variability, but it alone will not nec-
essarily define a polygemc character
A measurement may be taken only
because a caliper can be conveniently
and accurately applied to a set of
morphological pomnts, or because a
mechanical device or method can be
devised for measuring some definable
variable, such as stature, blood pres-
sure, or the amount of hpid fraction
in the blood serum Only after a
hereditary component of measured
varnation has been demonstrated, and
some 1dea of this measurement’s
hereditary and environmental inter-
relationship with other measurements
or traits has been established, can a
polygenic character be delineated.
The first problem 1n the study of
polygenic mheritance, therefore, 1s to
evaluate different measurements to
determine whether or not they pro-
vide measurable hereditary or envi-
ronmental variability,. Our purpose
here will be to examine common and
readily obtainable morphological
measurements for their value as indi-
cators of inherited or environmental
variation, and to determine, so far as
possible, the interrelationships be-
tween some of the more critical of
these variables

To take the greatest advantage of
the unique nature of twins, the statis-
tical methods employed should re-
quire the fewest possible assumptions
concerning the purely biological as-
pects of the data. For this reason a
simple variance analysis will be used
for comparing the intrapair differ-
ences of the different twin categories
This method facilitates comparison of
the observed intrapair twin difference
with measurement error and with the
equivalent of random pairings of un-
related individuals, and it permits
testing for sex differences.

The mean of the differences be-
tween the two members of twin pairs
15 expressed as a mean variance This
mean mtrapatr variance is (2 £°/21),
where 7 is the number of twin pairs,
and x the difference between the two
members of a twin pair for a given
measurement In reality, this is !k.xc
same as a measure of the mean dif-
ference, i ., the mean of the variance
between the members of the twin
pairs. By using mean variances, the
sigmficance of the differences between
mean differences mn the varrous com-
parisons can be obtained by the F
test, which provides the best test of
significance in data of this type FO'T
the F test the larger variance 1
diwvided by the smaller vanance, f‘,“fj
the “Table of the F distribution™ 15
used to obtan the probabulity lev.cl
of the ratio. The table of the F dis-
tribution used in our study was that
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of Pearson and Hartley (1956). The
observed ratio was taken to the near-
est percentage point, and greater (>>)
and lesser (<) signs applied accord-
ingly. The probability levels given
are 25,10, 05, 025, 01, 005, and
001,

The mean measurement error vari-
ance (ME) has been calculated in a
manner comparable to that of mean
Intrapair variances. In this instance,
% equals the difference between the
first and second measurement taken
on the same individual, and n equals
!hg number of individuals measured
twice. 'I"o compare the mean dizygotic
Intrapair variance with that of the un-
related pairs, mean interparr var-
ances (IP) have been calculated from
the averages of the values for the two
members of each dizygotic twm parr
Only dizygotic twin pairs have been
used, as it was felt that they would
Provide a more conservative and a
more meaningful companson with
the dizygotic 1ntrapair variances The
mean variances' obtained from the
Pair averages were multiplied by
two to make them comparable with
!?m intrapair dizygotic variances,
since the latter are based upon means
of pairs of indviduals

A monozygotic twins the difference
between the two members of a twin
PAL 15 the result of measurement
;"‘" plus between-individual dif-

erences, and it would therefore be
€xpected always to provide a larger

variance than measurement error
Consequently, in obtaining the level
of significance for the difference be-
tween the mean measurement error
(ME) and the mean monozygotic in-
trapair vanance {(MZ), a one-tail test
1s appropriate As dizygotic twin cif-
ferences are the result of environ-
mental differences plus a difference
in one-half of their total herediy,
the mean dizygotic mtrapair var-
ance (DZ) can be expected always to
exceed those of monozygotic twins,
therefore a one-tail test 1s used Since
the mean mterpair vanances (IP)
should always exceed the dizygotic
intrapair vanances, again a one-tail
test 1s appropniate Since 1n the sex
comparsons of male monozygotic to
female monozygotic, and male dizy-
gotic to female dizygotic twin pairs
there 15 no reason to assume one sex
will consistently provide a larger
variance than the other, a two-tail
test 1s required In comparing like
sex dizygotic twins with unlike sex
pairs (MF or ¢ &), the intraparr
variances of the latter are the result
not only of a difference 1n one-half of
their total genetic constitutions, but
also of a difference 1n sex, therefore,
the unlike sex vanance 13 expected to
be always larger, and a one-tail test
of significance 15 used.

15 = [S# = (Sx)*/al/n — 1, where # equals
mean varance of control sample, x equals the aver-
age of & given measurement of the two members of
a twin patr, and  equals the number of twin pairs
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In this analysis, a statistically sig-
nificant difference between mean
measurement error variance (ME)
and mean monozygotic 1ntrapair
variance (MZ) indicates that the
measurement technique 1s suffictently
accurate to determune the effect of
extragenic influence in monozygotic
twin pairs. If the rano of these vari-
ances 1s not significant, either an in-
accurate measurement or a small
environmentally mfluenced variation
between the two members of the
monozygotic twin pairs 1s 1mphed
The magnitude of these two vanances
relative to the other variances obtained
for this measurement will assist in
distinguishing between these alterna-
tives The comparison of mean
monozygotic (MZ) and mean dizy-
gotic (DZ) vanances provides a
conventional test of a hereditary
component of variability Absence of
statistical significance 1n this rato
could be the result of either large en-
vironmental influences or small ge-
netic vanability between dizygotic
twins Both the ME:MZ ratic and
the DZ"IP ratio can then be used to
help interpret the MZ: DZ ratio

While interpretation of the relative
magnitude of the MZ.DZ and
DZ-IP ratids is tempting, and some
attempt at interpretation might pro-
vide interesting leads, it 1s necessary
to take into consideration the variety
of forces which could similarly affect
these ratios With the present data

these different forces cannat be dis-
tinguished, The presence of a strong
genetic component of variability will
decrease the magnitude of the mono-
zygotic ntrapair variance relative to
both the dizygotic and interpair var-
1ances If few independent loci are
mvolved, an increase in the dizygotic
intrapair variance relative to the in-
terpair variance would result; many
independent loci would tend to de-
crease the dizygotic intrapair vari-
ance while increasing the interpair
variance Stmilar effects would be
found with common or rare genetic
determinants. If the character under
study is strongly influenced by the
environment, the monozygotic intra-
pair variance is increased, and n gen-
eral there will be a decrease in the
dizygotic intraparr variance relative
to the interpair variance A correla-
tion between parents of twins for the
character measured will not affect
the monozygotic intrapair differences,
but may decrease the dizygotic intra-
pair variance relative to the interpair
variance.

The use of measurement error var-
iances and interpair variances makes
it possible to extend considerably the
interpretation of twin data. With
separate analyses of males and fe-
males, 1t is not necessary either to
correct statistically for sex difference
or to assume the absence of a sex N~
fluence upon trait variability. In fact,
separation of the sexes makes it pos-
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sible to test for sex influences and sex
differences. A comparison of male
and female monozygotic twins’ mean
variances offers a test for sex influ-
ences upon extragenic effects, and a
simifar comparison of mean variances
of dizygotic twins gives a test of sex
nfluences upon genetic differences

Unlike sex pairs have the same aver-
age difference in their autosomal 1n-
heritance as do like sex dizygotic
twins, and therefore provide data for
testing actual sex differences. The
comparability of measurement error,
Intrapair variances, and interparr
vanances also makes 1t possible to
visualize the relative magmtude of
the different components of variance
by simple subtraction.?

Because the magnitude of the dif-
fcrcnce§ between the two members of
any twin pair are small relative to
!ho.se observed between different
Tacial groups, or even between unre-
la!f:d individuals in the same popu-
Iation, accuracy of measurement 1s of
utmost importance To avod dif-
ferences in measurement technique,
every subject was measured by the
Same anthropometrist (RHO) Both
members of every twin pair were
measured at the same time to elim-
Inate glmmal variation® from the in-
trapair measurement differences
Measurement error was determined
by' Mmeasuring  volunteer subjects
twice, thus duphicating the procedure
employed with the twin pairs A full

set of measurements was taken, set
ande, and after a brief period re-
peated, simulating so far as possible
the procedure with the twins As
some drift in techmique 1s hkely to
occur, these measurement checks on
volunteer subjects were spaced
throughout the course of the study

Following the evaluation of indi-
vidual measurements, the interrela-
tions among different measurements
become of interest. While the sizes or
dimensions of many parts of the body
depend on the fact that there 15 an
average or aggregate rate of growth
common to the whole organism,
there are also differences in rate be-
tween one part and another {Thomp-
son, 1952) Because of the complex
influence these features of growth
and development have upon the
magmtude of different measurements
and their mterrelationships, anthro-
pologists have traditionally employed
ratios of measurements to permit

*Eror varance 15 gven directly, envirnmentat
vanance can be obtained by subtracting ME vari-
ance from MZ vanance and genetic vamance i
obtamed by subtracung MZ vanance from DZ
vanance The variance due to dissimilar hereditary
s 4 famihal var.
1ance) can be esumated by subtracing DZ variance
from IP variance

+D’Arcy Thompson (1952, p 93) “Grawity makes
a difference to a man’s height, and no shight one, be-
tween the morming and the evening, it leaves wts
mark i sagging wrinkles, drooping mouth, and
hanging breasts, it 1s the mdomitable force which
defeats us 1n the end, which tays vs on our death-
bed and lowers us to the grave ”




DESIGN OF THE STUDY

meaningful companson of measure-
ments of people of different size or
proportion.

In anthropometry these ratios or
“‘indices”™ are expressed n terms of
the percentage relation of one
measurement to another These n-
dices are simple expressions of the
geometric relaton of two dimensions,
conveying to the anthropometrist an
idea of the shape or relative size of
the parts (Hrdhcka, 1947) Indices
are calculated on correlated parts, as
most parts of an individual are cor-
related and the number of possible
measurements is legion, there 1s al-
most no limit to the number of dif-
ferent indices which can be and have
been calculated A number of in-
dices, however, have been extensively
used both descripuvely and com-
paratively, such as. “index ponderalis
Levi” (cube root of weight X 100/ total
height), and the “cephalic ndex”
(head breadth X 100/ head lengthy We
have calculated the most extensively
used of these indices on our data, and
have made the same variance analysis
that was employed with the absolute
measurements Index values can be
treated as though they are absolute
measurement values, with x becoming
the difference hetween the two mem-
bers of a twan pair for a particular
index.

Although indices are useful for ex-
pressing the interrelations of two
measuremnents, they tefl very hule

about the actual nature of these in-
terrelations One promising method
of examining the nature of the inter-
relations is the “cross-twin analysis”
(see Chapter I} This method po-
tentially makes it possible to deter-
mine whether two different measure-
ments are independent mechanically,
physiologically, or genetically (Lerner,
1950) The strength of the relations
between two measurements is ex
amined within the same individual
and between the two members of 2
twin pair To obtain the within-
mdividual relations between two
measurement values, such as height
and weight, one member of each
twin pair is taken at random (mono-
zygotic, dizygotie, and male and
female twin pairs are considered
separately), and the miterrelation
between each mdividual’s height and
weight is established. The height
measurement of each of these indi-
viduals is then compared with the
weight of his co-twin to obtai.n 3
cross-twin value for the interrelations
of height and weight. In monozy-
gotic twin pairs, the cross-twin values
provide a measure of the inportance
of factors acting alike upon height
and weight in two different, though
genetically identical, individuals
Comparison of the monozygotic
cross-twin values with the within-
individual values permits the evatua-
tion of the relative importance of the
within-individual environment upon
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the interrelations of height and
weight, The same analysis in dizy-
gotic twins tests the association be-
tween these two measurements in
genetically different, though related,
dividuals of the same age. Finally,
companson of the dizygotic cross-
twin values with the within-individual
and monozygotic cross-twin values
indicates the importance of the genetic
factors relative to the envi 1

were based upon the values of the
calculated probabilities, and where 1t
became desirable to interpret the rel-
ative 1mportance of correlations of
different sizes, z values were used
{Fisher, 1954). Furthermore, the cor-
relations calculated were between
measurements which, for some bio-
logical reason, or as a result of pre-
vious studies, have been found to be

ful. While interpretation of

factors m height and weight.

The statistical device used to indi-
cate the correlation or association be-
tween measurements in the cross-twin
analysis is the correlation coefficient.
In using this coefficient, certain pre-
cautions necessary for small samples
have been observed. Conclusions

the cross-twin analys:s of the present
data 1s necessanly limited, certamn in-
teresting patternings will be seen re-
peatedly through 1ts apphcation

The methods which have been
described briefly here were applied
1n the analysis which follows






Part Four

The Analysis of
Morphological Variation






CuAPTER IX

Stature, Weight, and

Ponderal Index

The most Tusi of

pi differences between people,

human morphology are stature and
weight, which are the principal
measurements of size or the ac-
cumulative effect of growth. Because
$1ze 15 the most striking feature of
growth and also one of the most con-

stature and weight are the most com-
monly obtained measurements of
morphological variation, they will
therefore be the first aspects of our
study to be considered

STATURE

Stature was measured with an an-
thropometer to the nearest mull

vartances therefore consist of mechan-
1cal error and the results

© subject standing bare-foot and
stretching to maximum height with
the head held 1n the Frankfort plane
The effect of diurnal variation in stat-
ure (Tanner, 1950, De Puky, 1935)
Wasreduced by the concurrent study of

th members of a twin pair Intrapair

of environmental and genetic in-
fluences In spite of the small mon-
ozygotic stature vanances, the ac-
curacy of this measurement makes
1t possible to determine environ-
mental effect (Table 10a). It should
be pointed out that the sizable dif-
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ference between the male and female
ME"MZ ratios is not a consequence
of a sex difference in response to
environmental influences, but is due,
1n this case, to the greater accuracy
of this measurement 1 fernales With
a two-tail test of the differences be-
tween these two error variances,
P < 05, a ssmiar difference between
the sexes 1s noted in all measurements
requiring the subjects’ physical co-
operation in apphcation of the
measurement technique

The MZ:DZ and DZ 1P compari-
sons are highly significant 1 both
males and fermales, showing a strong
hereditary component of variation n
stature Interestingly, the relauve
magmtudes of the MZ'DZ and
DZ.1P rauos are reversed m males
and females as a result of a larger
female DZ vanance and a larger
male IP variance Table 10b indicates
that while the female DZ vanance 15
larger than that of the males, it
not sigmficantly larger Both sexes m
the DZ category differ sigmficantly
from the unhke sex pawrs, demon-
strating the influence of sex upon
stature. The difference between the
male and female IP variances 1s not
statistically significant, but there 1sa
suggestion that the variance of stature
is greater for males i this population
than 1t 1s for females, and certamnly a
significant sex difference is seen

Table 10a.
Stature mean variances

n  banance Frafe  P*

Male
Measurement error 7 08¢

ME MZ 1910 <001
Monozygotic 25 160

MZ DZ 113 <
Dizygotic 10 758

DZ tp 1526 <00t
Tnterpan 9 115686

Female
Meawrement error 21 028

ME MZ. 951 <V
Monazygotic EER T

MZ DZ 1322 <008
Duygouc 20 18329

D2 1P 284 005
Interpair 2% 52035

Table 10b.
Stature sex comparnison
n  Vanance Frato P!

Monazygotic

Male 25 1604

Dizygone
Mate 16 758t

43 ¥ 242 <%
Female

Duzygoue
Male w0 7381
38 ae 1By <ot
Unlike sex 16 114789
3¢ 9% 626 <00t
Femafe 21 18329

*The greater than {33) or less than { ) nen s IPF“;Z
1o the nearent percentage pont given by Frarn
Hartley (1956) 625, 010, 003, 0025,001,0005,0
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‘WEIGHT

While adult stature represents a more
or less permanent, and therefore reh-
able, measurement of the accumula-
twve effect of growth, the second size
measurement, adult weight, is sub-
Ject to constant change Following
the’ growth period, fat tends to de-
posit, and many factors, genetic as
well as environmental, which previ-
ously were largely suppressed by
other factors influencing or regulating
growth rates, may then affect weight

In all studies of growmng children,
monozygotic and dizygotic twins have
been found to differ significantly in
weight except at birth The fact that
acturate birth weights are more diffi-
cult to obtain than weights at a later
age could conceivably account in part
for this finding Also as pomted out
by Robson (1955), and previously
dlscu.ssed here, the relation of fetal
physiology of twins to birth weight 1s
extremely complex Most important,
however, is the fact that the majonty
of studies of birth weight have em-
Ployed the Weinberg formula in lieu
of actual zygosity diagnosis (Penrose,
(1954), a "procedure which m all
probability introduces serious error

In the present study, the juvenile
twin senes, discussed previously, pro-
vided an unusual opportunity for
testing birth weight differences All
YWm. pairs were born in the same
hospital over a relatwvely short period

and were included in a special obste-
tric and pediatric study, the Fetal
Life Study (McIntosh et al,, 1954)
There were 14 pairs of monozygotic
and 16 pais of like sex dizygotic
twins in this series for whom a diag-
nosis of zygosity was obtained (see
Appendix 11). With a correction for
sex and race, the F rauo for birth
weight was 365, P = 01. For the
same twin pairs at one year of age, an
F ratio for weight was 3 74, P< 01
It 1s possible that this sigmficant
difference between monozygotic and
dizygotic mean intrapair birth weights
is the result of more umiform data
than are usually available. Birth
weights ranged from 1670 grams to
3350 grams, the mean intrapair dif
ferences of monozygotic twins was
only 207 07 grams, and that of dizy-
gotics 340 31 grams Even relatively
small recording errors, or an error 1
the approximation of zygosity by the
Weinberg formula, could easily ob-
scure these small but sigmificant
differences between the two types of
twins.

In adult subjects, with diurnal
variations eliminated, weight 1s an
accurate measurement when taken
on a hospital balance scale Weight
was recorded to the nearest pound
with the subject clothed only in a
hospital examining gown. Since care
was taken 1n balancing the indicator
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mechanism, only scale error could
accur, measurement error variance,
therefore, was not calculated, Table
11a shows sigmficant ratios only m
the DZ-1P comparisons. In Table
11b a large sex difference is shown m
the dizygotic like sex and unlike sex
ratios While the male MZ and IP
variances are larger than the female,
the DZ variance differences between
the sexes 1s not proportionately as
great as might have been expected
on the basis of the findings for stature
Since the DZ 1P and dizygotic hike
sex and unlike sex ranos are roughly
comparable 1n stature and weight,
the most likely mterpretation would
appear to be that absence of a demon-
strable hereditary effect m  the
MZ.DZ companson 1s due 10 the
strong environmental influences upon
adult weght

The findings 1n respect 1o weight
in the present data are in contrast
to those of other twin studies, such as
those by Clark (1956), and Newman,
Freeman, and Holzinger (1937) It
should be noted, however, that the
median age of the subjects in Clark’s
study was 16 years, and i Newman’s
study 13 years. In the latter, the mean
sntrapair wesght differences were 100
pounds for dizygotic twins and 4.0
pounds for monozygotic twins New-
man had also obtained a sample of
monozygotic twins raised in different
foster homes; in this group m which
the mean age was 26 years, the same

Table 11a.
Weight mean variances

n Vapance Frato P

Male

ME M2
Monozgouc 25 62400

Mz Dz 105 >2
Dizygotic 10 65450

DZ 1P 591 >005
tnterpar 9 3BETI6

Female
Measurement ertor

ME MZ
Monozvgote 31 38515

MZ DZ 173 >0
Dizygone 27 66722

Dz ir 393 <oo
Interpar 26 262510

Table 11b.
Weight sex comparison
n Venance Fratio P

Monozygotic

Male 25 62400 )

55 9% 162 25

Female 34 38515 —
Dezygonc

Male 10 63450

44 vy

female 27 66722
Daygotc

Male 1065450

LERFT! 925 <00

Unlike sex 16 605469

57 99 907 <001

Female 27 66722

L Jomale ¥ %
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as that of monozygotic twins in our
study, the mean intrapair weight dif-
ference was 99 pounds, fairly close to
the difference we found, 8 2 pounds.
It can be concluded that in the twin
studies of growing children the heredi-
tary influence measured by intrapair
w.elght differences is principally asso-
ciated with growth rate. Such a
conclusion is in accordance with
Ihomps.on‘s statement (1952, p. 130).

- this correlation passes through
alternate maxima and minima, chief
among which are a maximum at
abol}t fourteen years of age and a
munimum about twenty-one ” It may
indicate that part of what the previ-
ous studies measured was the corre-
lation of weight with stature, which

is strongly influenced by genetic
factors.

Because change in weight with age
1s a common observation in the adult,
we decided to test the relationship of
intrapair weight differences with age
for the adult twins Calculations of
the regression of intrapair weight dif-
ferences on age were made separately
for monozygotic and dizygotic twin
paurs, following the method presented
by Mather (1947) The regression
coefficient for both monozygotic and
dizygotic pairs was found to be only
0 12 Ib /year, far short of any statis-
ucal sigmificance for the rate of
change of intrapair weight differences
with age The environmental factors
which prevent demonstration of a
hereditary component of vanability
for weight 1n the present study do not
appear to include age

PONDERAL INDEX

Numen.cal indices based on height
and weight have been variously cal-
culated in anthropology, in physio-
logical correlations, and in other
studies where a simple index of shape
or “build” is desired The most
frequently used of these indices 1s
height/ W weght, commonly referred to
as the “ponderal index” (though tech-
Nically this should be called the
reciprocal ponderal index™). The
PUrpose of this index is to equate
weight and stature in proportion to

the weight change normal for a given
increment of stature For example, an
individual 68 inches tall, weighing
143 pounds, will have 2 ponderal
index of 130, as will a2 person one
inch taller weighing 150 pounds. A
man 72 inches tall weighing 170
pounds and a man 66 inches tall
weighing 131 pounds will each have
a ponderal index of 13 0 This 1s an
index of shape, and as it excludes
gross body size, it has value for cer-
tain purposes, though 1t does not take
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Table 12
Ponderal index mean varances
n  Vonance Fratw P

Male
Monozygotic 25 028

MZ DZ 15 <25
Duzygone 10 o4

Dz 1P 824 001
Interparr a 26

Female
Monorygouc 34 036

MZ DZ 222 < 025
Dazygoue 27 [

Dz 1P 426 <00t
Interpair 2% 311

mto account the complex biological
nterrelations of height and weight.

In the analysis of ponderal index
(Table 12), comparison of monozy-
gotic and dizygotic intrapair vari-
ances provides small F ratios The
interpair variances, on the other
hand, are relanvely large, giving
Iughly significant F ratios. The large
interpair vanances relative to the
dizygotic intrapair variances might
be due to a vanety of causes (Chapter
VIID), but it is clear that to obtamn
statistically measurable variability in
the ponderal index requires the mag-

Table 13.
Correlation between herght and weight
n ’ ?
Male
Monozygouc
fadwiduat 25 32 10
Cross-twan 25 361 05-10
Duzygotic
Individual 10 a5 >0

Monozygatic
Tndidual 3 155 005-0t
Crosstwim 34 486 001- 005

Dinygote
Indwidual 27 388 02-05
Cross-twin 27 30 >0

nitude of farces affecting height and
weight found between unrelat
people in an adult population. The
cross-twin analysis (Table 13) tends
to confirm the above conclusions, and
suggests, as does the variance analy-
sis, that the ponderal index may be
more meaningful in females Correla-
tions are only moderate and they are
equal in all comparisons; z tranffor
mations provide no significant differ-
ences in any of the comparisons.

CONCLUSIONS DRAWN FROM STATURE, WEIGHT,
AND PONDERAL INDEX STUDIES

Inspection of the height, weight, and
ponderal index intrapair difierences

revealed that in approximately half
(31) of the monozygotic twin pairs
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the taller member of the pair was the
Iighter, and that in 28 pairs the taller
member was the heavier When the
?aller twin 1s the lighter, even small
intrapair differences in stature and
weight result in comparatively large
intrapair differences in ponderal 1n-
dex This suggests that there may be
a heredltary component for gross size,
mvolving some proportionality of
helght and weight, that is not de-
scribed by the ponderal index In
f.act,.a hereditary component of gross
size is to be anticipated on the bases
of evolutionary evidence {Simpson,
1951) and of work by Howells (1951)
and by others

To test whether the magnitude of
the intrapair differences 1n weight is
dependent upon the magnitude of
lhe'mlrapair differences in stature
(asis usually assumed because of the
generally positive correlation of height
and weight), 3 x 3 frequency tables
were set up (Kempthorne, 1957), and
three merements of intrapair height
differences were plotted against three
Increments of intrapair weight differ-
ences. The chi-square values (with
4d f) were:

Monozygotic male

X* = 5.803

onozygotic female X* = 9479
Dizygotic male X* = 5069
Dizygotic female X2 = 0441

ItIOn.: of these values 1s statistically
;lgmﬁcanl, though the monozygotic
emale value is just at the 0 05 level,

therefore, there is no evidence here
that the amount of intrapair differ-
ence in weight is dependent upon the
amount of ntrapair difference m
height.

If two people are of the same
stature, the heavier individual will
have the smaller ponderal index We
have seen that in monozygotic twin
pairs whether the taller or shorter
member is the heavier occurs 1n the
approximate ratio of 1'1 We have
further found no evidence that the
amount of ntrapair difference in
weight is dependent upon the amount
of intrapair difference mn stature
Therefore, unless some genetically or
at least physiologically deternuned
proportionality between height and
weight exists, or there 1s a gross size
factor, the relative magmtude of the
ponderal mdex should be independ-
ent of whether a twin 1s the heavier
or the hghter member of the twmn
parr. Taking a 1 1 ratio of heavier to
Lighter twin with the large ponderal
index, we have tested the observed
numbers in 2 X 2 contingency tables:

Monozygotic males

X'= 9846 P =00017
Monozygotic females

X = 18939 P < 001
Dizygotic males

x*= 0 P=10
Dizygotic females
X*= 4481 P=0035

The observed departures from ran-
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domness in monozygotic twins is
obviocusly mghly significant; in dizy-
gotic twing much smaller values are
obtained with only borderline signi-
ficance in dizygotic females. From
this 1t would appear that there 1sa
strong genetic component for erther
gross size or height-weight propor-
tionality which 15 not deseribed by
the ponderal index.

A strong component of variability
in adult stature is demonstrated in
Table 10a, as well as the purely sex
effect 0 Table 16b Weight, on the
other hand, is less readily interpreted
‘With uniform birth data, and an
actual zygosity diagnoss, it s possible
to demonstrate that mntrapawr differ-
ences of monozygotic twins differ
significantly from those of dizygotic
twins, Significant differences were
obtawned also for the same twin pairs
at one year of age. Other twin studies
have shown statistically significant
differences between the intrapair dif-
ferences of monozygotic and dizygotic

twins up through and including ado-
lescence In the adult pairs investi-
gated here (Table 112} no significant
dufferences were found, and it is sug-
gested that after the end of the growth
period, weight, in essentially healthy
people, is predominantly under envi-
ronmental influence. An analysis of
the ponderal index (Table 13) reveals
that 1t is an ineffective measure of
genetic vanability. Our findings fur-
ther emphasize the complex relation
between height and weight, and we
suggest that there may well be a gross
size factor, or proportionality of
height and weight, which has a sex
and genetic component; this factor 1
largely lost in calculation of ponderal
index. Certamly these data indicate
that before the ponderal index can be
effectively used in genetic studies, or
in any studies of morphology, other
than as a means of removing the ele-
ment of gross size, we need to know
a great deal more about the complex
interrelauons of height and wesght.
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Anthropometry

The traditional approach in anthro-
pometry has been described by
Hrdlu_:ka “Scientific anthropometry,
meaning merely systematized yudici-
ous observing and measuring, is lim-
ited only by the nature and scope of the
problems to which 1t 1s applied. What
rcgulaticns, divisions, indices, bound-
aries, and classifications it presents
are all man-made and conventional,
not natural” (Hrdlicka, 1947, p 5)
With application of genetic principles
to lhe. study of man, emphasis has
Ecen increasingly placed upon the

natural” rather than the “conven-
tional,” and this also has importance
for the application of anthropometric
methods (Washburn, 1953). Man,
like all other hving organisms, 1s an
adapted system, and measurements

of his varation, as well as the divisions
and classifications which are dertved
from these measurements, must ac-
cord to some extent with his adaptive
form to have real biological meamng.
In the present analysis, therefore, 2
sequential arrangement of measure-
ments which reflects some natural or
adaptive order is followed

The natural and adaptive diisions
of the body can be denved from
evolutionary evidence {Washbum,
1951), and they have been consist-
ently verified by studies of growth
and body form (McCloy, 1940;
Howells, 1952, and others). Ideally
these divisions should be. (1) arms
and thorax, (2) pelvis and legs, (3)
head and neck, but we cannot dissect
the body in quite this manner by our
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measurement techniques, The divi-
stons we have used, therefore, are’ (1)
arm and hand, (2) trunk, (3) leg and
foot, (4) head and neck Within each
of these divisions the measurements
will be listed as measurements of. (a)
length, (b) breadth and depth, (<)
circumference Here, as in the analysis
of height, weight, and ponderal index,
the first part of each table (a) will
COmpare measurement error varance,
the itrapair variance of monozygotic
and like sex dizygotic twins, and the
nterpair vanances of the like sex
dizygotic twins The second part of
each table (b) will compare sex dif-
ferences. The most critical, or at least
commonly computed, indices have
been calculated and analyzed, and
will be presented and discussed fol-
fowing the analysis of the different
measurements When appropriate, a

cross-twin analysis also has been
made,

The measurement techniques em-
ployed were those of Hrdlicka (1949)
as modified by Hooton, All measure-
ments were made by the senior
author. One member of a twin par
was measured completely and the
co-twin was then measured without
reference to the measurements of the
first member of the pair. Male sub-
jects were clothed in shorts, and fe-
male subjects 1n muslin slips. The
numbers of pairs vary for different
measurements. For male monozy-
gotic twins n = 24 instead of 25 in
many instances, because it was not
possible to obtain all measurements
on one twin pair due to lack of cooper-
ation In certain measurements the
numbers vary as a result of particular
circumstances

ARM AND HAND MEASUREMENTS

Length

Total arm length (acromton to dactylion)
This measurement, like stature, 15 a
summation of the linear measure-
ments of different segments In spite
of a low MZ vanance, the accuracy
is sufficient to measure individual
differences in monozygotic twins A
strong hereditary component of vari-
ability 1s demonstrated inthe MZ: DZ
comparison (Table 14a). There is no

significant sex influence in either the
MZ or DZ variances and a strong
sex dufference is shown in the unlike
sex comparison (Table 14b).

Upper arm length (acromion to radiale)
The variances are comparable in
males and females, and, with larger
numbers, a measurable camponent
of environmental variance can be de-
tected in females. In both males and
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Table 14a
Total arm length mean variances
n_ Vanance Fratio P
Male
Measurement error 7 166
ME MZ 402 >02%5
Monazygotic 25 668
Mz DZ 497 <00t
Dizygotic 1o 3321
bz 1P 397 <025
Tnterpa
Female
Messurement exror 21 076
ME Mz 1058 < 001
Monozygonc 3¢ 804
MZ Dz 734 <001
Daygotic 27 6063
bz 1P 205 <05
Interpar 2 1239
Table 146
Total arm length sex comparison
n Vanance Frawg P
— 7 Venane Framw P
Monozygotic
Male 2% 668
33 9% 120 >25
Female 3 gos

Dizygone
Male 10 332
38 &% 743 >o001
Unlkesex 16 24684
32 99 407 <00
Female 27 6063

females, there 1s 2 measurable com-
ponent of inherited vanation (Table
152) The sex influences and differ-
ences are almost exactly comparable
to those in total arm length (Table
15b).

Forearm length (radiale to stylon)
Hand length (stylon to dactylion)

Muddle finger length (crease at base of
Jfinger to dactylion)

The vanances for each of these three
measurements are similar to those of
the upper arm, though the mherited
component is less i the female hand

It appears that the hereditary and
environmental components of vana-
tion are approximately equal mn each
segment of the arm and hand When
these segments are then combined
1nto the single measurement of arm
length, large variances with good
statistical reliability are obtained
(Tables 16a, 17a, 18a) The sex in-
fuences and differences are also sun-
alar to those 1n the upper arm, though
the smaller inheritance factor for the
female, due mainly to a large mono-
zygotic variance, results in a signifi-
cant sex influence factor The greater
male vanability in mid-finger length
also gives an insignificant sex dif-
ference in the unlke sex comparison.
If the IP vaniances of males and fe-

males for finger length are compared,

an F ratio is obtained with P<(.05

(Tables 16b, 17b, 18b)
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Table 150
Upper arm length mean varances

n  Vanance Framp P

Table {6a
Forearm length mean pariances

n  Yopane Frata P

Male Male
Measurement error 7 109 Measurement evtor 158

ME MZ 29 <10 ME Mz 168
Manozygatic 5 316 Monozygotsc 25 27

MZ DZ 265 025 Mz DZ 289 <O
Drzygotic 10 816 Dizygotue 10 m

DZ P 308 03 DL 1P 200 >10
Inverpa 9 260 Interpair 3 16t0

Female Femate
Measuremeat error 21 1t Measurement error 2t 130

ME NI 332 <005 ME MZ 219 <05
Mornozygotic 3 39 Monozygotic 34 283

Mz DZ 258 <01 MZ DZ 311 >oet
Dizygouc H] 953 Dezygouc 21 885

Dz e 256 01 DZ 1P 423 <008
Interpacc w2437 taterpan % 3

Table 15b Table 166.
Upper arm length sex comparison Forearm length sex compartson
n Verawe Fratw P n Vanane Frono P

Munozygone Moncaygonc

Male » 36 Male 2% w7

48 13 [RERP )

Female 34 369
Duygoe Drrygouc

Male 0 86 Male 0o m

28 wx 13 > EEEET] 15 >
Duzygouc Duygoue

fafe [C I Baje o m

33 43 503 >005 &4 42 3n qon

Uniikesex 16 4256 Unlikesex 16 2859

3% 93 147 <001 39 99 323 <O

Female 7 e Female 2 885
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Table 17a.
Hand length mean vanances

n Vanance Fratto P

Table 18a
Middle finger length mean variances

n  Vanance Fratio P

Male
Measurement error 7 106

ME MZ 132 >25
Monozy gotic 2 140

MZ DZ 344 > 005
Dizygotic 10 482

DZ IP 411 <025
Tnterparr 9

Female
Measurement error 21 073

ME Mz 456 <001
Konozygotuc 3 23

MZ DZ 158 > 10
Duygone 21 527

DZ 1P 279 > 005
Interpair 2% 1468

Male

Measurement error 7 06
ME MZ

Monozygotic 2 on
MZ DZ

Duzygotic 10 163
Dz 1P

Interpair

350 <05
776 < 001

367 >

Female

Measurement error 21 o008
ME MZ

Monorygote 3 3
MZ DZ 391

Dizygotic 2 o
Dz 1P

Interparr 26 223

288 <ol
< 001

248 >01

Table 176, Table 186
Hand length sex comparison Maddle finger length sex comparison
7 Vamance Frame P n Vanance Frato P
Menozygotic Monozygotic
Male %5 140 Male 2% o
3¢ se 10 >
Frmale 3 o2
Dizygoue Dizygotic
Male 10 482 Male 10 163
(AR 19 > 35 32 180 >25
__Female 7 sy Female 27 0%
Daygouc Dizygouc
Male 10 482 Male o 163
8339 412 ot 3z 39 167 <25
Unlike sex 16 1935 Unlike sex 16 272
3% 9¢ 377 >o01 PP 302 >005
Female 21 527 Female 7 0%
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Breadth

Wrist breadth (bastylod)

This is an accurate measurement
which permits the detection of an ex-
tremely small mtrapair varnance m
monozygotic twins, The MZ DZ
comparison shows a strong hereditary
component of variability, in the light
of which the IP variances are sur-
prisingly low. The results obtained
with this dimension suggest that the
breadth ar the elbow might also be
of interest The latter was not taken,
however, because of the difficulty in
obtamning accurate and consistent
measurements at that point (Table
19a). There are no strong sex influ-
ence factors and only moderate sex
differences in the unlike sex com-
parisons (Table 19b).

Hand breadth (paim)

The low MZ and DZ vanances, to-
gether with the relauvely larger IP
variances, suggested to the anthro-
pometrist that perhaps too great pres-
sure was used in taking this measure-
ment, with the result that only the
large differences which occur between
unrelated individuals were adequately
measured (Table 20a) The large sex
differences which were of sufficient
magmtude to be revealed by use of
this technique for measuring hand
breadth were to be expected (Table
20b).

Table /9a.
Whist breadth mean variances

n  janance Frato P

Male
Measurement error 7 a0z

ME.MZ 750 005
Monazygotic 2% a5

MZ DZ 160 < 00t
Dizygotic 10 069

DZ 1P 159 B
Tnterpair 9 10

Female
Meayorement ereor 21 006

ME MZ 31T <005
Monotygotc 34 a9

MZ DZ 547 ool
Dazygotic 27 104

Dz 1P 1% >
Interpair 2 134

Table 196
Witst breadth sex companson

n darance  Frake P
———
Monozygotic

Male %5 015

Duzygotic
Male w069
3¢ 9¢ 15t >
Dizygouc
Male 10 69 "
88 49 333 >N
Unlkesex 16 230
89 ey 221 <03
Female 2 104

kil R
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Table 20a.
Hand breadth mean variances
n_ Vanance Frato P
Male
Measurement error 7 022
ME MZ 223 >10
Monozygatic 25 049
MZ Dz 5 <%
Daygouc 0 2
Dz 1P
Interpair 9 249
Female
Measurement error 21 024
ME Mz 129 >25
Monozygotie 34 031
MZ DZ 161 10
Daygouc 27 050
Dz 1P 1514 <001
Interparr 2 757
Table 20b.
Hand breadth sex comparison
n_ Venance Fratn P

o n Ve Frame P
Monozygatic

Male B o
:‘fmali N 34 031 1% >®
Daygotic -
Male 0 o

Dizygone.
Male LI
38 82 2423 <001
Unbkesx 16 533
8% e 1066 <001
Female 27 050

Circumference

Upper arm circumference (greatest below
triceps)

The larger male ME vartances in
this and the following measurement
are at least in part the consequence
of the tendency of the males to tense
their muscles for a circumference
measurement This measurement in-
cludes subcutaneous fat, and the
contrast of these IP vanances with
those of the upper arm fat caliper
measurement of Table 782 would 1n-
dicate a rather complex factor relat-
ing to the different tissues included m
this measurement. While the measure.
ment of an imheritance factor is very
poor here, 1t does reflect the same sex
difference seen 1n Table 78 (Table
21a) The MZ and DZ vanances
show no significant sex influence, but
the sex difference in the unhke sex
companison is strong (Table 21b)

Forearm circumference (greatest of mud-
Jorearm)

Forearm circumference is much more
ndicative of hereditary variability in
both males and females than is upper
arm circumference (Table 22a). Sex
appears to be the most important
factor in forearm circumference
(Table 22b)

Mimmal wnist circumference
In the female the gradual taper of
the wrist makes the finding of min-
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imal circumference difficult, and this
difficulty probably accounts for both
the higher measurement error and
the lower monozygouc variance ob-
tained The total amount of measur-
able vanance in the male wrist1ssmall,
and 1t might be hypothesized that
the significant feature 1n the female
wrlst 1s taper rather than variance in
circumference (Table 23a) Although
there 1s no sex mnfluence, there is a
strong sex difference (Table 23b)

Summary of findings on arm and
hand

Total arm length (Table 14), taken
from acromion to dactylion, 1s an ac-
curate measurement, and provides
good indication of a genetic com-
ponent of variability The vanability
in the two sexes 15 roughly compar-
able, not i ed

Table 21a. Upper arm
ﬂ”‘umﬁf!ﬂ[l mean vanances

n  Varance Frato P

Male
Measurement error 7 200

ME MZ 560 >0t
Monozygotic 2% 11

MZ DZ 136 >2
Dazygotic o 1528

DZ 1P 163 <2
Interparr 9 248

Female
Measurement error 21 093

ME MZ 987 <00t
Monozygotic 34 918

MZ DZ 158 >10
Diygotic 27 143

DZ 1P 472 <M
Interpair 2% 685

Table 21b. Upper arm

but showmg stmng sex differences
The different segments which con-
stitute total arm length, with the ap-
parent exception of hand length in
females, also give very satisfactory re-
sults. Middle finger length 1s a sur-
prisingly good measure of genetc
variability. Wrist breadth, or bistyloid
breadth, also proves to be an ex-
tremely accurate and good measure
of genetic vanability in both males
and females, with a relatively small,
though statistically significant, sex dif-
ference. The arm circumference
measurements are found to be ac-

P
creumyf sex comparison
Yariance  F ratio I

Monozygonc

Male 24 1120

43 9 122 >

Female 31 918 .
Duzygotic

Male 10 1528

82 %% 105 >25

Female 27 ey
Dizygonic

Male 0 1528

33 8¢ §08 L 003

Untkesex 16 9293

3y 9% 638 <!

Female 27 14

curate, but in ourdatadonot
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Table 22a. Forearm
circumference mean variances

Table 230 Mimmal wnist
ctrcumference mean vanances

n  Vinance Frato P n_ VYanane Fratw P
Male Male
Measurement error 7 173 Measurement error 7 004
ME MZ 412 > 025 ME MZ 2550 <001
Monazygouc 2% m Monozygotic 24 102
MZ DZ 2 <975 MZ Dz 167 >10
Duzygotie 1o 170
DZ 1P 3717 0%
Interpair 9 610
Female Femmale
Measurement error 21 on Measurement error 21 a3
ME MZ 487 <00t ME MZ 19 <10
Monazygotic 34 346 Monozygotic 34 039
Z DZ 264 <01 Mz DZ 463 <001
Duzygone 26 912 Dizygotic 27 273
bz 1p 12 05 DZ 1P 368 <001
toterparr 25 ° 1750 Interpair 2% 100t
Table 22b. Forearm Table 23b. Mimimal wrist
circumference sex comparison ctrcumference sex comparison
n_ Vanance Frato P » Vanance Frato P
Monozygoue Monozygotic
Male 2 T2 Male 24 102
LERRY] 206 05 38 we 173 >10
__Fomale 34 3 Female 31 039
Duygouc Dizygotic
Male 10 18t Mate 0 170
33 .93 195 >a 33 we 16 >
Female % a2 Female 27 o
Dizygone Duzygouc
Male 0 e Mate 0 17
38 e 139% <001 53 as 9712 <ol
Unlikesex 16 go078 Unlkesex 16 1653
8% eg 886 < 001 % 2% 605 <001
Female % o2 Female 27 m
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Table 24, Correlation between
upper arm length and forearm length

Table 25. Correlation between
Jforearm length and wrist breadth

n ' P n ’ P
Male Male
Monozygotic Monoazygotic
Individual 25 ne2 < 001 Indvidual 25 217 >10
Cross-twin 25 750 < 001 Crosstwin 25 — M7 >10
Dizygotic Dizygotic
Individual 10 604 05- 10 Indwidual 10 655 02-05

Female
Monozygotic
Individual 34 732 < 001
Cross-twin 34 652 < 001
Dizygotic
Indiwidual 27 683 <001
Cross-twin 27 220 >10

Female
Monozygotic
Indmidual 34 524 001-005
Cross-twin 34 581 < 001
Dizygotic
Individual 26 429 02-05
Cross-twin 26 239 >10

genetic variability although they de-
scribe large sex differences.

The brachial index (forcarm length
to upper arm length) gives an
MZ:DZ F ratio of 152, P<{ 25,1
males, and 1 03, P>>.25, in females.
The cross-twin analysis of these two
measurements (Table 24) gives evi-
dence of relatively strong and signifi-
cant correlations within individuals
and between monozygotic twins The
male dizygotic cross-twin correla-
tion also is high, but with these
numbers it is not statistically sigmf-
icant In females the dizygotic cross-
twin correlation is considerably
smaller, and on the basis of z trans-
formations, the comparison of MZ
cross-twin with DZ cross-twin gives
t = 204, P = 0.02-0.05, the com-
parison of DZ cross-twin with DZ

individual gives t = 212, P = 0.02-
0.05. The correlation between these
two arm segments 15 apparently the
result of other than just within-
individual environment. In all prob-
ablity 1t can be assumed that there
are genetic influences upon the co-
variation of these segments. It is in-
teresting that the brachial index was
the first anthropometric demonstra-
tion of morphological differences be-
tween races (White, 1794, as given
by Wilder, 1920). While anal_ysxs of
the brachial index gives no evidence
of a genetic component of variability,
the two measurements, taken sep-
arately, and the cross-twin analysis,
indicate genetic influences on both
the actual length of these two scg-
ments and their interrelations
Table 25 presents the cross-twin
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analysis of forearm length and wrnist
breadth. In females both within-
individual and MZ cross-twin correla-
tions, while moderate, are statistically
sigmficant In monozygotic males this
does not hold; 1n fact, there is a small
negative correlation in the cross-twin
comparison. In dizygotic males and
females the pattern is comparable; 1t
15 the pattern to be anticipated from
the results for monozygotic females,
No significant differences between

z transformations are found, but
there 1s a suggestion of genetically
influenced covanation subject to some
fluence to which monozygotic males
are particularly susceptible. This -
fluence will be observed 1n a number
of measurements.

Of the arm and hand measure-
ments, total arm length and wrist, or
bistyloid, breadth seem to provide
the most valuable measurements of
genetically conditioned variability

TRUNK MEASUREMENTS

Length

Sitting herghy (measured to vertex with
subject seated)

Suprasternal hetght (measured to supra-
Sternal notch wath subject seated)
These two measurements are nearly
¢quwvalent, but sitting height 1s a
More accurate measurement than
Suprasternal As in stature, the sex
differences in the ME: MZ ratios arc
mainly the result of the larger male
Measurement error, for the MZ var-
ances are proportional mn the two
sexes Both sitting height and supra-
stfcmal height provide good measures
; e:iinht:reldnzu'y component, the former
> g shghtly better The DZ:IP
atiog fox: females agree well with the
i:l;?; rguo for stature, while the male
e : © not, As these two measures
o egments of stature, there is a
8gestion here that their relative

contributions to stature vanance have
a sex difference (Tables 26a and 27a).
There 1s no apparent sex mnfluence
upon MZ and DZ vanances in either
measurement, but in the unlike sex
comparison there 1s a strong indica-
tion of a sex difference (Tables 26b
and 27b).

Breadth and Depth

Budeltod breadth (maximal contact shoul-
der breadth)

Bi-acromual breadth (acromion pomt to
acromon pomnt)

Neither measurement provides a very
satisfactory result, though they are
readily repeatable on the same sub-
ject Of the two, bi-acromial appears
to be shightly the better, in terms of
both accuracy and the variance
measured (Tables 28a and 29a } The
magnitudes of the sex differences pro-
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Table 26a Table 27a.
Suting herght mean vanances Suprasternal height mean variances
n  Vanance Frato P n_ Varance Frato P
Male Male
Measurement error 7 186 Measurement error 7 419
ME MZ 281 <10 ME MZ 208 > 10
Morozygotic 25 523 Monozy gotic 25 270
MZ DZ 673 <001 MZ DZ 457 >0
Duzygotc 0 3522 Drevgotic 9 sem
Dz 1P 155 28 oZ 1P T >
Interparr 9 5451 laterparr
Femate Female
Measurement error 21 035 Measurement error 21 195
ME Mz 518 <001 ME MZ £75 <001
Monozygotic 34 440 Monozygotc 33 ew
MZ DZ 671 <001 MZ DZ 321 >0t
Duzygouc 27 2950 Dizygotic 27 2973
DZ 1P 391 <001 DZ IP 22 <02
Interpair % 1153 Interpar 2% 676t
Table 266 Table 275.
Sutting height sex comparison Suprasternal height sex comparison
n Venawe Frawo P n  Vamance Fraho P
Monozy gonc Alonozygotic
Male 2% 52 Male 2% 8%
33 3¢ 19 >25 FEET 107 >
Female 31 440 Female 3 9
Dazygotic Dizygotic
Male 10 352 Mate 9 39m
38 x» te > 38 9% 138 >
Female 27 2950 Female 27 2973
Dizygone Duzygotic
Male 10 352 Male 9 3912
38 39 595 <005 38 av 232 <10
Unlikesex  1b 20965 Unlikesex 16 9200
89 29 T <001 3% 9% 309 >005
Female 27 2950 Female 27 2973
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Table 28a. Table 29a.
Bideltord breadth mean variances Bi-acromial breadth mean vanances
n_ Vanance Frato P n Vanance Frata P
Male Male
Measurement error 7 331 Measurement error 7 191
ME MZ 496 <025 ME M2 376 <05
Monozygone 25 1630 Monozygotic 2 79
MZ DZ 7> 229 <05
Dizygotic 10 1305 Dizygotic 0 1683
Dz 1p 336 <05 DZ 1P 331 <05
Interpare 9 4303 Interpair 9 543
Female Female
Measucement error 21 275 Measurement error 21 28
ME Mz 331 < 005 ME MZ 332 <005
Monozygotic 34 910 Monozygotic 34 923
MZ Dz U o> 140 >10
Duzvgoue 7 103 Dizygotic 27 129
bz 19 14 < o0l 357 <001
Interpair 2 4304 Interpair 2% 462

Table 28b Table 29b.
Budeltoid breadth sex comparison Bi-acromial breadth sex comparison
n_ Vanance Frawe P »  Vamance Frao P
Monozygone Monozygotic
Male % 1690 Male 25 719
85 9¢ 186 >10 38 99 128 >25
Femate 34 910 Female 3 923
Daygouc Dizygoue
Male 1 1305 Male 0 1683
8 ey 126 >25 55 ev 127 >
_ Female 27 103 Female 27 1295
Dezygone Dizygotic
Male 0 130 Male 10 1683
A 105t <001 38 a¢ 550 <005
Unikesex 16 13710 Unlikesex 16 9041
3% 3¢ 1320 <001 5% 92 698 <001
Female 271039 Female 27 129
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vide highly significant ratios mn the
unlike sex pairs (Tables 28b and 28b)

Chest breadth (at level of fourth nb
arficulation)

Chest depth (at level of inferior border of
scapula)

Like the shoulder measurements,
chest breadth and depth measure-
ments, though reasonably accurate,
rather poorly indicate genetic varia-
bility. Breadth 1s better than the
shoulder measurements, however,
and chest breadth does significantly
measure a hereditary component of
variation in females (Tables 30a and
31a). Again sex differences are pro-
nounced, particularly in  chest
breadth, and even the male and fe-
male IP vanances reveal a hghly
significant sex difference (P<C 005)
{Tables 30b and 31b).

Warst undth (minimal contact undth, or at
anatomical waist below border of thoraci
cage)

Hip breadth (maximal contact breadth at
level of iac crest)

‘Waist width provides a better measure-
ment of a hereditary component of
variation than any other breadth
measurement of the trunk Hip
breadth, which measures the iliac
crest fat pad n females, also provides
good indication of both environ-
mental and hereditary differences
(Tables 32a and 33a) The variance

Table 30a.
Chest breadth mean vanances
n  Venance Fratw P
Male
Measurement exrar 7 141
ME MZ 306 >05
Monozygotic 25 131
MZ DZ 217 >05
Duzygotic 10 933
DZ 1P 1935 <001
Interparr e 13051
Female
Measurcment error 21 098
ME MZ 631 <001
Monozygotic 34 618
MZ DZ 221 <025
Dizygatic 27 1370
pz 1P 191 >05
Interparr 26 261
Table 30b.
Chest breadth sex comparison
n  Vanane Frato P
Monozygotic
Male 25 431
38 3¢ 143 >
Female 34 618 .
Dlzynglc
Male 0 93
38 2% 147 >
Duzygotc
Male 1 933
33 3¢ 1012 <001
Untikesex 16 9416
gy 9% 690 <001
Female 27 1368
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Table 31a
Chest depth mean variances
n  Vanance Frato P
Male
Measurement error 7 047
ME MZ 1302 <001
Monozy gotic 2 612
MZ DZ 183 10
Duzygone 1
DZ.IP 181 >01
Interpar 9 5423
Female
Measurement error 21 127
ME-MZ 487 <0t
Monozygotc 34 618
Mz Dz 120 >25
Duygotic 27 743
bz 1P 661 <001
Interpair %6 4912
Table 315.
Chest depth sex comparison
n  Yanance  Frato P
Monozygotic
Male 25 612
sa 92 100 >
Female 34 68
Duygotic
Male 10 N2
38 9¢ 151 >2
Female 27 13
Duygoue
Male 0 12
32 ge 262 >05
Unlikesex 16 2942
3% 99 39 <001
Female 27 m

mn waist width is sex influenced mn
both monozygotic and dizygotic twins,
and the large female variance in hip
breadth is sex influenced in dizygotic
twins Because of the large vanance,
hip breadth does not measure sex
difference in the female dizygotic to
unhke sex comparnson, and for the
same reason waist width does not in-
dicate sex difference in the male dizy-
gotic to unlike sex companson (Tables
32b and 33b).

Bi-iliac breadth (ihac crest to shac crest)

Bitrochanteric breadth (maximal breadth
wn region of trochanter)

The individual differences between
monozygotic twins are equvalent for
the two sexes in both measurements,
but both provide better indications
of hereditary vanance in females than
m males In males these measure-
ments are not as good as the shoulder
measurements, but they appear to be
better than the shoulder measure-
ments 1n females (Tables 34a and
35a) There are no sigmficant sex dif-
ferences or influences for bi-iliac
breadth, though there is a significant
sex difference for bitrochanteric
breadth (Tables 34b and 35b).

Circumference

Chest circumference (maximal contact cir-
cumference at level of the mpple)

Chest arcumference at xiphord  process
(seventh nib-sternum articulation)



MORPHOLOGICAL VARIATION

Table 32a. Table 33a.
Waist width mean vanances Hip breadth mean vanances
n  Yanance Fratio P n  Vanapce Frato P
Male Male
Measurcment error 7 157 Measurement error 7 208
ME MZ 788 <005 ME MZ 421 >0
Monozygotic 24 1297 Monozygotic 2 815
MZ DZ 41 <om MZ D7 81 .75
Duzygotic 0 s8» Dizygouc 10 581
DZ 1P 348 >025 DZ 1P 1ot <oot
Tnterpair 9 20302 Interparir 9 6430
Female Female
Measurement ervor 21 106 Measurement error 21 053
ME Mz 57 <oot ME MZ 1558 <001
Monozygotic 3 601 Monozygotic 34 826
MZ DZ 268 >005 MZ DZ 249 01
Dizygone 7 16w Duzygotic 27 2053
DZ 1P 601 <001 DZ 1P 3 <o
Interparr 26 9732 Interpair 26 7625

Table 32b Table 33b
Waist width sex companison Hup breadth sex comparison
n Vamance Frotwo P n  Varance Frato P
Monorygatic Monozygotic
Male 24 1237 Male 2% 8%
3a 9% 203 03 38 g% 106 >3
Female 3 6ot Female 34 8%
Dizygotic Duzygotc
Male 10 5829 Male 10 58t
83 %% 360 <Ol 38 9% 352
Female 27 1620 Female 277 209
Dizygotc Dizygotic
Male 10 5829 Male 10 581
38 3¢ 188 <25 33 839 621 <005
Unlkesex 16 10705 Unlikesex 16 3621
sy 2% 661 <00 3% 4% 177 <10
Female 7 1620 Temale 27 2053
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Table 34a. Table 35a. Brtrochantenc breadth
Bi-thac breadth mean vanances mean vanances
n  Venance Frano P n  Vaname Fratto P
Male Male
Measurement error 7 176 Measurement error 7 036
ME MZ 302 >05 ME MZ 1741 <001
Monozygotic 2 531 Monozygouc 25 628
Mz Dz 150 >10 144 <25
Duzygotie 10 79 Dizygotic 10 903
Dz 1P 618 <005 DZ 1P 742 >001
Interpar 9 4922 Interpa
Female Female
Measurement error 21 o717 Measurement error 21 066
ME MZ 770 <001 ME MZ 105 <001
Monozygonc 34 s Monozygotic 38 729
229 <025 209 >025
Dizygoic 27 13% Duzygotic 27 1525
Dz 1p 283 005 DZ 1P 359 001
Interpar 2 3831 Tnterpair 2% 5468

Table 34b
Bi-ihac breadth sex comparison

Table 356 Butrochantensc breadth
sex comparison

n_ Vonance Frato P n  Venarce Frato P
Monozygotic Monozygotic
Male % 51 Male 25 628
33 99 112 > a3 3% 116 >25
. _Female 34 593 Female 3t 729
Dizygotic Dizygotic
Male 10 79 Male 10 903
38 29 170 >25 38 9 169 >25
_ Female 27 1356 Female 27 1525
Dizygone Dazygouc
Male 0 79 Male 10 903
33 a2 T4t >25 33 8% 449 >0t
Unlikesex 16 1148 Unlikesex 16 4053
[ARRT] 8B > 29 2% 266 >0l
Female 27 1356 Female 271525
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Chest circumference at the nipple is
an adequate measure of both heredi-
tary and environmental variance in
males, but probably describes only
environmentally influenced variance
in females. Circumference taken at
the xiphoid process 1s not as good a
measurement in males as circum-
ference at the nipple, and 1s only
questionably better 1n the females
(Tables 36a and 37a) There is no
sex difference for chest circumference
at the mpple, apparently because the
larger thorax 1n the male 15 equiva-
lent to the increase n circumference
due to breast development in the fe-
male Chest circumference at the
xiphoid process, however, does pro-
vide a measure of sex difference
(Tables 36b and 37b)

Warst circumference (minimal waust with-
out retraction, or anatomical wast below
border of thoracic cage)

Hip circumference

Waist circumference in males hasa
wide range of vanation which would
appear to be influenced almost en-
tirely by environment whereas in fe-
males waist circumference is a good
measure of hereditary vanability as
well. These findings may reflect the
sex differences in abdominal fat dis-
tribution. Hip circumference is an
equally good measure in females, but
poor in males (Tables 38a and 3%a).
Waist circumference is a good meas-
ure of sex difference but, surprisingly,

Table 36a. Chest circumference
(at nipples) mean variances

n_ Vanance Frto P

Male
Measurement error 7 499

ME MZ 966 <005
Monozygotc 24 482

MZ DZ 319 ot
Dizygotic 10 153%

Dz Ip 296 >05
Iaterpair 9 4555

Female
Measurement error 21 598

ME MZ 1096 <001
Monozygoue 31 6554

Mz Dz 156 >10
Duzygotic 27 10243

DZ 1P 836 <001
Interparr 2 85655

Table 36b. Chest cireumference
(at nipples) sex compartson

n  Vanance Frato

Monozygatic

Male 2 4822

33 99 136 >25

Female 31 6554 R
Dizygote

Male 10 15376

33 92 150 >

Female 27 10243 .
Dizygotsc

Male 10 15376

33 3¢ s >

Unlkesex 15 17685

32 99 173 10

Female 27 10213
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Table 37a. Chest circumference
(at xiphord process) mean varances

hip circumference ts not (Tables 38b
and 39b)

S y of findi on trunk

n  Venance Frato P

Male
Measurement error 7 1595

Mz 334 >05

Monozygatic 24 5330

Mz Dz 18¢ 10
Duygotic 10 9792

DZ 1P 784 >001
Tntesparr 9 76721

Female
Measurement error 21 741

ME MZ 798 <001
Monozygotic 13 seer

Mz Dz 172 >05
Daygouc 27 10116

Dz 1P 428 <001
Interparr 26 43291

Table 37b. Chest curcumference
(at xiphoud process) sex comparison

n  Varance Fratio P
Monozygotic
Male 24 5330
53 99 110 >2
Female 33 5887
Daygowe
Male 10 9792
35 39 103 >25

Female

;’hle 10 9792
3 8% 775 >001
Unlikesex 16 75849
8% e% 50 <001
Female 27 10116

In general, measurements of the
upper trunk have a stronger heredi-
tary component of vanability m
males, and those of the lower trunk a
stronger component n females. In fe-
males the circumference measure-
ments of waist and hips particularly
have a strong genetic component of
variability The measurements which
are best and most consistent 1 both
sexes are sitting height and supra-
sternal height Suprasternal height
provides shightly smaller F ratios
than sitting height, but it has an ad-
vantage in that 1t is 2 measurement of
trunk length only and does not -
clude neck length and head height

Contact measurements, such as bi-
deltoid, hip breadth, waist width,
and bitrochanteric breadth, can be
made accurately, and in some m-
stances they are better measures of
genetic variability than are the more
conventional measurements taken on
bony points. A recurring pattern ap-
pears for many measurements in this
region, as 1t does in the other regions

Large ME. MZ ratios are frequently

accompanied by large DZ:IP ratios

In all probability this pattern is best

nterpreted as confirmatory evidence

for both strong environmental influ-

ence and high modifiability of the

structures measured Two good ex-
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Table 38a. Table 39a.
Wast carcumference mean vanances Hip ctrcumference mean variances
n  Vanance Fyatio P n  Yangnee Frato P
Male Male
Measurement error 7 1350 Measurement error 7 221
ME MZ 745 >005 ME MZ 2679 <001
Monozygotic 21 10060 Monozygotic 23 59
MZ.DZ 138 2B MZ DZ 124 >2
Dizygote 10 13920 Duzygotie 9 7313
DZ 1P Dz 1P 493 >01
Interpair 9 128839
Female Female
Measurement error 21 503 Measurement error 21 182
ME MZ 145 <001 ME MZ 2068 <001
Monozygotic 578 Monozygouc 3t 3768
MZ DZ 231 o MZ DZ 298 <005
Dhzygouc % 13370 Duzygatic 27 11210
Dz 1P 733 <001 DZ 1P 295 <003
Interparr 25 98168 Interpair 2 33070
Table 386 Table 395,
Warst crreumference sex comparison Hip arcumference sex comparison
n  fanance  Fratio P n  Fonance Frao P
Monozygotic Monozygoe
Male 24 10060 Male 23 5971
35 2% 174 >10 FFRET 157 >
Female 3+ 5781 Femal
Dizygotic Duzygouc
Male 10 13920 Male g 7313
88 %v¢ 14 >25 38 9% 153 >
Femal 2% 13370 Female 27 11210 .
Duzygotic Duzygouc
Male 10 13920 Male s 1313
38 32 569 <005 33 ae 2098 >05
Unlkesex 16 79240 Unlhesex 16 21814
3% 9% 593 <001 A2 31 195 >05
Female 2% 13370 Female 27 120
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Table 40 Correlation between chest
breadth and bitrochanteric breadth

Table 41. Correlation between chest
breadth and suprasternal height

n T P n T P
Male Male
Manozygotic Monozygotic
Indridual 25 656 < 00t Individual 25 067 > 10
Cross-twin 25 638 < 001 Cross-twin 25 285 >10
Duzygotic Dizygotic
Individual 10 748 01-02 Individuat 10 - 261 >10
__Crvss-twm 10 397 >10 Cross-twin 10 285 >10
Female Female
Monczygotic Monozygotic
Individual 34 664 < 001 Indnvidual 32 367 02- 03
Cross-twin 34 654 < ool Cross-twin 32 277 > 10
Dizygotic Dizygotic
Indwidual 27 445 02 Individual 27 069 >10
Cross-twin 27 034 >10 Cross-twin 27 - 075 > 10

amples are chest circumference n
females (Table 362), and waist cir-
cumference in both males and females
(Table 38a).

Indices calculated from trunk
measurements failed to give statisti-
cally significant differences between
Mmonozygotic and dizygotic twins. Bi-
trochanteric breadth to chest breadth
gave the largest MZ'DZ ratios. n
males 197, P<20.10, and 1n females
205,P<005 The cross-twin analysis
of these two measurements 1s pre-
sented 1n Table 40. Moderate and
Statistically significant correlations
are found within individuals and the
I_Il‘lonozygu(ic Cross-twin comparison

he dizygatic cross-twin cosrelations
are small and not staustically signifi-
cant. Again there is evidence of ge-
netically influenced covariation of

two measurements In females the
MZ cross-twin to DZ cross-twin com-
parison provides a t = 275, P =
0 005-0 01, and the DZ cross-twin to
DZ indwvidual comparison gives
t = 1537, P = 010-020 The cross-
twin analysis of chest breadth and
suprasternal height (Table 41) 1s very
different Correlations are essentially
non-existent, only a small withmn-
individual correlation 1n monozy-
gotic females has borderhne signifi-
cance There 1s no evidence here for
any relationship of erther environ-
mental or genetic nature between
chest breadth and suprasternal height
or trunk length

The trunk measurements that best
provide a measurable genetic com-
ponent of vanability are: stting
height, suprasternal height, waist
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width, and chest breadth. While
suprasternal height does not provide
quite as large ratios as does sitting
height, it is an actual measurement
of trunk length only, and the results
are consistent and highly signuficant

Waist width gives more satisfactory
MZ:DZ ratios than does chest
breadth, but it is less easily defined
and does not give as descriptive a
measure of a trunk dimension as does
chest breadth.

LEG AND FOOT MEASUREMENTS

Length

Total leg length (stature minus sitting
heght)

Since total leg length was obtained
by subtracting sitting height from
stature, it is related to these two
measures, but, so far as intrapair dif-
ferences are concerned, leg length
and sitting height are not simple re-
ciprocal values. In both males and
females leg length shows a strong
hereditary component of variability
(Table 42a) The greater vanability
m leg length than n trunk length,
particularly in males, is in accordance
with the observations of D’Arcy
Thompson (1952). The male and fe-
male IP variances give an F ratio of
12.47, P<0.005 The extremely large
3DZ.IP F ratio and larger
3 DZ:MF F ratio than ¢ DZ:MF F
ratio are probably indications of a
real and rather complex sex difference
(Table 42b)

Thigh length (sitting height minus tibial
height)

Lower leg length (tibial height)

Thigh length is a good measure of 2
hereditary component of variability
in both males and females. The lower
leg is an equally good measure in fe-
males, 1ts poorer value in males may
be due in part to the greater diffi-
culty in finding tibiale 1n males be-
cause of larger muscle development
(Tables 43a and 44a). Both !hl.gh
and Jower leg lengths show signifi-
cant sex differences (Tables 43b and
44b).

Foot length (maximal length parallel 1o
axis of foot)

The impressive ME:MZ ratios are
primarily a reflection of the accuracy
of this measurement, rather than of 2
large difference between monozy-
gotic twins Foot length appears 0
have a good hereditary component
of vaniability, though the JP variancc
1s relatively low 1n males (Table 452)
Like the other length measurements
of the leg and foot, foot length shows
no sex influenced variation, though 2
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Table 42a.
Total leg length mean vanances
n_ Varance Frato P
Male
Measurement error 7 246
ME MZ 338 <05
Monozygotic 25 sl
44 >001
Duzygotic 10 388
DZ 1P 6473 <001
9 251339
Female
Measurement error 21 123
ME MZ 729 <001
Monozygotic 3 87
MZ DZ 191 <ot
Duzygouc 27 1067
DZ v 189 >05
Interpaie 2 20160
Table 42b.
Total leg length sex comparison
n_ Yenance  Frao P
Monazygotic
Male 35 81
iz 39 102 >
Female
Duzygotie
Male 10 3883

strong sex difference 1s shown by the
DZ:MF:DZ comparisons (Table
45b)

Breadth

Ankle breadth (bimalleolar undth)

Our data on ankle breadth in males
are inconsistent but not significantly
so. The extremely small dizygotic
variance together with the large
monozygotic vanance indicate too
small a dizygotic vanance or a pecul-
iar environmental influence affecting
monozygotic males In females ankle
breadth shows small total variance
but a high hereditary component
(Table 46a) (Knee breadth was not
taken, as 1t 15 quite umpossible to
standardize this measurement ) The
large male monozygotic vanance
gives a sigmficant § MZ. ¢ MZ F
ratio, the § DZ ¢ DZ ratio 1s also
significant, and a sex difference 15 1n-
dicated only 1in the ¢ DZ MF com-
panison The results are difficult to
mterpret, as what appear to be un-
usual vanances occur in both the
male monozygotic and female dizy-
gotic samples The ¢ IP vananceis
significantly smaller than that of the
3 IP. Since this measurement 1s easily
obtamned and accurate, it seems im-
probable that errors in measurement
or recording could account for the
results (Table 46b).

Heel breadth (maxrmal)
Foot breadth (maximal)
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Table 43a. Table 44a.
Thigh length mean varwances Lower leg length mean variances
n_ Vanance Fralio P n  lonance Frato P
Male Male
Measurement error 7 056 Measurement error 7 414
ME Mz 989 < 005 ME MZ 221 >10
Monozygotic 2 633 Monazygote 2 913
MZ DZ 347 >005 MZ DZ 156 <%
Dizygouc 10 2234 Dizygoue 10 1428
oz ip 383 <023 Dz 1P 756 > 00
Interpair 9 B564 Interparr 9 1079
Female Female
Measurement crror 21 20 Measurement error 21 0%
ME MZ 525 <001 ME MZ 797 <001
Monozy gouc 3 1150 Mooz gonc 34 65
MZ DZ 340 < oOm Mz DZ 183 <00
Drygouc 21 390 Dirvgouc 21 3em .
DZ 1P 220 025 DZ 1P 200 <03
Taterparr 2% 8613 Interpair 2% 747
Table 43b. Table 445
Thigh length sex companison Lower leg length sex companson
7 Venance Frato P n Vamonce Frato P
Monozygouc Mooz gotic
Male 25 653 Male 25 913 "
53 %2 176 > 33 329 1 >
Daygotic Dy gouc
Male 10 2234 Male 10 1428
38 ez 175 > 13 at 259 >0
Female 21 390 Female 27 3603 .
Dirygonc Dusgonc
Male 10 2234 Male 10 1423
33 3% 438 >0 a2 3% 773 >0
Unlike sex 16 9685 TUnlike wx 16 11031 N
39 3% 298 <o s 7% 299 o

Female 2 39 Female 21 3693
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Table 45a. Table 46a
Foot length mean vanances Ankle breadth mean vanances
n  Vanance Fratw P n  Vanance Frato P
Male Male
Measurement error 7 o1t Measurement error 7 003
ME MZ 1373 <001 ME MZ 3500 <001
Monozygotic 2 151 Monozygotic 2 105
Mz DZ 609 <001 MZ DZ 9 >9
Deygotic 10 o9 Duzygotic 10 051
DZ 1P 264 <10 DZ 1P 4985 < 001
Interpair 9 2an Interpair 9 2543
Female Female
Measurement error 21 006 Measurement error 21 o6
ME MZ 1933 <001 ME MZ 256 <025
Monozygotic 33 16 Monazygotic 34 041
551 <001 MZ DZ 532 <001
Duzygoue 27 639 Dizygotic 27 pit
Dz 1P 373 <001 DZ IP 143 <25
Interpair 26 2380 Interpair 2 311
Table 454 Table 466
Foot length sex comparison Ankle breadth sex companison
n_ Venance Fraho P n  Varance Frato P
Monazygotic Monozygotic
Male 24 151

Male 1Y
38 93 144 >125
Female 27 639

Dizygouc
Male 0 919
38 39 362 <025
Unlikesex 15 3328
42 g% 521 <001
Female 2 e

Male 25 105

25 >01

127 025
Duzygotic
Male 10 031
33 3% 641 <005
Unlikesex 16 327
se 29 150 <2

Female ky 218
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Table 47a. Table 48a.
Heel breadth mean variances Foot breadth mean variances
n  Venance Fratw P n Vinene Frate P
Male Male
Measurement error 7 02 Measurement error 7 o2
ME MZ @2 > ME MZ 886 <003
Manozygotic 2 [ Monozygotic 24 186
MZ DZ 232 <05 MZ D2 208 >10
Duzygotic 10 o5t Dizygouc 10 3%
DZ 1P 459 >0 Dz 1P 548 >0
Interpair s 234 Interpanr o 2084
Female Female
Measurement error 21 o Measurement error 21 015
ME MZ 100 >25 ME Mz 167 <ol
Manozygotic 34 018 Menozygotic 3 175
MZ DZ 422 <001 Mz Dz 54 >95
Duzygotic 27 076 Duzygouc 7 095
DZ IF 399 <00t Dz 1P 411 <00t
Interpatr 26 303 Interpair 26 350
Table 47b Table 48b.
Heel breadth sex comparison Foot breadth sex comparison
n Vanance Frao P n Vonane Frato P
Monozygotic Monozygotic
Male 24 022 Male 24 186
58 ¢ 12 > 58 92 106 >
Female 34 o8 Female 34 175 -
Duzygonc Dizygouc
Male 10 051 Malc 10 380
g8 92 149 >25 35 92 400 >005
Female 27 0% Female 27 095 .
Dizygotic Duzygotic
Male 10 031 Male 10 380
58 8% 48 <ol 31 3% 15 >
Unlike sex 16 247 Unlike sex 16 492
de 9% 325 <005 3% 9¢ 518 <001
Female 27 0% Female 27 095
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In females the small variances found
in these two measurements are con-
sistent with the findings for ankle
breadth While heel breadth is a good
genetic character in females, foot
breadth does not appear to be so,
probably because of strong environ-
mental modification. These two
measurements seem to be of lhttle
value in males (Tables 47a and 48a)

Because of the small ¢ DZ variance,
a sex influence is apparent 1 foot
breadth, and, as in ankle breadth, a
small IP variance 1n females differs
significantly from that i males
While there is a good sex difference
in heel breadth, only the § DZ,MF
ratio is significant for foot breadth.
The findings in these two measure-
ments 1n general agree with those for
ankle breadth (Tables 47b and 48b)

Circumference

Thigh crrcumference (maximal errcum-
ﬁﬂt[(’!.dﬂtll[ from the gluteal fold)
This is an accurate measurement,
showing a predominantly environ-
mental component of vaniability m
both sexes (Table 49a). Although the
emale variances are larger, as mught
be anticipated, they are not signifi-
cantly so A strong sex difference is
seen (Table 49b)

Knee mimmal proximal corcumference (mun-
1mal circumference proximal to knee)

Knee mmmal distal ctrcumference (mum-
mal arcunference distal  from knee)

Table 492
Thigh circumference mean vaniances
n Venance Frato P
Male
Measurement error 7 386
ME Mz 813 <005
Monozygotic 24 3139
MZ DZ 9 >75
Duzygotic 10 285
DZ IP 336 <05
Interparr 3 9600
Female
Measurement error 21 363
ME MZ 1666 < 001
Monozygone 32 608
Mz DZ 8 90
Dizygotic 7 5T
bz 1P 1 <10
Interparr % 8872
Table 49b
Thigh circumference sex comparison
n Verane Frato P
Monozygotic
Male 24 3139
38 2% 193 >10
Female 32 6048
Duzygotic
Male 10 2857
38 9% 181 >
Female 27 517
Dizygotic
Male 10 2857
38 3¢ 540 >005
Unlkesex 16 19420
8% 9% 298 >005
Female 27 517
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‘These measurements are sufficiently
accurate, but are probably of himited
value. They may be more meaning-
ful in the female because of greater
varability (Tables 50a and 51a) In
both these measurements there is a
significant sex difference of magni-
tude approximately equal to that of
the thigh circumference The exces-
sive mOnOZng(lC variance seen In
thigh circumference is absent, partic-
ularly 1n the distal measurement
(Tables 50b and 31b).

Calf maximal arcumference (maximal
arcumference of lower leg)

Ankle minimal crreumference (mimimal
crrcumference of lower leg)

As 1n the other arcumference
measurements. the accuracy appears
to be good and the environmental
component of variability great. Again
the variability 1s larger in females, as
is the hereditary component (Tables
52a and 53a). Calf circumference
does not provide a particularly good
sex difference in the like sex to unlike
sex comparison The major sex dif-
ference is demonstrated by the rela-
tive accuracy of the calf measure-
ments Maximal circumference 1s
easily located in the male because of
the molding of the male calf, but in
the female the characteristic taper
makes it necessary to search for the
maximal point, The greater compres-
sibility of the female calf duc to sub-
cutaneous fat also probably detracts

Table 50a  Knee minimal proximal
circumference mean variances

n  Vonance Frato P

Male
Measurement error 7 053

ME MZ 4157 <001
Monozygotic 24 2203

Mz DZ 105 >
Duzygone 10 2303

Dz IP 319 05
Tnterpar 9 7318

Female
Measurement error 21 381

ME MZ 398 <001
Monaz,gotic 34 1517

Mz DZ 220 <025
Duzygotic 21 3336

Dz 1P 30 >o00
Tnterpair 26 11368

Table 506. Knee mimmal proximal
circumference sex comparison

n  Vanance Fratwo P

Monozygotic

Male 24 2203

38 2% 145 >

Female 31 1517 .
Dizygane

Male 10 2303

23 we 145 >

Female 21 33% .
Duzygouc

Male 1 2303

28 39 348 >0

Unlkesex 16 8003

g2 8% 240 <0

Female 27 133
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Table 51a. Knee minimal
distal circumference mean varances

7 Vanance Frato P

Male
Measurement error 7 )}

ME MZ 1503 <001
Monozygotic 24 166

Mz Dz 245 <05
Duygotic 10 1140

bz 1p 221 >10
Tnterpar 9 258

Female
Measurement error 21 165

ME Mz 336 <005
Monozygone 34+ 555

MZ Dz 1% 05
Dazygone 27 1054

Dz 1p 796 < o001
Tnterpair 2% 8393

Table 516 Knee mmmal
distal circumference sex comparison

Monozygote
Male % 466

Male 10 1140
108 >25
27 1054
10 1140
377 <025
16 4208
408 <o
27 1054

from the accuracy Ankle circum-
ference shows a strong sex difference.
Whereas the ankle breadth and foot
breadth IP variances were sigmifi-
cantly greater in the male, the ankle
circumference IP vanance 1s signifi-
cantly greater in the female, further
indicating some peculianty of the
ankle and foot variances (Tables 52b
and 53b)

Summary of findings on leg and foot

The leg circumference measurements
are found to be very accurate, al-
though predominantly subject to en-
vironmental modification. Thus 1s par-
ticularly true of thigh circumference
Like pelvic measurements, leg cir-
cumferences give somewhat larger
MZ:'DZ ratios in females than in
males Total leg length 1s the best
measurement of genetic vanability m
this body region, as was total arm
length 1n the first region Thigh
length, a derived measurement, ap-
pears to be a good measure The fact
that tibial height 1s more difficult to
obtain in the male than in the female
could easily account for the apparent
disparity between the sexes Foot
length gives a very satsfactory
measure of genetic vanability, al-
though foot breadth is subject to
severe environmental modification
In males, ankle breadth, or bimal-
leolar breadth, gives surprising results
1 that the monozygotic variance 1s
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Table 52a  Calf maximal
circumference mean variances

n  VYanance Frahe P

Table 53a. Ankle minimal
crcumference mean variances

n  Vanance Frafo P

Male Male
Measurement error 7 007 Measurement error 7 03t

ME MZ 186571 < D01 ME MZ 550 >0t
Monozy gatic 2 1166 Monozygotec 23 183

MZ DZ 158 <25 MZ DZ 178 >10
Duzygotic 10 184 Dizygatic 10 32

DZ 1P 419 <025 Dz 1P 242 <10
Interpair 9 7710 Interpair 9 789

Female Female
Measurement error 2% 090 Measurement erros 21 033

ME M2 761 <001 ME MZ 561 <00t
Manozsgoic 34 683 Monozygous 34 185

MZ DZ 221 <025 Mz DZ 288 <5
Dusgosic 27 tsw Dizygotn 2% 529

DZ 1P 700 < W DZ 1P 71 <0
Interpair 2% 10641 Interpasr 25 3530

Table 52b. Calf maximal Table 53b. Ankle minimal
crrcumference sex comparison carcumference sex comparison
n  Varonce Frame P n  Vananee  Frae P

Maonozygote Monozygotic

Mate 2 1166 Male 24 183

38 99 163 >25 83 9% 101 >

Fernale 34 e Female LT
Duygouc Duzygotic

Male 1 1810 Male 10 3%

84 121 >25 33 22 162 >

Femate % 529

Dazygante Duygouc

Mate 0 1810 Male 0 9% :

38 32 252 <10 33 32 58+ <003

Untikesexs 16 4631 Unlikesex 16 1903

3% 22 305 >005 32 g¢ 360 >00

Female 21 1520 Female % 529
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Table 54. Correlation between
Sfemoral length and tibial height

Table 55. Correlation between
tibral herght and bimalleolar breadth

» r P n r I
Male Male
Monozygoue Monozy gotic
Todwidual 25 ~ 101 >10 Indvsdual 25 292 >10
Cross-twin 25 — 028 >10 Cross-twin 25 034 > 10
Durygotic Dizygoue
Indwidual 10 716 01-02 Indrwidual 10 -0  >10
__Crostwin 10 74 >10 Cross-twin 10 —-059  >10
Female Female
Monozygotic Monozygotie
Indvidual 34 415 01-02 Indrdual 34 52 <001
Cross-twin 3¢ 543 <001 Cross-twin 3t 391 01-02
Duzvgone Dizygotic
Indmdual 27 471 01-02 Indwidual 26 374 03-10
Cross-twin 27 02 >10 Cross-twin 2 151 >10

greater than the dizygotic vanance;
this difference, however, 1s not statis-
tically significant.

The tibiofemoral index (tbial
height to thigh length) gives an
MZ :DZF ratio of only 1.68 in males,
and in females a reversal in that the
DZ. vanance 1s less than the MZ
vanance, with an F ratio of 1.37.
Nell}ne}- ratioisstatistically significant,

Ut it is noteworthy that in females,
where both measurements used in the
index deseribe genetic variability,
calculation of the index results in a
reversal of variance The cross-twin
]analysis of tibial height and thigh
:xr}gth would appear to confirm the
rellst'cm:c of some peculiarity in the
Thanon}hxp of these measurements,
!h‘e ubmfen:\oral index suggests that

ts pecuharity is more marked n fe-

males, while the cross-twin analysis
points to monozygotic males. The
same relationship occurred to some
extent 1 the analysis of forearm
length to wnist breadth. Females and
dizygotic males show a farly high
within-individual correlation between
thigh length and ubial height (Table
54), but no male monozygotic corre-
lation 1s found Comparison of male
monozygotic to male dizygotic withm-
individual correlations by means of z
transformations gives a statistically
significant difference, t = 231, P =
002-005

The cross-twin analysis of tibial
height and bimalleolar breadth is
given 1n Table 55 No correlation in
males is found The female monozy-
gotic individual and cross-twin com-
parison and the female dizygotic



MORPHOLOGICAL VARIATION

individual correlations are significant.
These significant correlations, to-
gether with the low female dizygotic
cross-twin correlation, imply some
genetic influence upon the covaria-
tion of these two dimensions in females,
but none in males. In consideration
of the male correlations in Tables 54
and 55, it might be hypothesized
that there 15 some environmental in-
fluence which affects the lower leg in
males, and especially in monozygotic
males. The low MZ'DZ ratio for

timal height (Table 44) and the re-
versal of MZ:DZ male variances for
ankle breadth (Table 46), support
this hypothesis A similar observation
was made concerning the lower arm,
and it may well be that some environ-
mental influence affects the distal
of both extremities; this is
more pronounced in the lower limb.
The leg and foot measurements
that provide the best measurable ge-
netic component of variability are
total leg length and foot length.

HEAD AND NECK MEASUREMENTS

Length

Head length (glabella to oprsthocranium)
The larger male MZ variance 1s not
unexpected as this measurement is
strongly influenced by the typically
male osseous formations in the region
of the opisthocranium For the same
reason, the maximum measurement
is easily obtained 1n males as the oc-
cipital point 1s usually well defined,
but in females it is necessary to
search for this point with the caliper.
Both the DZ variance and the IP
variance would seem to indicate
some peculiar environmental factor
influencing the male monozygotic
variance While comparison of this
measurement with head breadth
(Table 62a) suggesis some interesting
hypotheses, the conclusion must be

drawn at present that this measure-
ment is of limited value in indicating
genetic variability (Table 56a). The
larger § MZ than 8 DZ varnance for
head length repeats the pattern ob-
served for ankle breadth, which is
also largely a bone measurement. A
male sex influence upon environ-
mentally influenced variability is sug-
gested by the highly significant
3 MZ: @ MZ ratio. Surprisingly,only
a small sex difference 15 seen in the
dizygotic & 3:3 2:9 ¢ ratios
(Table 56b)

Head haght (tragion to bregma, head m
Frankfort plane}

Head height reflects the same type
of pecufiarity that was observed for
head length, The smaller number of
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Table 56a.
Head length mean vanances
n_ Vamance Frato P

Male
Measurementerror 7 009

ME MZ €00 <001
Monozygotic 25 510

MZ Dz 4 <90
Duygotic 10 236

Dz 1P 126 >25
Tnterpair 9 297

Female T
Measurement crror 21 ot3

ME MZ 754 <001
Monozygotc 3 098

MZ DZ 215 025
Duygouc 26 211

Dz 1P 317 <005
Interpair 25 &

ik N

Table 56b.
Head length sex comparson
n  Vanance Frato P
Monozygouc
Male

% 50
38 9% 551 <005
Female 34 geg
Duygowe TTTTTUC
Male 0 26
33 93 112 >95

38482 206 >10
Unlbkeses 15 g5

3% g9 )
S, 230 >

-

subjects reflects our impression of its
limited usefulness We did not take it
1 the early part of the study, but
later we decided that, as this meas-
urement 15 commonly taken, 1t should
be included (Table 57a) A strong sex
difference 15 seen 1n the unlhke sex
comparison (Table 57b)

Total face herght (naston to gnathion)
The male measurement error vari-
ance probably reflects the greater
difficulty of standardizing this meas-
urement m males rather than a real
sex difference The brow and heavier
skin on nasion as well as the more
massive development of the chun and
overlymng tissue contribute to this
problem Nevertheless the possibility
of a real sex difference should not be
excluded 1n view of other face height
measurements to be considered below
In females total face height 1s a good
measure of genetic vanability (Table
58a) Absence of a strong sex differ-
ence is confirmed by the dizygotic
38 &9:2 ¢ ratios (Table 58b)

Upper face heght (nasion to alveolar pont)

Nose hetght (nasion to nasto-labial angle)
These two measurements provide
equally good indications of a heredi-
tary component of variation 1n males
and females (Tables 59a and 60a)
Not only 1s there no sex difference for
upper face height and nose height,
but with the exception of the



MORPHOLOGICAL VARIATION

Table 57a Table 58a
Head height mean variances Total face height mean variances
n  Vanance Frato P #  Vanane Fraho P
Male Male
Measurement error 7 016 Measurement error 7 069
ME MZ 656 <01 ME MZ 152 >
Monozygotic 1 105 Monozygatic 25 105
ML DZ Mz DZ 18 10
Dizy gove 7 Dizygotie 10 190
Dz 1P Dz IF 305
Interp: 9 591
Female Female
Measurement exror 13 023 Measurement error 2) 012
ME MZ 839 < 001 ME MZ 167 <001
Monozvgotic % 193 Monozygotie 34 056
ML DL | > MZ DZ 320 >0t
Dizygoue 2 153 Dizygoue 7 179
Z 1P 314 005 Dz 1P 440 <00t
Interpair 21 480 Interpar 26 787

Table 576.
Head height sex comparison

n lanance  F ratio £

Table 58b.
Total face herght sex comparison

n  lanance K rate Vs

Monoz gouc

Duzvgone
Male 7 077
33 wx 199 >
Female 2 153

Dizvgonic
Male 7 077
& 3% 04 <o
Unlike sex 9 512
g7 29 354 <01
Female 2 153

Monozvgonc
Mate 25 105

Duzvgonie
Male (LI
[F 106 >
Female 27 a7

Duzygonc
Aale 1o 190
35 4% 185 <2
Uslkessr 16 351
2y ¥% a5 >05
Female 2 1
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Table 59a. Table 60a
Upper face height mean variances Nose height mean vanances
n_ Vanance Frano P n  Vinane Frato P

Male Male
Measurement error 7 031 Measurement exror 7 a0

ME MZ 132 >0 ME MZ 322 >05
Monozy gotic 2 o041 Monozygotic 2 029

MZ Dz 349 >00s 408 >001
Dazvgouc 10 143 Dizygotic 10 17

Dz 1P 198 o DZ 1P 329 <05
Interpair 9 712 Interpair 9 385

Female Female
Measurement esror 21 016 Measurement error 21 o012

ME Mz 188 <10 ME MZ 200 05
Monozygotic 34 030 Monozygotic 3% 024

MZ bz, 357 <001 Mz DZ 363 <001
Duzygone 27 107 Dizygotic 27 087

Dz 1P 505 <001 Z 1P 340 >001
Interpair 2 540 Interpair 2 296

Table 59b. Table 60b
Upper face height sex comparison Nose hewght sex comparison
7 Venance Frato P n  Vanowe Frato P
Monozygoric Monozygote
Male % on Male 4 o
88 22 13 > FYRRT] 121 >2
_ Female 34 o3 Female a4 0
Daygotic Dizygotic
Male 0 143 Male 17
134 >25 83 93 134 >25
2 107 Female 27 087
D";“’“’: ________ Duzygotc
fale 0 143 Male 0 17
f;‘ 32 61 >715 58 3¢ 8 >75
nhkeses 16 gg7 Unlkesex 16 103
8¢ t2 B >7s 53 2% 118 >2
Female 27 07 Female 27 o7




MORPHOLOGICAL VARIATION

MF- ¢ DZ companson in the latter,
the unlike sex vanances are actually
somewhat smaller than the hike sex
variances { Tables 59b and 60b)

Ear heght (greatest length parallel to
axis of ear}

This measurement, though of a soft
part, 1s a good measure of genetic
variability in females (Table 61a) Be-
cause of the relatvely {arger female
dizygotic variance, no sigmficant dif-
ference 1s found n the comparnson
with unlike sex pairs (Table 61b)

Breadth

Head breadth (greatest transverse diameter
of the vault)

Both sexes, but the male to a greater
degree than the female, are found to
have a strong hereditary component
of vanabihity for this measurcment
and a rather low envir

Table 61a.
Ear height mean vanances

n  Yenance Frano P

Male
Measurement error 7 005

ME MZ 160 <0
Monozygote 21 023

MZ DZ 170 >10
Duzygone 10 019

pzZ 1P goz 001
Interparr 9 34

Female
Measurement error 21 ao

ME MZ 310 <005
Monozygone K] 03t

MZ DZ 313 > 001
Duzy gotie b4 07

Dz 1P 212 > 0%
Interpawr 2% 206

fluenced varnability. As both hcad
breadth and head iength are com-
pound measurements, and as they
measure head size in two different
dimensions, the contrast between
them is of particular interest. Both
males and females appear 1o have a
small environmental and large hered-
itary vanability for head breadth,
and a large environmental and small
hereditary variability for head length
(Table 62a) While for head fength
the ¢ MZ variance 1s significantly
jarger than the female, for head

Table 614
Ear hewght sex compareson
n  Vanance Forato P
Monozygatic
Male 2 023
33 2% 135 >
Female 34 031 .
Dizygouc
Male 10 039
33 99 249 >10
Female 70 .
Dazygotic
Male 10 039
38 3% 541 005
Unlkeses 16 211
53 3% 218 <05
Femate 77 o
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Table 62a
Head breadth mean variances

n  Vaname Frano P

breadth this 1s reversed The &IP
variance 1s also significantly larger
than the ¢ IP vanance for this meas-

Male
Measurement error 7 008

ME MZ 13 >
Monozygotc 25 009

MZ Dz 1822 £ 001
Duygotic 10 164

DZ 1P 592 005
Interpair 9 90

Female
Measurement error 21 092

ME MZ 15 975
Monozygotic 34 041

MZ DZ 412 <00t
Dazygotic 27 169

DZ 1P 180 <10
Interpair 2 304

Table 62b.
Head breadth sex comparison

n_ Vanance Fratio P
—_— e Pl T

Monozygote

Male 5 om
_-iesm'zi w oy ® <
Duygene T
Mate 10 16
KRS 103 >25
D'tys:u:;
;\';-‘e 10 16t
Uikeus 16 w7
Fomate | o o o T

(P = 0.025) The sex differ-
ence for head breadth 15 comparable
to that observed for head length
(Table 62b)

Minumal frontal breadth (mimmal diameter
on temporal crests)

This appears to be a relatively poor
measure of genetic or environmental
variability m males and of only mod-
erate value in females (Table 63a)

The greatest possible usefulness of
this measurement would appear to
be the measuring of sex difference
(Table 63b)

Bizygomatic breadth (mavumal diateter
on zygomatic arches)

This is a bony measurement showing
a particularly weak hereditary com-
ponent of vaniabihity 1n males, but in
females it 15 a good measure of heredi-
tary variability It somewhat resem-
bles the findings on head length
(Table 64a) As in head length, the
3 MZ vanance is sigmficantly larger
than the ¢ MZ vanance The male
and female IP vanances are also
significantly different (P > 0 01) from
each other Bizygomatic breadth,
therefore, is a good measure of sex
difference (Table 64b).

Br-ocular width (transverse distance be-
tween outer canth)
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Table 63a. Mimmal
Srontal breadth mean variances

n  Yonance Frano P

Male
Measurement error 7 o4

ME MZ 8 >75
Monozy gone 24 013

Mz DZ 17¢ >10
Duzygotc 10 068

Dz 1P 560 >005
Imerpair 9 381

Female
Measurement error 21 o014

ME MZ 286 <01
Monozygotic 3t 010

Mz Dz 223 <025
Dizygotic 27 089

Dz 1P 235 001
Interpaw 26 227

Table 64a.
Buzygomatic breadth mean variances

n  Yanance Fratio P

Male
Measurement error 7 004

ME MZ 1900 <001
Monozygous 25 Q16

MZ DZ 99 >.95
Dizygotic 10 075

DZ 1P 1144 <00
Interparr 9 858

Female
Measurement error 21 036

ME-M2Z 94 >
Monozygotic 34 034

MZ DZ 312 >001
Dizygotic 27 106

Dz IP 232 <025
Interpair 2 2i6

Table 636 Mtmumal
Srontal breadth sex companison

a_ Vanance Frano P
Monazs gotic
Male 21 039
84 e 103 >25
Femals 34 040
Duzygoue
Male 10 o068

Dizygoue
Male 10 063
22 89 406 >01
Unlike sex 1% 6
33 9% 310 005

Female 27 089

Table 64
Bizygomatic breadth sex companson
Variance  F ratio P
Monozygote
Male 25 076
38 9% 224 >025
Female 34 03
Dizygoue
Male 0 s
88 0% 141 >0

Female

Dirygonc
Mate 10 015
LA 661 <005
Unhike sex b 498
&8 99 470 <O0M
Female kil 106




ANTHROPOMETRY

Interocular width (transverse distance be-
bween inner cantht )

The accuracy 1s poor or the environ-
mental influences are great for the
refatively small variances obtained in
b?lh of these measurements; however,
bi-ocular diameter appears to be a
more valuable measurement than
interocular Once again it appears that
the male dizygotic variability is less
than would be expected, and in the fe-
malc. sample, the bi-ocular diameter
Pprovides a good indication of measur-
able hereditary influence (Tables 65a
and 66a) The sex difference for these
measurements is small, and for inter-
ocular, as for bizygomatic, the § MZ
vanance 1s significantly larger than

2& )i MZ variance (Tables 65b and

{Vau breadth (maximal diameter of alac)
d‘ must be assumed that the male
}:Z)gnnc vanance is biased, and that
the small IP varjances are the conse-
quence of a small range of alae size
lrn this Caucasian population. In the
emale sample, however, nose breadth
n::cs Provide a good indication of
Tcasurablc hereditary variability
(Table 672) The faiture to obtain a
i‘gmﬁcam ratwo in the MF: 9 DZ
Yﬂm%)amo.n may indicate a large
ins vanance rather than a small
Vvariance (Table 67b)

f’gﬂmal breadth (maximal distance be-

iLeen external surfaces of gonia)

Accuracy is better and environmental
influence 1s stronger i males for this
bony measurement The mheritance
factor 1s good in both sexes, and the
female IP vaniance reflects the smaller
range of gomal size 1n females that
would be expected (Table 68a). While
bigonial breadth provides a signifi-
cant sex difference, the unlike sex
variance is smaller than could be
expected (Table 68b)

Mouth width (maximal dameter between
angles of mouth at mucous membrane skin
Junctions)

The male dizygotics, in mouth width
as in other measurements of the soft
parts of the head such as ear height
and nose breadth, appear to have a
low vanance In females large F ratios
are obtamned in spite of a much
smaller range of size differences as
indicated by the IP values (Table
69a) The gIP vanance 15 sigmfi-
cantly greater than the ¢ IP vanance
(P < 005) The apparent difference
1n hentability between the sexes may
reflect a real sex difference n view of
the DZ*MF DZ ratios (Table 69b)

Neck width (minimal contact diameter
above trapezius angle)

The mimmal neck width, like the
mimmal circumference of the wrst, is
difficult to find 1n females because of
a gradual taper, but in males pyra-
miding of the trapezius provides a
well defined mimmal point. In the
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Table 65a.

Br-ocular width sean vaniances

Table 66a
Interocular width mean vanances

n Yanane Froo P n_ Yaname Fato P
Male Male
Mcasurement esor 7 036 Measurement error 7 o003
ME MZ 154 >25 ME M2 233 <005
Monazygauc 2 o4t Monozygone 2+ o
MZ DZ 239 <05 MZ DZ 176 > 10
Duygone 0 oo Duygotic 10 o4
Dz 1P 293 305 bZ 1P 67 05
taccrpase 9 287 Interpair 9 135
Femae Female
Measurement ervor 21 054 Measyrement error 7' 008
ME MZ 2% ME MZ 138 2
Monoz gove 33 o019 Monazygotc ¥ on
MZ DZ 305 <005 Mz DZ 19t <05
Duzygotic 27 ity Duygonc 27 azt
Dz 1 572 <on Dz P 506 <00t
Imerpaiy % & Tntetpair 2 105
Table 656 Table 666
Br-octlar width sex comparison Interacular wridth sex comparison
n Yongnee  Frang I n  Konance  Fratee P
Monarygotie Monozvgaue
Mafe b33 04 Male 2% s
$3 99 227 >0%
Female 3 on .
Dizygotie
Male w ot
i s 209 >
Female 27 oz .
Drzygotic
Male 1 013
84 3% 11 >25 43 8% 107 >2
Unhke sex 16 Hi Unfike sex 6 047
3y 9¢ e >75 5% %% 224 05
Fermale 2 19 Femate 27 o
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Table 67a. Table 68a
Nose breadth mean variances Bigonial breadth mean vartances
n_ Vanane Froto P n  Vanance Frato P
Male Male
Measurement error 7 004 Measurement error 7 o014
ME MZ 150 <025 ME MZ 300 >05
Monozygouc 24 018 Monozygotc 5 042
MZ DZ 139 25 MZ DZ 317 o
Duzygotic 10 025 Dazygotic 10 133
bz 1P 370 025 DZ 1P 633 <003
Interparr 9 093 Interpair 9 849
Female Female
Measurement error 21 o012 Measurement error 21 o027
ME MZ 125 >25 ME MZ 13 %
Monorygotie 34 015 Monozygotic 34 033
MZ Dz 347 <00t MZ DZ 397 < o0
Duzygonc 27 052 Dizygotic 27 139
Dz 1P 1m0 DZ IP 288 005
Interpasr 26 089 Interpair 26 400
Table 676. Table 68b
Nose breadth sex comparison Bigomal breadth sex comparison
n_Vonance Frato P n Vanance Frano P
“";‘;’mm Monozygotic
ale 2 o Male 25 0a2

Deygone
Male Daygotie

Unlkesex 16 378
158 >10 39 9% 272 >0

F ’
cmale 7 o Female 27 139
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Table 69a. Table 70a.
Mouth width mean vanances Neck wdth mean varwances
n  Vanance Frahe P n  Vartance Frano P
Male Male
Measurement error 7 025 Measurement error 7 ol
ME MZ 12 > ME MZ 707 >005
Monozygotic 23 o8 Monozygetic 2 099
MZ PZ 186 10 MZ DZ 1 >
Duygote 10 052 Duygotic 10 169
DZ 1P 665 < 005 bz w 362 05
Taterpar 9 346 Interpar [ st
Female Female
Measurement error 21 007 Measurement errar 21 033
ME MZ 3N >00 ME MZ 242 0B
Monozygotc 3 02% Monozygatic 1 080
MZ DL 2717 > 005 MZ DZ 463 <008
Daygouc n on Duygone 2
DZ 1P 235 £ 025 DZ 1P 241 >0
Interpair 26 169 Interparr 6 902
Table 695, Table 70b.
Mouth undth sex comparison Neck wndth sex comparison
n  Vanance  Frao P n  Vaname Frato P
Monazggouc Monozvgotic
Male 23 o8 Male 2% 09
124 >

Male 10 52

Male 10

28 3% 365 £ 025

Unlike sex 16 150

2% ©¢ 268 >0

Female 27 02

3r 3
Unfike sex 16
38 ¢
Fernale 27

1032

40

< i

< 001
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Table 71a
Head circumference mean variances
n_ Vanance Frao P

Male
Measurement error 7 012

ME MZ 2417 <001
Monozygotic 5 290

Mz Dz 273 <02
Duzygotic o 79

DZ 1p 527 <01

Measurement error 21 025
ME MZ 652 <001
Monozy ot 2] 163
Mz DZ 333 >001
Dizygonc k7] 542
L Dz 1p 513 <001
Lnterpacr 26 278t
Table 71b.

Head arcumference sex comparison

Monozygote

Maie 5 0
1% >25
_ 34 163
D“ngxc _______________
Mate 0
s ey
1 2
_Fmle 27 g v >B
Dizygotc -
e 0 g9
3 a9
Ulbeses 15 3o 000 <O
83 g
Fomsle gy g, 000 <O

male, neck width appears to be al-
most entirely environmentally infiu-
enced, while i females 1t 1s strongly
genetic As was suggested in the
analysis of wrist breadth, this genetic
factor in females might well be asso-
ciated with taper rather than with
actual size (Table 70a) There 1s a
large sex dfference for this measure-
ment (Table 70b)

Circumference

Head circumference (maxtmal ocaipital
Jrontal circumference above supra-orbital
ridges)

Thus is the best single measurement
of head size, combining both head
length and head breadth. The present
data indicate also that head circum-
ference is a consistent measurement
for describing genetic influences 1n
both sexes (Table 71a) There 1s a
large sex difference for this measure-
ment (Table 71b).

Neck curcumference (mumumal)

The results obtained with this meas-
urement are comparable with those
discussed for neck width (see discus-
sion of Table 70a) and they substan-
tiate those conclusions (Table 72a).
The male MZ varance is sigmficantly
larger than that of the female, indi-
cating a sex as well as an environ-
mental influence. The sex difference
for this measurement is extremely
large. (Table 72b).
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Table 72a.
Neck crrcumference mean variances

n  Vangnce Frano P

Male
Measurement error 7 184

ME MZ 215 >10
Monozygotie 24 103

Mz DZ 120 >25
Duzygotc 0 12

bz 1P 389 <025
Interpair 9 aam

Female
Measurement error 2t 357

ME MZ 61 %0
Monozygatic 34 311

MZ DZ 498 <001
Dizygotc 27 16w

Dz IP 257 @
Interparr 26 4368

Table 726.
Neck circumference sex comparison
n  Vemance Framo P
Monozy gotic
Male 2t 1038
38 20 304 >005
Female 34 3n
Duygotic
Mk 10 124
FER1 136 >25
Female 21 1693
Dizygouc
Mate 10 1244
38 -3¢ 1247 <o
Unlikesex 16 15518
3% .99 814 <001
Female 27 1698

Summary of findings on head and
neck

The head and neck measurements
clearly differ in many respects from
the measurements of the post-cranial
regions This accords with the obser-
vations of Howells (1949, 1951), and
may be anticipated on the basis of
evolutionary evidence (Washburn,
1951) In this region, unlike the rest
of the body, the genetic component
of variability is more marked for
measurements other than those taken
parallel with the long axis of the
body

Head length is found to be a re-
markably poor measure of genetic
variability, considering its promi-
nence in anthropological studies Be-
cause of the results we obtained for
head length, the cephalic index (he.ad
breadth to head length) 15 of partic-
ular interest. This index (Table 73)
provides the largest MZ: DZ ratio of
all indices calculated on our data.
Highly significant ratios are obtained
in both males and females. Although
head length measurements give an
actual reversal of the MZ and DZ
variances in males, the MZ:DZ ratio
for the cephalic index is 990 The
cross-twin analysis of head length and
head breadth (Table 74) further com-
plicates interpretation of this phe-
nomenon The correlations are ye-
versed by both sex and zygosity-
Peculiarities in these measurements
were found in Boas’ data (Fisher and
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Table 73. Head breadth
to head length mean vanances

Table 74 Correlation between
head brendth and head length

n Yanane Frame P n r I
Male Male
Monozy gotic 2t 1108 Monozygotic
b MZ pzZ 990 <001 Indwidual 25 035 >10
@ygone 10 10973 Cross-twin 25 0 >10
] Dz 189 <25 Dazygotic
Imerparr 9 20694 Tndriidaal 0o s 02-05
Femae T Growpan M0 e 2P
Monozgone 3t 323 Female
o MZ Dz 330 <001  Monozygonc
e 27 10650 Indindual 34 s 001- 005
el 1P 123 >2 Cross-twin 34 356 02-05
nterparr 2% 13138 Dizygotic
Indwidual 2 6 10
Crow-twin 2 o >

Gray, 1925), and while our data sug-
gestsome complex biological relation-
ship in these head dimensions, no
explanation is possible at present
Hc?d length is taken from two points
which undergo osseous development
at puberty in the male. The male
]moxmzygmic intrapair variance 1s
arger than the male dizygotic intra-
Pair variance for bizygomatic and
tterocular breadths, which again
measure bone development, The head
trcumference results are probably

CONCLUSIONS DRAWN FROM AN

f\[c.asurements differ markedly n
s&ccll{. practical value for genetic
udies of morphological variation. Tn

attributable to a genetic component
of variability 1n head size This meas-
urement more than any other de-
scribes head size, irrespective of the
shape or proportions of the cramum

The measurements of the head and
neck which appear to provide the
best measurable genctic component
of vanability are head breadth,
upper face height, nose height, bigo-
nial breadth, and head circumlference.

‘HROPOMETRY

tively good  measurable  genctic

variability, while other measurements

appear to have greatest value in atud-
i 1

:C y region certain Z
°nts provide consistent and rela-

sexof en il effects, sex differ-
ences, and sex influenced variability.
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Measurements of girth or circum-
ference, as well as surface contact
measurements, which have been
largely neglected n anthropometry,
merit mclusion among the more use-
ful measurements In general, how-
ever, measurements taken parallel
with the longitudinal axis of the body
show the strongest genetic component
of variability Ths finding 15 1 ac-
cordance with those wm previous
genenc studies of morphological meas-
urements { Pearson, 1903; Davenport,
1925; Howells, 1949) In males, 28%
of the measurements taken parallel
with the body’s longitudinal axis pro-
vide values of P = 0 001 1n the MZ .-
DZ comparison, while only 7% of the
other measurements provide similar
probability values. In females this is
true for 60% of the length measure-
ments, and only 21% of other meas-
urements, In the three post-cramal
body regions, total arm length, sitting
height, suprasternal height, and total
leg length provide the best measures
of genetic varability, The crass-twin
correlation between total arm length
and suprasternal height (Table 75),
and that between suprasternal height
and total leg length (Table 76) yield
moderate but statistically significant
coeflicients within individuals and for
the monozygotic cross-twin compari-
sons. The covariation between these
measurements is no more strongly 1n-
fluenced by factors within the in-
dividual than by factors which com-
monly affect both members of a

monozygotic twin pair, The dizygotic
cross-twin correlations further imply
that the influences which similarly
affect these measurements are strongly
genetsc

Application of a cross-twin analy-
sis to anthropometry has m many in-
stances contributed to an understand-
ing of the complex interrelations of
different measurements, However,
the value of this analysis is someswhat
limited in small samples with vari-
ables in which few significant com-
parisons between z values can be ob-
tamned. Al compound measurements
such as these are fairly strongly in-
fluenced by environmental factors
and the correlations between measure-
ments even within the same individ-
ual are only moderate. In addition,
some familial correlations are to be
anticipated in dizygotic cross-twin
comparisons. In spite of these hmita-
uons, certan striking features have
been demonstrated by the cross-twin
analysis

The monozygotic within-individual
and the monozygotic cross-twin car-
relations are remarkably similar in
every tnstance. This is true whether
or not there is a marked difference
cither between the sexes or in (‘he
monezygetic and dizygotic individ-
uat correlations. Any influences that
sumilarly affect the nterrelations of
two dimensions within a monozy”
gotic twin individual aflect also these
two dimensions in the co-twin in 2
ike manner. This can probably be
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Table 75 Correlation between total
arm length and suprasternal height

Table 76. Correlation between supra-
sternal height and total leg length

n v P n i P
Male Male
Monozygotc Monazygotic
Tndiidual 25 497 01-02 Individuat 25 107 02-05
Cross twin 2 445 -0 Cross-twin 2 499 01-02
Danvgoc Dizygotic
Indrvidual 10 726 01-02 Indmiduat 10 487 > 10
Cross-twin 10 213 >10 Cross-twin 10 403 >10
Female
Monozygouc
<001 Induvdual 32 600 <001
<001 Cross-twin 32 521 001- 005
Dizygone
Indwdual 27 498 005-01 Indiwidual 27 392 02-05
Cross-twin 27 384 02-05 Cross-twin 27 136 >10

Interpreted as indicating a geneti-
cally conditioned response A second
feature to be seen 1n this analysis s
that, so long as length measurements
are correlated with length measure-
ments and breadth measurements
with breadth measurements, the
:mss-twm analysis is internally con-
'stent, and the dizygotic cross-twin
corrcla}ions are the lowest The only
:);ccp\mn to this 15 1n the correlation
whtcl:legsl length and tibial height,
the 1 ¢ male monozygoucs have
by lr'clst correlation, but presum-
cascy | ¢lower leg constitutes a special
By con males, at least in our data
A rgrast, whenever compansons
e : e between Ier_lg(h and breadth
o rements, the internal consist-

Y of the analysss is upset with

tremendously complex sex and zygo-
sity differences

In view of the results of the cross-
twin analysis, 1t is not surprising to
find that the calculation of indices
grossly oversmplifies the brological
relationship between any two meas-
urements. The brachial mdex fails to
provide a significant test of genetic
variability though both measurements
employed 1n 1ts calculaton are found
to have a strong genetic component
of vanability, and the cross-twin
analysis indicates that their mter-
relationship 1s genetically influenced
The cephahc index, on the other
hand, provides a highly sigmficant
test of genetic variability, although
one of the measurements employed
1n 1ts calculation (head length) vanes
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more between the two members of
monpzygotic twin paws than between
the two members of dizygotic twin
pairs. Furthermore, the cross-twin
analysis shows that there were strong
environmental and sex influences af-
fecting the covariation of head length
and head breadth Conflicung find-
ings appear also m the ratto of nbial
height to thigh length The female
MONOZYEOUC INtTapalr VArance ex-
ceeds thar of dizygotc twins, and
though the male monozygotic w-
trapair varance 1s not significantly
less than the dizygouc intrapar
vartance, it does not present the re-
versal seen i females It was n fe-
males that the varance of the separate
measurements, thigh fength and tibial
height, showed highly sigmficant
genete variabihty, and the cross-twin
analysis substantiates these results
The male MZ.DZ ratwo for tibal
heght was not statistically significant,
and thigh length and ubial heght
were negatively correlated. In no in-
stance 1s an index consistent with the
other findings Anthropometric m-~
dices, such as the ponderal index, do
not warrant a genetic interpretation
until we possess a better understand.
ing of the biological saterrelations
between body segments

Other twin studies have found a
genetie component of vanability i
the mayority of anthrepometnic in-
dices (Newman et al, 1937; Clark,
1956). However, in these studies 1t

was 1 all prababifity the inheritance
factor in growth rate and pattern of
development which Imparted the
measurable genetic component of
variability, stnce the subjects used
were i the period of rapid growth
and develop As the devel
ment of secondary sex characteristics
had not been completed, the sex dif-
ferences observed in the present study
were not found by erther Newrnan or
Clark

Other sex differences, or patterns
of differences, which can be seen in
the present data may suggest potential
avenues of investigation with more
extensive data. In ail six measure-
ments i which the female moenozy-
gotic imrapair variances are Jarger
than the male monozygotic intrapair
vanances, the female dizygotic intras
par vasiances are smalier thao the
male dizygotic wntrapair variances.
A simular and converse relationship
holds for 20 measurements in which
the male monozygotic itrapair van-
ances are larger than the female
monozygoltc IAtrapair  vanances
Another type of sex pattern is exem-
phified by stature The male dizygotic
Intrapair variance is smaller than the
female dizygotic intrapair variance,
while the male dizygotic interpair
vanance 15 considerably larger than
that of the female There 15 an almost
unnersal sex difference in adaptation,
whether n health or diseasc, and
morphologieal variances would ap-
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pear to follow similar patterns which
tend always to run in opposite or
compensatory directions,

For each body region measure-
ments have been selected which gave
the strongest and most consistent -
dications of genetic variability. Many
other measurements may be of equal
or even greater interest for certain
types of studies In studies of heredi-
tary-environmental nteractions, it 1s
Important to have measurements
which will significantly reveal both
genetic and environmental influences
At times 1t may be desirable to work
with only one type of variability
Again, sex influenced variability (one
sex showing greater genetic or en-

virenmentally influenced variability
than the other) may be of interest
Sex differences, and attributes which
show no sex differences, are both of
value

In Table 77 we have classified the
measurements used 1n this analysis
which provide statistically significant
measurable vanability those which
measure both genetic and environ-
mentally mfluenced vanability, those
which measure only genetic influ-
ences, those which measure only en-
vironmental influences, those which
measure sex influenced vanability,
and those which measure sex dif-
ferences Significance has been taken
as P<0.025
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Table 77. Evaluation of anthropomelric measurements

Genetic Enviran-
and eaviron- Genetre mental Sex Sex

mental only only nfluence difference

3 ? 3 9 3 ¢ AL D L 3
Table Measurmmt
10 Stature x x x *
11 Wesght x s X x
Arn & Hand
14 Total arm lg x x x %
15 Upper arm g x x x x
16 Forearm Ig x x X x
17 Hand)g < x x X x
I8 Md-finger lg x x 2
19 Wrst bd x x 3
20 Hand bd x  x
21 Upper arm cuc X x x
22 Forearm airc x x EY X %
23 Mt cre = x X
Trunk
26 Sitng height x x x x
27 Sueg suprastt x x %
28 Bdchod x x x %
29 Bracromion x X x
30 Chest bd x x K
31 Chest dpth x % x
92 Warst wd 5 x x x
33 fhpbd x x x
3% Psahiac %
35 Bitroch x x A
46 Chest are * *
37 Chest ossc x x x
38 Waist iire x x a %
39 Hp e x x




ANTHROPOMETRY

Table 77. E:

luation of

)

Genetic
and enpiron-
mental

Genetie
only

Environ-
mental
only

Sex
influence

Sex
difference

Ly Font

2 Total leg Ig
13 Thighly
4 Loner log Ig
45 Foot Ig

£ Ankle b
4 Heel bd
4 Foot ba
9 Thgharc
0 Kace prox
51 Knce dit
5 Calfar
53 Ankle circ

Heed & N

56 Head Iy

57 Head by

58 Total face bt

3% Upper face he
Nose ht

8 Earpy

62 Head by
83 M fronga)

¢ %

3 %

3 %
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o ox ok % o4
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Fat, Bone, and Muscle

The physical measurement of the
body’s composition mn terms of fat,
bone, and muscle has great value in
physiolegical and nutnuonal studses
Measurement of these three variables
s extremely chfficult, and a number
of methods have been employed with
VvArous Success roﬁnlgenogram—

metric, densimetric, and anthrapo-
metac’ While all of these meth
have contributed to 2 basic undef-
standing of body composition, only
anthropometric methads are at pres
ent practical for large scale studies
(Brozek, 1956)

FAT MEASUREMENTS

Body fat is the variabie which is
most directly refated 1o nutntional
status and physiologreal change and
which 10 adults shows the greatest
fuctuations The anthropometnc
technigue for measuning body fatis by
the measurement of skinfold or sub-
cutaneous fat (Edwards, 1950; Bro-

2¢k, 1936) While there are many
complex factors associated with 1he
accumulation of subcutancous fatin
different indaviduals, at different 28¢5,
and under different environmental
+ & Commune ofr Nutnnional Anthropometsy. wat

ectablished w 1953 under the Food and Nutrinor
Board of the Navonal Rescarch Counes!

128



FAT, BONE, AND MUSCLE

conditions, genetic influences also
may be suspected of playing a role in
the accumulation of fat and in its
patterning For this reason we made
subcy a to
determine whether genetic variability
could be detected by a twin analy-
ss employing an anthropometric
technique
To measure skinfold thickness, a
pair of skinfold calipers was obtained
from Dr. Ancel Keys of the University
of Minnesota. The instrument em-
plny;d was a spring-loaded caliper
equipped with jaws having an area
of 2827 square millimeters which
Tacrted a pressure of approximately
.V grams per square millimeter. This
instrument, an early version of those
now 1n use, was calibrated in inches,
and readings were made to the near-
est thlr}yvsecond of an inch. The
i:mc Instrument  was employed
roughout the course of the study,
lal:‘d all measurements were made by
onc tsl-;imc anthropometrist. Five sites
Used~c night side of the body were
upper arm, chest, scapula, ab-

d H
a:zlclr;:;nd thigh. The results were

z.f};!; arm skinfold thickness (postenor

P midway between the acromal and

e "E brocesses)

e :t rl;fuld measurement had good

W femal ility, particularly in males

2t ales the measurement was less
rate, due to both the greater rel-

ative thickness and the nature of the
fold itself In males, upper arm fat
appears to be largely environmentally
influenced, as indicated by both the
ME'MZ and DZ IP ratios (Table
78a) In females a fairly good genetic
component of variability 1s observed
The comparison of like sex and un-
like sex dizygotic twins mdicates
strong sex differences at this site
(Table 78b).

Chest skinfold thickness (nght axllary
border, above pectoralis major, at approxi-
mately the level of the first nb)

The particular site of this measure-
ment was selected in an effort to ob-
tamn comparable results m males and
females. The poor repeatability m
males reflects the difficulty frequently
encountered 1n raising a skinfold at
this site There 1s little to recommend
this measurement as 1t was made in
the present study (Tables 792 and
79b)

Scapular skinfold thickness (1mmedrately
below the wnferior border of the nght
scapula)

This is a reasonably repeatable
measurement, with an apparently
strang genetic component of vartabil-
ity in females The male monozygotic
intrapair vanance 1s relatvely large,
sigmficantly larger, n fact, than the
mntrapair vanance of the female
monozygotic twins The male inter-
parr variance is small in comparison
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Table 78a. Upper arm Table 792 Chest shinfold
skinfold thickness mean vartances thickness mean vanances
n  darance Frate P n  Venaace Frate P

Male Male
Measucement error 7 B Measarement esror 7 1837

ME MZ 1877 <003 ME MZ 25 1
Monozygotic 2 10720 Monozygone B 41

MZ DZ [N ] MZ DZ 2 <
Duzygatic 0 rize Dizvgotic 1000

DZ 1P 946 Lol Dz e 309 85
Interparc 9 12m Interparr 9 308

Femate Female
Measurement crror 18 2528 Measurement error 18 230

ME MZ 424 o8 ME MZ 538 <O
Manoz gotie 2 100 Manozygohc 32 13n

MZ DZ 228 <02 Mz 1z 154 10
Dazygoti 27 24407 Dizygonc 27 2074

DZ 1P 56 o Dz 1P 186 >0
aterpar 20 6285 Interpar 26 3899

Table 78b. Upper arm Table 79 Chest shinfald
skinfold thickness sex compartson thickness sex comparison
a  Sanance  Fratw ' n  Vastance  Frate P

NManozs goue Manozvgoue

Male 5 1070 Male 2% 418

$3 1. 10 >25 EES 11 352 <O

ke 2107 Female 2 134

Duzygone Dazygotic
Male w1320 Male w1
YN 18t <25 R 2 I8
Female ooy Frmate 2 ren

Dirygotic Dizvgrre
Mate 10 13250 Male 0 10m
33 4% Sty <ot 54 3% 297 03
Unlikesex 13 63077 Unbikesex 13 2923 R
£ 92 271 >a &3 8¢ 141 <5

Female 27 2407 Female 27 20m
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Table 80a. Scapular
skinfold thickness mean variances

n_ lorence Frato P
Male

Measurcment error 7 1643
ME MZ 1503 <001
Monozygotc 2% 24700
MZ DZ 115 >25
Duygotic 10 28400
Dz 1P 14 >25
Tnterpar 9 s10m
Femae 77
Measurement ecror 18 1083
ME MZ 433 <00t
Monozygotic 32 4688
R MZ Dz 461 <001
mbgouc 27 21611
. Z 1P 341 >001
nierpar 26 74385

Table 805 Scapular
skinfold thickness sex comparison

Mongzygotic

:‘;lc o 25 21700
o' 3 e T SO
D'Zygauc ___________________
3‘;“ o 10 B
. Female 21611 e

with that for females, but no sigmfi-
cant sex difference 1s found 1n the
comparison of like sex to unlike sex
dizygotic twins (Tables 80a and 80b)

Abdominal skinfold thickness (mudway be-
tween umbilicus and 1hac crest)

The striking difference in repeatabil-
ity between males and females for
this measurement 1s unquestionably
due to the difficulty frequently en-
countered 1n rasing a good skinfold
in females because of an extensive
and relatively firm umbulical fat pad
From this standpoint, a fold above
the 1hac crest would have been pref-
erable. Ths difficulty may account
also for the large sex difference m
the comparison of like sex to unlke
sex dizygotic twins The ME MZ
and DZ IP ratos indicate that the
vanability in abdominal fat is greatly
influenced by environment (Tables
8la and §1b)

Thigh skinfold thickness (anterior surface,
immediately proximal to the patella)

The lesser accuracy in females rela-
tive to males 1s the result of the firm
nature of the thigh fat typical of fe-
males, which frequently makes 1t
extremely difficult to obtain a fold
for measurement In males this skin-
fold appears to give a good measur-
able genetic component of vanability,
whereas in femnales environmental n-
fluences must be considered relauvely
more important A sigmficant sex dif-
ference is found (Tables 82a and 82b).
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Table 8fa. Abdominal
skinfold thickness mean variances

Table 820, Thigh

skinfold thickness mean variances

a  lantance Fretw P o bename Frato P

Male Maje
Measurement ercor 7 857 Measurement ector 7 1000

ME MZ 16 <001 ME MZ 1230 > 000
Monozygatic B 2550 Monozygonc B 12300

MZ DZ 145 <25 3z DZ 306 >0
Duzygorc 10 37600 Duzvgatic 0 37650

D7 1P 576 < 005 0z 1P 554 009
Interpasr 3 »iw Interpas 9 mp491

Female Pemale
Measucement ervor 18 1528 Measurement ereor 18 3000

ME MZ 305 <ot ME MZ 1364 <00
Monozygatic N 20w Monazvgotic n 49

MZ D2 152 >0 MZ D2 161 A0
Dirygotee 2% 3190 Dizygotee 27 65907

DZ P 490 < 00t Dz 1P 13 >0
Interpate B 171088 Taterpair W 7589

Table 816 Abderanal
skinfold thickness sex comparison

Table 82b. Thigh

skinfold thickness sex comparisen

a  Vanance Fratw P o Vanonce Fram P

Monazygotie Mattozygotic

Male 23 23300 Male B 12300

EEE ] 1 2% 88 19 333 005

Female 2 22ee4 Female 32 40022 .
Darygouc Dizygoue

Male 10 37600 Mate 19 37650

a8 s 109 > ITERL] 175 <

emate % s Pemale 27 65907 »
Dazveote Dizygoue

Male 017600 Male e

EE K2 ] 330 >0 83 2% 448 >0

Unlikesex 13 123923 Unhkesws 15 162768

5% we 5% <o 82 ¢ 256 <OB

Female 6 31904 Female 27 63907
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Summary of findings on body fat
measurements

The demonstration of complex dif-
fcr.cnces between the sites measured
15 in accordance with previous obser-
vation (Edwards, 1951; Garn, 1954,
1936, Brozek, 1956) The frequent
sex differences in the nature of the
fat at different sites previously com-
mc'ntt:d upon (Garn and Harper,
:9352‘were substantiated by our ob-
crvations on the comparative repeat-
ability of these measmf:ments in rgalcs
and females The present data indi-
cate that the variability of the dif-
ferent fat deposits is influenced by
sex, heredity, and environment Of
principal interest here, however, is
g:wt;az;t that skinfold thickness can
€ a signi

et v gﬁ::;ﬁcam measure of ge-
urzblc sites which provide such meas-

; € genetic vanability differ for
males and females, In males the best
::le;siuremem isobtained on the thigh,
N n females the scapular fold Tt

Possible that these results in part

reflect the male tendency to accum-
ulate upper body fat with weight
gain, and the female tendency to ac-
cumulate thigh fat with weight gain
With such environmentally influenced
variables as skinfold thickness, genetic
differences are less easily measured
m the regions most strongly influenced
by environment Without quesuon,
environmental influences predom-
nate 1n the present data at the chief
site of fat deposition, the abdomen

The vanation n fat accumulanon
at different sites in the presence of
weight change has been pointed out
by Garn (1954) and by others Since
the absolute thickness rankmngs of the
fat at different sites change with
weight gain, the intercorrelations be-
tween these sites must change also A
cross-twin analysis of the different fat
sites would then require an arrange-
ment of twin pairs in accordance
with weight differences as well as by
sex and zygosity Consequently, the
present data are 1nadequate to per-
mut interpretation of this type of
analysis

BONE MEASUREMENTS

B“: r‘;\easurer}lcm of bone size by
te Wh&;memf: methods requires a
points T p;’lowdcs two good contact
i ufr the cahper \:vlth a mini-
ably ‘hls:‘}lfﬂymg soft tissue Prefer-
readth °“!d bea measurement of
or width. Wrist breadth or

bistyloid breadth (Tables 19a and
19b) fulfills these requirements ad-
mirably In the analysis of anthropo-
metric measurements, wrist breadth
was found to give an extremely good
measure of a genetic component of
vanability 1n both males and females
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MUSCLE MEASUREMENTS

Measurements of muscle are not as
readily obtained as are those of fat
and bone. One measure of muscle or
muscularity which has been pro-
posed, however, has shown consider-
able promise for certain purposes
(Brozek, 1956) While this measure-
ment (upper arm diameter) includes
bone as well as muscle, 1t can be
considered predominantly a measure
of muscle mass The circumference of
the upper arm 1s taken midway be-
tween the acromial process and the
olecranon, and corrected for the sub-
cutaneous fat thickness measured at
the same point In the present study,
upper arm crcumference (Table 21a)
and upper arm skinfold (Table 78a)
were obtained 1n a manner suitable
for this measurement of muscle mass.
As the skinfold caliper was calibrated
1n inches, conversion to centimeters
was necessary The formula employed
n analysis was that given by Brozek
(1956): (D = C/7 — §), where D
equals arm diameter, C equals upper
arm circumference, and § equals
skinfold thickness

Upper arm diameter (D = C/m — §)
Comparable MZ:DZ and DZ:IP
ratios in both males and females indi-
cate a significant measure of genetic
variability. No sex influenced varia-
bility is found and there is a large sex
difference as demonstrated by the like
to unlike sex dizygotic twin compari-
son (Tables 83a and 83b).

Table 83a.
Upper arm diameler mean variances

n  Vanance Fraio P

Male
Measurement error 7 023
ME MZ
Monozygotc 23 036
MZ Dz 314 >0t
Duygotic 10 176
DZ 1P 364 >0
Interpair 9 641

243 > 10

Female
Measurement crror 18 02t

ME MZ 343 <005
Monozygotc 32 o072

MZ DZ 214 025
Dizygotic 27 154

Dz 1P 252 ol
Tnterpair 26 388

Table 83b.
Upper arm diameter sex companison

n  Vanance F rato r

Monozygotic
Male 23 056

88 ¢ 123 >
Female 32 a7z .
Duzygouc

Male 10 176

33 22 >
Female 27 154

38 8¢ 791
Unlkesex 13 1392
89 9¢ 904
Female 27 154
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CONCLUSIONS DRAWN FROM FAT, BONE,
AND MUSCLE STUDIES

Without question, upper arm diam-
eter, which is predominantly a
measurement of muscle mass, provides
an cxtren}ely satisfactory indication
of 2 genetic component of variability.
Furthermore, this is an objective
measurement of muscle which does
not depend upon subjective evalua-
tion on some relative scale. Wrist
breadth was found to provide an
equally good measure of genetic var-
1ability in bone size It was similarly

possible to demonstrate genetic var-
iability in subcutaneous fat or skin-
fold thickness in both males and
females by employing two different
measurement sites In females the
subscapular fold and m males the
fold on the anterior surface of the
thigh proximal to the patella pro-
vided highly sigmificant differences
between the mean intrapair variances
of monozygotic and dizygotic twins
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The Analysis of a
Body-Build Taxonomy

Man’s natural cunosity about himself
and ahout the manner in which one
differs from another, together with
his recogmition of some relatuonship
between body structure and function,
have led to the development of many
different  body-build taxonomies
(Kretschmer, 1921, Bean, 1926;
Penda, 1928, Sheldon, 1940, Linde-
gard, 1933) Formerly physique was
classified into “types” based on the
assumption that there was disconti-
nuity in the variation of body form
associated with different physiologi-
cal and functional characteristics.
More recently the continuous nature
of vanation 1 body form has been
recognized, and the classification sys-
fems now 1N usc attempt to represent
a continuum of variaton in terms

136

of body components (Tanner, 1953).

The most widely used of these
classification systems is that of the
somatatype, which by its author's
definution s a description of contin-
uous morpholagical variation (Shel-
don, 1954) This system was therefore
suggested for a genetic study of
morphological variation, and it was
used in the first analysis of the pres
ent data.' Although the analysis of
somatotype employed control data
instead of interpair variances as in
the analysis of the morphologicil
measurements, the original meth
as well as its interpretation have been
retained

1The body-build analysis utthzed the fint 100 ot
parrs studied (Osborne, 1955
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Body-build typologies have most
commonly described three major
yanants or components of physique.
I\regschmcr’s term for the first vari-
antis pyknic, meaning compact, for
the second, musculare, meaning ath-
lctlc;‘and for the third, asthenic,
fmeaning weak. Bean also had three
variants short and round; medium,

ulky, or massive; and tall, wiry, and
narrow He termed these three types
respectively hypomorph, mesomorph,
and hy.pcrmorph Sheldon’s cor-
Tesponding terms in the somatotype
clasufication are endomorphy, meso-
morphy, and ectomorphy.

Sheldon (1940) describes the char-
ac!ensu.cs of these three components
:“ld their essential features in the cx-
'mnes of each type. Endomorphs are
bound and soft individuals with small
h?:l:: and low body density, the
or are tapering and short relative

° € trunk; there is a predominance
of the abdominal viscera and of the
'r;msxxmal segments of the arms and
angt over the distal segments, the
- crior-posterior and lateral diam-
mcrs }(:f the body are equal. Meso-
Mtzp Is are massive, s(?lid mdividuals

" arge bones, big joints, and
domv(y muscles; the thoracic cage pre-
and t:la;:‘s over the abdominal region,
ot otf the proximal and distal seg-
b !s of the arms and legs are large,
b Tansverse diameters exceed the

C€rior-posterior diameters, Ecto-

over the mass, the bones are small
and delicate, but unlike those of
endomorphs, the distal segments of
the arms and legs are relatively long,
the anterior-posterior diameters are
extremely reduced, and the lateral
diameters much less so These de-
scriptions define the extremes of the
three types and an individual 1s rated
for each of these three components
on a scale of 1-7 1n terms of his ex-
pression of each component relative
to the extremes found 1n the popula-
tion. Each individual 1s given a rat-
g His type, therefore, 1s represented
by three numerals designating his
place along the total range of vara-
tion for endomorphy, mesomorphy,
and ectomorphy

Somatotyping as it 1s presently em-
ployed 1s an anthroposcopic tech-
mgque, which utilizes, 1n addition to
the purely visual evaluations of body
form and character, the ponderal in-
dex and weight history of the subject
(Sheldon, 1954) Tanner (195%) re-
ported the most recent check upon
the reliability of the somatotype rat-
ngs n terms of observer and meas-
urement error * In this check a test
was made of self-consistency, as well
as the reliability among the ratings of
three tramned mdviduals Tanner
found an average standard error of
measurement of 033 units, though
the error was consistently a little

to that used in the

;:‘;Drp s are linear, fragile individuals
whom body surface predominates

analysis of anthropometric measurements was not
obtamed for somatotype i our study
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lower for ectomorphy, about (.28,
slightly higher for endomorphy, and
the highest of all for mesomorphy,
about 036 The average standard
error between two total somatotype
ratings will therefore fall somewhere
between 0.5 and 1.0 somatotype units.

It has previously been pointed out
that in the present twin study each in-
dividual twin was given a study num-
ber taken at random, and that the
dragnosis of zygosity was maintained
separately unul all evaluattons had
been completed The data required
for somatotyping was placed upon
$ x 8 cards, an example of which 1s
reproduced in Appendix I1I-A The
somatotype photographs, together
with the data cards, were divided into
two stacks so that m no instance were
the co-twins placed in the same stack.
To these twin subjects were added a
number of non-twin individuals who
were photographed and repeatedly
measured concurrently with the study
of the twin subjects as a check upon
the error in anthropometric meas-
urements The somatotype ratings
utihized 1n this study were then made
by Dr William Sheldon. The ume
required for completing the initial
evaluations of the somatotypes meant
that sn addivon to the randomuzed
numbers and separation of the mem-
bers of a twin pair, two or more days
elapsed before the second member of
any twin pair was rated Under Dr.
Sheldon’s standard procedure mitial

ratings are gone over a second or
third time to correct chance errors in
the evaluations, but, to assure ex-
treme objectivity in our study, more
than the usual care was given to the
inital rating, and only these initial
raungs were used in the analysis

In the analysis of ratings such as
these 1t 15 desirable to have some
evaluation of the differences which
could be expected to occur between
unrelated individuals For this pur-
pose Dr Sheldon made available
some of his college material for use
as an unrelated control. While a col-
fege population is not entirely com-
parable with the populanon from
which the twin sample was drawn, it
provided m this case readily acces-
sible data with two distinct advan-
tages: first, a college population is
usually in good physical health;
second, it 1s a somewhat selected
population with a more homogenous
socio-economic background than al-
most any other young adult popula-
tion and therefore less vanable. This
means that the variances of this pop-
ulation should tend toward the mini-
mal rather than the maximal, and
should therefore constitute a more
rigorous control for the dizygotic
variance values,

We selected one male series from
an urban coeducational college and
one female series from an urban co-
educational college comparable in
socio-economic level with the popu-
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lation from which the twins were
drawn. Similar male and female
private college series also were used.
¢ age, race, height, weight, and
somatotype ratings were recorded for
approximately 1200 males and 1500
f:r{lalcs from these college series. The
twin paurs in the present study could
be classified with only two or three ex-
Ceptions into two racial categories:
ws and Northwest European non-
Jews Accordingly, the college series
were separated into the same two
dasses Only individuals over 18
Years of age were included. Applica-
ton of these criteria resulted in a
control series of 1008 females, 805 of
whom were classified as Northwestern
Uropean and 203 as Jews, and a
f:)}:l(:ml scrie;: of 657 males, 543 of
™ were Northwestern European,
?nd 114 Jews. Since analysis o};at;he
r;)lmamty;f: data by age showed al-
I st no difference in the means and
aniances at the different age levels,
:i‘gln ining the age groups was pos-
fcrec. There were some small dif-
Iac:-c;s in weight by age and also by
by tl; ¢cause of possible pertinence
el ¢ weight data of this study, as
this l:l!'c;:] atl.l!hrf:pological u}tcr;s!,
atio)
pendie 1. n is presented in Ap-
The Somatotype ratings were made
°n 2 half point scale and the analysis
ofintrapair variances was the same as
that employed with the
data, The intrapair difference in total

somatotype is the sum of the intrapair
differences in endomorphy, mesomor-
phy, and ectomorphy without regard
tosign. If Tivin A wasrated 34?3 and
Tiwin B (co-twin) rated 3* 4 2, the
intrapair differences would be 2, '2,
1; thus the intrapair difference m the
total ype would be tabulated:
Y2 + % + 1 = 2 The calculation of
intrapair variances for the control
group, which was done to provide a
comparison of the degree to which
co-twins are more alike than mdivid-
uals drawn at random from a com-
parable population, was based upon
sample vanance If many unrelated
individuals were formed into parrs at
random, therr intrapair variance
would be (Zx*/2n). Since this is an
estimate of the variance 1n the con-
trol population, the control sample
vanance, 5%, a simpler estimate, was
calculated instead

Endomorphy

The monozygotic and dizygotic intra-
pair vanances are essentially equiva-
{ent 1n males and females, and fail to
provide significant F ratios. In the
contral population the estmated 1n-
trapair vanances are sigmficantly
larger than the mean dizygotic intra-
pair variances Comparison of like
and unlike sex dizygotic twins indi-
cates a highly significant sex difference
for endomorphy. Endomorphy ap-
pears primarily to describe sex differ-
ences (Tables 81a and 84b).

110
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Mesomorphy

The results obtamed for mesomorphy
are similar to those for endomorphy.
Again in the unrelated control group,
significant ratios are obtained, but
mesomorphy appears primanly to
describe sex differences (Tables 85a
and 85b)

Ectomorphy

Ectomorphy, at least 1n females,
shows a genetic component of varia-
bility in the MZ :DZ companson. Sex
differences are less pronounced than
in endomorphy and mesomorphy,
and there 15 a suggestion that the
male dizygotic mean intrapair vari-
ance may be abnormally low If male
and female data are combined, an F
ratio of 3 76 is obtained which gives
P< 0001 (Tables 86a and 86b).

Total somatolype

Mean intrapair variances for total
somatotype could not be estimated
for the control by the present meth-
ods. Total somatotype results are sim-
ilar to those of ectomorphy, from
which it apparently denves most of
the genetic component of vanability

If male and female data are com-
bined, the F ratio 1s 2.34, P <0.001

Sex differences in total somatotype
are strongly indicated. Presumably
they are contnbuted by the endo-
morphy and mesomorphy companents
(Tables 87a and 87b)

Table 84a.
Endomorphy mean variances
n__ Vanance Frato P
Male
Monozygotic 24 18
MZ DZ i3 >10
Dizygotic g 33
Dz C 396 <02
Coutrol 657 130
Female
Monozygotic 3N 15
Mz DZ 180 >05
Dizvgote 22 2
Dz G 258 <005
Control 1008 70
Table 84b.

Endomorphy sex comparison

n  Vanance Fratia P

Monozygotic

Male 24 18

FYER T 1235 >

Female 3t 15 .
Duzygouc

Male 8 33

88 vy 121 >
Dirygotic

Male 8 33

38 32 382 <05

Uniike sex 10 126

42 #¥ 467 001

Female 24 27

e
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Table 85a. Table 86a.
Mesomorphy mean variances Ectomorphy mean vanances
n_ Vamance Frao P n_ Venamce Frato P
e Male
bnongote 24 18 Monozygotic ES
MZ DZ. 146 <25 MZ Dz 124 >
Duaygoue 8 27 Duzygotic 8 i
Ze DZ C 1709 < 001
Control 657 186
Female
Monozygatic 3118
Mz DZ 392 <001
jo Dizygotic 1 st
oy © 231 > 005 Dz C 192 02
o 1008 58 Control 1008 98
Table §5b. Table 866
M!Iamorphy sex comparison Ectomorphy sex comparison
n_Yamonce Frate P n  Vonance Frama P
“‘*K;Zygunc Monozy gotic
ale 24 18 Mile 24 09
:a 22 102 >25 83 99 140 <25
Jemale a1 19 Female
D
gt Dizygotic
fale 8 2 Male 8 1t
88 93 106 >25 53 3% 468 >0
Female 2 51
zygouc Dizygouc
Male 8 2 Male 8 un
33 ae 570 >01 33 39 591 <ol
Unlkesex 10 15 Unbkesex 10 €5
3% 9 616 <001 3y 92 17 >
Female 2 25 Female 24 51
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Table 87a.
Total somatotype mean variances

Table 87b.
Total somatotype sex comparison

n  Venance Frano P r»  Vanance  Fralio P
Male Monozy gotic
Monozygote 24 9t Male 2¢ 9
MZ DZ 157 <25 38 20 103 >25
Duzygoue 8 148 Female 31 97
Female Duzygatic
Monozygotic 3 97 Male 8 148
MZ D2 2% <01 38 9% 168 2
Duzygotic 24 248 Female 24 248
Dizygotic
Male 8 148
88 32 558 >0l
Unlkesex 10 826
3% ge 333 <ol
Female 24 248

CONCLUSIONS DRAWN FROM SOMATOTYPE STUDIES

The nature of the somatotype clas-
sification system to a considerable ex-
tent opposes endomorphy and ecto-
morphy. Hooton’s modification of
this system (Hooton, 1951, Dupertwis
and Emanuel, 1956) 1s constructed
upon the premuse that there 15 a
strong inverse relationship between
endomorphy and ectomorphy, ecto-
morphy being primarily the absence
of endomorphy Howells (1952), in
applymg factorial analysis to a se-
lected group of men, concluded that
there is an inverse relationship be-
tween endomorphy and ectomorphy
To test this interrelationship in the
present data, one member of each

twin pair was taken randomly and
multiple regressions were calculated
following Mather (1947) for the
regression of actual values of endo-
morphy and mesomorphy upon the
actual values of ectomorphy. These

I 1ons were made separately for
monozygotic males and females, and
for dizygouc males and females. Sig-
mificant regressions were found for
endomorphy upon ectomorphy in
three of the four categories of twins
Only in the dizygotic females was the
regression coeflicient insignificant.
The indication is certainly strong
that in the present data endomorphy
and ectomorphy cannot be considered
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independent variables The only ques-
tiort of importance to our study, how-
ever, 55 whether the interrelationship
of endomorphy and ectomorphy af-
fects the intrapair difference values of
these two components

To test the posuble effect of the
endomorphyvectomorphy relations
Upon intrapair differences, multiple
fegressions have been calculated for

therefore all 32 pairs were discordant
Fisher’s Exact Chi-square test of sig-

nificance gives P = 009
In employing somatotype ratings
for correlations with disease or physio-
logical functions, some of the different
numerical ratings frequently are com-
bined. Sheldon (1954) described 88
different numerical combinations or
ypes, which he said could be

the regression of the intrapair dif-
ferences of endomorphy and meso-
;osphy upon the intrapair differences
: ctomorphy. Again these regres-
mons were calculated separately for
rnfréozygot{c males and fernales, and
stau;ygnﬂc males and females No
o ;ca ‘yiv significant regresstons
o foun Apparently the regres-
; of endomorphy upon ectomor-
Phy 15 not sufficiently strong to be re-
(i(eCth inthe relatively small intrapair
crences between the two mem-
c;s of a twin pair.

of br; ; cgn.cordance-discordance test
o 'y build, von Verschuer (1930)
Op})rted 1o discordance in monozy-
té;x :;: t;vxgs His classification used
oty °¢Y types which described
e 1: extremes of body build, and
st 1o way of judging what con-
s concordance. In a concord-
ce-discordance test of

grouped into 19 “somatotype farmlies”
(Sheldon, 1940). Since a somatotype
family may include, for example.
such somatotypesas 72 1 and 5 4 3,
described as mesomorphic endo-
morphs, the criteria for concordance
are greatly extended. In a concord-
ance-discordance test of these group-
ings, a significant difference hetween
monozygotic and dizygotic twins was
not found (Osborne, 1956) In this
test zygosity diagnosis was based
solely on sex and the blood groups
With the use of additional eritena for
diagnosing zygosity, six pairs of twins
previously classified as monozygotic
were reclassified as dizygotic Five of
these six pairs were discordant for the
19 somatotype groupings With this
zygosity diagnosis 29 pairs of mono-
zygotic and 8 pairs of dizygotic
twins were concordant, while 26 pairs
of m yotic and 24 paurs of dizy-

< V]
:z:c‘:gS, in whic!x concordance wﬁ
type ngf cement in the three somato-~
gotie “:,T{POHSMS, 5 pairs of monozy~
Cordany mdeerc found to be con-
Feyaot and 50 pairs discordant; no
€ pairs were concordant and

gotic twins were discordant. An Exact
Chi-square calculation gives a prob-
ability level of 0.01, If a 95% conli-
dence nterval is caleulated by the
cross ratio method (Wolll, 1956,
Haldane, 19%6), conlidence limits of
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128-873 arc obtamed for an ob-
served ratio of 3 35.

In the present analysis, though the
values of the three components can
be shown to have some genetic valid-
1ty when used as a description of a
continuous range of variability (Table
87a), their particular combinations
can not be shown 10 have a genetic
basis. However, 1n a concordance-
discordance test, a very small dif-
ference in somatotype raung could
be sufficient to classify the pair as
discordant, and when gross groups of
somatotypes are used, significant dif-
ferences between monozygotic and
dizygotic twins are obtained

The relation between endomorphy
and ectomorphy is statistically signifi-
cant for the actual values in these
components, but this relation did not
significantly affect the mtrapair dif-
ference values for the two compon-
ents The numerical representation of
body build as given by the total
somatotype rating shows evidence of
genetic control as well as of a strong
factor of sex influence The genetic
aspect of the somatotype rests pri-
marily upon the ectomorphic com-
ponent, and the sex-influenced factor
1s disclosed largely by endomorphy
and mesomorphy.
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A Masculinity and
Femininity Rating

‘
tI? :nf‘i’?t““’ of morphological varia-
sexual dmore obvious than that of
female, imorphism. Males differ from
fﬂsptcts :‘0‘ 0,"[)' gonadally and in
butalso'o primary sex characters.
sex cham 2 whole array of secondary
male o rfaC!CHS(lCS which relate to
1 dlsc;s:male a.dgptation, possibly
tically o susceptibility, and to prac-
im"zm:f)’ aspect of the individual’s
quang n with his environment The
dimor ;{lvc nature of man’s sexual
Bbs:wl;‘\sm, a matter of common
Dol also is of considerable
1°s‘cal interest.
mcgi’:::{“ﬂﬂb}: anthropological and
descrine stut'lxcf haye attempted to
chatacs variations in secondary sex
tions wi‘(;:!él'cs for possible correla-
Isease, and with physio-

logical differences between and within
the two sexes These descriptions of
morphological bisexuality have 1n
general been carried out either paral-
lel with, or 1n place of. a bady build
classification In the preceding analy-
si1s of one body-build taxonomy. we
concluded that a large part of the
varabihty which was described in-
volved secondary sex differences. Be-
cause of this finding, and the possible
genetic nature of much of the varia-
tion observed in secondary sex char-
acteristics, we decided to carry out
an analysis of the relative masculinity
and femninity within each sex asa
part of the present study of morpho-
logical variation We discovered,
however, that there was no single
classification system in use which
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would be both appropriate for the
present analysis and comparable for
the two sexes. Therefore, 1t became
necessary to establish our own de-
scriptive  system, based upon the
methods and observational critena of
various authors.' The masculinity-
feminimty rating which we employed

was developed before the analysis of
the anthropometric measurements
was made No photographs or meas-
urement data on the twin and con-
trol subjects of this study were used
in the development of this mascu-
hnity-fermninity rating system.

DEVELOPMENT OF A MASCULINITY-FEMINITY RATING SCALE

Important constderations in setting
up aratng scale of classified secondary
sex differences are the nature of the
differences to be encountered, what
kind of criteria can be used, and how
the cnitenia can be arranged mn a
meamngful order. The most striking
feature 1 all classifications of sex dif-
ferences 1s the opposition of upper
body to lower body development,
following the same divisions of the
body that were discussed by Wash.
burn (1951) based upon evolutionary
evidence arms and trunk, pelvis and
legs, and head and neck The male
pattern is a relatively greater develop-
ment of the upper part of the body,
while the fernale pattern 1s greater
development of the lower part of the
body. Following upper and lower
body dominance comes the male’s
angularity versus the smooth curves
of the female, muscle versus fat on
the upper arm and thigh, angularity
versus taper of the distal segments,
body flatness versus body roundness,

and the relatuvely greater develop-
ment of fat above or below the an-
atomical waist Sex differences in the
third region, head and neck, which
are less easly defined, are generally
excluded from the various classifica-
tons of secondary sex characterstics
and will not be included here.

To arrange criteria for the purpose
of classification, the major divisions
should be upper body and lower
body, with the various subdivisions
listed in an orderly fashion. Secondary
sex characteristics and their sex dif-
ferences can be classified and de-
scribed as follows

Upper bady (above the pelvic brim}

Upper extrenuty .
in the male the arm is longer in re-
lation to both the trunk and the lower

* Bayer, 1939, 1940, Baylcy and Bayer, 1946, Bul-
len and Hardy, 1946, Draper 1925, 194, fonch
1942, Lockhart, 1943, Sclczer, 1943, 1945, Tannct,
1933, Wolff, E., 1933, Wolff, G, and Stegrends
1943
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extremity than in the female When
viewed laterally the male arm is
straight in profile whereas the female
arm tends toward hyperextension at
|he. elbow. Hyperextension is oc-
casionally seen in an obviously mas-
culine arm, but it is associated with
an extremely well developed triceps
Infront or back view the male arm
hangs from the shoulder, whereas in
the female there is a carrying angle
and the curve of the shoulder ex-
fends smoothly over the shoulder
pomt and along the side of the arm.
. e female arm is cylindrical with 2
2pered forearm, whereas the male
:‘}f’PFr arm s flattened laterally and

¢ lorearm exhibits proximal bow-
1ng, with angularity rather than taper.

Trunk

!I:x;}(le male t}.le thorax, or upper
abioen 18 long in proportion to the
e n or lower trunk, There is an
Pl :1}51 dominance of the thorax
o e abdomen. In the female,
o ':‘n the at}s:nce of obesity, the
gy en dominates by 1ts relatively
shoie:mface area The sternum 15
N thl.n the female, often giving the
et e appearance of great length
0 cemal‘e thorax is rounder and the
the x:glt: Is constricted, whereas in
Squarea dc the thorax appears to be
e ue to the greater lateral di-
o T In proportion to the antertor-
Posterior diameter. The male chest

appears to be flattened in the lateral
View,

Waust

In the fenale the waist appears to be
and actually is relatively high be-
cause of the shortness of the thorax
relative to the abdomen. The warst~
line 1s typically well-defined in the
female and often is constricted or
marked by a deep depression The
lateral aspect of the rib-cage 15 nearly
perpendicular to the waistline, while
the supra-hiac fat pad or iliac crest
forms a sharp angle to the vertical
The lower angle 15 definitely sharper
than the upper angle. In the male
the actual pomt of the mmmal waist
circumference 15 poorly defined, and
the angle formed at the waistline by
the lateral rib-cage 1s sharper or
more abrupt than that formed by the
tliac crest. The fat roll, when present,
appears above the point of attach-
ment of Poupart’s ligament n the
male, 1t 1s the fat of the flank or
upper abdomen In the female the
fat, actually on the thac crest, is con-
tinuous with the fat of the lower ab-
domen and also with that of the
buttocks

Abdomen

In the male the abdommnal muscula-
ture should be evident with a well
defined Poupart’s ligament forming a
sharper angle at the pubic symphysis
than o the female, where a horizontal
line, the “line of Venus,” 1s often
found above the mons pubis In the
femnale a second line may be present,
Holden’s line; this is the line of
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flexure of the hip joint, and it 15 as-
socrated with the presence of fat on
the anterior part of the thigh Even
in the relatively obese male some
evidence of strong abdomnal muscu-
lature is evident, and the center of
fat accumulation is above the umbii-
rcus. Only 1t males of low masculinity
1 this region is a pronounced fat ac-
cumulation below the umbilicus seen
with a “line of Venus” demarcating
a pubic fat pad In the female the
umbilicus is the center of fat accum-
nlation, and therefore often appears
as a puit There 1s protuberance of the
abdomen below the umbilicus in the
female, and, in the relatively obese,
the pubic pad 15 clearly defined be-
tween the “line of Venus” and the
flexure, or Holden’s line, which runs
to the depression seen on anterior or
posterior view between the trochan-
tene pad and the iliac fat pad In the
female there is a relatively large
anterior-posterior diameter along a
line drawn through the lower abdo-
men and the buttock.

Lower body (below the pelvic brim)

Buttacks

The typical female buttocks domi-
nate the lower body mn postenor
view, and, in the extremely feminine
form, may appear to domnate the
physique The gluteal groove is well
developed, and there 1s no thac fur-
row; the fat of the buttocks is con-

tinuous with the fat of the flank, so
that the buttocks appear to extend
continuously from the fold, or line of
Nates, to the waistline, which is then
clearly differentiated from the sub-
scapular area, often by a depression.
In the male the fat of the flank and
that of the buttocks are separated by
the iliac furrow. In the typical male
buttock there 1s dimpling marking
the lateral aspect of the gluteus mas-
1nus. The conformation of the male
buttocks 1s square or rectangular,
whereas in the female it is rounded
In contour, lacking angularity. The
sacral triangle is usually visible in
both sexes and the posterior superior
diac spines are clearly marked by
dimples The point of the isosceles
triangle 15 formed by the gluteal
groove In the female this trangle is
shorter and broader than in the male,
as 15 characteristic of the sacrum

Trochanteric fat pad and hnp line

In the female a sub-trochanteric fat
pad 1s present even in the refatively
lean The centering of the pad be-
low the trochanter gives the great-
est hup breadth at this point in fe-
males, unless large iliac pads are
present In the male the greatest
breadth is at the head of the tro-
chanter. In the female the sub-
trochanteric pad together with the
ihac fold form the double curve of
the female hipline, with the narrow
point falling approxsmately at the
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uochanter and Jateral point of the
skin crease (Holden’s line) on the
front of the thigh. In the typical male
3 double curve may appear also, but
itis formed by the head of the tro-
chanter and the ihac crest, and the
harrow parat tes well above the tro-
:hgmcr. Ip the female, the trochan~
D}nc pad is often fused with the fat
‘h'thc buttock and the front of the
]D\lg , and there is a rather abrupt
thm margin, In fean females and
st of low femininity, and ccca-
;m{mﬂy in lean males of low mascu-
‘mity, the trochanteric pad may ap-
pear completely deli dh

;_)f the relative absence of fat on the
brom of the thigh and side of the
uttock,

Thlgh
!:z 3;2 female there is often a fhick
comeorering on the front of the thigh
ing Aling the "}ﬂsculature and giv-
hnenEscy o a skin crease, Holden's
<ont ven in the lean, however, the
smaxlllmlr is smooth and the patella is
to e, 1 the male the thigh appears
extend without demarcation 10
u";lpan s igament, and the patella
dcﬁargF and prominent with some
¥ ntion above, In the female the
h ighs are often approximated above
t € kitees and the knees are m con-
act. The thigh hay 2 funnel of canc
shape in the female, whereas 1a the
male jt is more cylindrical with some
angularity at the knee. In massvely

muscled males the thighs oy ap-
proximate, but the knees are generally
bowed, not in contact, and the de-
marcation of musculature 15 evident
In very thin females the thighs may
be widely scparated, but then they
are concave an the inner surface due
to the absence of strong adductor
and vastus medialis muscles, and the
thighs angle inward at the knees The
knees may approximate even 1 \ety
fean females

Lower teg

The lower lrg of the made has un-
eveness or angubmny, while iv the fes
male even 1 well developed calt
smootlly curved nnd tapening. These
charactetivties e patwalarly e
of the maes surfase i the eatt of the
tygeal made, the nmer corve of the
ZASLFOCHEIIIUR 1 promibeat and well
detined  The outer suifave curvet
relatively shat ply toward the external
tnalieotux I the male the malleol
are targe aud dearty seen, adding o
the appearatce of anguiarity, while
even in the lean fermale the malteols
arc amad! and 1he ealf tapers to the
ankie

Method of quamification

Fallowing the deseription of the maost
seacity olnerved secondary sex char-
acteristics s the probiem of rating or
quantifying the relative development
of these charactenstics in each sex,
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Past experience 1n the classification of
physique has clearly shown that de-
finable standards must be established
if assigned ratings are to be repeata-
bie. The number of categories to he
recorded 1n any classsfication of con-
tinuous or guantitative varation is
entirely arbitrary, though there are
certain practucal considerations It is
bath logical and convenent to have
a mudpornt and a middle category in
the range of vartation which will ap-
proximate the most cominonly oceur-
ring expression of a specific attribute
in the majonty of “normal” popula-
tsons If the attributes are genetic, or
have any meaning in terms of bio.
fogical adaptation, each population
will have s charactenstic midpornt,
and consequently it 15 superfluous to
try to establish an exact midpomt for
general application The curve of dis-
tribution also will differ, and the es-
senual problem 1s to establish critersa
which will describe the extremes at
approxmmately equal distance from
the mudpomnt for each of the different

ther indicated the need for an actual
scoring system, rather than just ar-
bitrary categories. Five categories
seemed particularly convenient for
this purpose, each to have a range of
20 points on a total scale of 100 points
with a mudpoint of 50.

Table 88 presents our method of
scoring, utihzing the classification of
secondary sex characteristics de-
seribed above Class T is hypomasen-
fine or hypofeminine, and Class V is
hypermasculine or feminine. Upper
body and lower body are scored sep-
arately by the four sets of criter;a
Iisted under each region. If an indi-
vidual 15 i Glass 11T (at the middle
of the range of variabiity) in each of
the four sets of criteria in the upper
body, the total upper body score is
100, and the average score for each
of the four sets of criteria 1s 23. If the
same ratings hold for the lower body,
the total fower body scare also is 100,
which, divided by four, again giycs
an average score of 25 By adding
these two averages, we get a mascu-

attributes employed as cl v
critetia. Such a range is mmplicit n
the classification of sexual variation
by the terms- hypo-, average, and
hypermasculine or feminine. In view
of the number of rateable criterta and
the range of varnauon observed, it
seemed to us reasonable to use also in-
termedate categories between the
extremes and the midpoint The large
number of attributes ta be rated fur-

linity-fe ity rating of 50, the
smidpoint of the scoring scale. (The
adjustment of score for shoutder-hip
ratio will be discussed prescn.tly,)
From a practical standpoint, the
most difficult problem is the assign-
ment of pont scores. For this purpose
both visual examples and word de-
scriptions have been employed (Ap-
pendix 1V) Few, if any, individuals
can be preciscly matched, even for
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Table 88. Masculmty
Example A B
Class 1 u
Pont Scare 5 15

—femininity rating scale
c D

mt
25 35 45

Rating 0 10 20 3 40

50 60 70 80 90 100

Upper body (above pelvic brim)
Upper extrematy
Trenk
Wast
Abdomen

Pomnt score
Pont scare
Pornt score
Pont score

Total pornt score /4 =

Tn male, adjustment for shoulder-hip ratic =

Upper body score e
Lower body (below petvic bram)
‘l;unnck Point score
Trhochanlenc pad & hup bne Point score
gh Point score
Lower leg

Pant score

Totat pont score /4 =

In female, adjustment for shoulder-hip ratic =
Lower body score

Maseulinity-feruninity rating =

2;\;3“‘;)“; and decisions as to an
trbusi ual’s place on the scale of dis-
e gn can be made much more
iﬂg‘}:'h { €ompanson than by match-
m ’ind? ‘;ls, by determining whether
secon d';’l ‘llal scores higher than a
erteng “‘Fower than a third for each
exam I’!‘: Aor this reason the visual
andpg z » B, C,and D in Figures
the mig inside back cover) illustrate
the iny Points between classes, and
ervening classes are verbally

described for each criterion Few in-
dividuals will be encountered who fall
nicely into the same class for all eni-
tenia, therefore 1t was necessary to
construct composites from actual pho-
tographic examples

In scoring the four sets of critena
n the two body regions, no actual
comparison of upper and lower body
development 1s achieved As the rela-
nve development of these two regions
constitutes the most universally rec-
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ogaized secondary sex difference, cor-
rection of the masculiniry-femininity
rating for this criterion was deemed
advisable. While relatively broad
shoulders are a masculine character-
istie, certain problems are encoun-
tered 1n determining a meaningful
shoulder-hip ratio The male pelvis s
frequently quite broad at the crest of
the ihum, where thac breadih 1s cus-
tomanly measured This ss due often
10 massive bony development of the
ihiac crest, which adds breadth but
certasnly 1s not feminine The position
of the subject m the photograph also
makes it extremely difficult to obtam
a reliable measurement, or even an
impression of shoulder breadth. The
best compromise which could be de-
vised was to lay strasghtedges parailel
to the bady’s fong axis from the axil-

lary apexes in the posterior view. Hip
breadth was taken as the greatest
width, whether at the trochanter or
sliac crest In this way masculine
males were not unduly penahzed for
promunent iliac crests relative to
males low 1n masculinity having in-
discermble 1liac crests and prominent
wrochantene pads Similarly, in fer
males the more femimne seceived fall
credit for large development of their
trochanteric pads. Table 89 presents
the scoring method The increments
apply to 5” x 7" photographs with a
magnification factor of 0 059, If the
male score 1s applied 10 the upper
body, and the female score to the
lower body, a single criterion of up-
per or lower body dominance may be
used

Table 89 Stcondary scormng scale: shoulder-tup rateo
Mate shoulder-hup ratio spphied fo upper body
Shoutders less than tup breadth by 1 mm or more
Shoulders approwmately te same
or wider than hup breadth by lest than 2mm & no xore
Shaulders wider than hip breadch by 2 awn or more = plus 10 pornty

== runus 10 pornts

Female shoulder-hip ratio applied 10 fower body
Hips less than shoulder breadth by 1 i or more
Hips approwmately same o wider than
shoulder breadth by Z mm = no ware
Hips wider shan ghoulder breadth by 2 mum or more = phus 10 painta

= ruaus 10 powts
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APPLICATION OF THE
MASCULINITY-FEMININITY RATING SCALE

The purpose of a twin analysis of the
masculinity-femininity rating is to de-
termne whether these ratings describe
2 genetic component of variability in
;nm;phuloglcal bisexuality. As in the
: }:I: l’ycs\s of ampropcmctry, subjecting
e pc;(abllny of the rating to test
nfthcm crent part of the analysis is
- greatest importance, Extreme
fore was taken to guard against any
ldcntllr;irghk?gs All photographs were
o ? : Y random numbers, and
bl of the two members of every
ent slt):llrﬁs w‘t_:rc separated into differ-
Phots ] hm- independent scoring
pcrimimp‘ s of the measurement ex-
i nt ;ildmdl‘nals and all other
!pcl\sc%imE s available were 1nter-
o s“bYVIth the photographs of the
s jects in the first stack. Scores
ass!gnCdcvaluated e.lcn.\cnt were then
g k!o bevery individual in the
otaleg o ut the scores were not
et un]ul the enure series had
g ot ;)}I\npﬁeted. Following the scor-
i thec rst member of each twin
phc;o ) l}rlxcasurer‘nem experiment
e ng aphs were interspersed with
stk ‘::1 photographs of the second
© o the procedure was repeated
tosbrain independent values The
b pairs were then matched and
scm‘el:mr differences between total
oo vwe}'e calculated Measurement
stcondana‘nces between the first and
ratings on the measurement

experiment mdividuals were calcu-
lated. The twin pairs were then clas-
sified 1n accordance with the previous
diagnosis of zygosity, and the data
were analyzed in a manner compara-
ble with that employed with the
anthrop nc

The results of the analysis are pre-
sented in Tables 90a and 90b In both
males and females the mean dizygotic
intrapar differences are found to be
significantly larger, P< 001, than the
mean monozygotic mtraparr differ-
ences In males there 15 a significant
difference between the measurement
error variance and the monozygotic
intrapair variance, whereas in fermales
this difference 1s not statistically sig-
nuficant Quite obviously this sex dif-
ference 15 due more to the relative
size of the monozygotiC intrapair vari-
ance 1n males and females than to a
difference in accuracy of ratings for
the two sexes It may reflect an ac-
tually greater difference between
male monozygotic twins in character-
istics of a sexual nature, as could be
implied from the analysis of anthro-
pometric measurements which ndi-
cated that for certain measurements
the mean monozygotic Intrapair vari-
ance exceeded that of the mean
dizygotic intrapatr differences

In neither males nor females are
sigmficant differences found between
the dizygotic intrapair and interpair
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Table 90a. Mesculmty—fernimnty
raling mean varances

Table 90b. Masculinity—~femininty
rating sex comparison

n  Vanance Frato I n  Vanance Fram P
Male Monozygotic
Measurerent Mate 75 2712
error 17 7189 &3 e 147 >
ME M2 378 <oos Female 3 1847
Monozygouc 25 27125 mesmeseammcseassssvaces PR
MZ DZ 461 <001 D";ﬁ“;m o 1sam
Dezygotic 10 125938 ale 1
Dg;m tes <25 3¢ 3% 10t >
Interparr 9 216840 _ _F_e:nfl_e_ . A
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Duzygoue
Mo Femate Male 10 125938
easurement o >
error 2 10375 28 4% .
ME MZ 178 <10 Utlkesex 16 130078 s
Morozygoue 34+ 18474 dy g% 103 >
MZ D2 6§72 <001 Femate 27 124190
Dizygatic 277 12419
DZ 1P 113 >

Interparr 26 140874

vanances For males the score range
18 17.5 to 675, and in females the
range 1535 0to 72 3 Since it does not
appear that any serious lack of varia-

bility was present in this population,
this finding may indicate a possibility
that a relatively small number of ge-
netic factors have an androgenic of
gynecogenic effect upon morphologi-
cal characteristics

CONCLUSIONS DRAWN FROM MASCULINITY-FEMININITY
RATING

Thus our limty-fe Y
rating scale makes 1t possible by a
twin analysis to demonstrate statisu-
cally a genetic component of varia-
bility for morphological bisexuality.
‘The strength of this component of
variability appears to exceed that

d rated for a body-build tax-
onomy, and it is comparable with
those found for many single anthro-
pometric measurements and fos the
measurements of fat, bone, and
muscle.
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Summary and Conclusions

YG;C‘(\]:‘UC' studies of man may be purely
slu dimca[’ such as evolutionary
baxcdc‘s; or they may be descriptive,
o Ipon chservational data, as, for
n din e, studies of.genc frequencies
bean ecrlent poplflauons.; or they may
plica: ucted with a view to the ap-
i mnb:;f genetic knowledge to hu-
mcd:sr;’ ems, as may be the case n
mmra ’gcn:ucs Irrespective of the
by t(c the genetic study, 1t 15 nec-
mull;lyr 0 recagnize the importance of
(ance a;:llonal .and complex mhen-
thae > that which is based upon more
ad ionc Pair of genetic determinants
o n\fnlves genetic and environ-
nental interactions to bring about a
;‘ac‘ccn character (the phenotvpe) Itis
Cau:“ar)' also to distingwish between
b e and effect, between genotype
2d phenotype. The genotype can be

inferred only by observation of the
phenotype, while the phenotype re-
sults from the interaction of heredity
and environment Elucidation of
the heredity-environment tnteraction
with respect to complexly inherited
trats is therefore vital to the future
development of human genetics In
spite of many difficulties, such as
those of health problems peculiar to
twins, and accurate diagnoss of zy-
gosity, twins provide the best subjects
available for the study of genetic-
environmental interactions Twins are
of particular value 1 the study of
complexly inhented vaniation where
simple Mendelian segregations can-
not be observed.

In the use of the twin method for
the study of heredity-environment in-
teractions, certain principles are more
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important than some standardized
procedures One of these is “total
ascertainment,” the study of all avail-
able cases rather than a sample
chosen because of convenience of col-
lection The purpose of “total ascer-
tainment” 1s to avoid unconscious
bias, but collection of all available
twins will not in 1tself achieve this, 1in
fact, for certain problems 1t may ac-
tually result in unconscious biases of
a very serious nature. However con-
venient 1t would be to use stereotyped
methods, the design of a particular
study and the procedures to be em-
ployed must accord with the nature
of the problem and the results sought
The restriction of the twin study
method by convention has all too fre-
quently resulted in failure to ask the
most appropriate questions of a given
body of twin data, and has without
doubt hindered the development of
the method for attacking many prob-
lems of genetic-environmental inter-
actions In general, the twin method
has been confined to studies with the
limited concept of “degree of herita-
bility,” which has little meaning in
human problems, since heritability 1s
by nature relative and human popu-
lations are characterized by genetic
and environmental heterogeneity.
The initial question to be asked for
human genetic problems is whether
a hereditary component of variability
can be measured by the twin method
and the techniques employed. The
primary purpose of the present twin

analysis has been to examine different
measures or evaluations of “normal”
morphological variation in order to
find stanstically measurable compo-
nents of variability Such an evalua-
tion can then provide the foundation
for developing more elaborate genetic
methods for studying these easily rec-
ogmizable “normal” morphological
charactenistics and their relation to
function 1n both health and disease.

For the study of any specific prob-
lem, it is necessary to obtain appro-
priate subjects, and this requires some
type of selection As the present study
was to be of normal morphological
variation, the most necessary criterion
for the selection of subjects was health
status, determined by complete labo-
ratory and medical work-up. As the
purpose of the investigation was to
test for a genetic component in trait
variability rather than to determine
growth rates or patterns of develop-
ment, only subjects over 18 years 9f
age, past the period of most rapid
growth and development, were
studied To avoid extreme genetic
heterogeneity in the sample, only
Caucasians were ncluded; the ex-
tremes of environmental influences In
a large metropolitan area were
avoided by drawing subjects from the
low middie to upper middle income
group Volunteer subjects were taken
as they came, without intentional se-
lection on the basis of either sex of
zygosity; 1n this way, the criterion of
health status was allowed to operate
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as the prinaipal selective factor, Thus
the most important bias to which twin
data may be subject was equalized
for the different twin categories
Whll? volunteer participation un-
questionably was influenced by social
and psychological factors which were
related to sex and zygosity, no effect
ofthese factors could be demonstrated
upon the intrapar diffe of the

urements which fail to describe sig-
nificant differences in twins may still
be of value for describing genetic and
environmental nfluences in other
types of studies The measurement
differences found 1n our study char-
acterize this specific twin sample,
these differences are proportional to
the magnitude of the genetic and en-
Vire | components of vanability

twin pairs studied, so far as the mor-
Ph"l?gxcal charactenstics under inves-
tigation were concerned,

In d.rawmg conclusions from the
analysis of intrapair dufferences, one
n}uxt remember that the magnitude
of these differences is of an entirely
different order from that encountered
'f: other types of data, such as those

om studies of unrelated individuals
or d\ﬂeren.t racial groups. The aver-
:Efwceoffﬁgem nf. genetic relationship
and “Cl" izygotic. twins 15 one-half,
have s}:’ majority of genenc studies
o own that ‘the average of phe-
vid\i',}:;c-w"e!amm between 1ndi-
dsos s in this degyees of relationship
ronms one-half Similarly, the envi-
o ental influences affecting the
‘hus:leé_nbers of a twin pair, or even
heahha fecting different pairs in good
som0 and drawn from the same
ulati -economic level of an urban pop-
the lon, must differ much less than
h Y would in studies of urban and

ural groups, those m high and low
conomic brackets, or groups with
Various diseases. A twin analyus 1S
Comparatively exacting, and meas-

in this twin population only.

The analyses of ponderal ndex
(herght ¥ weight) and of different an-
thropometric mdices clearly show
that such ratios of body dmmensions
are gross over-ssmplifications of the
biological relations they purport to
describe While 1t 1s possible that these
mdices may be useful for speafic
problems, they are of extremely lm-
ited value for genetic studies The
cross-twin analysis as employed here
was helpful 1n the mterpretation of
these indices, though its usefulness
was somewhat limited by the lack of
high within-individual and monozy-
gotic twin correlations hetween dif-
ferent measurements The correlations
between different anthropometric
measurements are only moderate,
and, 1 our limited sample, provided
few significant differences Certain
facts emerged, however, which are of
interest in the mterpretation of geneti-
cally conditioned morphological vari-
ability Length and breadth dimen-
sions appear to be relatively inde-
pendent; thus could he seen from both
the variances and cross-twin analyses.
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Other 1nvestigators have reported
similar findings; they have also re-
ported the relatively greater genetic
component of variability, which we
observed, for post-cranial measure-
ments taken parallel with the long
axis of the body

Perhaps the most interesting result
of the cross-twin analysis 1s the sug-
gestion that whatever the influences
may be that affect the relations be-
tween two measurements in a mono-
zygotic twin, these influences have a
similar effect between the two mem-
bers of the twin parr This implies ge-
netically determined relations of the
segments of the body involved, and m-
dicates that the response to the pre-
natal and developmental environment
to which the two members of a mono-
zygotic twin pair are subjected is
genetically conditioned, insofar as
these influences affect body propor-
tions. While the existence of such a re-
lation might be considered self-
evident, the fact that 1t can be dem-
onstrated statisncally may have
considerable importance for studies of
genetic-environmental 1nteractions,
and for eptdemiological studies em-
ploying co-twin control methods.

Birth weight and body weight in
growing children can be shown to
have a measurable genetic compo-
nent of variahility, but in our data
adult weight cannot. Variability in
stature is strongly infi d by ge-

of variability for the relations of
stature and weight, With the use of
the ponderal index, however, a sug-
gestion of a genetic component for
gross size, or height-weight propor-
tionality, 18 found Before a more
definitive analysis can be carried out,
1t is necessary to have some practical
measure or description of either body
volume or body mass (the relations
of size and form).

We have faund a limited and there-
fore a manageable number of an-
thropometric measurements (Table
77) which statistically measure a ge-
netic component of variability with
impressive accuracy and good relia-
bility These findings are in contrast
to those 1n studies of growing chil-
dren, 1n which practically all measure-
ments give significant differences be-
tween the mean 1ntrapair differences
of monozygotic and those of dizygotic
twins, due, presumably, to the facts
that most body proportions are un-
dergoing growth changes, and growth
rates and patterns of development are
largely genetic. In our study, in
which male and female data have
been analyzed separately, significant
sex differences in variability are found;
some measurements provide sigm.ﬁ-
cant measures of genetic variability
in males but not in females, and vice
versa ‘This kind of sex difference has
been previously recognized; Pearson
d it out as early as 1903

netic factors, but the ponderal index
poorly describes a genctic companent

Variations 1n fat, bone, and musd;
are of interest for many medical an
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physiulf)gjcal studies. Simple anthro-
pometricinstruments, utilizing readily
aceessible body sites, provide accurate
measurements of all three, and all
show 2 significant genetic component
of variabuhity.

In the analysis of a taxonomy of
body build (the somatotype), };vi-
dence of genetic variability 1s obtained
ﬁ:om a simple numerical representa-
tion of t'he continuous range of dif-
ference in the three components of
body build described Specific com-
binations of these components or
types were not found to have a ge-
netic basis, though gross combina-
tions of different somatotypes differ
!lgmﬁ’camly between monozygotic
and dizygotic twin pairs The genetic
componen} of this typology appears
::h.rc}:t primarily upon the aspect
7m:§ . essentially n_iescpbes relative
e rity. This finding is compatible

ith the results from anthropometric
;n:asurcmcms. It should be noted
dlsa; In_constitutional studies of
o ase susceptibility or resistance,
tlative lineanty of physique has gen-
erally I.Jeen found to give the most
Promising correlations When such
correlations are noted, the discases in
qQuestion are those which on other
mdex:\cc also have shown familial or

creditary tendencies, and frequently
$ex Incidence differences as well, such
ascoronary heart disease, tuberculosis,
Peptic ulcer, diabetes, and gallstones

(12;:;"’ Dupertuis, and Caughey,

Because of the geneticimportance of
sex and sex differences, and the range
of vanability which normally occursin
secondary sex characteristics, a quan-
titative system for describing this var-
iable was developed for the present
analysis. A simple and highly repeat-
able raung system was devised for
describing morphological bisexuality
in both males and females. This
masculinity-femninity ratng indi-
cates a genetic component of varna-
bility in both sexes as effectively as
do many of the better anthropometric
measurements

‘We have shown that certam simple,
easily obtained, and objective meas-
urements of body segments, of fat,
bone, and muscle, and of lineanty,
and the morphological expression of
bisexualty, have statistically measur-
able genetic components of variabil-
ity n adult twins 1n general good
health These morphological vari-
ables constuitute the phenotypic ex-
pressions of complex or multifactorial
inheritance suitable for studies of
genetic-environmental interactions,
and, since they seem fully represen-
tauve of a large part of man’s genet-
ically conditioned varnability, they
can be used 1n developing methods
appropnate for working with the
more complex part of human inheri-
tance. While famuly or sibling data
will be required for understanding
the genetic mechanisms in the inber-
itance of complex variables, such as
are exemplified by these morphologi-



SUMMARY AND CONCLUSIONS

cal measurements, possibilities exist
for further application of twin study
techniques

Co-twin contral methods can be
used to further our understandmg
of genet

processes With the development of
appropniate statistical methods, it
should also be possible by the pur-
poseful selection of twin and family
data effectively to partition different
<C of vanance, and even ta

through the investigation of different
associations between measured differ-
ences in morphalogical and physio-
logical variables i both health and
disease The present study has sug-
gested also that comparatve data for
twins at different age levels would be
of value in genetic studies of growth

take : advantage of some of the biases
to which twin data are frequently
susceptible.  Certainly twin study
methods and the mvestigation of
morpholagical variation can be ex-
pected to play an increasingly im-
portant rofe in human biology.
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The Study Procedure

All subjects were gi
given study ap-
5|;xntmex}ts at their :onvemencg, ax?d
i ¥€ registered as out-patients i the
:"gerbllt Clinic of the Columbia-
c:; }:/tenan Medical Center A
eal:h history was obtained, and
leborey status was determined by
lnclu; ory and medical study which
"anonﬂ:} a complete physical exami-
s Yy a stafl physician, blood
oy s unnalysis, and chest x-rays
Hoot € time of this examnation,
exten Specimens were obtamned for
. ass\vc blood _grouping studies
e ﬂﬁ"c. th.e.ob_]cct'lvc handhing of
ﬂum’ba Individuals were given code
o ers for‘lhe identification of lab-
ord TY specimens, photographs, rec-
pab S, etc. (See sample forms on the
ollowing pages )

With only three exceptions, both
members of every twin pair came in
for simultaneous study While one
member of 2 patr was being examined
by the phystaian, the other was ques-
tioned and observed, and anthropo-
metric measurements were taken All
observations and measurements were
made by the semor author At the
time the second twin was observed
and measured, no reference was
made to the first twin’s record Fol-
lowing the complete examination of
both members of the twin pair, finger
and palm impressions were taken,
and the subjects were photographed
in accordance with the method ut-
lized by Sheldon (1954), as previously
reported (Osborne, 1956).
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Following this examination the
subjects were asked to participate mn
further study. Tentative appointments
were made for complete dental ex-
amination (Horowitz et al, 1958,
Osborne et al, 1958) Early morning
appomntments were made for electro-
cardjographic and ballistocardio-
graphic studies, and basal recordings

were taken by Dr. James Mathers.
These data are being prepared for
publication. At the time of these
studies, additional blood specimens
were obtained for serum lipid determ-
wations, which were carried out by
Dr. David Adlersberg, at Mt Sinai
Hosprtal (Osborne, Adlersberg, De
George, and Wang, 1959).
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LABORATORY REPORTS

Name Series no, Date

BLOOD TYPE

ABOD C E ¢c MN S s K Fy° P

BLOOD COUNTS

Hgp RBC WBC Neut, FEos, Bsso, Lymph Mono. ESR

URINALYSIS

e e—

5p.Gr.  React, Alb  Gluc. Acet. Casts Leuk, RBC Mucus

X-RAY

Posteror-Anterior, and Left Lateral chest plates
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Name Series no, Date

Unit no, Mono__ A
Present add. Perm, add. Dzy B
Phone
Sex Age Birth date Place Gen, Amer
Occupation Age completed h.s.____ College
Field of study.
Marstal atatug Age Age at birth of child (1) ___ (2)

(3) {4} 8y | )
Health of Chifdren

Father (Relationship ) Mather
Birthplace, Birthplace
Stock Stack
Education Oceup, Education Oceup,
Ht, Wt. history Ht. Wt. history
Health Health
Paternal Grandfather Maternal Grandfather
Stock Stock
Ht. Wt, story Ht, Wt. History______
Health Health
Sibhings

{Sex, age, ht, wi, health)

Twins birth rank History of twins fn famaly_____ . ome

Where raised
Degree of assoc. {parents’ attitude, etc.)

Apge first sep, Duration, Circumstances oo

Age perm,sep, How far (degreeetc.)_____ o

Development relative to twina

General health Strength, Schol, o m
Who d d

Additional remarks




OBSERVATIONS

Name No. Date
Hair
Whorls -
(Density: 0,1,2,3,4  Texture: Fine/F Medwm/M  Coarse/C
Head
Color' Black__ Dk, br, ___Medbr Lt br Gold___ White
Red_ ] i Dkred  Med red Lt.red __ G. red
Form. Str___ Lt wave___Dp wave___ Curly __ Frizzy
Texture Density. Balding Grayng,
Face  Color,
" Lip__ Cheek G __Nedk _ Nose __Ear.
b Eyebrows “Eyelashes__ Eyebrow concur.
10its
Color 1 2 3 4
First phalangeal —
Second " —
Body Calor
Hand Forearm Upperarm____
Lower leg Upper leg —_———
Hypergastric TROTREIC o

Gluteal Lumosacral Lower back_______ |

Freckles

e ——
Suburmaig Gamming) T e ————

Eyes
Structure
" Smooth, Eroded Cryptose Ridged____Scaltoped

Color

Asymmetries:

Hyperextension of the TIRgeTs.

Baekgro‘md; Lt blue gray___Med blue___| Dk blue Me;kzbrny Dk gray__
Med gr___] DK & g Lt br e Red brown
Detail color: White____Yellow, Orangs____ Brown_

Zoned
Detail area; Absent _ Small _ Med | Large__ Specka__ Zone

Scallop » darker.
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QBSERVATIONS

Name No, Date
Ear
Lobe free (L) attached soldered Darwin's pt.
(R) " " "
Helix (L) Protrusion
[R) "
Teeth
Bate: Over Under Normal Corrected
ETEEIZZI 123335 E71E
Chin
Type: Median Triangle Bilateral Projection
“PTC: water, 25 50 100 400 800 -
almaris longus left present absent
. right " "
Peroneus tertius left present absent
right "
‘Thumb hyperextension left degrees
right "
Frontal hair type (1) (2) (3), —
‘Tongue rolling: Roller Nonroller
Second toe relative to first toe: Left Right
Little finger
tanded
Index finger rel, to ring finger: Left Raght
Iris rim,
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BODY MEASUREMENTS

Name No.
1 - Stature 2 - Weight
::grm length 1 - Head Cire.
5. Bi-acrom, 2 - Head Lgth
o Wl-'delt. 3 - Head Bdth
. Bials‘f Bdth, 4 - Mun, Front,
-1liac 5 - Bizygomatic

8 - Hip Bdth

9 - Bi-troch,

10 - Chest Buth
I - Chest Depth
12 ~ Foot Lgth
13- Foot Bty
14 - Ankle Batk;
15 - Heel Bdty,
§ - Humerus Tgtn
17 - Radiys Lgth
18 - Hand Lgty
;9 - Hand Bdth
22 ~ Mid-finger Lgth
o Wrist Bdth
2 Wrist Min, Cir,

~ Forearm Cire,

24 - Biceps Cirec,
35 ~ Neck Circ,
2: = Neck Ant, ~post,
2 = Neck Lateral
9 = Sitting Height
;0 ~Sittg. Sypra-sii;
x ~Tib. Ht,
1 ~ Ankle M7, Cire,
2 ~ Calp Max, Care,
3 -~ Knee Min, Dist,

—_——
—
—

;; = Waist Min. Cire,
o Chest Cire. Nip,
= Chest Cire, Xiphord____

—_—

6 - Bigonial
7 - Total Face Ht.

8 - Upper Face Ht.

9 - Nose Ht,
10 - Nose Bdth,
11 - Int. Orb.

12 - Bi-orb.

13 - Mouth Wdth,

14 - Ear Ht.

15 - Head Ht,

l

Subcutaneous

Abd

Chest
Scapula
Upper a
Thigh

rm

H
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Reasons for Exclusion of
Twin Pairs from Analysis

Zygosity Sex Reasons for exclusion

3

Mz Poor general health since early childhood
&

DZ* Under 18 years of age,

DZ ] Graves' disease
?

MZ Diabetes mellitus, thyrotoxicosis
?

MZ 3 Poliomyehits

MZ Q Endocnine disturbances

MZ Q Poliomyelitis
?

Dz Essential hypertension
2
3

Mz Endocnine disturbances.
3

MZ [ Under 18 years of age
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REASONS FOR EXCLUDING TWINS

RQygonty Sex Reasons for excluston
2
MZ Under 18 years of age, diabetes mellitus
2
?
Dz Congenital heart defect
2 Severe hypertension
bz g Anorexia nervosa
3 Cancer of the lung
MZ Hypertensive vascular disease
3
Dz 2 Poor general health, severe gastromtestinal dysfunction
MZ ? Pregnant
_MZ "% Endocrine disturbance
Mz ¢ Endocrine disturbances, anxiety neurosis
DZ* 3 Very poor general health, questionable neoplasm {

* Dirygane unhik
e sex paurs
Dxtected at tme of stady
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Zygosity Diagnosis

To avord a crrcular type of reasoning
in twin analysis, at is necessary to
select entenia for the diagnosis of
zygosity which do nat durectly cor-
relate with, or reflect, the mrapair
differences m the characters or trasts
under mvestigation Since the purpose
of the present study was to examine
complex or compound characters,
principally those of gross morphology,
it would have been inappropriate to
base the diagnosis upon such aters.
butes, A zygosity diagnosis should al-
ways be as objective ay possible, this
objectivity requures the use of eriteria
which exhibit clear cut differences,
and the basing of the diagnosis upan
a definitely established point of
retiability.

Since, ina study of adults, reliable
information about feta! membranes
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ts unobtainable, and, for subjects in
essentially good health, heteroplastic
skin grafting is difficult 10 Justify, the
proved dizygotic method using only
the more reliable characters for es-
tablishing sntrapasr differences was
considered to be the most satisfactory
method. The most ohjective charac-
ters at present available for establish-
g differences, sex and the b]oo'd
group factors, were used as the basic
diagnostic criteria,

Twenty ce. blood specimens were
divided between sterile 10cc. Was-
sermann tubes, and the clots were
immediately refrigerated Professional
blood technicians in three different
laboratories carried out alf determi-
nations, and all determinations werc
done at least twice, indcpcn_dcn!l)’: to
avoid the possibiity of typing error
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On the basis of these determinations,
all ke sex twin pairs were classified
asbeing simufar or having a difference
inone or more of the factors tested
The blood of twins was tested for*
A8, B,0,M,N, §; C, D, E, ¢ of
the Rh series; Kell, Duffy, and P. A
dfference in any ane of these blood
factors was taken as sufficient proof
that 2 like sex pair was dizygotc
The question arose, however, as to
(hc.adwsabili(y of defining monozy-
gatic twins as those like sex pairs
with similar blood, and like sex dizy-
E‘I’UZ twins as those with dissimilar
1900 . In an earlier report (Osborne,
56), the data were analyzed twice-
dxr;t bY_m’?ans of a “blood and sex
lmngngsxs, anfl then with the addr-
mcan other d‘mgl!osm: critenna, The
monn intrapair d:ﬁ'cx:cnces in both
wueo.zygoh'c and dizygotic twins
- insignificantly affected by the
cond diagnosis, and, for by far the
greater part, the use of the second
vlagnosxs resulted in a more conser-
alve test for a measurable genetic
‘omponent of variability
tquhcr!’ in the.cxtension of the adult
; Series and in an additional study
9 3 juvenile twin group, five unlike
9;’( Ppairs were found to agree 1n all
the blood factors tested, it became
?PParem that it would be necessary
0 extend the diagnostic criteria be-
Yond sex and the biood factors
he addition of other diagnosuc
criteria present a number of difficult
Problems The majority of critena

which can be used have different
diagnostic values in different popu-
lations, therefore, it 15 necessary to
evaluate the usefulness of each crite-
rion for the population studied With-
out making any reference to sex or
blood group data, all of the observa-
tions listed 1n Appendix I-A were
tabulated for all twin paurs studied
For each charactenstic the twin pairs
were listed as bemg (1) definitely
similar, (2) definitely dissimular, or
(3) similarity questionable When the
sex and blood group data were then
taken nto consideration also, the
characteristics which appeared most
effectively to separate the pairs proved
to be dizygotic on the basts of sex and
blood were head hair color, eye
color, eye detail pattern, tongue roll-
ing, P T C. taste reaction, car lobe
form, chin form. and mid-phalangeal
hair It should be emphasized that
the relative value of these observa-
tons apphes only to the present study,
their usefulness 1n other studies will
require independent evaluation
Following the selection of these
diagnostic cniteria, all like sex twin
pairs agreemng 1o their blood factors
were separated and reclassified as
simalar, dissimilar, or questionably
stmilar for these eight criteria To be
listed as similar, a twin pair had to be
classified as simmlar for all eight eri-
tena, To be listed as dissimilar, the
pair had to be classified as dissimilar
in two or more of these critena, or as
dissimilar 1n one and questionable in
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three or more of the exght critenia All
others were classified as questionable.
On this basis ten pairs were classi-
fied as dissimilar and ten pairs as
questionable

Although we had wanted to avoid
use of dermatoglyphic patterns for
establishing  zygosity because we
planned to utihze them in other as-
pects of the analysis, we decided that
it would be advisable to determine
whether this omission would in any
way affect the diagnosis The dermal
impresstons were rated by the Brod-
hage and Wendt (1951) method for
the entire adult and juvenile series,
and total ridge counts were made for
the 20 pawrs in which zygosity was
questioned A table of differences was
then set up for both pattern analysis
and ridge counts. We found no evi-
dence that any of the three rating
categories which had been assigned
need be changed, and therefore con-
cluded that accuracy in the diagnosis
of zygosity was not sacrificed by the
omission of dermatoglyphic charac-
teristics

Further to assure that no informa-

tion of diagnostic value was being
omitted, we compared the facial char-
acteristics m the photographs of all
like sex twin pairs agreeing in blood
factors, classifying them, on these ob-
viously subjective grounds, into the
same three groups. Again we found
no reason to change the previous clas-
sifications. The ten like sex pairs
agreeing m all blood factors but clas-
sified as dissimilar on the basis of the
eight other criteria were therefore
classified as dizygotic, and the ten
questionable pairs were classified as
monozygotic. 5

In employing a proved dizygotic
method of zygosity diagnosis, a strict
classification of the dizygotic twins Is
essential, and the possibility that ex-
tremely similar dizygotic twins may
be classified as monozygotic must be
accepted Any such error could result
theoreucally only in greater mean
monozygotic variances If such an
error has occurred m the present
study, its effect would be small and
1t would be in the direction of &
more conservative estimate of genetic
influences.
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Arpenpix III-A

Sample Somatotyping Card*

Siject No,

P.1
t,
Osb, P.H, Age Sex Ht. w

Seorer;
Tota) Rating, G-Index:
Dysplasia:
Regmnal Ratings
Weight History
1
4
e
w -
v ]
ES
Remarks:

Age 18 22 26 30 36

-aph for rating.
*Carq accompanying somatotype photograp



Arpenpix I11-B

Data on Unrelated Controls

Table 1. Mean height (1 inches) of unrelated controls* by age

Northwest European Jows
Age SE SE

(vearst n Man  ofmean  SD n Mean  ofmian SO

I » 13 24 58 690 a7 2

Males 1 19 7023 38 263 5 &% 61 266
.6 v 7040 2 242 @B W Iw

Tocal 544 036 n 246 133 6292 a 226

I 8 652 U ¥ RS & B - 1) 1o 215

Females 19 9% 6ig9 13 22 57 6438 % 19
2026 122 6193 22 24 13 5135 wo

Total 85 6306 w0 e @ e 1 IR

*5er Chaprer A1
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DATA ON UNRELATED CONTROLS

Table 92. Mean weight (in pounds) of unrelated controls* by age

Northwest European Jews
Age SE SE
{ears) " Mean  of mean D n Mean  ofmean  SD
18 357 1531 93 1754 58 1522 304 2315
Mls 19 ] 1592 285 00 16 1516 591 2365
2026 138 1592 168 1977 39 1628 190 2433
Total 544 1552 20 1855 13 1558 226 2397
18 389 1291 83 1636 133 1262 142 1632
Females 19 294 1270 90 1547 57 1307 244 1838
026 122 1286 140 1543 13 1254 547 1973
Tota! 805 1282 56 1591 203 1274 121 1718

*See Chapter X11
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AppENDIX IV

Masculinity and Femininity
Rating Method

The assessment of a man's masculine
component, or of 2 woman’s femmine
compeonent, as expressed morphologi-
cally, 1s based upon the relative de-
velopment of different characteristics
within the mdwidual physique, not
upon the mdividual’s size, fatness, or
muscularity 1n relation to the full
range of human vanation m these
vartables A small man can be just as

ine as a large, massively mus-
cled man, a woman need not be fat
to be femumine To assist in assigning
scores independent of size or massive-
ness, all visual examples in Figures 1
and 2 (inside back cover) are drawn
1o the same scale An astempt has
been made to describe the shape of
the different segments and their de-
velopment within the partcular phy-
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sique, rather than in terms of size of
relative dimensions
In rating sexual morphology, care
must be taken not to be prejudsced by
the amount of breast development,
abundance of body hair, or SiZ€ of
genitalia. Whale these characters ob-
viously have sexual significance, they
are variables which are subject tospe
cific genetic and envi ronmental modt-
ficauon, and which r};:q\.nn: evaluation
n a very different basis. .
° The ?umdards for assigp'mg dxﬂ'e‘:-
ent point SCOICs are provided ’by)(n;:
examples, and the wor'd dcscnpuuﬁ-
are primarily 2 check list of the va '
ables to be observed. It must be bo}r‘n‘
in mind in applying this method tha
few ndividuals will match these i‘s;
amples and criteria; the scorer 1D



MASCULINITY AND FEMININITY RATING

determine whether a particular char-
actesistic in the individual under
study 1s greater or less than in these
examples The scoring sheet is given

in Table 88 The adjustment of score
for shoulder-hip ratio, Table 89, 1s to
be applied whenever appropriate

MALE

Class I (5 points)
Upper body

Upper extremygy. The arm is tapered
from shoulder to wrist rather than
angular. The proximal segment 1s
round with no lateral flattening
Thm‘ls an indication of both hype;-
extension and a carrying angle.

Trunk proportions There is no ob-
vious dominance of the upper trunk,
and the thorax is round rather than
flattened. As measured by a straight-
edge from the axillary apex 1n poste-
nior view, the shoulders are not wider
than the hips. If the shoulders are
narrower than the hips by 1 mm or
more, ten points are subtracted from
the upper body score.

Haz{t. There is a definable waist
COnsfnclion and the angle formed by
the jhac fat pad or pelvic brm is
sharper than the angle formed by the
nb cage.

Abdomen The abdominal surface ts
large and there is a defimite protuber-
ance below the umbihicus or waist
constriction

Lower body

Buttocks The large curved buttocks
appear as the most 1mportant aspect
of the physique in the posterior view.

There 15 no lateral dimpling or de-
pression of the buttocks, there 1s no
iiac line, and the buttocks extend
from the gluteal fold to the waist line
The gluteal groove 1s long

Trochanteric pads and kap line_ There
15 a definite sub-trochanteric fat pad,
and if there 1s a roll at the 1hac crest,
1t forms a double hip curve with the
narrowest point at the head of the
trochanter

Tiigh The front of the thigh 1s
padded, curved, and without muscle
relief The thighs are tapered cones,
and m the moderately obese are
closely approumated. In the thin in-
dividuals the mner surfaces of the
thighs are concave and the knees are
1n contact The patella s small and
not prcmment

Lower leg Both the inner and outer
surfaces taper to imconspicuous
malleolt

Class IT (15 points)
Upper body

Upper extremty  The upper and
{ower arm shows some molding rather
than bemng predominantly tapered.
The proximal segment is essentially
round rather than flattened laterally.
If any hyperextension 1s present, it
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should be accompamed by some ob-
servable development of the triceps.
‘The curve of the shoulder is smooth,
rather than abrupt or angular.

Trunk proportions The lower trunk
1s large and there 1s no really impres-
sive excess of chest The sternum ap-
pears somewhat short, and there may
be even some constriction of the lower
rib cage. The thorax is not markedly
flattened anterior-posteriorly, and the
hips are approximately the same
width as the shoulders. as measured
from the axillary apex

Waist The waist line 15 not con-
stricted, but it 1s high and the lower
angle 1s pronounced, more so than
the angle formed by the nib cage

Abdomen The protuberance below
the umbilicus 1s not abrupt, although
the abdomen is relatively spacious and
wndications of Paupart’s hgament are
only shghtly visible There is no strong
abdominal musculature evident.

Lower body

Buitocks The buttocks are large
and predomtnantly curved, although
there may be a hint of lateral dim-
pling, and there 1s no ihac furrow,
but the buttacks do not appear to be
continuous with or mclude the flank.

Trochanteric pads and hip hine. While
there 15 a sub-trochanteric curve,
there is no clearly delineated pad and
only a hint of a double curve is pres-
ent. The narrowest pomt of the pelvis
obviously lies above, rather than at,
the head of the trochanter
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Thigh. The front of the thigh has
sufficient padding largely to mask
muscle relief. The thighs are more
tapered than cylindrical, and are in
contact part of the distance, although
the knees are separated.

Lower leg. The lower leg is more
angular than tapered, and while there
is a well defined inner curve, it is httle
more than equal to the outer curve.

Class III (25 points)
Upper body

Upper extremuty. The arm is of good
length, and the proximal segment Is
obviously flattened laterally. There is
no appearance of tapering, and mold-
ing is clear in both upper and lower
segments. The curve off the shoulder
15 broken from deltoid to biceps.

Trunk proportions. ‘The thorax is defi-
nitely dominant over the abdomen
and there is some obvious anterior-
posterior flattening. The shoulders are
wider than the hips, as measured from
a line dropped from the axillary apex.

Waist The waist does not have 2
high appearance, it is flattened with-
out a constriction or obvious point o
least circumference.

Abdsmen, The abdominal muscla-
ture appears strong oOF hard; Pou-
part’s ligament is clearly seen There
is no indication of a delineation bg
tween the abdomen and a pubic pa

Lower body
Buttocks. The buttocks are of onz
moderate size, and are COMPA
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rather than soft-appearing. There 1s
lateral dimphing, the gluteal groove is
of moderate length, and the iliac fur-
row is wefl developed, so that the but-
tocks do not appear to extend even to
the level of the 1liac crest

. Trochantenic pads and hap line. There
is 1o sub-trochanteric curve and the
widest point of the pelvis is erther at
the head of the trochanter or at the
thac crest What may resemble a dou-
ble hup curve is actually formed by
bone or muscle; 1ts narrowest pomnt is
well up toward the iliac crest

. Thigh. There 15 no strong indica-
tion of padding and the thighs appear
10 be predominantly muscular. The
thighs are cylindrical rather than
cone shaped, and the knees are not m
contact, although the thighs may be
In contact if the musculature 1s mas-
sive. The patella is large and obvious

Lower leg There 15 no indication of

taper. The inner surface 1s strongly
molded and is greater than the outer
curve.

Class IV (35 points)
Upper body

Upper “extremity The arm 1s rela-
tively long, the proximal segment 1s
well flattened laterally, and muscle
relief is clearly observable The upper
portion of the forearm 15 well
developed

Trunk proportions "The thorax is long
and flattened with pronounced widen-
1ng of the upper chest cage. There 1s
no constriction of the lower nbs.

Waist The waist 1s low and long,
and the upper portion meets the lower
rib cage at a sharper angle than that
formed by the pelvic bnim

Abdomen The abdomen 1s flat and
hard with strong hgaments The mus-
culature of the abdomen clearly car-
ries to the pubic bone, and there 1sno
delineation of a soft umbihcal pad on
the pubic area

Lower body

Buttocks The buttocks appear small
relative to the shoulders and upper
back They are square or rectangular
with well marked lateral compression
rather than mere dimpling The ilac
furrow 1s clearly defined

Trochanteric pads and kap line The
widest pomnt 1s the head of the tro-
chanter; any roll or pad at the crest
definitely appears to lie above the
point of attachment of Poupart’s liga-
ment and the thac furrow The latter
may even give the appearance of a
depression at the ihiac crest.

Thigh The thughs are hard and
rectangular, with marked defimition
of muscle, whether massive or not
The knees appear to be bowed, the
patellae are large and obvious with
muscle definition above

Lower leg The lower leg is strongly
molded and the angle at the ankle is
sharp, the mallecl are large and
prominant
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Class V (45 points)
Upper body

Upper extrenuty The arm 15 long
and muscle definition clear, there 1s
extreme lateral flattening of the up-
per segment The wrist appears wide,
but the proximal portion of the fore-
arm is abruptly widened

Trunk proportions The thorax com-
pletely dominates the abdomen and
the chest breadth greatly exceeds the
chest depth. If the chest breadth as
measured at the axillary apex is
greater than the hip breadth by more
than 2 mm, ten pomts are added to
the upper body score

Waist The long low waist 1s essen-
tially without a lower border formed
by the pelvic brim, while the rib cage
comes in at a sharp angle due to the
relatively greater breadth of the
thorax

Abdomen The abdomen has a small
flat surface area relative to the upper
trunk, and Poupart’s ligaments form
a small angle at the pubtc bone
Muscle relief 1s clearly seen

Lower body

Buttocks. The buttocks appear al-
most too small for the expanse of the
upper back and shoulders. They are
hard and angular with deep lateral
depressions, The iliac furrow is well
developed and the gluteus maximus
muscles appear to cover but a com-
paratively small portion of the pelvic
region.

Trochantenic pads and hup lne The
widest point of the nearly solid curve
is at the level of the head of the tro-
chanter. The pelvis, in all dimensions,
appears small relative to the trunk
above it.

Thigh. The rectangular thighs have
a greater lateral than anterior-poste-
rior diameter. Any contact on th'c
inner surfaces of the thighs is obvi-
ously due to muscle, and muscle defi-
nition is apparent in all three views

Lower leg The curve of the inner
calf is extremely angular, and there
is clear muscle and bone delineation.
The tendons at the large malleoli arc
clearly seen.

FEMALE

Class 1 (5 points)

Upper body

Upper extremity  There 1s no indica-
tion of hyperextension or develop-
ment of a carrying-angle Definite
muscle relief and angularity rather
than taper are present. The upper
arm is flattened laterally, and the
forearm 1s strongly molded.

Trunk proportions Shoulders and
chest cage dominate the trunk The
upper chest is markedly broad; the
entire thorax is long and relatively
flat. )

Waist The waist is low, cmphaSllj
ing the dominance of the upper trunk
over the lower trunk, There is O
abrupt waist angle and the rib cage

188



MASCULINITY AND FEMININITY RATING

fbrms a sharper angle than that
fbrmed by the pelvis (In obese indi-
wduals, the fat roll is clearly above
the ihac crest.)

dbdomen The abdomen appears
flat and hard, and there is muscie
lefinition. If lines of the groin are ap-
»arent, they extend to the pubic sym-
shysis, rather than meeting above to
orm a “Jine of Venus ”

Lower body

Buttocks The buttocks are small
and compact, and appear rectangular
rather than round and soft. There is
strong indication of lateral dimpling,
there may even be an iliac furrow, so
the buttocks do not extend beyond
the leve] of the iliac crest

Trochanteric pads and hip line Only
a sub-trochanteric curve is present,
rather than a fat pad If a double
curve 18 seen, it 1s of the male type. the
narrowest point is above the head of
the trochanter. The hips are no wider
than the upper trunk as measured
from the axillary apex; 1f the hups are
narrower by more than 1 mm, ten
points are subtracted from the lower
body score

Thigh. The front of the thigh (side
pose) s relatively straight. The thigh
gives hittle indication of taper, being
essentiaily cylindrical The lower parts
of the thighs are widely separated,
and the knees suggest bowing.

Lower leg. The lower leg 1s strongly
and quite sharply molded; the inner
curve exceeds the outer curve.

Class II (15 points)

Upper body
Upper extremity. While there is no
hyper fon, and no definite car-

rying angle, the line off the shoulder
is relatively smooth. Muscle definition
is not entirely obliterated; upper arm
shows some indication of lateral flat-
tening, and the forearm can be de-
scribed as more tapered than molded.

Trunk proportions. Shoulders and
thorax are well developed, and while
the upper chest cage appears rela-
tively wide, the lower portion is con-
stricted laterally, as seen in the ante-
rior and posterior views,

Waist. The waist may be well de-
fined, but the angle formed by the
pelvis 15 no sharper than the angle
formed by the rib cage.

Abdomen There may be some ab-
dominal musculature apparent, but
the surface of the abdomen 1s
smoothly curved with some protube-
rance below the umbilicus

Lower body

Buttocks. Though the buttocks are
curved rather than rectangufar, they
are compact, there may be only the
faintest indication of lateral flatten-
ing Thesacral triangle is clearly seen,
and the buttocks, while tapered off to
the waist, are not consprcuously con-
tinuous with the flank.

Trochanteric pads and kap line. There
is small but discermble development
of trochanteric pads, and the hip
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curve, while of the female type, 15
only slightly defined Only the tro-
chanteric pads or only a small portion
of the hips 1s wider than the axillary
apex.

Thighs There is some curve to the
anterior thigh (side pose), but this
curve extends unbroken to the groove
of the gromn; there 1s only the slightest
suggestion of taper towards the knee.
Knees are nerther howed nor approxi-
mated

Lower leg Inner as well as outer
surface 1s well curved, but not angular

Class I (25 points)
Upper body

Upper extremty  There 1s an indica-
tion of either some hyperextension or
carrying-angle, and the curve off the
shoulder is smooth There is no evi~
dence of lateral flattening or muscle
definition

Trunk proportions While the shoul-
ders and upper thorax do not have a
constricted appearance, upper and
lower trunk appear to be more or less
i balance The thorax gives no im-
pression of antenor-posterior flatness

Waist The waist ine 1s obviously
well above the ihac crest, contributing
to a balance between the upper and
lower trunk While the lower angle is
nat abrupt, it 1s sharper than the an-
gle formed by the nib cage

Abdomen The soft curve of the ab-
domen 1s not broken by any muscle
definition, and the protuberance be-
low the umbilicus gives an indication
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that the lines of the groin meet above
the pubic symphysis.

Lower body

Buttocks The buttocks are moder-
ately large and predominantly curved
and continuous with the flank. There
15 no indication of lateral flattening

Trochanteric pads and fup lne The
trochanteric pads are clearly devel
oped and there 15 a smooth but defi-
mite double hip curve. The full hp
line to the narrowest point of the iliac
curve is slightly wider than the ax-
lary apex.

r%iug[;’hr The anterior surface of the
thigh 1s well curved, there may be
some indication of a skin crease The
thighs definitely taper toward the
knees, and the knees angle inward
and are 1n contact. If the thighs ar¢
lean, the inner surface s coneave Wit
a soft convexity above.

Lower leg While there may be an
obvious curve to both the inner and
outer surfaces, these curves are smoo
and taper toward the ankie.

Class IV (35 points)
Upper bod) .

p’bppn );xllumly There is, deﬁn(lillc
but nat extreme hyperextension am
or some indication of a carrying
angle Both the upper and lower art
are essentially round and taper®

Trank proportrons. The upper il m

appears somewhat small rc‘lauvr p
the Jower trunk, The thoracic cage
definitely rounded.
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Waist The waisthasa “pinched-m”
appearance, and, particularly in the
posterior pose, appears high The
lower angle 1s sharper and somewhat
more abrupt than the upper angle

Abdomen The protuberance below
the umbilicus is so evident that the
grooves of the groin carry across the
abdomen above the pubic area.

Lower body
Buttocks ‘The large soft buttocks
extend from the gluteal fold to the
waist without interruption The sacral
triangle, which may even be shghily
mounded and 1ndicated only by the
dimples at the superior ihac spines,
appears to be short and wide
Trochanterie pads and hip e The
trochanteric pads are large and the
double hp curve 15 strongly devel-
oped The full tup line, mcluding the
major part of the curve of the iliac
crest, 1s wider than the axillary apex
Thighs The anterior thigh 15
strongly curved and a skin crease 1s
usually present There 1s a marked
taper toward the knees, the thighs
and knees definitely slant mward
Lowerleg The outer curve 1s greater
than the inner curve, and there 1s
marked taper

Class V (45 points)
Upper body

Upper “extreity  There 15 extreme
hyperextension or an exaggerated
carrying-angle The arm is round
and tapered from shoulder to wrist

Trunk proportions  The lower trunk
definttely dominates the upper trunk
The thorax 1s round and narrow with
very hittle taper

Waist The waist1s igh and sharply
defined, giving the impression that
the small upper body 1s set upon a
well-developed lower body

Abdomen The protuberance below
the umbihicus 15 well developed or
abrupt, and the grooves of the groins
meet to demarcate clearly the pubic
area

Lower body

Buttocks The buttocks clearly dom-
1nate the physique m the posterior
view, and are large, curved, and
contmuous from fold to flank The
sacral triangle, which 15 either deeply
dimpled or mounded, 1s short and
wide

Trochantertc pads and hip hine The
trochanteric pads and the entire
double hip curves are exaggerated.
The trochanteric pads are continu-
ous with the upper portion of the hip
curve Ifthe hips or trochanteric pads
exceed the width of the axillary apex
by more than 2 mm., add ten ponts
to the lower body score.

Thughs The anterior surface of the
thigh 15 pronouncedly curved from
skin crease to knee The inner surfaces
of the tapered thigh are in contact to
the knees

Lower leg The inner and outer
surfaces are essentially straight,
tapering into the ankle,
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