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“"Professor Gedda has successiully assembled the world's knowledge
of twins and of twinning. He has presented the data completely, he has

discussed it authoritatively and he has produced an inspiring book which
promises to arouse interest anew in the English speaking world in the
subject of twins."'- From the Forewordby ROBERT M. STECHER, M.D.
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The problem of twins as a
phenomenon of nature has
attracted the attention of poets,
writers, artists, sociologists,
geneticists, biologists, anato-
mists, and pathologists
throughout the ages. Although
much has been written on the
subject, this is the FIRST
COMPLETE AND COMPRE-
HENSIVE STUD Y--a monu-
mental work of amazing size,
scope, and scholarship,

The study of twins is of great
significance in the develop-
ment of the knowledge of hu-
man heredity. In identical
twins, with identical inheri-
tance, the effect of environ-
ment can be observed, under
controlled conditions. On the
other hand, fraternal twins
afford opportunity to show
differences ininheritance
under as nearly identical
environmental circumstances
as it is possible to provide.

Professor Gedda's studyrep-
resents a SIGNIFICANT AD-
VANCE IN THE FRONTIERS
OF GENETICS. It is without
a doubta classic inthe science
of gemelologia.
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FOREWORD

IT 1s an honor as well as a privilege to be
asked to write a Foreword to Professor
Luigi Gedda's American edition of Twins in
History and Science. Having bought Studio
det Gemelli when it was published in 1951,
there has been ample opportunity to thumb
through the 1381 pages, admire the 547 il-
lustrations and study the 161 tables. I have
been amazed at the size, the scope and the
scholarship  of this monumental work.
Many of the fine points of this fascinating
bhook have cst::apf:d me because my knowl-
edge of the Italian language is limited to a
few catch phrases of some of the more pop-
ular Italian operas.

My interest in an American edition of
Studio dei Gemelli was aroused in 1953
when I attended the Dedication Ceremonies
of the Istituto di Genetica Medica e Gemel-
lologia “Gregorio Mendel” in Rome. Ar
that time an American translation was un-
der consideration, but final decision was de-
layed until after the First World Congress
of Human Genetics was held in Copen-
hagen so that the latest information on the
subject could be included in the translation.

Some differences will be apparent be-
tween the original Italian edition published
in 1951 and the present American edition.
Besides the introduction of new marterial, it
has been decided to publish the book in two
volumes separately. A few of the illustra-
tions have been eliminated to hrmg the cost
of the book within reason, and shorr selecred
bibliographies included in each volume.
Some idea of the material concerned in the
first volume can be gnined by rf:ricu-ing the

chapter headings. They are Twins in Myth-
ology and the Arts, ”hl‘ui‘\ and Science of
Twins, Twins in Plant and Animal Life,
Frequency of the Twinning Phenomenon,
Eriologic Background Factors in ‘Twinning,
The Genetics nf Twins, Twin Pregnancy
and Anatomical Studies of Twins. The two
volumes together will discuss thoroughly
authoritatively twins and twinning
from every conceivable angle.

The ﬁtur.h of twins is n-f great ﬂlgmﬁ-
cance in the development of the ]—:n::ml:.dg::
of human heredity. In identical twins, with
identical inheritance, the effect of environ-
ment can be observed, under controlled
conditions. It is amazing to see how dif-
ferent identical twins may become due to
accidents in the womb, infection in early
childhood and differences in nurture under
separate circumstances. It is amazing to see
how closely alike are the destinies of iden-
rical twins separated in infancy, although
often unaware for many years of the other
twin's existence, closely alike physically,
mentally, emotionally and socially. On the
other hand fraternal twins give opportuni-
ty to show differences in inheritance under
as nearly identical environmental ecircum-
stances as it is possible to provide. Professor
Penrose thinks twin studies are not valid be-
cause twins are not normal to begin with.
It is true, identical twins start with only
half a cell and both twins share the facilities
and opportunities of one womb and they
get only one half of a mother’s attention in
1nf:lr1LL These may be limitations, to be
sure, but twin 3tlldlcb, the science nf gemel-
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lologia, have advanced the frontiers of ge-
netics significantly.,

Professor Gedda has successfully assem-
bled the world's knowledge of twins and of
rwinning. He has presented the dara com-
pletely, he has discussed it authoritatively
and he has pt‘m.lut:f:f.l an inspiring book
which promises to arouse interest anew in
the English speaking world in the subject
of twins.

TWINS IN HISTORY AND SCIENCE

Having been intimately acquainted with
the publisher for many years, I know it is
no accident that he undertook to prmiu-:.‘t
this excellent set of books, and to make it
available in the English language. The sub-
ject is of great interest. The book will at-
tract a lot of attention and will have the
widespread distribution which it deserves.

RoeerT M. STECHER, M.D.
Cleveland, Obio
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Chapter I

TWINS IN MYTHOLOGY AND THE ARTS

1. TWINS IN MYTH AND FOLKLORE

I.\' THE HUMAN SPECIES, twins represent a
biological rarity, a happening out of the
ordinary, arising from the fact thar the
mother gives birth not only to one new
being but to two or more specimens of her
kind. So impressive is this exception that it
has not failed to leave its mark on the im-
agination of men of every ethnic group in
every epoch of history.

The interest and curiosity aroused by the
phenomenon of twinning may be found in
ancient mythology where twin divinities
are frequently encountered. In the Pan-
theon of ancient ?;-lcsﬂpﬂtamim for instance,
we find Lugalgirra and Meslamtaea, both
called Mastabba in Sumerian and Maisu in
Accadan — names meaning  “twin.”  The
Babylonian and Assyrian Civilizations were
the first to introduce rwins in astronomy.
There were seven twin constellations,
among them the pair Lugalgirra and Mes-
lamtaea, called the Greater Twins.

The use of this expression in the vo-
cabulary of astronomy has been retained
from remote times up to this very day,
with the constellation of the Twins, which
dominates the firmament in the month of
May, giving rise to innumerable legends
and horoscopes.

Among the Persian divinities are the
names of Ormazd and Ahriman, twin sons
of Zervan, as well as those deified pairs in

the Pantheon of the Helamites described as
“make-believe” twins by Furlani.

In Indian mythology, among the celes-
tial divinities of the Vedic faith (the most
ancient of Indian religions), great impor-
tance was attached to the voung twin gods
named Advin (derived from ism horse,
and meaning “the horse owners”). Accord-
ing to the works of Oldemburg and Ballini,
these twins were the brothers of Aurora
and bridegrooms of the Daughter of the
Sun. Inseparable, they were beautiful and
strong, as well as learned. C ‘ompassionate to-
ward the weak and the oppressed, these god-
doctors worked miracles for all who suf-
fered. The old were made voung, the blind
recovered their sight, cripples were cured,
and the wives of the impotent bore chil-
dren. Rig-Veda contains fifty hymns dedi-
cated to them, and they were invoked three
rmes daily by the Vedic chanter in sacri-
ficial rites.

In Greek mythology the most famous
rwins are the Dioscuri (from dios karoi—
sons of Zeus), who 1«.tt‘l:u'|g|'l. resemble the
Asvin Brothers of the Vedic poems. Ros-
cher, C. R. Harris, A. H. Krappe, E. Bethe
and others have written about the mvth
itself and the religious impact of Dioscur-
15111,

Legend hints at mysterious circumstances
surrounding the birth of these twins. As
some would have it, they were born out of
an cgg delivered by Leda, wife of Tyn-
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dareus. It seems she had been impregnated
by Jove, who had taken the form of a swan
in order to seduce her.

In another version, Leda produced two
egos, Helen being born from one and the
Dioscuri from the other. Then again, it
was thought that Pollux and Helen were
born from one egg and Castor and Cly-
temnestra from the other—rthe first two be-
ing considered Jove's and the other two
fathered by Tyndareus (Leda’s husband).

These disparate interpretations somewhat
alter the biological significance of the twin
birth (if such it was) of Castor and Pollux.
Apart from the introduction into myth-
of an -::upqmut. procreation by
Jove's turning into a swan, what puulcs
us is the suggestion of superfecundation by
which the Dioscuri, sons of the same
mother, would be offspring of different
fathers.

The aimilarin between the Asvin Broth-
ers of Indian my thology and the Dioscuri
of Greek |m1:Im]ny. leads us to believe
that the legend may possibly have been de-
rived from an even earlier Indo-E uropean
source. Among the Celts and the Germanic
peoples a similar pair named Balder and
Hoder were considered equal to the Dio-
scuri by Timaeus (Diedorus, 1V, 56) and
Tacitus (Germ. 43). It seems certain, at
any rate, that Castor and Pollux were re-
Ulr{h:r.i in Europe as real Greek gods, an
opinion expressed by Varro (De lingua
latina, V, 66). Homer, Sappho and Simon-
ides were among the many Greek authors
who sang of the Dioscuri,

The lt.'l:rt.:nd of Castor and Pollux even-
tually  passed into Frruscan and Roman
nn'thulug}' with some {:h:mgcx. the two
g:lds becoming confused with the Penates.
Dionysius of Halicarnassus declared he had
seen a representation of the Penates in a
temple on Mount Veha (Palatine) in the
form of two young men in military uni-

ulng
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form (I, 68), and a similar representation
appeared on a coin belonging to the family
of the Sulpicii.

The Dioscuri were commemorated by
Horace, and in Cicero we read how 'I:hE}'
fought with the Romans against the Latins
in the battle of Lake Regillus. There are
innumerable literary references, and archeo-
logical traces, to “this pair in classic an-
tiquity. In Italy and Eastern Mediterranean
rt.gu:m the story of the Dioscuri is often
interwoven with that of the Khabirs and
secems to have derived from Asia Minor.
The popularity of the Dioscuri in Rome
is reflected in the exclamations “by Pollux!
by Castor!™ (Edopel! Mecastor!), which
were part of the speech of the day.

Another twin birth appears in Greek and
Latin mythology with Latona giving birth
at the same time to Apollo and Diana. Less
famous cases of twin births in Greek my-
ri‘mlﬂg}.' are those of the winds Calais and
Zetes, sons of Boreas and Oreithya; Aedlus
and Beortus, sons of Neptune and Mena-
lippe; Eretteus and Bute, sons of Pandion
and Zeusippe; Toante and Euneus of Jason
and Isophiles; Flarus and Aphidantis of Ar-
cade and a hamadryad; Acrisius and Proetus
of Abas and Aglaia. Aesiodus, in his The-
ogony, relates that the nine Muses were
born of Jove, the father of the gods, and
Mnemosyne (:ivemory ), with whom he had
lain for nine cunsecutive nights,

According to the claborated version by
Aesiodus and F uripides of the legend sur-
rounding Hercules, the Greek hero, son of
Zeus and Alcmene, was born together with
Iphicles, whose father was Amphitryone, a
mortal married to Alcmene. Here we find
a repetition of the phenomenon of super-
fecundation encountered in the story of the
Dioscuri.

In the XIlth Canto of the Aeneid, Virgil
portrays the Furies as triplet daughrters of
the Night:
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. . there are two monsters

whese pane is Dire; produced

tagether avith the Tartar Megera

in but a single bireh, by the deep Night;
She awith a serpent’s coils did cloak

ber babes and arm them

[ AENEID,

As for the birth of the Minotaur by Pasi-
phaé, we read in Virgil, “il.in'.*-:rfmh_rr.r{; s
prolesque biformis” (Aenerd, V1: v. 25),
to which Servius adds, “It is true that in
Daedalus’ house Pasipha¢ slepr with Taurus
(a notary of Minos) whom she loved, and
since she bore two twins, one from Minos
and the other from Taurus, it is said that
she gave birth to the Minotaur. Therefore
the mixtum genus 1s a fact (rwins of two
fathers) and the proles biformis a fable.”

The stories in another group of legends
in Roman-Greek mythology have in com-
mon the theme of twins being abandoned
at birth and brought up by shepherds. Such
a tale is the one about -’mehmn and Zethus,
children of Jove and Antiope. Having given
birth to the twins near Eleutera on the
Cithaeron, Antiope left them to their fate,
As luck would have it, they were found
and cared for by a kindhearted shephcrd

The tale of Neleus and Pelias, twins by
Neptune and Tyro, is very similar. Neleus
was suckled by a she- dug and Pelias by a
mare, and ther were subs squently found
by some '-:Imphcrda who brought them up.
The same fate befell Licastus and Parras-
sius, sons of Ares and Philemon, who were
abandoned by their parents on Mount Ery-
manthus, suckled by a she-wolf, and then
found by a slmplmrd named Tilipus.

From a ]ur::rlmhlc adaptation of a Greek
fable transposed into Latin mythology, the
most famous of all these legends originated
—the tale of Romulus and REIIHIR, Sons of
one of the Vestal Virgins, these rwins were
also suckled by a she-w olf. The story goes
that Numitor, during a dispute between his

awell

avith ventose wings.”

XIT wv. 1056-1061 )

shepherds and those of Amulius, recog-

nized the twins as bearing a striking like-
ness o his unh-.tpp:..' daughrer, Rhea Silvia,
who had borne twin sons.

The theme of the she-wolf's adoption
and suckling of Romulus and Remus is not
altogether legendary. We read in Kipling's
story about an Indian boy who orew up
among wolves. Also, in Gesell's scientific
s.tudm. (1941) there is a detailed account
of how, in 1920, two Indian girls named
Kamala and Amala were taken awav from
the pack of wolves that had reared them.
According to Plicher (1949), about a dozen
cases have been recorded in which infants
were adopred and suckled by wolves, bears
and even leopards.

The classic figure of the she-wolf, with
Romulus and Remus mking her milk, is
quite well known as the emblem of Rome.
Indeed, Rome may be said to be the city
of twins. Legend has it that Siena was also
founded by [?.cmm In any case, the she-
wolf and the twins are the ancient emblems
of this town too.

Halfway berween legend and history are
the triplet brothers Horatii and Curiatii
who, according to Titus Livius, were fa-
mous in history as heroic defenders of their
people. Titus Livius explains what caused
the war berween the Romans and the Al-
bani during the reign of Tullus Hostilius,
and tells abour the decision made by the
two factions to resolve the issue with as
little bloodshed as possible.

All these legends, with the intricate em-
I:midcr}' of their derails. reflect the beliefs
of those hiving in remote times. They repre-
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sent a fantastic and poetic elaboration of
the notions primitive people entertained
about twins. Furlani has pointed out that
there exists among various nations a special
religious atritude towards the phenomenon
of twinning and twins themselves. As an
illustration, we quote the following pass-
ages from Tentori's studies of the customs
and beliefs abour twins among the North
American Indian tribes of California:

“In 1922, during a scientific expedition
in Southern California, the American eth-
nologists E. Gifford and R. H. Lowie
chanced to come across the survivor of a
pair of twins in the territory ur.::;,upmd by
the Akwaala tribe. From this tw in, who was
splendidly attired, Gifford and Lowie
learned that it was customary for all twins
of that tribe to wear I'IIHE_I]IHCLI‘ET garb as a
mark of distinction for their privileged
sratus.

“Among the Akwaala tribe it is consid-
ered a lucky privilege to give birth to
twins. The spirits of twins are held to have
come to the world from a ruginu called
Patcuixa Bue, situated to the south of the
Akwaalas among the mountains of Southern
California. Some always remain there, while
others reach the world through a human
mother. Sometimes the accoucheur's per-
suasive powers succeed, and sometimes nor,
as he cannot um]plLtLh impose his will on
that of the twins. It may therefore happen
that one of the pair ti1c=. or both die.

“These ideas clearly indicate a belief in
the existence of the soul before the body.
However, Gifford and Lowie did not suc-
ceed in finding any notions of supernatural
cnmcptmn in twin births. The father of
twins seems to be definitely looked upon as
the true father, and his {]Ff‘qpl'lllé according-
lv are morrtal.

" “Twins also enjoy a special standing
among the populations of the Cocopa, Mo-
have and Yuma. Among the Mohave tribe,

TWINS IN HISTORY AND SCIENCE

twins are supposed to be of supernatural
origin and to possess the powers of clair-
voyance, ‘“We have only come to pay vou
a visit,’ they declare. “‘Our parents are up
there. Let us live with you a while.’

“Not only are Mohave twins favored be-
cause of the surprise, admiration and respect
that are engendered when the mother gives
birth simultaneously to two beings who re-
semble one annther but also hecause the
event carries with it religious implications
and a sense of the supernatural. The Mo-
have are careful to treat their twins with
complete impartiality. They maintain that
if more is given to one, the other will grow
angry 1nd return whence he came. They
also believe that if one twin dies, the other
will follow him, even when quite healthy.

“The Cocopa are convinced that twins
originate in the heavens, and only come to
t|'|L world on a visit. If they like their earth-
Iv existence they remain, otherwise they re-
turn to the heavens. They must therefore
be treated with a special regard and affec-
L1001,

“Among the Yuma twins are also treated
with great consideration. Every care is tak-
en of them lest they vearn for their land of
origin and die in order to return to it. A
Yuman mvth concerns an old woman, Akoi
Senuxau, who had always avoided men burt
was 1'-.]|1r.:d I}.\,' a gnplwr while hﬂthing in a
pond. Before returning home, the old wom-
an gave birth to twins. When they had
orown to manhood, and afrer a number of
adventures, they were assaulted by a band
of Maricopa enemies. The vounger one was
killed. The other, on seeing his dead broth-
er, collapsed and let himself be killed too.
;"tpp:ll‘tl!l.‘l}, the Yuma, like the Cocopa,
believe that if one twin dies, his brother
will follow him. The Tubatulabal and the
Paiute of Surprise Valley are likewise per-
suaded that there i1s a unltmg link between
twins. . . .
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“There are no explicit indications of fav-
oring twins in the Diegueno and Luiseno
tribes. But there is a myth about these peo-
ple which tells of the ‘adventures of twins
who were conceived in a mysterious way
by a woman called Sin- ‘I.nhfmf.,h {Iauf_{hter
of the sky and of the carth, while hathlntr
in a pund The story shows the almost my's-
tical aura surrmmdlng the birth of twins, as
well as their privileged standing. It tells how
the two young men, considered nephews of
the sky, after various adventures, go in
search of twin sisters. One day, the girls
suddenly appear before them, attracted by
the melodious sounds of their flutes. The
brothers have found the two girls at last,
but only to be killed in the end by the girls’
father.

“Orther tribes in California are extremely
hostile toward twins. Among the North
Pomo and the Kato, both members of a
pair are put to death. Often, in the hills of
the Northwest Maidus, even the mother
is killed. The Whailaki, the Achomaivi, the
Yurok, the Miok and the Pitc Rivers content
themselves by killing one of the twins.

“Several superstitions support this spe-
cial kind of infanticide. The North Pomo,
for example, believe that twin births are
caused by an enemy’s malediction, and if
the twins were allowed to live they would
harm each other. The Yurok's practice is
to suffocate one of the twins, generally the
female if they are of opposite sex, because
they think the two might eventually com-
mit incest. Among the Tolowa tribe, the
twins can live if they are of the same sex,
but only the first-horn may live if they are
of nppmlrc sex. ©he reason for LIHmL the
second is perhaps the same as that “tdt:—l‘:l.'t:d
by the Alsea, who say the second twin is
not a real person. .-’Lu:urdmg to Powers, the
Pitt Rivers kill one of the twins because the
burden of two children would be too grear.

“Then there are certain tribes who try to
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explain the phenomenon of twin births on
natural grounds. The Northwest Yavapai,
for -::mmplc say @ woman gives birth to
twins when, durmg labor, she lies on her
back instead of her side. By so doing, the
fetus splits in two, prmiucmg two indi-

viduals. The Patwin of the hills, on the oth-
er hand, maintain that twins are born when
the mother overworks herself during preg-
nancy.

“'[r’u-in births rarely occur among the
South Maidu. If both babies are suckled by
the same mother, each one is always nursed
at the same breast. The Wappo have no
special ways of treating twins, The River
Patwin merely take note of which twin is
the elder. The Sinkyon ignore them alto-
gether. No ‘-PLLH] attention seems to be
shown toward twins among the Southeast
Yavapai.

“The fact that the twin phenomenon
has aroused particular feelings and customs
among primitive people can generally be
e\phmcd psychologically. The ideas held
abour twins pu:nlmhh' derive from the im-
|1r-:,n*.|nnh caused by such strange births.
How is it there are two children instead of
oner The pl‘lll]ll‘n'r: i T.'II'!-I;‘['IT‘IS the ]'!E'IC-
nomenon as being due to the intrusion of
some f.upcrmmrJI force. That is why twins
assume a *.pcr:ml character which can re-
sult in a positive or a negative attitude
toward them.

“There are certain similarities worth
mentioning between the positive attitude
toward twins among California tribes and
among those in a neighboring region. Be-
vond ‘the Great Basin in the pimm of New
Mexico, we find tribes where twins are
treated with great consideration. Among
the Zuni tribes of the Pueblos population,
there are two war gods, twin children of
the sun, named A'Hayuta. They are wont
to appear in the form of two cruel and dis-
obedient children, hiding their power be-
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neath a mask of obscene and ridiculous
mien. lhcu live on mountain tops and are
masters of all high plai:ca and lords over ev-
ery kind of dispute. Their worship is in the
hands of the prin:srx of the bow, and to this
cult are admitted only those who have
killed at least one enemy in war,

“The A'Hayuta twins also preside over
all games. The reasons w hy war and sport
should be connected in this w ay are not
quirc clear, except that a game is like war
in that it is played by two or more antagon-
ists, and some of tlu: uhlu,h used 1n Sports
bear a likeness to certain war weapons. Be-
fore using the bow and the spear for hunt-
ing and ﬁghting, these men learned as chil-
dren to manage these weapons in games
imitating their elders.”

2. TWINS IN COMEDY AND TRAGEDY
As in mythology and poetry, the theme
of twins has been used effectiv ely in the
theatre. While Greek authors undmlhtcd}}
wrote comedies abour rwins before the Ro-
man comic dramatist Plautus did, the Greek
source on which he based his Menaeehm
has not vet been identified with certainty.
In the past it was believed that Plautus’
comedy was an imitation of a Greek one
written by E pi::‘tnrmm Ladewigs, how-
ever, maintains that it probably came from
a comedy by Posidippus entitled Didumioi.
Other scholars do not accept this theory.
The twins Plautus brings to the scene are
sons of an old merchant of Syracuse. Even
as babies these twins were so alike that
neither their nurse nor their mother was
able to tell them apart. When they were
seven vears old, the one named Menaech-
mus was taken to Taranto by his father and
accidentally lost in a crowd. He was |:b|;.Lu.I
up by a merchant who took him to F pi-
damnus to live with him, and made him his
heir. Time passed and the merchant died.
The young man married, but lived in riot-
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ous dissipation with a courresan, Erotia.

Meanwhile, vears before, the real father
had died of grief. When the grandfather
learned the sad news of his lost grandson, he
changed the name of the remaining twin,
Sosicles, to that of Menaecchmus. When this
second twin grew up he went in search of
his brother. Arriving at Epidamnus he was
mistaken for the true Menaechmus. Afrer
a series of odd and involved situations aris-
ing from their perfect resemblance, the two
brothers met and recognized each other on
the spot.

Plautus’ Menacchmi has been translated
into many languages, and more or less imi-
tated in a number of European countries.
The theme of this pc:rfm:t resemblance is
excellent marerial for scenes of comedy
and drama. The first free imitation is Calan-
dria by Angiolo Dovizi da Bibbiena. While
the Menaechmi in the Latin comedy are
identical male twins, in Dovizi's version the
twins, though very much alike in appear-
ance, are a male and female.

Calandria was 1in turn 1mitated many
times. Among others, the r.‘umr.du Gli In-
gannati may be mentioned because of its
literary merit. Wntten by an unknown
member of the ;’-"u:ud(:m}- of the Enthroned
of Siena, it, too, had a long series of 1mita-
tions. It was translated into French under
the title Les Abuses by Charles Estienne
in 1540, summarized and translated in part
mto English by T. L. Peacock in 1862, and
imitated in Spain by Lope de Rueda in the
comedy, Los Enganos.

Shakespeare in England, perhaps inspired
by the fact that he himself was father to
twins (Hamnet and Judith) used the twin
theme in two of his comedies. The first,
written in his yvouth and grf.:al:lv resembling
the plot of Menaechmi, is The Comedie of
Errors. In it there are two pairs of identical
rwins all born under the same roof on the
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same da:r, with one set being the slaves of
the other.

It happens during a shipwreck that each
twin is bound to a mast with one of the oth-
er pair. They all reach safery but land on
different laenthea, For tw enty years the
twins remain separated from ecach other.
When they meer again the usual mixlcmiiug
and t;::-nl'using situations arise. The physical
resemblance between the members of each
pair is starthing. The author describes the
two slave twins as having identical warts
and maoles, so much so that the lover of one
of them claims her rights because she recog-
nizes him by these very markmg-. The wife
of one of the master twins, finding herself
face to face with both of them, L.\Ll.ilﬂl!\,
“l see two husbands, or mine eyes deceive
me.”

Another of Shakespeare’s comedies based
on the twin theme is Twelfth Night, Or

What Yeu Will, probably written between
1600 and 1602. The plor resembles that of
the Sienese Anomime, but the circumstances
leading to the separation of the twins, the
locale and the characters portrayed are all
different. In what is perhaps the best com-
edv of its kind, the I‘.lh}'!ii{"ﬂl resemblance of
the twins, Viola and Sebastian, is absolute.
In the fourth scene of the third act Viela
says:

oo A my brocher Enow

Yet living in my glasse: even such, and so
In favour was my Brothber, and be went
Seill in this fashion, :u!’aur arianient,
For bint | jmirate.

The duke with whom Viola is in love,
finding himself face to face with the two
twins, exclaims: “One face, one voice, one
habit, and two persons. A naturall Perspec-
tive, that is, and is not” (Act V, Scene I).
Sehastian's friend Antonio asks him, “How
have you made division of vourselfez An
npplc; cleft in two, is not more twin than
these two creatures. Which is Sebastian?”

Q

The plays in which Shakespeare makes
mention of twins have been catalogued by
Walsh and Pool.

Goldoni in 1747 wrote a play entitled [
due Gemelli Veneziani, which was used as
a model for later themes, especially n the
French theatre. Goldoni is credited with
having created and brought to the stage a
pair of twins who were psvchologically
different from each other, unlike earlier
writers of comedy who had always con-
ceived of psy Chnﬁmru, 1|:I1.. n.h_ntu.ﬂ,l twins,
even when they were of opposite sex.

Actually, Goldoni was not the first to
adopt this theme, for in 1705 the French
writer Regnard told of twin brothers who
were identical in appearance but quite dif-
ferent in character in his cunwd}' Les
Ménechmes, on Les Jumeaux. These two
comedies by Goldoni and Regnard were
often imitated. Collalto, the “Pantalone” of
the Italian theatre in Paris, took his basic
ideas from Goldoni's comedy for a farce en-
titled Les trois fumeaux Vénitiens, which
was translated into German by G. F. Bonin
in 1778.

Tristan Bernard’s comedy, The Brighton

‘quines, written at the i:éginning of this
century and staged for the first time in
1908, repeats the age-old motf of identical
twins, The perfect resemblance is accen-
ruated in this comedy by the fact that each
twin is unaware of the existence of the oth-
er. On meeting, they think they are dream-
ing and L"{L‘L]III] “qr y a deux moil”

ln 1839, Victor Hugo did a rough sketch
of the plor of a drama about twins to be
called Les Jumeaux, but never completed ir.
The story dealt with an unsuccessful at-
tempt to escape on the part of an unlmpp\.
political prisoner who, nlcspjm lack of
proof, was thought to be the twin brother
of Louis XIV. For this reason he was cap-
tured, imprisoned and ultimately exiled. His
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face was covered by an iron mask in order

to prevent him from usurping the right of

succession to the throne of the first-born

twin. Subsequently, this plot served as the

theme of one of Alexandre Dumas’ works.

3. TWINS IN FABLES
FICTION

A Chinese tale concerning identical twins
can be found in a collection entitled Kin-
Kon-Ki-Kowan. These stories were written
during the Ming dynasty (1368-1644),
translated into French by A. Remusat
(1827) and published by E. Legrand (La
Matrone du Pays des Soung. Les deux Ju-
melles. Paris, A. Lahure, 1884). The twins,
who were born in the province of Hou-
Kouang and whose father was Siao-Kiang,
were much courted for their beauty and
intcllii{tncc Out of the crowd of admirers,
it became necessary for the parents to
choose two suitable husbands for their
daughters. The first attempt to do so ended
in a quarrel berween the father and mother,
and the matter had to be brought before
a mandarin.

Finding that the twins disapproved of
their parcn'ﬁ' choice, he took it upon him-
self ro find husbands for them by announc-
ing a literary compertition. Two unmarried
writers, I'sin-tsin and Tchi-wen won first
prize. However, when it was discovered
that Tsin-tsin had written the poem sub-
mitted Il}' Tchi-wen a pruhl{:m arose. Tsin-
tsin had already been married twice and
both his wives had died. He refused to mar-
ry again because the astrologers had warned
him never to marry only one wife at a
time. The problem was solved when the
mandarin decided to let Tsin-tsin marry
both twins and have two wives.

Giovanni Boceaccio (1313-1375) in the
Twelfth Day of his Decameron has Fiam-
metta t'L"II'H_[ a story about hmg Charles of
Anjou in which there are twin girls born

AND IN
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of a single birth, daughters of Neri degh
Uberti. One of them was called Ginevra
the beautiful, and the other Isotta the fair.

A fairy tale by the Grimm Brothers, The
Twwe Brothers (Die zawei Briider), tells of
the adventures of twins who were turned
out of their home and befriended by a hunt-
er. Another story about twins hu, these
same authors is entitled The Golden Babies
(Die Goldkinder). In it, two golden twins
are born out of two little golden horses,
while two golden lilies are in bloom.

George Sand, in her novel La petite
Fadette, gircx a vivid and detailed dcscrip—
tion of the physical and psychological at-
tributes of the twins, Landro and Silvan.
Born when their mother was approaching
old age, these twins resemble each other so
closely that it is difficult to tell them apart.
In order to distinguish the first-born, Sil-
van, from his brother, a small cross is tat-
tooed on his arm so he may claim the first

child’s rights of inheritance.

The mother, ridden by prejudices about
identical twins, fears that one of hers must
die, bur the midwife assures her that both
will live and be healthy. The father also
15 afraid. He has heard that a twin's friend-
ship for his brother is so great that if they
are separated they do not know how to live,
and at least one of them may be so fright—
ened ar this idea that he ends by dving of
worry. The midwife tries to comfort the
father by saying that although his fears are
not without foundation there are ways of
avniding such consequences. She advises the
parents not to make a habit of keeping the
boys together, but rather to let them in-
dulge in separate activities. Also, it would
be better not to punish or reprove them
together, nor dress them alike. All this ad-
vice goes unheeded.

“Landro,” wrote the author, “was slight-
ly taller and stronger, had thicker h:ur 1
Llr“fl‘ nose and brighter eyes. He also had a
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wider forehead, a more determined counte-
nance, and a birthmark on his right check,
while his twin had a much paler one on the
left. The villagers could thus tell them
apart, though not easily, and at dusk or ar a
distance nearly evervbody was mistaken.
Furthermore, 'thr: ::wim; h,ad similar voices
and, knowing how others would mistake
them, they would answer one for the other
without saying so. Only their mother was
never mistaken, even at night or so far
away as to Imr::l}- sec or hear them.
“They were found to share the same
tastes in color and once, when their aunt
Rosie wanted to give them each a tie for the
New Year, they both chose a violet one. . .
The rwins were dressed so alike as to cause
greater confusion. Whether it was because
of childish malice, or because of a natural
law (which the curate maintained they
could not escape), as soon as one happened
to break his clog’s tip, the other soon broke
his; if one tore his tunic or cap, the other
at once copied the tear so well 1t seemed
to have been caused by the same accident.

“For good or ill their devotion grew with
their age and they soon admitted thl:'v. could
not enjoy pinlng with other boys if one
of them was absent. Their father tried to
keep one of them with him all day long
while the other was with their mother, but
this made them both sad, pale and despond-
ent, as if sick.

Worried about the possible consequences
which their inter-dependence and their
habit of constant togetherness might bring
in the future, the father tried to pit one
against the other. If they both did something
wrong, he would box Silvan's ears, while
rcllmn Landro, “I will fﬁrgnc yvou this time
thHIIh'I': you are usually more reasonable.”
But Silvan forgot his smarting ears in his
joy at seeing his twin spared, while Landro
cried as if his ears had been boxed.

"w:un attempts were made to c:rnL to
only one of them something both wanted.
But they immediately *-pl:rr it if it was some-
thing to eat or shared its use if it was a toy,
or pnmui it back and forth to each other
with no distinction between “vours” and
If one was complimented and the
other ignored, the second twin was happy
and prnu:i 0on h:umu his brother encour-
aged and "IP].'J]']llill;‘d him himself.

Tragedy is precipitated by love. Landro
had alu ays disliked and feared little Fadette,
considered the homeliest girl in town and
suspected of witcheraft. Yet, through a
series of incidents, Landro fell passionately
in love with her, to the point where he
could nor think of living without her. She,

“mine.”

in turn, loved him with equal ardor, though
she did not show it. Landro's parents ob-
jected violently to his choice, as did Silvan.
Jealous and deeply hurt on finding himself
playing second fiddle, he fell ill. Landro and
Fadette had to make many sacrifices, in-
Lll.]dll'lb a temporary NLI'!I‘I]“'-[TI{:II] before they
could overcome all this opposition. W ith
kindness and common sense, Fadette suc-
ceeded in curing Silvan, who learned to
know and love her himself. Since she be-
longed to his brother, the only solution was
for Silvan to leave home and take up a mili-
tary career, which he did.

Alexandre Dumas used the theme of iden-
tical twins in two of his stories, Les Fréres
corses (The Corsican Brothers) and Le
Vicomte de Bragelonne (The Man in the
Iron Mask).

Mark Twain, the American humorist, in
a bnllhiant dialogue between a twin and
journalist, discusses the troubles that may
ensue when two newborn twins are inter-
changed.

Among works dealing with twins from a
psychological viewpoint is the Italian novel
I fantasmi della mia vita by Achille Gere-



12

micca. This is a first-person account of the
life of a man with a morbid imagination, un-
|1:1pp_1.' pri:nnri]j.' because he 1s incapable of
l“lL{.[i.[l“ the course of his life. The poor
fellow lives in a world of dreams and illu-
sions. He is weak and delicate, feminine in
temperament  and  extremely  sensitive.
Weary of life, he Lmltcmplatc\ -::ummu.‘rm"
suicide, but decides he is not only unwant-
ed by his fellows but by the dead as well.

Even in childhood his heart longed for
the companionship of a brother his own
age who could comfort and strengthen him.
For vears he waited for this twin soul to
find him, |n-pnu! by a legend, he gave his
imaginary twin the name of Amile, calling
hamself Amis. He felt he could never grow
to manhood unless he found Amile, w vhom
he imagined to be the image of himself in
build and habits. “I, who was naturally
tmid, peaceable and weak, dreamt of war
and fighting, but only if Amile could be at
my side.”

One day, while still a liectle boy, he was
out w :{|I{II1L with the maid, Rosaria, when
they chanced to meer an c:ld woman who
asked about the lad’s health. “He is well.”
replied rhe servant, “but very delicate, for
he came into the world with another. ‘nm
know that twins are never very stmng,

Regarding rthis incident Amis wrote,
“And so, all of a sudden, and in the streer,
my heart received a great shock from which
it did not recover for many years.
Amile was no longer someone to be with
in the furure, no longer a desire, a hope,
but a sorrow and a bereavement. My mind
held no memory of my lost companion, but
my heare did. . . . Now [ knew w hy I was
weak and nmui and overcome by my ene-
mies even before Iu_rhnnrr them. From the
(I.n of nmy birth I was hut a poor SUCVIVOr,
a remaining soul, a mutilated life, a mere
half which, by itself, is as sad as a ruin.
Twins are made in such a way that two
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make a perfect creature. The one who sur-
vives the death of his brother is a yvearning
heart that cannot be healed, because it can
never be joined to another.” Eventually,
however, this feeling of emptiness is dis-
persed when Amis meets and falls deeply
in love with a girl who is everything he de-
sires.

With the pen of a fine artist and with
deep I}:-:}'::h::r]ugit:nl insight, Wilhelm von
Scholz, noted for his dramatic works,
poems and philosophical studies, gives a re-
markable description of the minds of two
twins in a story where mystical happenings
and occult forces plu a leading role. In
Scholz’s novel, entitled Perpetua, we read of
the fate of two sisters, one Imcnmlnh a saint
afrer !raring reached an abyss of evil because
of passion, and the other dx ing heroically at
the stake in place of her sister who had been
condemned for witcheraft.

It seems from birth both these twins had a
small red mole shaped like a flame on the
right knee. Though Catherine’s was redder
than her sisters’s at first, it later disappeared,

leaving only a pale pink outline. Their
mother, a superstitious woman, used to

worry about these markings. When Cather-
ine was sentenced to be burned ar the stake,
it was thought this little flame-like mark on
her knee had kindled the notion that she
was a witch.

At the age of ten the twins resembled
cach other more than ever. “A surprising
likeness in character, thought, will and suf-
fering added to their physical resemblance,’
wrote von Scholz. “Even those who watched
over them carefully, such as their parents,
found there were days in which the twins,
Mary and (.1th:,||m, could be rold aparr
nnh when rl1u were together . . . The two
gi irls appeared to be as one. A mi when one
of them went out and the other came in,
the second immediately took up the game
where her sister had left off, or began to



TWINS IN MYTHOLOGY AND THE ARTS

fret or cry when, unbeknownst to her, her
sister had been scolded or punished.”

Yet even at that age there were certain
dissimilarities between them as there were
in later life. Mary was influenced by Cath-
erine, who was the leader of the two and
who always made the first move whenever a
decision was called for. In the choice of a
game, for example, “one could notice by a
'hlll'-'l‘lt shake of her head that the tlmught
Imd first occurred to Catherine.” Bur ar
once Mary appeared to have wished the
same thmg “Playing with other children,
they had to submit to the general choice,
but they clung to each other and did not
lose themselves in the crowd.”

So alike were the girls in appearance that
they could be taken for a portrait and its
model. “T hey were identical in every re-
spect, in build, hair, eyes, face, voice, walk.

" This physical resemblance was main-
tained as the years went by. After Cath-
erine had been condemned to die, Mary,
who had meanwhile become a nun, came to
see her. Face to face with her sister, “she
suddenly had the impression she was look-
ing into a mirror and seeing herself—the
same, yet different.” Only the nun’s coif
distinguished them.

So it came abour that at the last moment
Catherine was saved by her sister, the nun,
who disguised herself in Catherine’s clothes
and went to the stake in her place. In this
wayv she was able to realize her subcon-
scious wish for atonement and martyrdom.
Catherine collapsed and was brought to the
convent dressed as Sister Perpetua. There
she fasted and did penance. Later she be-
came a saint herself and worked miracles.
To the day of her death she was believed
to be her sister, Mary.

Aldous [—Im]c\., a brilliant English-born
novelist with a prnfmmd l{nnwlcdgc of bi-
ology, is the author of a unique work of fic-
tion entitled Brave New World. In this
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book, which has become a classic, machinery
and dispassionate intelligence are utilized to
an extraordinary degree. Here multitudes
of twins are |.'l1"lll.11ILL1:| el Fasse 'h!. an incu-
bation and LumlmunmL center. Men are
bred *“in witro” by a process which affords
a high degree of polyembryony, so that
many identical individuals come from a
single ferulized egg.

However, producing the greatest possible
number of twins is not enough. It is also ne-
cessary to control and condition the destiny
of these individuals, so that (and this applies
to every level of society) their physical and
psy LhﬂlﬂElL"ll dev Llupmr.nt corresponds to
their status, to the surroundings in which
they live, and the work they must do in or-
der to be useful to wcicn‘ and happy with
their lot, envying no one and desiring noth-
ing mare than what they possess.

Thus “an F puiﬂn l::mhn o must have an
Epsilon environment as well as an Epsilon
heredity.” Such embryos are kept in a sub-
normal state by a deliberate oxygen short-
“the lower the caste the shorter the
oxvgen.” The first organ affected is the
brain, but in the Epsilon type only a mini-
mum amount of “human” intelligence 1s re-
quired, because its members are destined to
function as machines.

Having placed the various groups of em-
bryos in an environment that is suitable for
life after “decantation” (in lieu of birth),
they are taught to love their wrmumlmgs
and their social 5t1ndlng “T'hat 1s the secret
of happiness and virtue; liking what yvou've
got to. All conditioning aims at that—mak-
ing people like their lanL:ipﬂ.h'c social des-
uny.”

i[uxle:r describes a lesson in the condi-
tioning of a group of Delta twins destined
to grow up with an instinctive hatred of
books and flowers. Their reflexes are per-
manently conditioned in the “neo-Pavlovian
::ﬂnditidning rooms” by means of harsh

:Igf
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sounds and electric shocks. Deltas will thus
shrink away from books and botany all
their lives.

The basic rule of education involved in
conditioning the various social groups 1
that of sleep-teaching or hypnopaedia.
“Wordless conditioning is crude and whole-
sale; cannot bring home the finer distine-
tions, cannot inculcate the more cmnplcx
courses of behaviour, For that there must
be words, but words without reason. In
bricf, hypnopaedia. The greatest moralising
and socialising force of all time.”

These hypnopaedic lessons will be re-
peated “rill ar last the child’s mind is these
suggestions and the sum of these sugges-
tions 15 the child’s mind. And not the child’s
mind only. The adult’s mind too—all his life
long. The mind that judges and desires and
decides—made up of these suggestions. But
all these suggestions are . . . suggestions from
the State.”

These stereotyped individuals are the so-
cial foundarion in Huxley's Brave New
World. They guarantece a ::umplcr-:: though
unnatural Htlhllll"\, which is the absolute
rr:qlll:-ll.‘c for }‘-:lprun-.hs». These unnatural
creatures, deprived of every Iiimrt}', COmn-
ditioned to contentment, and held in bond-
age h}' this r:nnd:'tinning, funcrion as robors
in a world where vice is law and the oppo-
site of vice is sin.

In Thornton Wilder's The Bridge of
San Luis Rey, one of the episodes is about
a twin named Esteban. The novel is based
on the actual collapse of the bridge in Lima,
Peru toward the end of the vear 1700. Five
people who happened to be crossing the
bridge at the time perished when it gave
way. Wilder recounts the story of the vic-
tims, one i;n, one, tE‘.lLlrlfF the plrh of pl{nh
dence thar led each to his untimely death.

Fsteban was one of the vietims of the
disaster. From birth his life had been an ad-
venturous one. T'o begin with, he and his
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twin Manuel had been discovered one morn-
ing in a basket in front of a convent. The
boys were alike as two peas. The twin
brothers became public charges but were
well liked by everyone.

“Because they had no family,” w rires
Wilder, “because they were twins, and
h-:-mmr: they were brought up by women,
they werc silent. There was in them a curi-
ous shame in regard to their resemblance.
They had to live in a world where it was
the subject of a continual r.:umnu:nting and
joking. It was never funny to them, and
they suffered the eternal p!mwntrlcx with
stolid patience.

“From the years when they first learned
to speak they invented a secret language for
themselves, one that was scarcely dependent
on the Spanish for its mcahulnrv Or even
for its syntax. They resorted to it only
when thm were 1|un-‘: or at great intervals
in moments of stress w hl:{pu‘cd it in the
presence of others.

“This language was the symbol of their
prnfmmd ldcnrln with one another.
Love is !mdcalu.itc to describe the tacirt, al-
ashamed oneness of these brothers.
Whar relationship is it in which few words
are exchanged, and those only about the
details of food, clothing, and TILLL‘:PJIIUTI
in which the two persons have a curious re-
luctance even to glance at one another; and
in which there is a tacit arrangement not to
appear together in the city and to oo on the
same errand by different streets?

“And yet side by side with this there
existed a need of one another so terrible that
it |}amlucmi miracles as naturally as the
charged air of a sultry day prm‘lucm light-
ning. The brothers were wmt:c-h conscious
of it themselves, but telepathy was a com-
mon occurrence in their lives, and when one
returned home the other was always aware
of it while his brother was still several
streets away.”

ST
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One day the two young men became di-
vided by Manuel's love for a woman, Este-
ban suffered, not from jealousy but because
“there was no room in his imagination for a
new loyalty, not because his hearr was less
large than "Lhmlel’*. but because it was of
simpler texture.” Manuel never succeeded
in understanding this truth to the full. But
he realized thar Fsteban suffered. Qur of
this decp affection he tried in every way
to keep his brother near him but I'steban
only became more distant. And suddenly,
of his own free will, Manuel tore the woman
he loved from his heart.

So strong was this link berween the twins
that it triumphed over love, but it could not
triumph over death. Manuel fell ill and died
shortly thereafter. Wilder guct, a striking
desannnn of Fsteban's reaction to this loss.
“Thereafter Fsteban refused to come near
the building. He would start off upon long
walks, but ];ll'l',“\l'_‘l'itl'l,, 11r1ft111nr back, would
hang about, staring at paw::r*. -by, within
two streets of where his brother I:n

Esteban fell into an extremely disturbed
psychological state. He called himself by
the name of Manuel and no one was any the
wiser for the L’:cl;:cptiun. He wandered
around in lonely places. “From time to nme
he would find work to do, he would be-
come a shepherd or a carter, but after a
few months he would disappear. . . .”

One day he tried to hang himself, but
was saved by a friend. Whereupon he fell
on his face. crying, “l am alone, alone,
alone!” A few days later Fsteban walked
over the bridge of San Luis Rey and was
killed in the dhaﬁti.r In this 1 ||‘|-.1'.|r'|.c¢ }lrml-
dence had taken away the life of a poor soul
whose brother’s death had deprived him of
any real reason for living.

In her historical novel, Gone With the
Wind, Margaret Mitchell gives a vivid de-
scription of a pair of identical twins. “Nine-
teen years old,” she writes, “six feet, two
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inches tall, long of bone and hard of muscle,
with sunburned faces and deep auburn hair,
their eyes merry and arrogant, their bodies
clothed in identical blue coats and mustard
colored breeches, they were as much alike
as two balls of cotton.”

Thu, hoth loved horseback rldmu hunt-
ing, “lhm Were
mllnlh Outst: mdm:r in their notorious in-
ability to learn any rhmg contained between
the covers of books.” Romantic episodes in
the life of the twins reveal the bond be-
tween them. “Until the previous summer,”
writes Mitchell, “Stuart had courted India
Wilkes with the ;‘lppru!mtjun of both fam-
ilies and the entire country And
Stuart might have made the match, but
Brent had not been satisfied. Brent liked
India but he thought her mighty plain and
tame, and he simply could not fall in love
with her himself to keep Sruart company.
That was the first nme the twins’ interests
had ever diverged, and Brent was resentful
of his brother’s attentions to a girl who
seemed to him not at all remarkable. . . ."

Stuart’s marriage plans went up in smoke
when hoth brothers fell in love with Scar-
lece O'Hara. * Just what the loser would do,
should Scarlett accept cither of them, the
rwins did not ask. They would cross that
bridge when they came to it. For the pres-
ent rhu were n]um. satisfied to be in accord
again about one ;_:Jt'l., for l‘hf::. had no jeal-
ousics between them.”

il::lT'ILlr'll.: and shooting.

Stuart and Brent went to war and both
were wounded. Later they were both killed
in the same battle, “Between the graves of
Brent and Stuart there was a stone on which
was engrav ed ¢ I]uh. Were aﬂ.mp.lr]mnc and
affectionate in life, and death has not parted
them.""”

4. CONCLUSION

Art and science represent two activities
of the human mind which are apparently
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so clearly *Gt].!;ll’:ll‘l.:d that they may be called
1nnpudes [hm. are dntmguihhed by a very
different method, the first being essentially
guided h\, a tI‘JII‘iLIIlg subject, and the sec-
ond by a thought object. Art is inspired
and may take the greatest liberties, while
science charts the w ay, cleaving to the cal-
culated limitations of experimental bound-
aries. The first is the principal fruit of repre-
sentation, and the second of ideation; the
first a vibrating echo of our emotional life,
and the second the dispassionate conse-
quences of our thinking existence.

Though so different and distinct in their
end results, art and science have more than
one common root and several intertwining
branches. Among other similarities, art and
science have in common the fact that they
are both directed at the search for knowl-
edge. However, the paths ]L‘:uling to this
guul are very different in each case, since
art is based on intuition and science on rea-
SO,

The knowledge that characterizes art IS
a means of identifving an undeniable reality
which might not be reached so casily by ab-
stract thought. An aesthetic pleasure, for
instance, allows us to discover and to
“know” the beauty of a work of art in a
very short time. A rational analysis takes
Inn'gf:r, and even then the true meaning is
often grasped only with some help from art.

The beauty or plamuw. of the human
body, for c\::lmple is sometimes understood
more qnlcltl_n. and perhaps better through
a sense of inruition than by all the laws of
anatomy. Hence, for a thm:ﬂugh knowledge
in certain studies, we would do well to have
access to both these avenues of expression
of the human mind—intuition as well as rea-
SOnN.

In discussing what myth and art have had
to say about twins, we cannot help specu-
lntmg how far art has been able to keep up
with science. It should be noted thar a dis-
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tinction has been made in our survey. We
have separated the purely artistic creations
from those literary works representing an
artistic c'uannq around a core of fact estab-
lished by science. In such instances, art is
of SELundnr}. importance and we are dealing
with artistic sensibility rather than artistic
Intuition. -

Aldous Huxley’s Brave New World
would seem to I:-elﬂng in this category, the
author haung |‘H‘n|:r'||1|'|,, gleaned the detailed
scientific background for his book from his
uncle, Sir Thomas Huxley, the eminent
English biologist. The novel may be classi-
fied as another of those quasi-scientific
works at which Jules Verne excelled. Yet
it seems to us none of them can be regarded
as a strictly artistic creation by an author
fu!lj; inspired by artistry. ;

To rate the stamp of artistic intuition, a
work of art need not shun the true models
that life itself makes available to the artist.
On the contrary, this is what distinguishes
art—to look deep into reality with the pene-
tration of intuition, rather than with the
help of whatever technical knowledge the
scientist offers. Both artst and scientist
start from reality, their paths diverging in
the way they rcLard it, in the particular at-
titude of their mmdﬁ, and in the different
nature of the work they produce.

On the basis of this distinction, we may
divide works dealing with twins into two
main groups: (1) those clearly predicated
on an interpretation of reality, even though
artistic; and (2) those scarcely concerned
with reality, except to JLLI‘I.{H.\!CL‘IL{: that a
human female sometimes produces two be-
ings at a time instead of one. This detach-
ment from reality is partlull.lrh manifest
in those nuthnlnglml creations which are
reflected in art and in numerous comedies
written during the Renaissance and since,
which deal with twins of opposite sex who
are otherwise absolutely alike in physical as
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well as psychological artributes.

This kind of art we would term “disem-
bodied.” It lacks a model. It is a product of
pure fantasy. Since dizygotic twins, such as
twins of opposite sex, are genetically unlike,
it is hlghh fallacious to substitute one for
the other or endow them with identical
qualities, even in a work of fiction.

By contrast, many a literary product
clearhr bespeaks its uh;cr.tuc origin, there-
by deservi ing the label of quality. One of the
highut and noblest functions of art is to
uncover new perspectives in reality and re-
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late them to the artistic laws inherent in the
human mind. This kind of art is best suited
for a transfiguration of reality. By present-
ing a rcfn,«lnnu:r commentary on human life,
it is better able to influence mankind. The
best of such works dealing with twins are
generally woven around identical pairs.
We have seen how art may achieve a glori-
fication of biological truths, such as Inlng
twins, and ]um. when confronted with so
mysterious and fascinating a phenomenon as
twinning, art may, in its own way, keep
abreast or even ahead of science.



Chapter 1l
HISTORY AND SCIENCE OF TWINS

1. TWINS IN HISTORY

[I HE REPRESENTATION of twins in art has
been based on the existing reality of twins
in_history. Naturally, the majority of au-
thentic twin pairs, like the majority of men
in general, have not been recorded. How-
ever, the lives and works of a few of the
carliest known twins have come down to
us from the distant past.

The first of these famous pairs, Jacob
and Fsau, are found in the Bible, where we
read: “ \nd Isaac entreated the Lorp for his
wife because she was barren: and the Lorp
was entreated of him, and Rebekah his wife
conceived. And the children struseled to-
gether within her; and she said, If it be so
why am 1 thus? . And when her days
to be delivered were fulfilled, behold, there
were twins in her womb.

“And the first came out red, all over like
an hairy garment; and they called his name
Fsau. And after that came his brother out,
and his hand took hold of Esau’s heel; and
his name was ml!cd _];lcnh- 1|1d l*;n-ac was

And thL lm} 5 gmu : and l.mu was a Curmmg
hunter, a man of the field; and Jacob was a
plain man, :.Iuellinnr in tents. And Isaac
loved Fsau, because "he did eat of his veni-
son: but Rebekah loved Jacob” (Gen.
XXV, 21-28).

The description of these twins clearly
indicates they were not identical. Later this
evidence is supported when Jacob points
out to his mother the difference in his
brother’s growth of hair, saying, “Behold,

Esau my brother is a hairy man, and 1 am
a smooth man” (Gen. XXV [1, 11). Rebekah
made use of this difference in the famous
episode where Isaac, having been deceived,
gave his paternal blessing to Jacob instead
of his first-born. She got the idea of cover-
ing Jacob’s hands and neck with goat skins,
so that Isaac, who was blind, believed he
was touching Esau and bestowed on Jacob
the blessing intended to confer special
rights on the first-born. However, though
Isaac was deceived, he did notice some-
thing amiss and remarked, “The voice 1s
Jacob’s voice bur the hands are the hands
of Fsau” (Gen. XXVII, 22). Apparently
the tone of voice of the two brothers was
also different.

Further on in Genesis we read of Tamar
who gave birth to twins, the father of whom
was Judah: “And it came to pass in the time
of her rravail, that, behold, twins were in
her womb. And it came to pass, when she
travailed, that the one put out his hand:
and the mudwife took and bound upon his
hand a scarlet thread, saying, This came out
first. And it came to pass, as he drew back
his hand, that, behold, his brother came out:
and she smd, How hast thou broken forth:
this breach be upon thee: rtherefore
name was called Pharez. And afrterward
came out his brother, that had the scarlet
thread upon his hand: and his n-.um: was
called Zarah™ (Gen. XXXVIIIL, 27-30).

We read nothing further of Zarah, bur
Pharez 1s mentioned by Saint Matthew (1,3)
as an ancient forefather of Our Lord, Jesus

his
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Chnist. In the New Testament mention is
made of another twin, Thomas didymos
(Greek for twin); the co-twin of Thomas.
the Apostle, is unknown,

From classic times, a passage written by
Aulus Gellius refers to two births of quin-
tuplets: “Aristotle,” he writes, “reports
that an Egyptian woman gave birth to five
sons at the same time, that this number was
never exceeded, and that the case was ex-
tremely rare. Bur also when Emperor Au-
gustus ruled, as 1 have learned from the
writings of the historians of that time, one

b

sus, gave birth to male rwins whose arrival
brought much happiness to the imperial
household ( Tacitus, Annales 11, 84). Faus-
tina, the wife of Marcus Aurelius (A.D. 121-
180) who belonged to the imperial dynasty
of the Antonini, gave birth to twins, one of
whom later became emperor and assumed
the name of Commodus. His twin brother
was called Antonius Geminus to distinguish
him from his grandfather Antoninus the
Pious. The Museum of Naples possesses
several medals commemorating Faustina’s
twin children (Fig. 1).

Fig. 1. Medals in honor of Faustina Augusta for her twin delivery of Commodus and Antonius Gemini;
on the reverse side of the first medal the rwins are in the “cubiculum™; on thar of the second medal are

Faustina's six sons; the twins are in the arms of Guunone Lucina, the patron of fecundity (Museum of
Maples).

of Augustus’ maid-servants in the Lauren-
tine territory (not far from Rome) gave
birth to five babies who survived only for a
few days. Their mother, too, died soon af-
terwards, and by order of Augustus a monu-
ment was erected to her on the Laurentine
Way, and on it was inscribed the number
of children she had borne” (Neoctinm Atti-
cartem X, 11).

In the family of the Caesars, Germanicus’
sister, Livia, the wife of Tiberius' son Dru-

Shurr]}' after the fall of the Roman Em-
pire, we find a famous pair of twins, both
of whom were saints, 'l"hc:..' are Saint Bene-
dict, the founder of the first great western
religious order, and Saint Scholastica (480-
547). The British monk, “the Venerable
Bede,” mentioned them in one of his ser-
mons in the Eighth Century. The epitaph
on the tombstone of these two saints in the
Abbey of Montecassino refers to their rwin
birth:

BENEDICTUM ET SCHOLASTICAM

UNO IN TERRIS PARTU EDITOS

UNA IN DEUM PIETATE COELO REDINTOS
UNUS HIC EXCIPIT TUMULUS

MORTALIS DEPOSITI PRO AETERNITATE CUSTOS

(Abbor Angelo della Noce)
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In some noble and dynastic families of the
Middle Ages and into more modern times,
the frequency of twin births as traced on
the fmllh tree 1s very striking. Not only is
the phcnrrmctmn interesting from a histori-
cal point of view but from a biological one
as well, for it reveals the hereditary ele-
ment in twin births, reinforced in these
Lcﬂr:'llnqiml ﬁndingﬁ by the fr{:qucnr in-
hrmdlnfr

| nnLinE through Ferri-Mancini's Manuale
di Genealogia per la storia del Medio Evo e
moderna (Osimo, 1883), in the tables deal-
ing with the Capetings (descendants of
Hugh Capet, who founded the French dy-

nasty in 987) we find that Charles 111 of
Bourbon, of the C:lp::t -Bourbon family (d.

1527 )—whose descent is traced from Robert
de Clermont (d. 1317) son of Louis IX the
Saint, son in his turn of Philip I Augustus
—married Susan, the daughrer of Perer 1I of
Bourbon. In 1518 she gave birth to twins
who died aimost immediately.

Amang the Condé Princes of the Capet-
Bourbon family, we find Louis I (d. 1569).
In 1562 he became the father of twin bovs,
Louis and Charles, one of whom died a
vear later and the other in 1594. Their
brother, Henry I, was the father of Henry
IT (1588-1646) who in turn was the father
of twin sons born in November 1618, and
dying that very month.

The roval f*umh of the Bourbons derived
from this branch of the Capet-Bourbon
Princes. It is interesting to note that the oc-
currence of twins continued. Louis Philip
I1 ]"ﬁ-JlirrE (1747-1793) son of Phi]i]} [, was
father to twin girls born in 1777. One of
them died almost at once, and the survivor
became known as Adelaide d'Orléans. In
the same family we find Louis XV, the third
nephew of Louis XIV the Great (d. 1715),
who was related to the kings of Sardinia on
his mother’s side.

Louis XV (1710-1774)

married Mary
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Leszczynska (1703-1768) and they had
twins, l.ouisa Elizabeth and Henrietta
Anne, born in 1727. Cabanés (in Moeurs
intimes du passé, Paris, Michel 1923) men-
tions the now well-known remark made by
the obsterrician at the birth of these twins.
Having delivered the first girl and knowing
a twin was to follow, he was hoping the
second child of the primiparous queen
would be a male heir. On seeing the second
baby  girl he exclaimed in a melancholy
voice, “Cela ne vaut pas un dauphin.” When
the people heard about this tw in birth, they
became alarmed at the potential cost of the
children’s upkeep. A popular song written
at the time voices this sentiment:

“I faudra denx bonnets
il faudra dewx hochets,
il fandra denx maris,
et Fannée qui vient,

denx dauphinsg”

The twins were called “Madame Pre-
miere” and “Madame Seconde.” Louws XV
was very proud of this birth and ordered a
medal to be struck in honor of it. Louisa
Elizabeth later married Philip, Duke of Par-
ma. Henrietta Anne, who suffered (as did
her sister, though less severely) from a skin
disease, Pl’:)l):’lhl} of :illcrglL nr:yn, re-
mained unmarried.

Philip of Bourbon, uncle of Louis XV,
became King of Spain and took the name
of I’hilip V (d. 1746). His |1c:phcw. Charles
IV (1748-1819) married Lousa, daughcer
of Philip, Dulke of Parma, and had Ewins—
Charles and Philip, who were born in Sep-
tember 1783,
in the house of Nassau and
royal families deriving from it (Hesse, Hol-
stein-Gottorp, Baden, Bavaria, Brunswick,
Lippe) rwin births seem to have been quite
common. According to some authors, they
also occurred rather frequently in the his-

In Germany,
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tory of the Hapsburgs.

Among the twins of particular historical
significance is Saint Catherine of Siena
(1347-1380). In the life story of this saint,
written by her confessor and biographer
Raimondo da Capua, we learn certain facts
about Catherine’s father and mother. Gia-
comao and Lapa: “While |.:|}1:| e thrnugh
her frequent pregnancies filled Giacomo’s
house with sons and daughn:r:;, towards the
end of her child-bearing life she happened
to conceive and give birth to twin girls. . . .
And so she was delivered of these twins,
weak of sex and still weaker, as it immedi-
ately appeared, in physical constitution, . . .

“As soon as the mother had seen her two
tiny creatures, she realized that she could
not suckle both of them sufficiently, and so
she decided to find a wet-nurse for the one
and to suckle the other herself . . . the fa-
vored child was called Catherine and the
other Gilovanna” (D. Raimondo da Capua,
Vita di Santa Caterina, Chaprer I1). Giovan-
na died almost at once. The author goes on
to say that Lapa gave birth to other twins.

More recently, another twin who may
soon be sainted is the Peruvian Servant of
God, Luisa de la Torre Rojas (1819-1869).

In 1600, in Hameln on the Weser, a Mrs.
Rimer gave birth in one delivery to seven
children who died soon after birth. A fa-
mous bas-relief commemorates this most
extraordinary event.

The Swiss twins, Augustus and Jean Pic-
card (the first a physicist and the second a
chemical engineer, both very well known),
are mentioned later on in this volume, as
are the Dionne quintuplets and other fa-
mous multiple births of modern rimes.

In regard to legal questions pertaining to
twins, the Jewish law considered the first-
born of a pair to be the first heir, while the
intermediate law, through the influence of
the ins francorum, stated that the second-
born should be the first heir because it was

r |

conceived first. It is worth noting that both
the Roman and modern law consider the
first-born to be the first heir. However, the
order in which twins are born has very lit-
tle influence on our present-day concepr of
legal rights, except when dmhng with a suc-
LL.\.,*-“}“ T tl"ll.. Fh] Oonc, Or matters conc Ll'l'lll'lg
the nobility, or disputed wills.

2. HISTORICAL DEVELOPMENT OF
THE SCIENTIFIC STUDY OF TWINS

Long before medicine developed into a
full-fledged science, doctors, naturalists,
and other scholars focused attention on twin
births and attempted to find an explanation
for this phenomenon. Hippocrates believed
twins were conceived by the division of the
sperm into two parts, with each part pene-
trating one of the two uterine horns (De
nat. phwrﬂ ed. Focs, 111, 248). Andreassi ob-
serves that in ancient times the twin phe-
nomenon was associated with double forma-
tions. Empedocles believed them to be due
to an excess of sperm emitred at one time,
while Democritus ascribed them to sperm
emitted at different times, each time corres-
ponding to an embryo.

Andreassi writes: “Double monstrosities,
according to Anstotle, would ornginate
from a phenomenon of co-development
whereby two embryos, originally separate,
reach a partial fusion, thus making a single
formation, whose components, however,
are still distinct. In other words, there
would be two embryos at first, as in any
twin pregnancy, followed by a variable de-
gree of coalescence. . . . Double formations
occur more often in animals which are nor-
mally multiparous than in normally uni-
parous ones. This would explain why such
double formations are much less frequent
in man.

*Aristotle also adds, very cautiously, that
while he believes double formations origi-
nate by co-development, should the cause
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be found in the male sperm, Democritus
theory would be more plausible. By ex-
pressing this opinion, he indicates that the
causes mighl: be multiple. Galen seems to ac-
cept Empedocles’ hypothesis, adding that
excess heat in the urerus mighr split the
sperm, thus originating two or more forma-
tions. Plinius adds no new ideas but simply
reports multiple births in derail.”

It is interesting to note Cicero’s com-
ments on what Diogenes had to say about
twins and astrologers, who held that the
life, soul and disposition of every man was
determined by the influence of the stars:

Fig. 2.

anteriorly, prepared in
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“Lven Diogenes, the Stoic, admits certain
things. For example, that the stars can only
predict the temperament a man will have,
or what he will best succeed in. He declares
that the stars have no power to foretell any-
thing else; and that though the appearance
of twins is similar, their lives and hving

conditions are generally different. Procles
and Euristenes, kings of the Spartans, were
twins but they did not live for the same
number of years. Procles died a year before,
though he greatly surpassed his brother in
the glory of his feats”
tione, 11).

(Cicero, De divina-

G
e

Pregnant urerus conraining  dichorial twins and opened
wax by the ‘\-l.l.ltplul' (. B. Manfredini; the

original was provided by the anatomist, Carlo Mondini of Bologna.
(Rome, Hospital of Santo Spirito in Sassia, Museum of Medical Art.)
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St Augustine, Bishop of Hippo, in his De
civitate Dei (Book V, Chapter II and foll.)
states: “Cicero says that the famous doctor,
Hippocrates, has written about certain
brothers who, falling ill together of a disease
which became aggravated and then ameli-
orated at the same time in both of them,
were considered by him to be twins. Posi-
donius, a Stoic p!{ilumphcr who was pas-
sionately dedicated to astrology, declared
that these twins were born and conceived
when the stars were in the same position.
The philosopher-astrologer therefore be-
lieved this phenomenon depended on the
position the stars assumed when the twins
were conceived and born, while the doctor
attributed it to the facr thar the rwins had
a very similar temperament. 2

[Jurlng the many centuries dominated by
the Arabic and Salernitan schools of medi-

L i i ik
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writers merely reiterated the ideas
about twins already expressed by the old
classic authors. During and following the
Renaissance the subject was approached in-
directly through srudies of double mons-
trosities, and also by direct obstetrical ob-
servation. With rl'u: invention of printing,
many  xvlographs and meral mgrm*ing:;
were made in honor of twin births, espe-
ciallv representing the positions assumed by
twins in the uterus (see Chapter VIII).
Medical research  workers  considered
twins essentially from an obstetrical point
of view, nutmg the differences that may oc-
cur in thc pregnancy and birth of twins as
compared with xlnglc births. The fine wax
representations in the museum of the Hos-
pital of Santo Spirito in Rome, here repro-
duced for the first time (Figs. 2 and 3), are
authentic masterpieces. They show an

cine,

Fig. 3. Representation of two monochorionic twin feruses with a
single placenta (prepared in wax, as in Fig. 2).
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amazing knowledge of the ovular mem-
branes in twin pregnancy. Among the addi-
tions to obstetrical information we find such
worthy items as Viardel's report in 1671
that uniovular twins are alw ays of the same
SEX.

It was not until the second half of the
Nineteenth Century that the phenomenon
of twinning ceased to be regarded as some-
thing of a biological whim which aroused
either a sense of alarm or idle curiosity, de-
pending on the circumstances. It was Sir
Francis Galton (Fig. 4) who had the fore-

Fig. 4. Sir Franc:s (.:Etr.m at the age
of 73.

sight to propose the use of twins as a re-
search tool in the service of science.

Before Galton, twins were in a class by
themselves in the eyes of medical authori-
ties. It was JL‘LCPI’EL! that they came from a
multiple pregnancy which was character-
ized by specific symptoms, required a spe-
cial technique, and led to the birth of indi-
viduals who needed HPECi"Il attention and
care to offset the danger in which they
lived. Twins held an interest all their own;
they were the start and the finish of a scien-
tific argument.

TWINS IN HISTORY AND SCIENCE

During Galton’s time and since then,
twins became the instrument for scientific
procedures whereby many medical objec-
tives could be gained. The innumerable re-
search programs being carried out on the
subject of twins in all parts of the world,
and the valuable contributions they are
making to the progress of medicine demon-
strate that the new road opened up by Gal-
ton was well illuminated and destined to
lead to the peaks of knowledge. Following
is a brief review of the development of
rwin studies in various countries.

Austria and Hungary

The g:;nn'nnlngicatl schools of Austria and
Hungary have been very productive.
Spacﬂh a Viennese obstetrician, was one of
the first workers, as far back as 1870, to
make a clear distinction between uniovular
and biovular twins. His studies were con-
tinued by Julius Bauer, who stressed the
value of twin studies in his Vorlesungen
ither allgemeine Konstitutions-und Verer-
bungslebre (1921).

Orther noted members of the School of
Vienna were the pediatrician Stransky,
whose observations on some 200 pairs were
published in 1937; Bouterwek, who report-
ed on 120 p:lirﬂ'.,, Gc}'cr, Hartmann, and
Stumpfl.

In Budapest, interesting twin studies were
conducted by Adele von Jankovich-Simon
(141 pairs at the Pazmany Péter Institute of
Hyeiene), Roman-Goldzieher (handwrit-
ini,;r in 283 pairs), Szendi, and others.

Benelux Countries

In Holland, H. W. Siemens of Leiden de-
serves credit for opening a new approach to
twin studies. In his book on the pathology
of 52 MZ pairs and 36 DZ pairs, he made
two contributions. First, he laid the founda-
tion for the use of the similarity method,
based on comparison of intrinsic twin char-
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acteristics rather than feral-membrane re-
ports. This method was later improved by
Verschuer. Also, Siemens used twin
studies for purposes of clinical investigation

Vi

rather than for purely startistical reasons,
and emphasized the need for the use of un-
selected (representative) twin samples. Sim-
ilar ideas were later expressed by Luxen-
burger and Weitz in Germany, and by Kall-
mann in the United States. In the words of
Luxenburger, Siemens' hook possesses ““an
historical character.”

Orcher Dutch workers of note were P. |.
"L-‘-.':mn!::nhurg, who was interested espe-
ciallv in the neurologic and ophthalmologic
aspects of twin studies (and himself became
the father of two female MZ twins); the
late Legras, who studied eriminality in
twins and Polman, author of Een-en Taweeé-
uge Taveelingen; Schokking, Versluys, and
Volite.

Belgian twin researchers included Dalq
(noted for embryological studies of twins),
Aubel, Francois, Ley, van Bt)gncrt. and
Verhal.

East European and Balkan States

Among the FEast European COUNtries,
the Soviet Union has shown the greatest
interest in the study of twins. At the Maxim
Gorky Medico- ]‘Imlu:ru..ll Research  Insti-
tute in Moscow, extensive interdisciplinary
rwin studies were conducted under the di-
rection of S. G. Levit. Special dormitories
were available for the observation of the
many research subjects.

Well-known names in this field include
those of Bossik, Burrak, Gurevich, Ignatjev,
Kabakov, Kanajev, Kasparyan, Kolbanovs-
kv, Mirenova, Passyukoff, and Ryvkin. Spe-
cial mention has been made clsewhere of
Michael Zawadowsky, who did such fine
work with twinning in sheep.

Finland is represented by the work of
Brander, Klemola, Lehtovara, and Suomal-
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ainen; and Czechoslovakia by that of Kadle-
cik, Lukas, Matousek, and Scemann,

In Bulgaria, we have Kadanoff; in Poland,
Jablonski and Kisslowsky; in Rumania,
Cohl, Ionasiu, Marinescu, and Spirea; and
in Yugoslavia, Lopastic.

England

As previously noted, one of the pioneers
in twin research was Sir Francis Galton. A
native of Duddeston, Warwickshire, he was
born in 1822, the same year as Gregor
Mendel. Galton, a cousin ‘of Darwin, was
descended from a long line of naruralists.
[Juring his extensive travels, Galron divided
his time among many diversified subjects,
including Jnctm:rr:lnu the physiology of
the sensory organs, and, of course, genetics
and eugenics.

In the field of twin studies, Galton pub-
lished two books that have since become fa-
mous: The History of Tavins as a Criterion
of the Relative Powers of Nature and Nur-
ture (1875), and Inquiries into Human Fac-
wlty and Its Development (1883). Search-
i_ng for “a new method l.'l:l.' which 1t would
he |1-:ihh!'|rlt: o u.'t'ii,_{h with a just balance
the effects of heredity (nature) and en-
vironment (nurture),” he discovered the
usefulness of twins. By this means he be-
lieved it would be possible to distinguish
“between the effects of tendencies received
at birth and those imposed by special cir-
cumstances in later life.” Galton’s name lives
on in the work of the famous Galton Lab-
oratory of the University College in Lon-
don,

Other prominent British workers in the
field have been Burlingham, Eysenck, Sir
Ronald Fisher, Haldane, Harris, Herrman
and Hogben, Kalmus, Penrose, Fraser Rob-
erts, Slater and Wingheld.

Franece
Of historical interest are Fére's La Fannlle
nevropathique (1894), dealing with the
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psvchiatric aspects of twin studies, and
Pover's Les Problémes généraux de I'héré-
dité psychologique (1921), which contains a
chaprer on the significance of twins in the
psychological sphere. There were two
books entitled Les Jumeanx, one by Apert
in 1923, and the other by Lamy in 1949. In
the obstetrical field, a fine contribution was
made by Favreau and Beurois.

Turpin deserves mention for having es-
tablished a clinic for rwins and their health
problems. The data so accumulated formed
the basis for Zazzo's psychometric studies.
Of equal importance was Caullery’s work
on the mcthudnlﬂgr of twin studies, sum-
marized in the monograph RBielogie des
Jumeanx, polyembryonie et gémellité
(1945).

Germany

Alchough Virchow had already been in-
terested in problems of concordance in uni-
ovular twins, the foundations of the Ger-
man gemellological school were laid by the
dcrnnmgh phic work of Poll (1914) and
the improvement of the modern similarity
method by von Verschuer. The latter, like
Siemens, recognized the scientific value of
studying not only similar twins, but also
the previously neglected category of dis-
similar pairs. His investigations were carried
out first in Berlin-Dahlem at the Kaiser Wil-
belm Institut fir Anthropologie, mensch-
liche Erblebre und Eugenik, the Max Planck
Institure, then, from 1936, at the Institut fur
Erbbiologic und Rassenbygiene of the Uni-
versity of Frankfurt-am-Main, and now ar
the fustitue fitr Humangenetik of Miinster
University.

The Dahlem group included such well-
known names as Curtius, Frischeisen-Koh-
ler, Glatzel, lLenz, Steiner and Werner.
Their work was organized with the aid of
several large Berlin hospitals. Here the sys-
tem was introduced of noting the presence
or absence of rwinning status on the face
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sheets of patients’ records, thereby provid-
ing valuable data for various research proj-
CCrs.

At Frankfurt, von Verschuer teamed up
with Dieh! in an important twin study of
pulmonary tuberculosis, the findings of
which were published in two volumes under
the rtide of Zwillings-Tuberkulose. Other
collaborators during this period were Kah-
ler and Weber, who studied heart disease
in twins; Clanssen (rheumaric fever); Kob-

(cancer); Kriiger and Liebenam,
did regional investigations of twin births.
During the postwar period, von Verschuer's
associates included Duis, Grebe, Koch, Leh-
mann, and Wendt.

Other German twin research centers
were the Medical Clinic of the University
of Munich, where studies of twins were
conducted by Brandt and Weihe under
Schittenhelm; the Pathological Institute of
the Unmiversity of Berlin (Rissle); and the
Max Planck Institute of Psychiatry in Mu-
nich, which boasted such prominent twin
resecarch workers as Hans Luxenburger
(schizophrenia), Johannes Lange (criminal
behavior), Thums (cerebral palsy), Conrad
(epilepsy), Idelberger (congenital malfor-
mations), and Juda (mental deficiency).

From Munich, Lange took the twin study
method to the Univ ersity of Breslau, w here
he was professor of psy th:lt['} and, among
other projects, worked with Kranz and
Stumpfl on the subject of criminal twins;
while Kallmann, meanwhile, I}rmlght his
own Interest in twin studies to New York.

who

Twin studies were also developed by
Weitz at the Stuttgart Institute of Human
Genetics and Twin Research with the aid
of Camerer, Kaufmann, Ostertag and
Scheerer. Among the many journals that
published articles on twins was the Zeit-
schrift fir menschlische Vererbungs-und
Konstitutionslebre. An excellent review of
important twin data compiled up to 1937
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is contained in Reinhold Lotze’s book,

Zavillinge.

Italy and the Iberian Countries

Although Rome is the city of Romulus
and Remus, Iraly did not p1rl.'1cul1rh dis-
ringuish irself l‘n‘ an interest in twin studies
hefnrr: the 1940, ~"|.|Hrt from a number of
earlicr staristical investigations, notably
those of Patellami (1911), work on twins
was done in the obstetrical and develop-
mental areas by Somaglia, Vaccari, Borrino,
and Mino; on psy Cl‘Ll"ll’I‘lL problems by Fs-
posito; and on ear lobe form by Dalla Volta.

Probably the best known earlier mono-
graph on twins was I Gemrelli (1926) by the
noted Italian anatomist Chiarugi, who sub-
sequently made valuable contributions to
the embryology of twinning. In Milan, Pro-
fessor Luisa Gianferrari, as director of the
Human Genetics Center, brought the use-
fulness of twin research to the atrention of
municipal hospital authorities.

In 1942 the present writer, stimulated by
his work on blood glutathione, founded the
Roman center for twin studies, which a few
years later spunsﬂrcd the Societa [taliana
Gemelli (1945), as well as a special clinic
for twins at the university. The research
work of the center was carried on in collab-
oration with Benigni, Bianchi, Bini, Calde-
roni, Capelli, Casa, Cherubini, Iannaccone,
Lewis, Maltarello, Manna, Miglio, Pignarel-
li, Rédeky, Sacco, and Torrioli.

As a special service to the twins them-
selves, the center opened a summer camp
for twins at Manziana (Figs. 5 and 6), with
the financial support of the Pontifical Com-
mission for Assistance. In addition, several
entertainment occasions for Roman twins
were organized, and the Societd [Italiana
CGiemelli collaborated in the production of a
documentary film, “Fantasia di Gemelli,”
under the direction of Marcello Baldi

(Fig. 7).

¥ =y
e |

In 1953 the Gregor Mendel Institute for
Medical Genetics and Twin Research was
npf:ntd in Rome by the writer. The clinic
facilities developed there helped promote
mutual feelings of understanding between
doctors and twins—an important prerequisite
for successful twin observations. Added im-
petus in this field was derived from the pub-
lication of the first edition of this book,
Studio dei Gemelli (1951), and that of a
journal npucinlizing in rwin dara, Acta Ge-
netice Medice et Gemellologie (1952).

In the Iberian countries, twin research has
also had active support. The list of Spanish
investigators includes Avres de Azevedo,
Boero, Eschevaria, Hernandez, Horo-Gar-
cia, Martinez, Sanchis, and Villaverde. In
Portugal, the work of Bastas and Pacheco
and their associates may be mentioned.

Japan

Apart from the studies of Wagenseil in
China, and Duncan and Maynard in Aus-
tralia, the Western Pacific area is represent-
ed primarily by Japan as a producer of twin
darta.

The main topics of interest have been the
anatomic, anthropologic and hematologic
problems of twins. These studies have been
connected with an impressive array of
names, including Araki, Cho, Iul-.uul-:l Hi-
geta, Katsne, Kikuchi, Kishi, Koya, Komai,
l-.mmtu. l\urag*mu, Kurita, XNlochizuki,
Mogi, Morikawa, Morita, Obanai, Oguchi,
Oku, Tanaka, Taniguchi and Tsuchiva.

North America

In Canada and the United States, twin re-
search benefited greatly from the c-lrlw. de-
wluprm.nt of clinical and c‘-.pcrlmem:ll ge-
netics as scientific disciplines, and, in turn,
contributed in many ways to the progress
of the medical, I:—lulug!ul and behavioral
sciences.

In the area of normal personality varia-
tions, early pilot studies were those by
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Figs. 5 and 6. Life of the Iralian Sociery of Twins. 5 (Upper). A meeting of twins from Rome. 6 ( Lower).
I'he male section of the Colony for rwins in Manziana.
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Rosanoff

Thorndike (1905), Orr
(1911), Newman (The Bislogy of Twins,
1917 and The Physiology of Twmming,
1923), and Gesell (1922). They were fol-
lowed h_x' the fine work of Cummins, Dan-
forth, Dorn, Lauterbach, Merriman, Muller,
and Rife’s group at Ohio State University.

Other meritorious
Norma Ford Walker of the University of
Toronto, Fraser, Frumkin
Canada, where the Dionne l]u'tl:!nl}':ittﬁ
aroused enormous interest for many years,
and such well-known investigators as Gard-
ner, Gowen, Greulich, Keeler, Mayer,
Schwesinger, Snyder, Stiles, Warner and
Wiener in the United States.

contributors  were

and others n

Hp-:t:i:l] mention may be made of the hu-
man genetics centers at Chicago University
iHTr:I;ldn]-.‘m', Thurstone, ".‘k'righr}. Colum-
bia University (Dunn, Gartler, Kallmann,

Fig. 7. Scenes from the hlm Phantasy of
Truins.

H. Levene, Ph. Levine, Osborn, Shapiro),
and Michigan State University (Cotterman,
Neel, Sutton, Vandenberg); also, the inter-
esting studies conducted by Burks as well as
by MNewman, Freeman and Holzinger on
identical twins h(.‘l'l:l]".'l[l..‘d in 1_'-.L|'|I1' childhood.
Tawins, a Study of Heredity and Environ-
ment (1937) by the Chicago team received
'\k'jdu:\pru;ld attention, as did the experimen-
tal work on Spontancous l'l.'l.iT'IHil‘Ig in the
armadillo carried on by Newman and Pat-
rerson.

In the .~.|1r;'r.‘i:1|i;'.4:d fields of medical and
psvchiatric genertics, twin data of more
than historical interest were collected by
Glass  (physiology), Herndon and Jen-
nings (poliomyelitis), Jervis (mental defi-
ciency ), the Lennox group in Boston (con-
vulsive disease), Rosanoff and his associates
(delinquency, infectious diseases ), and Kall-
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I'.I'I"I;l'l.ﬂ 5w ||'I. |E"HE"'I.IL‘1'I. [eam {"II]”]I'I]HEI'.T at thL
Mew York State I-‘:v.u]u.l'[u{ Instoiture 1n
1936,

The twin population studies of Kallmann’s
group were focused on the endogenous
[W-. choses, mental dcnuum *-.-'Lllud-’: male
homosexuality, aging and |Hr1L{.1.|l'l. deaf-
ness, and pu]nmn.tn tuberculosis, and were
summarized in his widely read book,
Heredity in Health and Mental Disorder
(1953). Among his collaborators have been
such well-known as those of Gor-
Allen, Baroft, Fal-
ek, Feingold-Jarvik, Planansky, Rainer,
Reisner, Roth, Sander, and Sank. The in-
'L'Ehtig;lriun.\ of this group covered the en-
tre MNew York State and led to the
1i1:".'{'ln|:um:m of the twin f:]ﬂ]i]_t' method, as
distinguished from the cotwin-control tech-
nique devised by Gesell and Thompson

Namcs

don Anastasio, Aschner,

arca
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(1941 ).

Before any other country, the United
States has pmnmtui twin research by es-
tablishing social organizations for rtwins and
other mu!n[:]u,. Wiggam and others report-

held at the George
New York City

ed on a “Twin Matinée”
M. Cohan Theater n
(1921) and a meeting in Mecklenberg
County (1930). In 1931, the National
Twins Associarion was founded, and some-
what later a National Association for Trip-
lets. Well-attended meerings were held at
Fort Wayne (1937), Chicago (1938), Wa-
terville I[-| 0938). New York {:it}' (1939) and
(1941), and the conse-
quent |1'|.1h||n:,1t1. was effective h used In a

Bavlor Umiversity

cosmetic company to advertise its prmlucn
Photographs of attractive twins and trip-
lets who attended some of these meetings
are reproduced in Figures 8 and 9.

Fig. 8. Triplets who took part in a meering of the American Association of Triplets held ar Palisades

."'I.'I]III‘-rI.'IIIL'r'Il' Ij:'lil'll{.
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Fig. 9.

Hollvwaood Twins.

Most of the scientihic reports of the
North American schools of twin research-
ers have been published in the Jeurnal of
Heredity, the American Jowrnal of Human
Genetics, the American Jowrnal of Psychia-
try, and the Engenics Quarterly.

Scandinavian Countries

In the country of Linnacus, work on
twins covered the entire range from plants
(Muntzing), through the 1|:I||n1| studies of
the Bonnier nLhm:L to humans. One of the
leaders in human gemellology was Gunnar
Dahlberg, Director of the Human Genetics
Institute  at the University of Uppsala.
Among his early works is Twin Births and
Tains from a Hereditary Pomt of View
(1926), a book that has since become a clas-
sic. Up to his untimely death in 1956, he
promoted interest in twin research in many
ways, not the least of which was to found
thr. Journal Acta Gienetica et Statistica
Medica, published by Karger.
twin have

Other Swedish researchers

*
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been Book (Dahlberg’s successor at Upp-
Eredstrim,
{ dental
(handwriting), Ro-
manus, and ﬁiﬁg_rcn 1['l'..'Ltl't:i}h.\'l:.‘]'lial[l':'.'}. A
major part of the Swedish literature on
twins may be found in the journal Heredi-
145,

In Norway, twin studies of various kinds
have been conducted by Kristine Bonnevie,
Looft. Mohr, Soderstrom.,
H\'L‘Hl!’l]]l. and ‘Ul.'ll:dn:rw;lr'ng.

The Danish school has been under the
competent leadership of Professor Tage
Kemp of the Institute of Human Genetics
of the ]_.'ni».':_'r.uir}' of lf:lrpi:nh:!g:_'n. In cele-
bration of his sixtieth birthday, an anniver-
sary volume was published containing a
number of :impnrr:mr reports on twins. In
addition, much good work has been accom-
Bartels, Eskelund, Granstrom,
Harvald, Hauge, Heinoneni,
Krabbe, Levison, and

sala), Borestrim, Brattstrom,

Josephson, Larson, Lundstrom

aspects), Norinder

I laeggstrom,

I]-]:i.‘-ihi:ii |:-.\'
Guldberg,
Helweg-lLarsen,
Wigers.

South and Central America

Valuable contributions to our knowledge
of rwinning have also been made h_\.' work-
ers in the Latin-American countries. Hptcif-
ically, we note the names of Deluca, Fer-
nandez, Malbran, Monteiro, Nott, and
Widakowich in  Aregentna; Bitrencourr,
Dutrey, Locchi, and i':!::r_':an:?.;f;l in Brazil:
Consino and Schw arzenbergh in Chile; Pe-
luffo in Uruguay.

In Mexico, twin research was conducted
by Marteos-Fournier, Mena-Brito and Salas-
Martinez.

Switzerland

Swiss contributions to twin research, ably
supported by the editorial policies of the
Archiv der Julius Klaus-Stiftung and the
Journal de Génétique Humaine, have been
both substantial and diversified.



In the Zurich group, we find such well-
known names as those of Buschke, who be-
gan his radiological twin studies at the Zur-
ich Radiology Institute before going to
Washington; the ophthalmologists Huber
and Vogr who, in collaboration with Wag-
ner, Richner and Meyer, made excellent and
well-documented studies on aging twins;
Fugster, whose monograph on thyroid con-
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ditions was based on a series of 520 |‘.-nir.=; of
twins; also, Hanhart, Pfindler, and Marcha
Kuensch (tuberculosis in twins). Other
outstanding workers were Berheim-Karrer,
Pfister, Bamatter, Linder, Luchsinger,
Liischer, Strupler, and Schlagninhaufen.

At Geneva, a very active group at the
Ophthalmological Institute has been head-
ed by Franceschetti and Klein.



Chapter 11

TWINS IN PLANT AND ANIMAL LIFE

1. TWINS IN PLANT LIFE

S{‘Ii-“'«-"l'r‘i-'l"i concerned with plant biology
began studying twin organisms before those
dL'lIlng with animal biology. While obser-
vations made by research workers in plant
life are rather scarce and fragmentary up to
the prc'-.ent time, they need to be recorded.
The existence of twin growth in plants has
bheen definirely tsmhh:-.hc-’.t chiefly among
spcrnmtuph}.‘réx ( plants with scr:nisﬂ_ For ;;x‘_
ample, when seeds of the Datura stramoniui
are sown, a greater number of plants is ob-
tained than the number of seeds used. It is
therefore logical to suppose that some of
the seeds have produced two or more or-
ganisms which may be regarded as twins
(Satina, Blakeslee and Ju:.n 1935).
Seeds producing two or more plant or-
ganisms apparently contain two or more
embryos, but their genesis has not yet been
mmfaururlh u.pl-mmr.l Botanists are in-
clined to believe in the existence of differ-
ent processes of rwinning. First, it is pos-
sible that from a single fertilized odsphere
two embryos may be produced by a pro-
cess similar to that attributed to monozy-
gotic animal twins, as has been verified by
means of cy mlnglml observations,
HLLundh twins may originate not only
from the occurrence in the ovam of a unﬂlc
fertile macrospore rlcmhr} onic sac) bur n]au
of two or more fertile macrospores which
may later produce the same number of fe-
male cametophytes, each contaiming one
oosphere. F ‘ollowing fertilization, each will
produce its respective embryo. The way in
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which more fertile macrospores come to-
gether in these ova is not clear. However,
there may be a variant factor in the tetra-
genesis, which normally leads to the for-
mation of four macrospores, three of which
are destroyved, while only the fourth is con-
served and forms the embryonic sac. In
certain cases not only one but two or more
of these !]];‘I{_‘TI}HP{I;L‘F may um,lf:rgu the
transformation into embryonic sacs.

Rumnl!cw of how they are actuated, it is
certain that the embryos present in the same
seed, and deriving from the same number of
embryonic sacs, have the same biological
significance as animal twins produced by
different egg cells, and like them, conrain
a heritage that is only somewhat similar
but not identical.

Moreover, since the odsphere becomes di-
vided before fecundation, one half may be
fertilized in the usual manner, giring‘- rise
to a normal embryo, while the other half
may develop parthenogenetically, produc-
ing an haploid structure (Pope). Seeds con-
taining two or more embryos are called
“twin seeds.”

Satina, Blakeslee and Avery (1935) dis-
covered in a seed of Datura stramoniumt,
produced bv a hybrid plant, two twin em-
brvos of different color. This showed (1)
that Mendel's law of the segregation of
characters occurs in the same twin seed,
and (2) rthat the zygotes or rc-;pccrirc
gametes from which such embryos are de-
rived would be separate and different.

Thus in modern plant biology one is in-
clined to acknowledge the existence of



34

It 15 neces-
sary to induce the development of twin
plants to establish the similarity berween all
the hereditary characters :

mono- and :nul]'rlnnnm twWins.

|_'|r:l-l':llf'|“:.""l,'gllti(_"
}il:mt twins), or the differences between
them (multizygotic plant twins). Patterson
(1919) discovered that mango seeds (seeds
of the Eugenia jambos), (
tain more than
one embryo. During the course of research

(1919) on the altalta (Medicage sativa),
Southworth noticed twao young }:lmh pro-
duced from a single ]uhtld seed (Fi ig. 10).

and r]um: nf Cer-
fruirs sometimes contain

v

Fig. 10.
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Orther times this was not possible because
of adhesions which made one of the two
[}]mh Trow |Hl.1\:|tltl|]'-. on 1ts twin.
Waller (1934) described the presence of
Siamese twins in the iris (Chaemaerisis).
As may be seen in the F}humgrnph n I-'ji_:r-
ure 11, the plants are intimately united and,
to the author,
Waller observed that only when

:1L'l’.'ll!’tii1]g come from the
same seed.
the E'r]:lrjl' is in flower, it will be E'H'.I":Hihlt' to
decide whether the twins are “identical” o
“fraternal.”

Yamamoto (1936} noted on several oc-

I'wo yvoung plants of medicage sariva from a single

"-'L'li.'l.l |H|||I||1"\.'. (I]'ll'l 8

In 1928, Owen studied the heredity of
color in the sova and observed that some
of its seeds contained two embrvos. Out of
5.000 seeds he found 22 cases or 0.44° . of
diembryony. The author acknow ]L‘L:I:_!’K"l:l the
existence of a monozygotic and a dizygoric
diembryony. In the latter, there is one peri-
carp, but the seeds show an imiupundl.'u[
segregation in regard to the color of the
Lunludnm When diembr vonic seeds were
soWwn, It was sometimes }:num]:h to separate

the voung tw in plants from each other.

casions the presence of a triploid partner
in the sced of two ;l-:li'b;llu,':-ﬂ_‘ and one Man-
churian of the Triticum vulgare.
In the Schinchunaga variety, our of 8,800
seeds the author found 18 twin pairs, three
of which were TI'i.I'l|lli-_l-[]'i}‘.llq:li.l] and all
the others ul‘||". dlp]:mi On one occasion,
he found a seed carrier of a triplet triploid-
triploid-diploid structure. While the indi-
vidual organs of the triploid plants were
evidently larger than the same organs in
di"rh:id me[h, the L‘i:ul;n}!-.ll".l[i"'.':_' size of the

Variery
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i
Fig. 11. Siamese twins of the iris (Waller).

whole plant did not seem to follow any
particular rule. The triploid plants produc ed
by autofecundation gave 21 of normal
}*Jn-l;;m'wt~ and, by fecundation with normal
pollen, 69 The pollen of [|'i|}]u:id plants,
when used to fertilize the diploids, gave no
result.

Kappert (1933) conducted exhaustive
studies on hereditary  polyembryony in
Linaene wesitatissizmen (Hax). |"rmtu{_mqr h\.—
brid flax by crossing carriers of different he-
redities, |1{_ obtained seeds of normal out-
ward appearance which upon germination
produced two roots. They developed into
two separate plants whose mutual resem-
blance was greater than in any other case
(Fig. 12)

Kappert also demonstrated microscopi-
cally that these seeds contained two em-
bryos, obtained by the splitting of a single
fertilized umphclc (Fig. 13). Even in flax,
he found double malformations consisting
of cases of incomplete division of monozy-
gnri[.' twins (Fig. 14). He also observed the

Lar
"y

Fig. 12. Twins of the lin-

seed; the small roots origi-

nate from WO L'|i||!|r3.u'\.

contained in the seed
(Kappert),

Fig. 13. Incompletely sep-
arated twin linseeds
(I appert).

g 14, Twin embrvos of the

(Rappert).

linseed
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development from single linsceds of three
or four voung plants (triplet and quadrup-
let plants). These findings convinced the
author that twin growth in flax is a heredi-
tary pht:nnmcnml and, on the basis of his
observations, he came to the conclusion that
predisposition to twinning is transmitted
through the female plant, although it is the
result of a combination of hereditary fac-
LOrs.

Having investigated twin seeds in corn,
Horovitz and Sanguineti (1936) came to
the conclusion that the formaton of such
seeds in certain varieties of Argentine corn
is a hereditary characteristic. It is interest-
ing to note that the twin plants described

o : . “*m‘

Fir. 15. Longitudinal secrions of barley seeds containing rwin embryos:
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by these authors nearly always appear com-
|]1L‘t(,h or partly umrr.-d rl:—,mlndnlg us of
the double monstrosities that occur in ani-
mals. The authors suggest that the coales-
cence of the phenotypes (be it greater or
lesser or absent) is an important factor in
derermining at whart time during the devel-
opment of the embryo the twinning mecha-
nism acts on the seed. In any case, it Seems
clear that this may happen at various times.

Pope (1943) stated that polvembryony
occurs in the barley of Manchuna. "-.-}mm—
mens obtained ten and twelve days afrer
artificial pollination showed the presence of
two clearly :;r.:p:lrntcd embryos in the same
seed (Fig. 15).

1"\«L

(A} 10 days, and (B} 12

days afrer pollination (Pope).



TWINS IN PLANT AXD ANIMAL LIFE

2. ANIMAL TWINS

The frequent and diversified occurence
of the rwinning phenomenon in the animal
kingdom may be classified under two head-
Ings: Artificial and Natural. Artificial twin-
ning is that which is obrained through treat-
ment of the fertilized egg as indicated by the
phvsiology  of embryonic dcw.lnr.nmtnl.‘
(Such treatments will be considered when
dealing with twin embryogenesis.) Obrain-
Ing twin organisms by artificial treatment of
single eggs is very important for twin srud-
ies. It is assumed that spontancous twinning
may also occur in such cggs. We must dis-
tlngumh berween natural twinning and that
induced by artificial means, if only be-
cause artificial pnh'cmhn'nm‘ produces indi-
viduals whose body size is proportionarely
reduced, while, in spontaneous animal poly-
embryony, individuals quickly reach nor-
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Fig. 16. Dasypus novemcinctus Texanus or Tatusia novemcmeta L,

mal size.

One []]IEhl‘ ].'JLl'h"lPH ul.lppux{' that spon-
taneous twinning may occur in animal spe-
cies for which spontancous cases of double
monstrosities (incomplete separation of the
bodies of monozygotic twins) are reported.
However, there are reservarions to this sup-
position because the occurrence of double
monstrosites does not -.1|u'-.1}'5; prove that
true, complete twinning may be I>1'm1gh1: o
term in a given species.

Natural twinning may be subdivided into
habitual and spurﬂdic kinds. The first oc-
curs among physiologically multparous
species, such as swine, rodents, carnivore
and the like, with normally multiple births.
Sporadic twinning, on the other hand,
that which occurs in rare instances in nor-
mally uniparous species, such as equines,
bovines and man.

(MNewman).
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Al‘tiﬁcin]l}' induced twinning always pro-
duces monozygotic twins (derived from one
fertilized egg), while natural twinning, both
habitual and sporadic, may be either mono-
zygotic or multizygotic {dcrn ed from two
or more fertilized eggs).

In mammals, for l:'~:1n||‘.-1<:‘ the recurring
phenomenon of tw 1nn||1g by polyembryony
{dlpin- or polygenesis of one fernlized cgg}
is less frequent than another gemellogenetic
mechanism—rthe simultaneous conception,
gestation and birth of two or more indi-
viduals deriving from different fertilized
egos. The term |mh ovulation” describes
the simultancous production of two or more
fertilizable eggs.

Genencally, twins of a polyembryvony,
being derived from a single zygote, are
called monozygotic (MZ) and are regarded
as bearing an identical hereditary Endmu—
ment. Twins deriving from polyovulation,
and therefore from different zygortes, are

called dizygotic (DZ) and are not rcrmrded
as carrying an identical heritage, but r1ther
as being only parually alike. Two, three, or
more individuals born at the same time,
from a corresponding number of zygores,
are multizygotic.

These two mechanisms are present among
the different species in varying proportions
—normal, rare, or a combination—even in
the same pregnancy. Polyovulation may also
take place through a f.peuﬁc Or Hpﬂl“ld’lc
mechanism of generation, as may be seen
by the following table:

Gemellogenesis
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Among placental mammals the most
characteristic and instructive t:n::lmp]-: 15 af-
forded by the Xenarthri, where pul}'r.'m-
bryony is physiological—the production of
more than one individual from the same
fertilized egg being the usual means of gen-
eration and delivery.

The Xenarthri include cerrain spccics of
armadillos which have a thick body covered
with a layer of bony scales and horny
blades, immobile in the shoulder and pelvic
regions, but mobile in the central area where
there are a number of illdf.:p::ndcnrl_'l.' maobile
rings. These creatures live alone in tunnels
dug out by themselves, emerging only to
find food, which consists mainly of ants
and other msects.

In 1894 Brehm, in his treatise on animal
life, wrote as follows about the armadillo:
“It is difficult to tell the sex of the young;
this 1s why the Brazilians believe that the
individuals born at the same time all have
the same sex.” This belief, related by the
naturalist with evident skepricism, happens
to be true and the Brazilian natives are cor-
rect in their assumption.

In 1885 v. lhering discovered that the
Dasy pus hybridus of Brazil and Patagonia
normally gives birth at the same time to
eight offspring of the same sex. The author
assumed this phenomenon was due to the
splicting of a single fertilized egg by the
usual twinning mechanism. In 1903, Cuénot

in the Animal Kingdom

By polyembryony,
i.e. monozygotic (MZ)

By polyovulation,
i.e. dizygotic (DZ)
or multizygotic

< natural
artificial

specific
= sporadic

< specific
sporadic
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also studied the ovary of the armadillo with
respect to the origin of twins.

However, it was work done by New-
man and Patterson (1909) that threw hght
on the mechanism in the Dasypus novem-
cinerus (or Tatusia) species of Texas (kFig.
16) whereby four twins of the same sex
Were prudu;‘td in a single birth. No more
than one egg has ever been found in the
female genital apparatus. Morever, it does
not begin segmentation immediately after
ferrilization. Instead it remains in a static
condition for about three weeks before un-
dergoing the usual processes of morulation
and blastulation. During gastrulation, how-
ever, the changes taking place assume a par-
ticular individuality, as may be seen in Fig-
ure 17. In the Lcrnnnal vesicle, the embry-
onic node 1s first dev eloped in the usual way,
Then the progressive differentiation of an
ectoderm and an entoderm h{'giﬂi. A cnrit_‘k'
formed in the ecroderm represents rhe
amnion. The ectodermic cells gradually mi-
grate to the pole opposite that of the furure
placental attachment, grouping themselves
into four germinal figures, one in each quar-
ter formed by intersecting meridians.

In time, the four embryos derived from
these figures move towards the point of
placental insertion in the egg, retaining con-
tact with the amniotic cavity. The embryos
continue to grow, adhering to the wall of
the original germinal vesicle, close to one
another and joined to the same placenta
but contained in separate cavities of the
amnion (see Figs. 18 and 19). The newborn
of a single pregnancy are of the same sex
and extremely alike. Lane (1909) and Strahl
(1913, 1914, 1917) also made contributions
to the knowledge of polyembryony in the
Tatusia.

Simultaneously with the discoveries of
Newman and Patterson, but independently
of them, Fernandez (1909), continuing v.
Ihering’s work on the Dasypus by bridus,
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demonstrated that natural polyembryony is
a common event in this species, too. I have
discovered,” he wrote, “that from the egg
of the mudita (Dasypus bybridus) a germ 1s
first formed consisting of two primitive
This germ can in no
way be distinguished frmn the embryos at
the same stage in other xclrchlarcn, but
from seven to twelve embryos deriving
from this single germ soon starr taking
shape.”

Regarding other species of Xenarthri, so
far as is known today, polyembryony does
not exist. For example, the Euphbractus vil-
losus regularly gives birth to two offspring,
but they are not derived from the same egg
and may also be of opposite sex, as Fer-
nandez found in seven out of the ten cases
studied.

blastodermic folds.

Goats

Among goats, according to Wehefritz
(1925), twinning occurs in 75 per cent of
all births, and, as noted by Mackens, trip-
lets are also frequent. Butz (1932) tried the
similarity method including such tests as
skin Lrafn and ECG on two pairs of twin
goats—one pair male M7 and the other fe-
male MZ. The twins were alike in dimen-
sions, weight, and the qualities of their fur.
Butz also found in the goat two bicephalous
monsters showing signs of mirror-imaging.

Pate (1938) mentions a quintupler de-
livery by a goat that had itself been born in
one of four multiple deliveries by its mother
(three triplet births and one qumruplct’]
Also, the Jouwrnal of Heredity rcpﬂrrcd
quintuplets delivered by a milking goar fer-
tilized by a male whic h had prev mu'-.h fath-
ered two sers of quintuplets. chrmlur_-:d
in Figure 20 is a photograph of the facher,
the mother and their five young, christened
“The Dionne quins in the caprine family”
by the Journal,

Biegert (1938) showed that climate has
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Fig. 17. Embryonic development of the Dasypus novemcinetus Texanus (Newman).
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a decided influence on multiple births in the
goat, with a cold rainy summer increasing
the number of twin births, and a hot dry
one diminishing it. Van Steenkiste {IH*I.'FFJ
and Bien (1905) each described some cases
of double monstrosities, and v. Weber
(1944) reported a pair of DZ unifollicular
twin goats.

Sheep

In the vear 1889, and for more than a
quarter of a century thereafrer, Bell tried
by cross breeding to obtain sheep with more
than two nipples (six to eight) which might
produce twins more frequently and at an
earlier age than ordinary sheep. There ap-
|~.~::aru:d to be some connection berween these
two factors. During his experiments, Bell

Fig. 18, Successive stages in the em-

bryonic development of the MZ quad-

ruplets of the Dasvpus movemcinetis
{Mewman).

noted the importance of certain exogenous
factors in determining an increase in multi-
Imrit_'l.': (1) Maturity of the ::Iw{:p—fuur-,
five- and six-year-olds producing twins
more frequently than yvounger or older
sheep. (2) Mating in October, and subse-
quent parturition in March. (3) Rapid in-
crease in weight ar the nme of mating and
Hll'm{:l]ll{tni‘ loss of \ruight. (Bell 1s said to
have succeeded in obtaining an increase in
twin births by m'::rft:uding the sheep before
mating. )

Marshall gives an account of a sheep
breeder who managed to obtain two hun-
dred offspring from ten sheep through a
continuous  selection  of twin-producing
Hampshiredown sheep. Von Patow, by his
studies on certain merinos flocks bred for
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Fig. 19. Advanced stage in the pregnancy of the Dasypus novem-
cincens showing the four feruses (Newman).

af Heredity).

Fig. 20. Five kids born from the same goat (from the Journal
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:.l'.lui_flllm‘inl_{, was able to affirm that envir-
onment and, more importantly, different
T.'\Fl{.‘l “r il'l.LI.“I[i“ﬂ |]'Il'||. L'[.FT'IL'IHUI'I: f"t"tll]]'l.]ﬂ”
among sheep. Insufficient feeding dLlI'L['IL
the first World War resulted in decreased
fecundity, sometimes reducing the lambs
to one in every delivery.
also supported ]-:_1.' ]"'.u»::L;{:r-m:mn {1937y who
1'L‘|‘ml'l'{'d that breeders are well aware that
abundant nutrition sumulates fecundity in
sheep, thereby increasing the number of
rwin births.

Wilson and Gregory (1931) reported on
a uhf_t'p of the I{nmnu breed which deliv-
cred six living lambs, three males and three
females (Fig. 21). Aubel (1932) observed
a uh:;{:p ‘u'l.'|.:|.1.t,‘|‘| after three normal preg-
nancies, separately delivered three lambs in
a total period of 211 days. The author
thought this case was pr{:hlhlx one of dou-

This theory is
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ble superfetation.

In the Sovier Union extremely practical
as well as interesting studies were imtared
by Zawadowsky in 1941, based on a hor-
monal method of stimulating
\.]RLP As r(}untgd by C aulle ry, who visited
1945,
:'L'gul-]rl'u.' able to I:-rmhl::i: two deliveries a

W II‘|!I'|'|I1.”' n

Moscow in Zawadow hlx_‘.. s school 1

or three in two vears, by sumulating
with hormonal injections the ov ary of the
sheep during the summer when this gland is
at rest. In additon, a considerable multi-
P:!]'i!’r'l.' has been attained, as (,':mllcl‘}' puts It,

1l.*..l]

h_'n.' "u.tprri[ntnr;ﬂ n-.inning."

Of sheep injected at suitable intervals
with doses of serum obtained from a preg-
nant mare, 43°, fail to react to the treat-
ment birth one
Forty-seven to fifty per cent produce two
lambs, 6 to 8%/ three lambs, and 1 to 2%/

and “’l'LL {mh to lamb.

Fig. 21. Six lambs born from one sheep (Wilson and Gregory).,
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deliver four, five and even six lambs. In this
way, the natural multiparity of the species
is considerably increased.

Zawadowsky's experuments were first car-
ried out on the Karakul breed, which pro-
duces astrakhan, and then on other breeds
(the fat-tail, the strigai, précos, merinos,
rambouillets and their hybrids). By vary-
ing the dose, the degree of superfecundity
may be regulated. The sheep withstand the
treatment with no ill effects, even if re-
peated for several years. The lambs of mul-
tiple pregnancies are easily raised and afrer
about a year and a h ilf weigh the same as
those born singly.

The method proved most pmﬁhlﬂe and
by 1945 several million sheep had been in-
]er_rcd with prcgmnr mare serum, pr-.parcd
in large quantitics in Central Asia (Kaza-
khstan, Uzbekistan, Turkmenistan) and in
};pcti:ll laboratories in the Northern Cau-
casus. In order to persuade the shepherds to
have their sheep so treated, Lawadowsky
wrote a description and instruction for them
in the Life of a Shepherd. Not only 1s the
method of considerable scientific value but
it is also a fine example of commercializa-
tion of animal twinning.

Bovines

Bovine animals (artiodactyle ungulates)
are generally uniparous, but twins are not
uncommon and have served as the object
of many xlunlﬁc..mt studies. The annual
\Artlh]ht‘l. in the production of twins is
believed to be due L|11Lﬂ‘|. to  exogenous
circumstances, such as the season dmlnﬂ
which copulation took place, feeding, and
intensity  of solar irradiation (Johansson,
Thomas, Marwitz, Lowe and Ruthart).
W. v. Weber, who in 1944 observed the
considerable yearly fluctuations represented
in the graph in Figure 22, acknowledged the
presence of a hereditary component, since
there is obviously a greater activity on the
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part of the more decidedly gemelliparous
stocks in the years of greater proliferation.

'I‘Imruugh im'l:stignrinns were carried out
on bovine twins in the Institut fiir Tiersiich-
tung wund Haustiergenetik of the Fried-
erich Wilhelms-Universitit of Berlin by
Kronacher (1930, 1932), who studied 33
pairs and worked out a system like that of
Siemens-v. Verschuer for human twins. By
this method an observer could determine
whether a p"nir was monozygotic or dizy-
gotic, on the basis of similarity of many
quantitative and qualitative characteristics,
such as the ﬁi‘i"l}}t of the body, weight, pat-
tern of the fur, papillary nodules on the
nose, texture of hair, dentition, production
of milk, cmnpmltmn of the blood, blood
groups, and even certain qualities of intelli-
gence {Figs. 23-26).

It should be noted that the twins exam-
ined by Kronacher were of the same sex
in each pair, with five pairs diagnosed MZ,
nine doubtful, and 21 DZ. The MZ twins
would represent 19, of all bovine twins.
According to Kronacher, the diagnosis of
ovularity may be strengthened when cor-
pora lutea are found on inspection of the
ovary of the maternal cow following de-
livery. However, the presence of the cor-
pora lutea is not absolutely decisive, be-
cause even a single corpus lutewm may
result from a follicle containing two -::ggga,
though in many cases a complete corre-
spondence of characteristics in two calves
has been found to be associated with a single
corpus lutenmn.

Kronacher compiled a list of cases of
twins nccurring in domestic animals re-
ported in the literature up to the year 1932,
classifying them according to age and sex.
He stated that the nmiurih of ruminant
twins are of dizy gotic origin and may be of
the same or of Opposite sex. Furthcr he
pointed out that the study of twins in do-
mestic animals is also relevant in the study



TWINS IN PLANT AND ANIMAL LIFE

%o

| __""""---.7

I

W,

1905 1900 15 1920

25 15930 35 1940

Fig. 22. Annual variability in the frequency of twin births in Zimmerwald cows berween

1906 and 1942 (W,

of human twins.

In 1940, Vieth described a typical case
of superfecundation in a Guernsey cow.
Having copulated twice, once with an
Angus bull and again with one of the Here-
ford breed, it had a twin pregnancy which
resulted in two females—one bearing the
characteristics of the Angus, and the other
those of the Hereford breed (Fig. 27).

Zawadowsky, by means of the hormone
treatment with which he experimented so
successfully on sheep, was able to greatly
increase gemelliparity in the cow, obtaining
145 calves from 100 cows in double, triple
and even quadruple deliveries.

W. v. Weber (1944-45) published data
on the f”-‘l“‘*”‘:" and hereditary compo-
nents of twin births in simmenthal cows.
Using the information in books dealing with
40 years of Zimmerwald cartle breeding, the
author based his conclusions on 10,104
births, including 466 twin, 11 triplet and
2 ;iuadruplct births. Aucurding to Weber,
the frequency of twins is dependent on
the age of the mother, with the peak
reached by the eighth or ninth pregnancy.

v. Weber).

However, the author pointed out that final
conclusions could only be drawn if the
mother cows were to arrive at an age
equivalent to that of the human climacteric
(Fig. 28).

It should be noted that in DZ twin calves
of different sex, the male is usually normal
but its cotwin is nearly always a hermaph-
rodite (Fig. 29). According to Keller, only
6%, and :lf..Ltlrf.llntr to Luer only 5.3%. of
these females show normal L{cmtal organs.
The phenomenon, already known to the
ancient Romans, who called these sterile
females taura, was studied by the American
scientist Lillie (1917), who gave the term
“freemartin” to these sterile twins and of-
fered an explanation of the cause. He at-
tached great importance to the fusing of
the fetal membranes of the two corwins
through arterial anastomoses (Fig. 30),
which, by the mixing of the two blood
streams, produces a precocious parabiosis.

In two instances Lillie observed the an-
astomoses between embryos 5 mm. long,
and 3 mm. wide, and came to the conclusion
that, in freemartinism, substances produced
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by the gonads of the male embryo directed
the process of sexual inversion in the female
embryo. Also, Lillie believed the sooner the
anastomosis  took place, the greater the
masculinization. I.Ehlll]l]_‘-.']‘jt.‘h ( 1949 }minE-
c¢d out that this masculinization of the fe-
male gonad may be verified histologically.
The successive stages in the evolution of

[ S
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this teratological gnn;ul have been studied
by Lillie and his collaborators, Chapin
(1917, Willies (1921), and Bissonnette
(1928).

.\L‘t:nt'-.ll'ug ) I.Ehlmu}'l'iua, no feminiza-
tion of the male embryo by the female
blood ever occurs, partly because of the
carlier differentiation of the testicle (Van
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I"ll__s..'. 27. Mother cow with female twin calves: case of a:upi.'rfl:c.'n:nﬂ:itinn |:r:.' two bulls of different brecds
(Vieth).

L 2 ] & 5, £ 7 ] 9 w0 n Geburt

|"'I__l_,". 28. I-'rq:n_lm:m::r of bovine twin births :ill.'L‘urﬂiﬂg to order of birth
(W. v. Weber). (Geburt = Order of birth.)
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Beck, 1926), which is already apparent
when the embrvo is only 19 mm. long,
but chiefly because of the precocious dif-
ferentiation of the male interstitial gland
when the embryo has grown to 30 mm.
Differentiation of the interstitial endocrine
elements of the ovary only occurs at the

TWINS IN HISTORY AND SCIENCE

of the vascular arch, i. e., by the timing of
the male hormone’s penttrntmn into the
circulation of the female twin. When anas-
tomosis is established soon after implanta-
tion of the egg, a strong masculinization
takes place with formation of a peniform
clitoris. This observation was made by

-~
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Fig. 29. Freemartin {Tammeo).

82 mm. stage (Bascom, 1923). On histologi-
cal examination the ovaries of a 38 mm. free-
martin embryo show a hypoplasia of the
cortical formations, indicating an evolution
of the gland rowards the male tvpe. At this
stage, vascular anastomosis is already clearly
vmhlc:, although it appears only in a fine
capillary arch.

The different types of sexual mosaic
found in the freemartin can be explained
by the more or less precocious formation

Keller in a fetus of five months, by Rob-
erts and Greenwood (1928) in the adule,
and by Buyse in a freemartin, born to-
gether with two other normal male twins,
which possessed a peniform clitoris 26 cm.
long.

The freemartin is therefore a hermaphro-
dite or a pseudohermaphrodite of purely
hormonal origin, since the phenomenon
cannot be explained on grounds other than
the vascular anastomosis. Freemartins may
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Fig. 30. Twin pregnancy, the two embryos being of differ-
ent sex and their placentae united (LiNie).

be used for work, like oxen, bur are gen-
erally unsuited for reproduction and milk-
ing.

Monkeys

On the subject of sporadic twinning
among monkeys, Abel (1933) describes a
rare case of twins born to an African (Pa-
viana) monkey in the ;r,un'Engic:ﬂ gnrt‘ltnﬂ of
Berlin. The twins were stillborn. Their
measurements and other data obtained by
the author were insufficient for a diagnosis
of mono- or dizygosity. The fetal mem-
branes, which might have facilitated the
diagnosis, had been eaten by the morher,
as is customary with monkeys.

In 1934, Yerkes reported the birth of a
pair of opposite-sex twins delivered by a
female chimpanzee in 1933 at the Anthro-
poid Experiment Station of Yale Univer-
sity. Later, Tomilin and Yerkes (1935) gave
a more derailed description of this twin
birth, which they considered to be the only
multiple birth ever observed among anthro-
poids. These twin chimpanzees were also
studied from a somatometric point of view
by Jacoben and Yoshioka.

The father, Pan, was 11 years old. The
mother, Mona, who was about 20, had
previously had three normal pregnancies
and one abortion. On the morning of June

26, 1933 it was found that she had given
birth to a pair of twins. According to the
authors’ estimates, the period of gestation
was 210%5 days, or seven and a half lunar
months. The afterbirth disappeared before
the observer arrived, presumably eaten by
Mona.

The twins were named Tom and Helene.
Though apparently physically normal at
birth, they were thin, weak and small, per-
haps because of their premature birth. Each
weighed about 1,500 gm., and they were
approximately the same in size. The color
of their eves, however, was different. The
female grew more rapidly in the first six
months, after which the male developed
more quickly for the next six months. Tom
began eating supplementary foods ar an
earlier age and with greater zest. When they
were one vear old, the male weighed 5,880
gm. and the female 4,320 gm.

The twins’ temperament was very dif-
ferent. Tom was active, independent, ad-
venturous, fearless, aggressive ver docile.
Helene was more attached to her mother,
unaggressive, timid, fearful but difficult to
handle and obstinate. The mother was par-
ticular abour the cleanliness of her twins,
but paid less attention to them than to the
babies of her single pregnancies. From the
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start she refused to let the twins L‘ling to The mother r:mghr the twins how to find
her while she was resting, and would pun-  her breast, how to climb and how to walk.
ish them if they defied her. The authors During the first few months she would
had never before come across this punitive  fondle them whenever they appeared up-
behavior among -.||1Ih!‘:}}'mill.~;_ set. Towards the end of the year her at-

Figs. 31-36. Mona and her twins ar various ages ( Tomilin and Yerkes).
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tempts to wean the twins became evident.
Nevertheless, she continued to suckle them
until they were separated from her when
only a little over a year old. It is interesting
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that when they were abour 11 months old,
Helene started running to her rwin instead
of their mother when she felt the need for
refuge or protection (Figs. 31-36).



Chapter IV

FREQUENCY OF THE TWINNING PHENOMENON

1. FREQUENCY OF TWINS IN
CENSUS RECORDS

PRI-’HI-‘.N'I'-]).-“’ BUREAUS of vital statstces, in
all the civilized countries of the world, make
available to us accurate figures on the fre-
quency of the twinning phenomenon. How-
ever, even before stanstics were prm'idtd as
a matter of course by governments, as they
are today, records of births were kept in
parishes, townships, and various institutions,
so that from the time the biological sciences
first became interested in twins, it was pos-
sible for research workers to gather figures
on their frequency and attempt to interpret
them.

Tahle 1
DENMARK

EUROPE

The work done by the International In-
stitute for Statistics in The Hague has en-
abled us to study the frequency of the twin-
ning phenomenon in many countries of the
world, based on fairly recent, derailed and
easily comparable data. In Europe, only
those countries with a more characteristic
occurrence of twins are mentioned here.
Statistical information, unless otherwise -
dicated, has been obrained from the Aper-
cus de la démographie des divers Pays du
monde, while the statistical elaboration—av-
erages, ratios, indices—is our own. As far
as possible, we have focused our atrention
on figures referring to the decade midway

= Multiple | Singl
Number of Births e i i

| Births in | Births for
Fear | Erery Erery
M ulti- [ Multiple
Single | ple Tolal | Deliveries | Delivery
1926 |-.n.n;.'a 1,160 | 71,203 | 163 | 60
1927 | 67,394 1,100 | 68,503 16.2 (i1}
1928 | G7.980 1,081 69,061 15.7 (it
1929 | G4, 703 | 1,102 | 65,805 16.7 50
1830 | 65,501 | 1,081 @ G66.792 16.3 i
1931 | G3,854 88T | 64,541 15.2 G5
1032 | 64,097 1,082 65,129 158 62
1933 | 62,523 B5T | 63,480 15.1 1)
1034 | 64,734 | 1,038 | 05,772 158 2
1935 | G, 746 | 1,052 | 65,818 16.3 (1]
Average | 65,577 | 1,0082 | G6.GH0 15.9 G1.7

Table 11
SWEDEXN
| =
| - b { .l,fnh‘r;ﬂ'r Hrrrg.fr'
Number of Births Births in|Biriha for
Year | T Erery Erery
| M - 100 | Multiple
| Single ple Total |Deliveries| Delivery
1926 101,496 ' 1,576 | 103,072 15.5 i
1927 97,685 | 1.424 | 99,108 14.4 (5!
1928 O7.655 1,426 | 09083 14.4 [55
1929 | 92,491 1,443 0 93034 | 154 i
1950 | 94,009 | 1,308 | 95,407 | 147 67
1931 | 91,132 | 1,280 | 92,412 13.9 7l
1952 | 89,694 | 1,288 | 90,982 | 14.2 70
1933 | 84,984 | 1,175 | 86,150 | 156 72
1954 85,126 | 1,160 I 86,256 13.4 i
1935 H5.897 | 1,184 | &7.081 15.6 73
[ |
B HiEs e ke
Average 92017 _ 1335 | 03,352 14.2 G4

tFy

[ ]
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between the First and Second World Wars
(1926-1935).

Denmark

Accurding to these figures, Denmark
comes first with the greatest frequency of
twinning in E urope. It should be noted that
in an earlier period (1901-1910), described
by March, Denmark followed Sweden and
Bulgaria in order of frequency. (See Table

L)

Sweden

I'hnugh Sweden had a frcqucncv of 15
twin births in every 1,000 deliveries chosen
at random from 1901-1910, on the basis of
the 1926-1935 ﬁgures Sweden's frequency
1s somewhat diminished (14.2). As will be
noted in the figures for each year given in
Table II, a progressive reduction of fre-
quency has taken place.

Scotland

These figures may be raken as an indi-
cation of rthe frcqun:m:_!.' of the phclmmcnnn

Table 111
SCOTLAND

I - : Multiple | Single
| Nrmber of Births Births i'ui.'h'rfﬁ.!fnr

Year B | Every | Erery

| Muti- I | Multiple

| Stngle e | Total .f.lrh'rrrr'r.*ri Delivery
1926 | 99,854 | 1,281 | 101,145 128 | 77
1927 | 84,171 | 1,246 | 95417 | 131 | 76
1928 | 94,875 | 1,216 | 95,501 127 | 78
1920 | 90,530 | 1,169 91,699 127 | ™
1830 | 91,8992 | 1,274 | 93,266 13.7 T
18331 80,041 | 1,132 | 81,073 124 | %
1882 BE.TST | 1,123 | 88,860 125 | 7
1033 | 84,982 | 1,077 | 85,450 124 | 7
1954 BG, 723 | 1,048 | 87,772 12.0 B3
1885 B5,707 | 1,063 | 86,860 | 12.2 | 81

Average 90,650 ‘ 1,164 | 91,814 ! 126 | 78
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in Great Britain. It should be noted that
stillborn children have been excluded, the
delivery being considered mulriple only if
there are at least two living infants. (See
Table II1.)

Germany

Up to 1934, births occurring in the Saar
were not included. While Lorze observed
in 1937 that statistics covering a period of
many years showed a frequency of one twin
delivery in 85 births in Germany, our own
data indicate a higher frcqunnc'.. {one in
81.6). We may thcrcfurc assume that there

has been a hhght increase in frequency. (See
Table IV.)

Italy

In 1914, Patellani studied multiparity in
Italy by calculating the number of deliv-
eries recorded in 43 vyears (from 1872 to
1914)—a total of 47,782,180, of which 565,-
176 were muluple births. On this basis, he

Table IV
GERMANY

|
Multi-| Single

Number af Births ple | Births
Rirths _ﬁ:lr
in Errry
Year Ervery | Multi-
Multi- 1000 | ple
Single ple Tatal | Delie- | Deliv-
eries | vy
1926 1,239,156 | 15,056 | 1,254,212 | 12.0 | 852
1927 | 1,171,070 | 14,402 | 1,185,472 | 121 | 81
1928 1,191,430 | 14,604 | 1,206,084 | 12.1 "2
1929 | 1,155,258 | 14,171 | 1,169,420 | 12.1 | 82
19300 | 1,135,880 | 13,680 | 1,149,569 | 11.9 | 83
1931 | 1,047,908 | 12,044 | 1,050,852 | 12.3 | 80
1932 AEA. 88T | 11,893 | 0985790 | 11.9 | 83
1933 §61,356 | 11,789 | 973,145 | 12.1 | 82
1934 | 1,185,225 | 14,777 | 1,200,000 | 12.3 | 80
1935 | 1,265,828 | 15,551

1,281,379 | 12.1 | 81.0

Average| 1,132,700 | 13,887 | 1,146, JHH' 12.0 | B1.6
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arrived at the following ﬁgurux: one multi- Table V
ple birth in 84.54 deliveries, chosen at ran- ITALY
dom: one mulriplc birth in #3.54 ﬁinglc |
deliveries. |

| Multi-| Single

: Number of Births | ple ,H'.ﬂh’
Also, he was able to show thar multi- i Births | for
parity is most I"ru]ucnt in the lower Po  Year . in | Erery
[ Every | Mulfi-

Total | 1000 | ple
ple Deliv- | Deliv-

cries | ery

rara (one multiple birth in 54-54.3 single Bingle
births) with infiltrations into the neighbor-
ing provinces of Venice, Padua, Ravenna, | L
Bologna and Forli. 1926 | 1,112,482 | 12,944 | 1,125,426 | 11.5 | 86
Multiparity is at a minimum in the prov- 1927 I:'II::::&I e :'I;;ﬁl |
inces of Catanzaro and Reggio Calabria  °0 | "/ o | oo | ieoeoe | 123 | 80
(one multiple in every 129.1-126.8 single 1950 | 1,101,430 | 15,478 | 1,116, ‘008 | 139 | T1
births), and also in the provinces of Sa- 1991 | 1,034,125 | 14,160 |,m3,eﬁ;| 135 | 78
lerno, Messina and Cosenza. All in all, the 1932 998,574 | 18,560 | 1,012,143 | 13.4 | 74
frequency of multiparity, as compared with ;3:: :mﬁﬁg :l!.::: ' :g;g:ﬁ; :‘:'2 :'
uniparity, is distributed in the following e I:mli:ﬁT;;‘ l;!—:;.':ll I:ﬂl;.i:.iﬂﬂ 13:“ "
manner in Italy: Northern Iraly 1:73; Cen- (it ' =
tral ITraly 1:79; Southern and Insular Italy  Average 1,049.617 | 15727 | 1.068.344 | 129 | 76.7
1:102. The map in Figure 37 shows the
distribution of twin births in various re-
gions. (See Tables V and VI.)

— — -

Valley in the provinces of Rovigo and Fer- ‘ Multi- |
|
[

TARLE
DISTRIBUTION OF SINGLE AND TWIN

1931 1932 1938 ' 1934 1935
Hegions [ [
Ringle Turin Hingle Twin Single l Tiein i Simgle Tiein Single Twin
Rirths Hirtks Rarths Rirlhs Rirtks Hirths | Firths Rirths Hirths Birfha
, |

Fiedmont. ... 5T.B1% B84 | B50GT G398 1504 | B40 | 51,773 575 51,504 i34
Liguria e st 22,500 257 2077 271 21, 100 245 | 20,790 50 20,845 241
Lombaridy . 124,850 1,671 122,366 | 1608 | 117,121 | 1,672 118,012 | 1,649 118,012 | 1,608
Venetia Tridentina 14,450 196 14, 1846 20| 19,752 214 15,625 176 13,785 204
Venelia 105676 | 1,668 [ 103,673 | 1,579 | 101,030 | 1,650 103,353 | 1,593 102,815 | 1,060
Venetia Jul. and Zara 19,507 255 18,603 214 | 18,505 A2 18,440 | 244 18,880 | 304
Ermilia 69,041 892 06,013 R4 6, 180 BH2 67,042 473 G6,817 544
Tuscany 54, THNT 720 51,820 aRs | 51,58 T R | | i 5E.4T1 Ga%s
Marclws 31,57 9 2R, R0T 424 0887 52 AT | 407 | 2090 464
Umbsia 17,44 25 15,754 210 16,157 42 16,005 | 924 | 16,100 241
Latium L HAT 58,451 787 |  s@.7aR £70 G175 | 821 500 B52
Abruzz and Maolise 45,804 63l 43,501 LR [ A7, 508 BT 44,620 Shid HBTE 643
Campanin : 111,618 | 1,506 109,397 | 1,002 110,500 | 1,648 107,858 | 1,577 110056 | 1,598
Apulia L | 1,106 BO755 | 1073 | 81939 | 1109 B2238 [ 1,118 82446 | 1,172
Lucania 15,241 233 17,014 212 | 18K FH 19,041 252 18,474 255
Calnbrin 54,030 T 55,009 il 57411 | TR0 54,0986 523 55,430 f8a
Sigily 110,436 | 1,979 106,544 | 1,489 111,870 | 1,415 110,190 | 1,953 107,348 | 1,238
Sarinin 28,211 435 28470 333 0215 378 20,010 45 27,299 F50

Totals . 1,084,125 | 15,0498 MIE5TH 12408 | 1002820 | 3801 | LO0OO01E | 13585 | LODL.ATD | 13,700
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France

Bertillon provides the following informa-
tion regarding the frequency in different
sections of France. The lowest figures

Table VII
FRANCE

55

Number of Births

Multiple | Single

: 3 firths in|Births for
are found in the Southwest and the Central Vear ! o Every | Every
Plateau: Gironde, 6.77; Haute-Garonne, Single :‘";: 41 Total 1000 | Multiple
7.03; Charente, 7.16; Gers, 7.59; Dordogne, | 3 Deliveries| Delivery
7.45; Corréze, 7.06; Ardéche, 7.37; Lozére ! T BT
?48: Canital & 56 . 4 Pae é D‘i - 5’ 1926 | 778,810 | 8,348 | 787,167 | 10.6 93
£:4%6; Lantal, /.06; and Fuy-de-Lome, /.93, 1907 | 753,574 | 8,900 | 761,874 | 109 91
I'he highest figures are found in the regions  j9es | 758,875 | 8515 | 767,300 11.0 s0
of Savoie, Jura, Vosges and Bretagne: 1929 | 789,268 | 8,062 | 747,350 | 10.8 92
Haute-Savoie, 12.90; Savoie, 12.80; Jura, 1930 | 739,422 | 8236 767,678 | 108 | 92
11.37; Vosges, 11.84; Moselle, 12.41; Vendée, 193! | 743,969 7,788 | 751,757 | 104 | 06
12.34: Morbil 11.43: Finiste 1136 1032 | 736,665 | 8,067 | 730,596 | 10.9 91

it an, 1143, Finistere, 11.36.  y935 | 687,996 | 7,002 (004848 | 110 | 90
The map drawn by Turquan (Fig. 38) gives 1934 | 686,212 | 7,447 | 603,650 | 107 | 92
a clear picture of the distribution in France. 1035 | 648,310 | 7,046 | 655,856 | 10.8 | 02
(See also Table VIL.) T I |
Average| T28,720 | 7,045 | 781,529 0.7 1.8
Spain
(See Table VIIL)
VI
BIRTHS IN ITALY (1931-1940)
! | | | |
1936 1947 1938 1939 : 1940 | Ratio of
— e Total ‘ Tofal | Twin Mirths
Simple Twin o 1K)
Single Twin Single Twin Single Twin Single Twin Simgle Tuwin Hirths | Births Hingle
Births | Births | Rirths | Births |  Births | Births | Births | Births | Births | Births - Births
| ||
— —
50,070 SRS 3,509 L 58,120 LEA S 627 S ) GG 594,582 LI 1151 n.7#
20,5941 230 21,707 278 23,182 270 24,337 T 22 027 26T 217,08 2 587 1181
114,927 1,562 120,579 1,702 128,542 1,782 : 127,943 1,734 127,316 1,747 1,221 257 | 16,825 1377
1,340 216 14,0 187 15,090 213 14,968 11 14,8358 218 142, 10T | 20065 14 55
G5 543 1,585 1001443 1,561 105, 676 1,644 | 104,358 1,688 104,726 1. 584 1,01, G 16,203 1550
18,109 254 18, 1w ELi 20, 1946 206 B, T34 Ea 1] &), TES 200 192 208 | 2718 14.1%
61,155 771 64 FL ] L L HEG | T3 =% 4815 T BS540 | B4 12 B2
S0,0E0 61 51,094 1idH | 56,954 | G50 3575 L 54,504 (G SN0 458 | 6,714 12 85
110 | 450 | 20,7¢5 | 393 | 30,009 | 437 | 0895 | 498 | #5465 | 376 | #0766 | 4998 | 14 48
15,5006 180 16, 8 33 17,820 231 16,084 243 16,286 E4t ] 162,572 | 2417 14 25
61,612 | 848 | 64562 | 910 | 6R¥BY | 05 | 66528 | 941 | 60,853 | s03 | es7210 | 8743 | 1370
43,137 a0 EER I Gla 41,574 T 43,749 | 625 | 42,544 | SBT 43,253 6166 | 139
106,058 1,500 108,548 1,661 110,825 1,648 115,023 1,307 105,402 | 1,044 1,105, 186 [ 16, 206 14 66
RO 11 1,106 =, 160 1,089 25,218 1,180 BT 625 1,235 BT, 885 1,143 HEL G0 11,351 12 84
18,071 234 18,780 42 158,043 47 18,8385 250 18, &80 T48 154 54 2,405 [ 15 02
Sb BET B30 FE 764 035 55,182 T 56,8570 TR 57,5000 733 555,806 | 8870 1% 55
M, RS 1,500 OGERT 1,340 111,186 1444 111,152 1470 116,608 1,518 L9377 | 1,784 | 12 80
20754 301 25 843 376 30, 268 | Ei1 32,741 | 455 . 61E 412 08, 497 3,708 1%, 42
RS N | 15,145 I BRG.R40 | 13,571 | 1042 845 | 14040 @ 1,048,044 | 14501 | 10530087 | 1408+ | 10,192 514 Ilﬂ'i'.!ﬂi | 13 52
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Fig. 37.

Frequency of twin births in Iraly. Shaded areas represent number of twin births per
1,000 single births (see key above).
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|"i[."- 38, Distribution of twin births in France ( ['nl.l:r:|l.|:i||'|l.

Tahl= VIII

SPAIN
2 Multiple | Single
I‘lu e drer u_|'. Hrl‘l'jr.'r Births inlBirths .r,f"
Year Erer Erery
3 Muiti-| o : i
.'\rrJ!.IJ'-' g Tt 2l JiMM M rJfI'r_pl'r'
a3 Dreliveries Delivery
1926 | 671,430 | 6,029 | 677,450 8.5 111
1927 | G42.528 | G467 | G49,200 9.9 a9
1928 | 674,708 | G306 | GR],055 0.2 114
1920 | GHE2H80 | G191 | G65.57] 0.2 107
1930 | GHEDESD | G360 | GT6.21] 9.4 105
1931 G3H, 043 | 5,583  G64,5206 1.4 118
1932 (81,340 | 56065 | 687,004 B2 120
1933 | GTR,640 | 5,860 | G54, 500 5.0 116
134 G742 | 5,505 | 652,907 54 118
Average GG5.200 | G000 | 671,281 5.0 111

AMERICA

Chile

(Sce Table 1X.)

United States

The frequency of twinning in the United
States has been ascertained by Nichols
(1907), Greulich (1934). Hamletr (1935)
Newman (1940), _-’l.r'ult' (1940%, Strandskov
(19453, 1945b), Strandskov and Fdelen
(1946 ), and Strandskov and Siemens ( 1946).

United Srares figures provided by the
International Institute of Sratistics cover
only a period of seven years (Table X). It
will be noted that they do not exactly cor-
respond with Strandskov's ﬁm]ingr: (sece
Table XI).
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3
Table 1X Table X
CHILE! UNITED STATES
d . Multiple | Single Multi-| Single
Number of Births RBirths in|Births for Number of Births ple | Births
Year : Erery Erery Births | for
Single Mult-| -y 10000 | Multiple Fear [ in | Krery
ple Deliveries, Delivery Every | Mulli-
= -- M ulti- itwne | ple
1926 | 153,518 3,084 | 156,562 19.4 | Single | ple Teatsl | Delir- | Delie-
1927 | 166,162 | 3,252 169,414 19.2 | | CFEER ery
1928 | 170,305 | 4,138 | 175,440 3.6 41 — ; e :
1929 | 169,571 | 3,225 | 172,796 18.7 53 1929 | 2.201.81% | 26,750 | 2,228,571 | 12.0 83
1930 | 163,320 | 3,082 | 166,352 18.2 5 1930 | 2,297,311 | 26,412 | 2,263,723 | 11.7 Bi
1951 150,304 | 2,510 | 152,814 16,4 Ll 1931 | 2,142,443 | 25,388 | 2,167,781 11.7 B3
1932 | 150,634 | 2,381 | 153,015 15.6 i 1932 | 2,101,420 | 25,549 | 2,196,778 | 11.9 A3
1933 148,326 | 2,043 | 151,269 19.5 al 193853 | 2. 107,671 | 25,238 | 2. 132,808 11.8 54
1934 | 151,438 | 3,126 | 154,564 20.2 45 1934 | 2,195,203 | 26,284 | 2.218,577 | 118 53
1935 | 154,459 | 3,264 | 157,725 0.7 47 1935 | 2,181,050 | 25,464 2,206,514 | 11.5 S6
Average 157,903 | 3,081 | 160,995 I 19,1 51 Average -;!,I{'-ti.-u-tl 25.834 | 2,192.250 | 11.7 | 84
Table X1
DIFFEREXNTIAL FREQUENCY OF TWIN BIRTHS IN THE UNITED STATES —1922-1936
(STRANDSKOV AND EDELEN)
Toizl Wkite l , Oolored
Num- | Twin Births Aecording | White | Twin Births dccording | Colored i Twin Births According
Year ber of io Ser Tirin to Ser Fwin | to Sex
Tarie T Births T =t Herlles ——— L —
Births | ¢ 9 | 2 & d 4 2% & | 84 g9 R4 d &
- - = | S = = H .
1922 21,163 6,911 7,008 7,154 18947 6,176 6,304 G467 2216 | 735 794 G687

1923 | 21444 7.083 T.113 7.298 19,143 6.208 6208 6547 2801 | 735 | 815 | 751
logs | 22751 7,927 7.575 7.849) 20,203 6,552 6659 7.052) 2488 | s | 016 | 7o
1025 | 21581| 7.063 6910 7549 10460 6412| 6178 6875 2071 | 651 | 746 | ev4
1926 | 21,739 7022 7056 7,561 19,508 6,425 6,300 G864 2141 | 697 | 747 | 697
1927 25,752 BA3090) =430 85093 22 58] T334 7355 TRy 5,171 1,056 1,082 1,033
104 2, TRG LA HHTH 9245 2052 7409 7,335 7008 3,734 1, 164 1,323 1,247
1925 26,4800 HG6T3  HE23| K095 2647 T4 7504 T.721) 3,842 1,251 1,316 1,272
1830 26,128 5,515 HT4H BA6T| 22123 T.224 7316 75585 4005 1,248 1,432 1,284
1931 25,00 B062 R507 8498 21,085 6,982 7.074 T.238) 3972 1,480 | 1,433 1,250
1932 25,081 BO43 H47T0  B468) 21,056 6,790 70102 7,164 4025 1,253 1,468 1,304
i
i
i
i

1955 24,000, EBE098 8471 85421 20,741 6,721 6,926 A 4249 | 1,357 1,545 1,327
19854 25,003 B.523 H.612 8B858 21.500( T.135 7.054 LA 4403 | 1,388 | 1,538 1,457
1935 95197 8122 K307 B.OGYV8| 21,270 6011 6983 L5 3,018 15211 1414 1,293
1595346 25,5009 BA04| SO88  BYRT 21.655 T.104) 7050 02 3,914 1,290 | 1,320 1.295

Total. . .| 365,680 118,937 121,594 125,149 315,230| 102,785| 103,673 108,772 50,450 | 16,152 | 17,921 | 16,377
Average 24970 79290 8106] B343) 21,015 6,852 68911 7.251( 3263 l,ﬂl'p"il 1.195 1.081]
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Hamlett based his calculations on infor-
mation gathered from 18 million birchs
chosen at random, which he took from of-
ficial publications on vital statistics. He
made separate studies of the pattern of twin-
ning frequency among white and colored
populations.

Out of 16,538,001 deliveries, the white
population showed 189,358 multiple births
{187,499 twins, 1,829 tr':p!::n;, and 30 quad-
ruplets). The ratio calculated by Hamlerr
is one multiple in every 89 single deliveries.
This would correspond with the ratio in
Prussia, published by Veit in 1855 (1:89),
but it is lower than in Belgium (1:55.6)
and Norway (1:69.2).

Among the colored populations living in
the Unired States (947, Negroes, 47, Mon-
gols, 27, American Indians) the ratio 1s
1:69.5. Multiple births in the colored popu-
lations have a frequency 259 above thar
in the white populations,

Hamletr finds no explanation for the
rather considerable differences berween in-
dividual states, such as Kentucky (1:66.8)
and Nevada (1:123.7). In the white popula-
tions 33°. of rwins are monozygotic, and
shightly less (297 ) in the colored groups.

Strandskov, with the assistance of several
colleagues, analyzed the twinning phe-
nomenon in the United States with respect
o overall f!‘i;lllt[‘ﬂﬂ\.' sex ratio, MZ-DZ
ratio, frequency of stllbirths, and the like,
for the white and colored populations.
Strandskov’s rescarch material consisted
mainly of twin births recorded in the
United States over a period of 15 vears
(1922-1936). We based the data in Table
X1 on Strandskov’s findings. His figures
are lower than those reported by the In-
ternational Institure of Staustics. Strandskov
took into consideration only double and
no greater multiple births.

Strandskov's twin birth frequencies be-
rween 1922 and 1936 correspond to a grand
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total of 31,487,413 births, and sub-torals of
27,923 410 births for the white, and 3,564,-
003 births for the colored populations.

Strandskov confirmed the finding that the
ratio of twin births to toral births is sig-
nificantly higher in the colored (1.433%;)
than in the white (1.129°) populztion.
While the sex ratio in the total U.S. popu-
lation is 48.431°%. females to 51.569°. males,
in the twin population, according to Strand-
skov, 1t i1s 49.151°, females to 50.849°%
males.

A report issued in 1947 by the U.S. Pub-
lic Health Service, covering multiple births
over five yvears (1940- 1944), estimated the
twin ratios for 100,000 births in the whire
and colored populations: 1,016.8 for the
white; 1,256.6 for the Negro, and 972.2 for
the toral of other In.'-}ml.*!l‘iunﬁ, In relanion
to the white population figure, the ratio
for the Negro pnpuhmm is higher by
23.6%5, “iull. for other ethnic groups it is
4.4°. lower. Thus UK. {ugurm aup}mrt the
finding of a comparatively higher twin fre-
quency in the Negro pu}mlmun

Uruguay

Table XII does not include single or mul-
riph:: births where no child was born alive;
a delivery is considered multiple if there
are at least two living infants.

Venrzur]a

Figures reported by the International In-
stitute of Sratstics for Venezuela cover
only three vears, but they merit attention
as indicating a very : twinning rate,
{See Table XIIIL.)

I{J“'

OCEANIA AND ASIA
Australia
The figures in Table XIV apply only to
deliveries in which ar least one child is born
alive. Not included are births of aborigine
habies.
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Tahle XI1
URUGUAY
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Tahle XIV

. : Alultiple | Single
Number.of Births Hfirths in|Hirths for
Year : Frery Erery
Hingle Mubti- Tatal 1wk | Multiple
g Deliveries) Delivery
| RLELH 42, 166 460 42 6206 10,5 92
1927 1,510 Hid | 42,874 11.0 0
1928 4,005 203 | 44,926 .0 1510
1920 $5.511 463 | 48,774 1.1 L
1 5k b G4 335 b3, 183 11.8 53
191 13,500 452 | 44 372 10,59 ol
19032 43,260 385 | 45648 5.0 111
1933 HL VRS 3 41,216 105 HES
1934 LI S04 | 40,973 b 112
Average 42,733 431 | 43165 110100 101.58
Table XI11
VENEZUELA
i ' Multiple | Single
Number af Births Births in|Births for
Year | | Erery Erery
H;uyhr _1-fr:jfi:-l Tot =l . TEWwD ,1-.""“1']'}]‘4'
ple Delivertes| Delivery
19475 HTLRG 323 | 9415 AT g
1928 HES I 206 | HLGD2 3.2 F12
14924 S 317 | 92,664 3.4 201
Average| 01,611 | Fi2 | 91,923 L 20

Japan

Hamlertt indicared a very low frequency
in Japan, equal ro 1:301. Census figures for
_]:lp:lll show the occurrence of unl}.' one
multiple delivery in every 299.5 single
births ( Komai and Fukuoka).

Oku (1933) suggested as an explanation
that in some Japanese circles there is a ten-
dency to believe that a twin birth brings
bad luck. It is therefore an undesirable event
and should be kept secrer. According to the
author, this explains why the census records
show a fr{.qumu of 4.37 per 1,000, while
the maternity hospitals give a frequency of

AUSTRALIA
: Multiple | Single
Number of Births Ifilrl'.'l't in|Births for
e r ; Every Ervery
Single Multil - pogai 10 | Multiple
P Delireries J'Jr'fr'i'f'ry
126 | 130,335 | 1,423 | 131,756 1.8 92
1927 | 130,754 | 1,472 | 132,226 1.1 Ko
1528 131,355 | 1,423 | 132,770 10,7 b1
18324 199,859 | 1,520 | 128,179 1.3 HIH
1450 125,530 | 1,439 | 126,969 11.3 )
1451 115,887 | 1,271 | 117,258 1.5 91
1932 108,742 | L1OT | 108,549 11 H ]
195E 108,983 | 1,154 | 110,137 1.5 4
14954 107,158 | 1,171 | 108,320 1005 n2
1555 108,082 | 1,157 | 110,248 1.5 HEY
Average 119,478 | 1,203 | 120,772 10,6 02

.78 per 1,000.

With a theoretical correction, Oku con-
sidered rthe true flf::]ucnc to be 7.2 In
every 1,000 births. 58 per cent of twin
births would be MZ twins and 42 per cent
DZ. The density of population has no in-
fluence on the percentage of twin births.
In the colder regions the rtotal number of

Table XV
JAPAN
Multi-| Single
Number of Rirths ple : Births
Hirths | for
Fear in | Every
| Erery | Multi-
Multi- T} pﬁ
Srngle ple Todal Deliv- | Delir-
Fries ErYy
1929 | 2 179,066 | 7.437 | 2,186,503 3.4 ! 204
1930 | 2,187,064 | 7546 | 2,104,910 3.6 ! 250
1931 | 2,203,282 | 7,971 | 2,211,258 | 3.6 276
1982 | 2 285,334 | 8452 | 2,203,786 37 | 20
1933 | 2,219,911 | 7.707 | 2.227.G18 3.5 28
1934 | 2,140,887 | 7,934 | 2,148,821 | 3.7 il
1935 | 2,288,202 | 5006 | 2.297.198 | 3.9 254
Average| 2,214,820 | 85,040 | 2,229 860 : 1.6 276
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births, including twin births, is generally
higher than in warmer localitics. '

Based on the number of births reported
v Japanese hospitals between 1904 and
1931, Komai and Fukuoka (1936) found a
frequﬂnu of 1:92.43, ie, 1,520 multiple
births in 140,508 births Lhm{,n at random.
The same authors found a ratio of 1:74.1, 1.¢.,
a7 |'|1l,1]ti|ﬂl: births in 7,191 births chosen at
random in Korea. Census figures obrained
in large cities gave the following distribu-
tion of the sexes: 6,2584 & twins; 1,51042
twins; and 5488 2 ¢ rwins. According to
Komai and Fukuoka, DZ twins are ﬁr.t;]-.l—
tively less frequent in Japan than in Europe.

Bearing in mind the uncertainties indi-
cated by the authors, it is Interesting to see
the ﬁguru drawn up for Japan by the In-
ternational Institute of Statistics (see Table
XV). According to Fisher, multiple births
would be extremely rare in Annam and
Cochin-China, where it seems one twin
birth occurs only in abour 10,000 deliveries.
Also, Chiarugi observed that twins seem to
be almost unknown in certain provinces of
China. The pnmhllln that many twins are
kepr secrer, as in Japan, may have to be
taken into account.

2. FREQUENCY RATIO BETWEEN
QUANTITATIVELY DIFFERENT
TWIN BIRTHS: HELLIN'S LAW

Figures on the frequency of the twin-
ning phenomenon may be also analvzed ac-
Lurdmg to the number of infants pruduud
by multiple births. The total number of
ams_{lf: births may then be compared with
twin hirths, u:lth rr]plcr barchs, with l.]l.l.ili
ruplet births, ete. in order to determine the
ratio between guantitatively different mul-
tiple births.

By analyzing Miiller's startistical findings
on births occurring in Prussia berween 1826
and 1849 (13.360,557 births), Veit, in 1853,
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calculated thar double births were in a rato
of 1:89 of the total number of births; tr'tph:
births 1:89% and ql.l-.il.irl.ll:-ir.'[ births 1:71.3%.

In 17.7 million births, Sicklet (1859)
found one pair of rwins in ::w:r_!.' 83 deliv-
erics, one set of tnplt.t-a in every 8,007 barths,
and one set of quadruplets in every 385,499
births.

In 1859, analyzing the total of 19,698,322
hurln in Central Europe, W acppaus found

226,807 double and 1,623 1.‘I‘I|]-]L births, which
Lt:rnupnnd respectively to the ratio 1:89
and 1:89% In 1877, Neefe, out of 50 million
births, worked out a ratio of 1:82.7 for
double, 1:82¢ for triplet, and 1:82.4° for
quadrupler births.

In 1892, Prinzing studied 63 million
births in Germany from 1871 to 1880. He
calculared thar the ratio for double births
was 1:85.6; for tl'iplcr births 1:84* (one set
of triplets in about 7,000 births); for quad-
]'ll}lift births 1:92* {one set of {Il_nu_h'up]crﬁ
in about 780,000 births).

It is apparent that even as far back as
Veit's investigations in 1855, the frequency
of tuplc‘t and quadrupler births was dis-
tributed in a distinet and constant ratio
which lent itself to statistical ealculation.

Hellin devised the best formula to ex-
press the murual frequency ratio between
the various degrees of multiple births. Gain-
mg wide rELugmnun, the formula became
known as Hellin's Law. In 1895 Hellin
wrote: “The greater the number of twins
born at the same time, the lower the fre-
quency, which diminishes Prnpmnrm.]tch
While one can say that in the human species
an average number of one twin birth is
found in every 89 single births, one tri:m]{—t
birth in every 89° single births, and one quad-
ruplet in every 897 generally, within the
limits of probability, one x multiple birth
would be seen in every 891 single births.”
Subsequent studies i:r;u'u ample support to
Hellin’s Law. In 1901, Ruppin examined
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births occuring in Prussia between 1890 and
1899, averaging 1,202,570 yearly. Among
these, the frequency of twin births was
1: 80, while that of triplet births was 1:86. 62,

On the basis of over 50 mullion births,
Guzzoni in 1900 found a ratio of 1:87 for
twin and 1:84.3* for rripler births. In 1920,
Stiickel established the frequency of 1:80-
90 for rwin births, noting that in order to
obtain a closer agreement with the statisti-
cal values, a correction could be made, ex-
rending from slightly under 80 to slightly
over 90,

Dahlberg, who in 1926 diligently re-
viewed the bibliography on the question,
concluded that it may be assumed that mul-
riple births follow Hellin's Law, according

to which twin births occur in every - : single
: e g

births, triplet births in r:“ quadruplet births

in r:“ quintuplet births in nEi . where n varies

from a little less than 80 to a little more
than 90,

Analyzing approximately 100 million
births, Livi (1922) established a staristical
law of his own on the distribution of mul-
tiple births. This law considered a progres-
sion based on the ratio of 1:84.25. Working
on some 300 million births, Parellani | I";PHL}
discovered that, as compared with the ratio
of quadruplet births to triplets, the rario
of quintuplets to quadruplets was clearly
higher (ratio of twin births to single ones,
1:84; triple births to twins, 1:89; quadrup-
let births to triplets, 1:84; quintuplet births
to quadruplets, 1:43).

Applyving the ratios indicated by Hellin's
Law to the ﬁgl] res shown for the }1[11‘.::]:}:111:‘-
non of rwinning in [m]}', results are ob-
tained which do not quite correspond with
previous estimates. Applving Hellin’s Law
to the data found in the statistics on twin
births in Italy over a period of 5 years,
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Tahle XVI

Ratio Hetioeen

Fear Twin and Ratio Between Triplet
Single Births | and Single Births
1941 | 1:73.871 165055, 950 = 1 80,647
19552 1:74.475 1:6320.088 = 1794997
1953 1:71.676 1:6775.810=1:82 5162
1934 174942 | 1:5682.460= 1:75.582°
1935 1:74. 188 1:6346.060 = 1 :79.6622
from 1931 to 1935, Gedda obrained the

results presented in Table XV

Findings obtained by Gedda and others
in checking the validity of Hellin's Law
would seem to suggest thar it is perhaps
more a principle than a law. The principle
indicates that the various degrees of mul-
tiple births do not occur at random and their
occurrence is regulated by pupulatmn con-
stants which prnh:ll:-]._'l. find different mathe-
matical expression according to the inter-
action of hereditary and environmental fac-
tors.

Therefore, we find ourselves in agree-
ment with the opinion expressed in the
U. S. Public Health Service’s survev of
multiple births (1947) which referred to
Hellin's Law as “a rough rule of thumb.”
A number of authors—Zeleny, 1921; Gini,
1923; Jenkins, 1927; Fisher, 1928; Greulich,
1930; Hamletr, 1936; Jenkins and Gwin,
1940; and Strandskov, 1945—have puinttd
out that Hellin's Law ought to be recon-
sidered for the different types of zygosity,
for problems of intrauterine survival, as
well as those of multiple-birth registration.

3. FREQUENCY RATIO BETWEEN
QUALITATIVELY DIFFERENT
TWINS: MONOZYGOTIC AND

DIZYGOTIC (WEINBERG'S
DIFFERENTIAL METHOD)

Figures on the frequency of twin births
may be dealt with in stll another way,
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according to the type of twins—whether
similar, i.e., monozygotic, or dissimilar, i.e.,
dizygotic. Investigations of this kind were
undertaken as soon as twins became the
subject of biological studies in the second
half of the Nineteenth Century. However,
the results were contradictory, leaving
this important problem unsolv ed for a Iunnr
time.

While prevailing medical opinion clung
to erroneous findings which rended to indi-
cate that the frequency of monozygoric
twins was as low as 12 to 15%. of all twin
births, the correct figures were obrained
by mathematical calculation as early as
1902. Here we have an excellent example
of how calculations may anticipate the con-
clusions evenrually reached by science and
verified by experiment.

On the basis of his research on sex dis-
tribution, Bertillon in 1894 had come for-
ward with the hypothesis that out of the
total number of twins, it was possible o
determine the percentage of MZ twins by
mathematical calculation. He estimated a
percentage of MZ twins corresponding to
30 per cent of all twin pairs, but since ex-
perimental findings atr that time showed
f.lgmﬁumth lower pl:ru:ntag-:.:. the author
abandoned his studies in this field.

Hensen, too, after a similar study in 1881
had found that by basing calculations on the
statistical hmhn:bt. of sex distribution one
could reach the “impossible™ figure of 26
per cent for MZ twins.

Weinberg, in two publications (1902)
and a series of scientific discussions, pre-
sented his differential method. This tech-
nique makes it possible to calculate mathe-
matically the percentage of MZ twins from
the number of |1-.1irs of opposite sex.

"l.\'ciuhr:rgk method, Prcviuur-:l}' outlined
l:r:r Bertillon and Hensen, was CIPI'E!EI:L‘I in
the following formula: “As each egg 15 1n-
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dependently fertilized, the sex of its germ 1s
also derermined separately: thus twins of the
same or of opposite sex may occur. Accord-
ing to the laws of pmtnlnhtx U.]ll‘!]. num-
bers of same-sexed and of opposite-sexed
pairs may occur.”

Lotze, applying Weinberg’s method to
experimental data, came to the following
conclusions: “As 106 male births occur for
every 100 female births, the probability
for single births is 0.514 for a male birth and
0.486 for a female. The probability that op-
posite-sexed pairs may occur among biovu-
lar twins is therefore 2 > 0.514 x 0.486 =
0.4996. Half of all DZ cases should therefore
be opposite-sexed pairs.”

However, “'cinl;u:rg maintained that the
slight majority of males over females could
be discounted and for practical purposes it
was not necessary to take into considera-

tion the difference in frequency of the two

sexes. Thus it follows thar there is an cquul
probability of the occurrence of }'nln. of
rwins either of the same or of opposite sex
among DZ twins. Therefore, by doubling
the values referring to twin pairs of oppo-
site sex, which are certainly DZ, it is pos-
sible to determine the total values of all DZ
pairs, including those of the same sex. Then,
by subtracting these total figures from those
n:l"u:rrm;:r to all twin pairs, the number of
MZ pairs may be obtained.

In other words, if the number of births
of nppnsit{;-ﬂ:xcd twins in a gi\'ﬂn vear and
place, or the number of infants produced
by such births, is multipled by two, then the
total number of DZ births or infants pro-
duced from DZ deliveries will be known.
However, since the calculanon is unl:_r an
approximation, it is pn:ftr:uh]t: to rely on
percentages rather than absolure figures.
Thus, if the percentage representing pairs
of OppOosIte sex is doubled, the resule is the
percentage of all DZ pairs. Subtracting this
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figure from 100 (representing the total
number of twin births), the result 1s the per-
centage of MZ pairs.

For cmmlﬂc, ;;:;r:m'ding to Prussian statis-
tics between 1826 and 1896, births of op-
I‘J:}Hif(‘—ﬁ(‘xmi twins amounted to 37.3 of
the rotal number of twin births. With
“‘{'iuhcrg‘ﬁ method, the percentage of all
DY pregnancies is therefore 37.2 % ‘f"--’r 6
and the frequency of MZ rwins 25.4°

'{pphmg his differential method to twin
birth stansties of various countries,
berg obtained percentages of MZ pairs
varying from 33.4 to 21°.. Such hgures
.1E|u:d well enough with tl‘u: mpcrlmmt-l]
findings W n:-mhc-lg had obtained from a
clinical '~.:i1':'|plintr of 839 cases of known
f'l..”t:l‘-ll.'\ in the literature where he estimat-
ed the percentage of MZ pairs as 21.2°
After defending his merhod in a dtuuwun
with Ahlfeld in 1903, Weinberg lowered
the percentage of MZ pairs found in this
material to 20.9°

Prinzing, in 1908, departed from Wein-
berg's method by first establishing the per-
centage of genuine MZ rwins, as compared
with that of DZ pairs (same-sexed pairs
with evidence of a double chorion, plus the
opposite-sexed pairs). The remaining pairs
(same-sexed pairs lacking recorded cvi-
dence of a double chorion) were distribut-
ed according to the ratio of authentic MZ
to authentic D2 same-sexed pairs. Thus the
percentage of genuine MZ pairs (19.67)
was raised to 26.3°. assumed MZ pairs. It
should be noted thar Weinberg's method
gave a percentage of 26.2 MZ pairs for the
same  material.

In 1914, Maver in turn also deviated from
Weinberg's method, carrving out his cal-
culations along the same lines as Prinzing.
Mayer divided the number of twin pairs
of unknown zyvgosity equally between the
groups of known MZ and known DZ twins.
In this way he reached a percentage of MZ

Wein-
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twins equal to 21.8, while the differential
method gave a percentage of 20.1 on the
same marterial.

As may be seen, the varations introduced
by both Prinzing and Maver do not sub-
xnnmlh contradict the '~lm|ﬂer method
p]upmci by Weinberg. The principle
which 1n~.}nrcd the differential method was
later used independently of Weinberg by
Cobb in 1915 and apphed to material from
the state of Connecticut.

Weinberg's method was authoritatively
brought to the attention of all students of
geminology by Dahlberg who wrote in a
well-known mnnngmph (1926) that Wein-
berg’s excellent work of 1902 had not re-
ceived the attention it deserved. —"u.'t:nrdinfr
to Dahlberg, it should be c:xpu:mlh noted
thar W cmhm"a differential law 1s of fun-
damental importance when distinguishing
between MZ's and DZ’s, and the results
obtained by rthis method prove, in agree-
ment with the most reliable experimental
findings, that monozygotic twin births are
nearly 20-30°, of total twin births, and
0.30-0.40°. of the total number of births,
while l.|i:r.}'gmii; twin births are 0.70-1
(or slightly more) of the total number of
births.

The frequencies of MZ twins estimated in
this manner ranged from 20 to 30°.. For
FEuropean countries, Orel obtained wvalues
berween 23 and 25°.. Since the frequency
of MZ twins in Germany corresponds to
25.4%. of all twin births, it would be 3 to
3.5%. of all births, and therefore the birth
of MZ twins in Germany would occur ap-
proximately once in every 340 single births.

In 1934 W cinberg checked his method on
a sampling of 1,112 twin births, and ob-
rained an empirical number of DZ twin
births, higher than that which calculation
would have led him to suppose. He pro-
posed a formula for correcting the average
error of this calculation.
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Later, Schultz (1936), v. Verschuer
(1940) and several other authors also sup-
ported Weinberg’s method. However, in
1940, v. 5S¢ hLlIlng pointed our thar this
method of estimating MZ rwins was not
completely reliable, and he therefore pro-
posed suitable corrective formulas.

Since twinning statistics provide only the
number of opposite-sexed twin pairs v and
the number of same-sexed pairs g, the num-
ber of uniovular pairs ¢ is obrained by the
differential method

=pF—v

v. Schelling suggested the use of the fol-
lowing formula:

10y . W0 g
v+g  v+g\ v+g

With the choice of the + or the — sign
in formula (1), two values are obtained, «
and =", so that the various percentages of v
(DZ of opposite sex) are found in 99.73°
of cases between ©' and v, i.e., v <v <"

In regard to ¢, the author gave the limi-
tation ( 2) and the formula (3):

100 = 20" < e <100 — 22
e — {.{‘-—"'_'_ -\-..l'-jn-l

as follows:

(1)

(2)
(3)
In this way, v. Schelling was able to com-

plete an analysis, for example, of the figures
on twin births in Germ: any in 1933, Since
v=4129 and g= 7,529, -.mcnrdmg to for-
mulas (1) and (2), we have:

14.09% < v < 36.75°%

26.51°% < ¢ < 31.827

Table

and from this, ﬂtf{:l‘ding to formula (3):
¢ = 3. 400 = 9 897

For the complete series of MZ twins, v.

Schelling arrived at the following resules:
0.2 = g T2ES

The work of Strandskov and Fdelen in
the United States showed that the frequen-
ey of MZ rwins in the white population dif-
fers from that in colored populations. The
frequency of MZ and DZ births is calculat-
ed according to Weinberg's differential
method, t:]]ung into account the prupnrritm
of the sexes in the whole population and the
twin population, and the theorerical ratio
berween the two sexes (50:50),
calculated from these three angles agree
very well and show the frccp:cm,'j.' of M
twins as being 33.46°%. of the total twin
population, 34.17°% of the white twin popu-
lation, and 28.89%_ of the colored twin pop-
ulation.

The results

Comparing the percentages of MZ and
DY pregnancies in the whire and colored
pur.ru]:uinn, and their relation to the total
number of births in the U.S.A_, Strandskov
and Edelen obtained the results shown in
Table XVII. From these figures it may be
deduced that the higher frequency of rwin-
ning in colored populations is associated
with higher values of MZ and DZ twins.
Strandskov and Edelen maintain that both
exogenous and inherited {'rulngcnnu:-; fac-

=]

AV

DIFFERENTIAL FREQUENCY OF TWIN BIRTHS IN WHITE AND COLORED POPULATIONS
(WEINBERG's METHOL)

Al Single
aendd .”ufh'jlr.r'
Births

31,487,418
27023 410
EAGE, 0058

4 B e e e e e
White
Colored

MZ Births DZE Births

Total o Todal o
122 253 [t 243 447 0.77
107, G5 (. F5 207 561 0743

14,584 [ TIH] S5.806 1,004
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tors are responsible for these differences.

In regard ro Iraly, Gedda and Cherubini
calculated the frequency of MZ and DZ
twin births, according to Weinberg's meth-
od, in each individual vear and in the totals
of the five-year period between 1931 and
1935, as may be seen in Table XVIIL Tt will
be noted that the frequency of MZ twin
births in Italy during the years 1931 through
1935 corresponds to 2929,

Furthermore, Gedda and Cherubini made
similar calculations on figures of twin births

Table XVIII

DIFFERENTIAL FREQUENCY OF TWIN
BIRTHS IN ITALY
WEINBERG METHOLY (13:31-1935)

- of MZ Dz
Year | Total | Oppo- | = e
|sfbeSer| Tolal o Tt %
1931 | 13,909 | 5007 | 3,985 | 28.5 | 10,014 | 71.5
1932 | 13,408 | 4,702 | 4,004 | 29.9 9404 | 70,1
1933 | 13,991 | 4,979 | 4,083 | 28.8 | 04958 | 71.2
1934 | 13,345 | 4,660 | 4,025 | 0.2 | D920 | 698
1935 | 13,700 | 4,870 | 3960 | 289 | 9740 | 71.1
Avg. | 13,688 | 4,843 | 4.001 | 202 | 0687 | T0.8
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occurring in Rome over a period of eight
vears (1938 to 1945).

As may be seen in Table XIX, the per-
centage of MZ twins calculated from the
total number of twin births in Rome is 32.93
and that of [DZ pairs 67.07. By comparing
these resules with those obrained on the to-
tal number of twins born in Italy, it would
seem that the u,]u-.rlimrit'e differences in twin-
ning are also subject ro geographical condi-
tions.

Table XIX
DIFFERENTIAL FREQUENCY OF TWIN
BIRTHS IN THE CITY OF ROME
WEINBERG METHOD 1938-1945

of MZ Dz
Year i Total : () ppao- | |
igite Sex| Total | % | Total | 9
ot = =i I = :
1958 389 | 130 | 129 !.'!-:El-.lli 260 | G654
1950 389 | 136 | 117 | 30.07 | 272 | 60.92
1940 368 | 130 | 108 | 29.35 | 260 | 70.65
1941 | 338| 118 | 98 (2034 | 2%6 | 7068
1942 | 339 | 105 120 | 38,05 | 210 | 61.95
1943 207 | 101 95 | 31.90 | 202 | 68.01
1944 267 | 90 | 87 3258 | 180 | 6742
1945 | 289 B | 117 |4048 | 172 | 50.52
. | | | | |
Total . . l:‘,!i?:‘. | so6 | s80 | 3293 | 1,792 | 67.07




Chapter V

ETIOLOGIC BACKGROUND FACTORS IN TWINNING

H AVING DISCUSSED statistical aspects of the
l.'umnlngz, phenomenon, we may now con-
sider its possible causes. What are the fac-
tors that determine multiparity? Statistical
studies have helped to establish the fact that
the frequency of twinning varies from one
country to another, and that L-:::-qmphl::ﬂl
variations do not affect monozygotic and
dizygotic rwinning to the same extent, hav-
ing a more pronounced influence on the lat-
Ter.

Geographical variability may  be ex-
plained on three counts: (1) Environ-
mental components, such as climate and
food, may influence multiparity. (2) Ethnic
factors may alter the tendency of members
of different populations to have twins. (3)
A combination of these two factors may be
at work. '

The mathematical ratio between the dif-
ferent degrees of multiparity, as expressed
in Hellin's Law, shows that the twinning
phenomenon, though unusual in the gen-
erally umparous human species, does follow
a quantitative rhythm which recurs every-
where. Therefore it is not an accidenrtal
phenomenon, but is determined by certain
laws regulating generation in the human
br}lti.‘lch.

EARLY ETIOLOGIC THEORIES

Hypotheses found in the early literarure
on twins include those on atavism, degener-
ation and intoxication. Interest in twins and
their biological sig'niﬁr.:ancc became fash-
ionable with scientsts when attention was
being focused on evolutional phenomena.
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Far from regarding twins as a means of
making objective observations (experimen-
tal method), however, this ::;11'1_1.' InEerest
n:|'.-rc:~u:n1.‘{:d a trend toward biological think-
ing, guided by the theories of Darwin, La-
marck and Haeckel.

This atmosphere p*ncd the w ay for a
rransformist theory of the twinning phe-
TIOTIETOn. .:'LLLE}]'d]ﬂg T ]L, II]H].TIF:'!.'['II}' Wis
an ancestral carry-over, not yet eliminated
from the human species—a “transitory re-
version” (Patellani) attesting to the deriva-
tion of the normally uniparous human spe-
cies from lower multiparous species. This
hypothesis of atavism was used in connec-
tion with other somatic peculiarities of the
human organism, and was predominant for
some time in the literature on twins.

Closer to the current concept of mutation
15 the hyporthesis that regarded multiparity
as 2 dci.,rcncrntinn—inm:.nmr:h as mutations
are usually considered minus variants with
respect to the qualities of the species. Some
authors even claimed a higher frequency of
rwinning in - mentally defective families

(also attributed for a while to 2 degenera-
tion process), but neither hypothesis rested
on sufficient scientific evidence.

Larger (1901) auggcsred such causes as
epilepsy, syphilis, alcoholism and tubercu-
losis when studying the twinning phenome-
non in the families of the Caesars, the Caro-
lingians, and the Bourbons, having also been
II“PI‘["’:"-C'LJE by the degeneration tl'u.nn Even
Lenz (1923) was inclined to believe that
some external causes, c:hu:fl:r alcoholism,
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ITALIAN LIVE BIRTHS 1935-1937,

Tahle XX

T MATERNAL AGE

ACCORDING

Age

12
13
14
13
16
17
15

20
|
22
23
24
25
20
27
28
29
Bl

1935

9|
120 |

713
1.485
3.596
771

16,493
28 622
37.654
49,581
54,497
G0, 793
63,981
62,205
G, 1 G0
S, 500
52,801
52,931
44,308
43,501
38, 508
30,709
J8. 755
32.627
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27,705
23,121
20,660
14,905
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8,522
5.515
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1.G1:3
T24
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1510
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25
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15

12

YVear

14038 i

2

0

118
TO6
2,588
4,001
6. 9:43
12.475
2489
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52,014
55,301
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G, 497
61,165
56,845
53,083
51,171
47.822
43,372
4,119
37055
A5, 000
33,825
20,312
26,971
23.6TT
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11,745
8,204
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2 008
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1937
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sn2
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7638
11.89%
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B ASG
47,040
S0, 5006
G2, 679
G2, 413
64,257
G, 161
G0, 5540
S, (2
51,085
45, 80H)
45,844
41,134
55,2606
34,544
32,057
30,138
25973
23,280
19475
15,244
11,500
709068
30051
2747
1.402
G649

B LH
121

a9

14

1

a

5

15351957

2

33

61
2,311
G, 008
14, 146
22 552
40,865
T1.603
105,519
140,387
163,327
178,773
185,486
187,049
134,400
174,563
(R HIH
155,437
140025
133,107
118,551
115,120
1015, 380
95,512
80876
8,640
TOLO8RT
58,742
445,727
45,820
24,604
135,572
1,731
4094
200506
s

'Yk

156

T4

il

33

27

Ferlilily

Iuder

.13
0.32
1.8%
(R
160k
29 .09
48.59
.83
0437
11716
13660
151.01
158,97
164,55
16454
162.09
157,41
152,16
14523
157 97
131,04
125.82
11052
111.55
10207
92.55
8207
T0.57
3730
57.50
G168
20,506
11.80
.13
282
1.21
01,50
L5
012
0.0
.05
0.04
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might interact with h'ﬂ'l‘ﬂ'(lil’:lt‘}' factors in
determining the twinning phenomenon.

The rather vague hrpntlwﬁi*; of d{:gcncr—
ation gradually developed into thar of in-
taxication, uplmhi t\!,'n.t._mlh bv French
authors. Here multiparity was ascribed to
exogenous damage sustained by either the
gametes or the ‘embryo. In the latter in-
stance, the ['mljr_ﬂ.'{:nic- }mthnir)g}' wias seen
in a condition known as blastophrhoria.

On this basis the hypothesis of intoxica-
rion was but one step removed from that
of syphilitic infection as the presumed cause
of degeneration. Despite many doubts as to
the sy Ph!'ll‘IL etiology  of nmiup.irlr'.
(Fournier in 1898, Puech in 1909, Apert in

1923), Pointin (1908) found 5 cases of
syphilis in 27 twin prcgmncics; Pupnﬂ'
(1908) 8 cases of !;}.'phi]ix in 38 twin preg-
nancies.

The symptoms described included abor-
tions, premature birth, hydramnios, hydro-
cephalus, and the like. Massoni {11}12}
found 1 case with a positive Wasserman re-
action in 13 twin pregnancies. Grancher
also suspecred a familial (congenital) syph-
ilis because of the observed association of
hydramnios and twin births. Marfan be-
lieved rwinning occurred more often in
marriages of syphilitics; Hutinel, Bar, Cou-
velaire and others thought remote ancestors,
rather than the rwins' parents, might have
been syphilitic.

De Blasi (1911), dealing with syphilis and
pregnancies, reported the case of a syphilitic
man whose wife, in 51 vears, had nine
miscarriages with a total of 12 fetuses, in-
cluding one set of twins and one of triplets.

Merkeln and Devaux (1921) also report-
¢d on the connection between twinning
and syphilis.

MATERNAL FACTORS
The principal maternal factors studied
have been the physical characteristics, age.
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menstruation and fertilicy. Hellin believed
that women of slight build are more apt
than others to conceive twins, and main-
tained that the ovaries of mothers of dis-
similar twins probably contained a greater
number of follicles.

Puech was of the opinion that multipari-
ty Illight be related to |:1rg|:' ovaries. Both
these opinions were assumptions hased on
studies of comparative anatomyv and, like
the older theories of Hellin, were not up-
held h"n.' -.ll:.ltl]u'ltu evidence. The same weak-
ness *1pp]|cs to the theory of Williams as-
Lrlhmg the phcnumcnnn to funcrtional over-
activity of rthe ovaries.

Clerico (1904), in a study of 50 murlu:n'
of twins, reported that rwin fr equency |
creases with the extension of the mnthcr 5
pelvice diameter. In the narrow przlrn group
he found a frequency of 0.51°0; in the
medium pelvis group 1.64°., and in the
wide pelvis group 3.91°

According to Dahlberg, however, these
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ﬁndingﬁ may be correlated with maternal
age and thus have no specific significance.

Another maternal characreristic  which
may be considered on a more solid basis
falls under the heading of what Chiarugi
termed Duncan's Law. lt may be E\I‘.lrcs‘-.rcd
as follows: The number of multiple births
increases with the number of pregnancies
and the age of the mother.

The rcl-lrinn'-;hip with maternal age has
SOIME Curious qs}mta If the prulmhlllh of
twin pregnancies followed that of single
ones, the curve showing distribution of twin
births would likewise be bell-shaped, with
the lowest frequencies at the beginning and
end of the fertile period, and the high point
berween 20 and 30 years of age. This av-
crage maternal age for single pregnancies—
i.c. the maternal ; age :hlnni{ which the great-
est number of single births occurs—is 1im-
portant for purposes of comparison with
the average age of mothers of twins.

Sratistical ﬁl‘ldjT'l:___{!i show that the average

Table XXI
COMPARATIVE RATES OF TWIN BIRTHS ACCORDING TO ZYGOSITY AND MATERNAL AGES,

EXPRESSED AR PERCENTAGES OF TOTAL NUMBER OF BIRTH=
(WEINBERG'™S DIFFEREXNTIAL METHOD*®)
Maternal Age
Total?
15-20 20-25 25-30 30-35 F3-40 | b-45 | +3-50
Drenmark 18861910
Twin births of opposite sex. | 67 B35 1,374 1,519 1.579 472 11 5,498
e ML e s 0 42 0 36 0 335 i 41 0. 47 LU 11 (-1 | 0. 38
% 13 036 057 0 87 1.1% 1.57 1.25 [ 1] 0, B
France 1902—1906
Twin births of opposite sex . 5990 | 2404 $.208 4,155 3,166 bR | 122 16,069
ME...... .34 0.27 0. 31 0. 33 0 34 0 32 0 21 i 52
LA ) ¥ A e 047 0 46 0.69 | 0.97 .20 0. 94 0 54 .76
France '!llll'i" 1911
Twin hirths of apposite sex 217 1,064 3.3096 3504 2774 i a9 12,818
o MEZ.... 031 031 | 0.34 | 0.38 | 0.98 0.3 | 0.35 0 34
s D& 0.25 0 45 .73 1. 06 1 44 1.12 0. 34 i 80

*From Dahlberg, modified.

Hneluding twins born to mothers under 15 vears of age,

Ineluding twins born Lo mothers of unknown age.



70

age of lralian morthers for single births lies
between the twenty-fourth and rchirtieth
year. Rt.tr:mhm: twin births (from 1866),
Duncan showed that the average maternal
age (established, according to lmrlnh 5ra-
tstics, berween the thirty-fifth and thirty-
ninth vears of age) does not n.unc&r.umul
with that found in single births. Duncan’s
observations have been criticized because
while he based his ﬁgll]'tﬁ for hi]'l:__[lﬂ' births
on unsclecred material from the cities of
Glasgow and Edinburgh, he used only clime
cases (and hence less representative mate-
rial) for his study of twins. Nevertheless,
Duncan is to be credited with having noted
the difference.

In a Danish survey (1882), Ditzel had
found an average maternal age of 35 to
39 years. Some. vears later (1891), in a
aru-_h of 677 twin births out of a total of
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Studying Finnish (1881-1890) and Saxon
(1881-1885), as well as Danish, French and
Hungarian statistics, Weinberg noted the
greatest twin frequency at about the for-
tieth vear of the mother’s age. He also ob-
served that the increase in twin births, paral-
leling  that of maternal age, was limited
largelv to DZ twins, while the frequency
of MZ births seemed to remain constant
(Table XXI). Rumpe (1891) noted a com-
}mr:lt:i'.,'u {,‘.ll]]:‘ii:-it{.‘t'll,‘_'l.' in the rates of MZ
rwins, and Rabinowitsch in 1913 found
slight mean maternal age differences be-
rween similar and dissimilar twins.

Other authors also studied this problem
in the two zygosity groups. According to
Prinzing (1908), DZ twins are appreciably
increased in proportion to the age of the
mothers, while MZ’s show only a very
slight increase. In Apert's study (1913), the

f—lad T 1
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Fig. 39, Frequensy of Australian twin births in per cenr, relared
to maternal age (1908-1923; Crober).

44,294 births recorded in Copenhagen, Lau-
ritzen confirmed an average maternal age of
33 to 39 vears. Further, according to sratis-

rics obtained in what was then St. Peters-
burg, Munich and New South Wales
(1898), Bertillon estimated that twin fre-

(quencics  were highcst when the mothers

were between 35 and 40 vears old.

maximum frequency of twins was found
when the mother was berween 30 and 39
vears of age. The dara of Wedervang
(1924) also agreed with those of Weinberg.

The quantitative increase in twin births
with increasing maternal age was also con-
firmed by Czuber (1923) on the basis of
Australian  birth  statistics  (1908-1923)
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which were particularly impressive because
the investigator subdivided his ﬁrrur-:s nto
vearly groups. In this way, he was able to
establish that the maximum twin frequency
(1.67%.) in Australia occurred at the moth-
er's thirty-seventh vear of age (Fig. 39).

As shown in this grnph. it 1S not quite
accurate to state that the number of rwin
births increases with the age of the mother;
it does increase with the aose of the mother
until it reaches a |I1L‘:xi|'n1,u;| and then it de-
clines. For instance, in Australia, up to the
thirty-seventh year the increase in vears
and in mulnplc births is consistent. From
then on, as the age increases the number of
twin births apparently decreases.

What actually happens is a forward shift
of the average age of mothers of twins, as
compared to that of mothers of -iinglr: chil-
dren. Such a shift is clearly shown in Lotze's
graphically arranged data (Fig. 40), and,
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The frequency of twin births was later
reconsidered by Weinberg (1933), and also
by 1in,ru.‘,h:llm_'n. (1940). The latrer studied
multiple births taken from a total of some
11 million deliveries in the United States,
with respect to the relationship between
multiparity and maternal age. The frequen-
cyv of DDZ twins in this study increased with
the age of the mother, while that of MZ
twins decreased. The father’s age was
shown to be of no importance in this con-
nection. Corroborative results were
tained by Enders and Stern (1948).

A similar study of the influence of marter-
nal age on Italian twin statistics was con-
ducted by the author on the basis of data
provided by the Iralian Institure of Statis-
nu { 1930- If,H }. The results are shown in

Table XXII, with the rates of single, twin
and triplet pregnancies recorded for seven

oh-
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Haufigket ger Jwillhingsgeburten in %
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15 Jahre b V) 257
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357 “0J 457 w8/

Aiter der IMotler

]-"ig. 4], ]E}'gnsir}' distribution :{:{:urding to maternal age (Lotze).

(Haufigkeic der Zwillingsgeburten in

_._—I-'ruqunncv of twin births n 2L,

Jahre=years. Alver der Mutter=Age of the mother (in years). EZ=MZ, ZZ=DZ.)

as mentioned before, refers chiefly to DZ
twins. The ratio of MZ twins to the total
number of births remains essentially un-
changed.

maternal age groups, and the highest fre-
quency in each group set in heavy print.

It will be noted that Duncan’s ﬁr‘tdingr
that the frequency of multparity increases
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Table XXII

ITALIAN BIRTH RATES, ACCORDING TO MATERNAL AGE
[ 1930-1937)

T!”.lr.u r!f ety

-15 15-20 2124
19510

Single Births 5.7 19 6

Twin Births 2.5 12 .5

Triplet Births® 1.2 .10
1541

Single Births 6.0 20 0

Twin Births LA 124

Triplet Births* 2.0 7.1
1952

Single Births 5.7 20 0

Twin Births gy 12.0

Triplet Births* 1.2 9.5
133

Single Births 5.5 19,5

Twin Births ; 2.8 12.8

Triplet Births*® 1.4 6 7
1934

Single Births 5.4 19 9

Twin Births 2.4 131

Triplet Births* 1.7 6.4
155

Single Births. N 19.9

Twin Births 25 12.3

Triplet Births® 1.3 105
(B {H

Single Births 4G 19 0

Twin Births LA | 12 4

Triplet Births* 12.7
AGET

Single Births ; i 4 19 8

Twin Births 2.1 12 G

Triplet Births* s 15 9

Averaze

Single Barths 5.3 19 5

Twin Births 25 125

Triplet Births* | L& 0.7

Maternal Age

Hi-44 540

25.209 | 30-54 35-30 Si)-
28 0 23 4 15.8 6.7 i H
240 28 B 233 7.8 0. 4
25 7 3z 9 21 .6 0 G

28 1 23 1 15 5 6.7 0.7
240 28 3 231 5.0 0.7
20 G a0 7 32.3 7.7

28 5 22 0 15 6 G G 0.7
23 5 27 6 23 5 7.8 0.3
17.1 28 5 4.2 0.5

28 9 22 7 15 6 (3 0.7
24 6 270 24 2 8.1 0.5
15 4 3009 36 9 .7

29 2 ¥ T 15 4 6.7 0.7
25 1 27.7 23 7.0 0.4
22 5 26 6 33 0 oH

a0 o 22 3 15 43 6.5 0.6
2 5 26 5 24 1 7T H 0.3
19 6 24 2 33.3 1.1

30 6 23 1 15.7 G4 0.6
26 3 27 6 23 3 7.9 0.4
17.4 25 0 a0 .z . 1 0.7
3.2 23 10 149 G2 0.5
27 i 27 .7 22 5 7.2 0.3
24 5 25 8 23 2 HoG 0.7
29 3 22 9 15 5 G G 03
25 6 | 27 7 23 4 R | 0.4
201 @8 3 30 & 0.7 0.2

*Including quadruplets and, in 1933, one set of gquintuplets.

with maternal age was confirmed with re-
spect to both twin and tri}alcr births, as
against single births. Moreover, since the
fF{.'(Il.]L‘ﬂl'.‘il:h of twin and triplet births were
considered separarely, it was possible to
show that the highest frr:t]u::m:ic:-a of these

births do not generally occur in the same
maternal age groups. !

While the greatest fr{'quenc_\- of !-ainglt:
births alwavs coincides with the maternal
age of 25 to 29 years, that of twin births

occurs at the age level of 32 to 35 vears of
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age, and that of triplets (six times out of
clght} at 35 to 39 years. In other words,
it is the number of fetuses, rather than mul-
tlparltx as such, thar shifts the peak roward
h15hﬂr maternal age in a manner directly
prnpnrtmnal to that number; i.e. the shift
increases with the increase in the number of
feruses.

This observation holds true for each year
from 1931 through 1936, as well as for the
total period of eight years from 1930 to
1937, but not for the years 1930 and 1937, It
may be stated, therefore, that the number of
feruses induces an increase in direct propor-
tion to the mother’s age. In other words,
Duncan’s theory that |1'|ulr||:-:1rm increases
with the mother’s age is supplemented by
the role played by the number of fetuses.
This principle may be formulated as fol-
lows: The higher frm_rm:m:}' of births in the
bunan species  becomes shifted towards
bigher maternal ages in direct proportion to
the mumber of fetuses.

It should also be noted that according to
[talian statistics the highest frequency of
twin births 1s found between 30 and 34
vears of maternal age, rather than at the
rlurn -seventh vear as observed by Czuber
in Australia, or berween the thirty ~fifth and
thirty-ninth years of age, as n:purtcd by
others. In our {:IPII"EIUI'I these differences are
not due to the fact that Czuber and the oth-
er investigators considered rwin and triplet
births together. The number of tripler and
quadruplet births seems too small to have a
significant influence on the average. The
observed differences are probably due to
gcugm]'}hi[‘:l] variations.

Most certainly, however, the age of the
mother plays an important part in deter-
mining twin births, beyvond the effect it
normally has on all births. This conclusion
would seem to be justified since the average
maternal ages at which twins and single
births are produced do not correspond at all.
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In any case, increasing age is a contributing
factor to the occurrence uf DZ twin preg-
nancies, although Dahlberg’s estimate, that
twin pregnancies among women 35 to 40
years old are three to fﬂlll‘ rimes as likely as
among those who are 20 to 25 years old,
seems too high.

It is difficult to ascertain the manner in
which the age factor operates. As a mere
hypothesis, there is Prinzing's theory of age
causing disturbances in the implantation and
segmentation of the fertlized egg. In the
course of a more detailed study on men-
struation, Skerlj (1939) investigated the
possible relationship berween menarche and
the birth of twins. Using Norwegian sub-
jects, he classified menarche in the follow-
g way: early when it occurred before
13.5 wyears of age; medium (normal) be-
tween 13.6 and 15.5; delayed when it oc-
curred at or after 15.6 years of age.

Applving this classification to his mate-
rial Skerlj found that women with early
menarche have a greater number of twin
births than those whose menarche is de-
laved. More specifically, ﬁkcrl} observed
the f(il"!ll“'il'lg relationships: among women
with early menarche, one twin birth was
tound in 65.6 deliveries; with medium men-
arche there was one twin birth in 70.3 de-
liveries; and with delaved menarche there
was one twin birth in 93.3 deliveries.

Another maternal characterisric, possibly
related to age but different in nature in that
it is essentially functional, has also been used
to explain the genesis of twinning; namely,
the proliferative capacities of the mother.
Thar this theory should attract the atten-
von of gemellologists is understandable. It
15 quite common to find twin pairs in large
families; that is, born to mothers with a
high ferrility.

This impression is strengthened by the
observation of families in which various

combinations of twins with xinglc-lmrn



74 TWINS IN HISTORY AND SCIENCE

7

TQQQTTeEEe TR T

Figs. 41 and 42. The Dionne Family.

Table XXIII

FREQUENCY OF TWIN BIRTHS ACCORDING TO MATERNAL AGE AND
NUMBER OF PREGNANCIES (Duncan)

FPregnaneies per Maternal Nvin Pregnancies per X
: : a b Quoltent
Classification of .I:’.IJ' Ceravii o Maternal Ag: leroup
Pregnancy
P20 SO-54 35-39 25-20 S0-34 sa-aid) 25-20 S 35-39
2l to $th 5,285 1,628 it 20 14 9 162 L1 63
Sth to Tth i 1,568 993 [l 2 17 1258 58 58

sth to 10th ; 25 255 Gl 1 ) 19 24 ] 32
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children offer striking examples of familial
fecundity. In one case described by Berger
and recorded by E ng:.lh:;-rn a woman pro-
duced 36 children in 30 pregnancies. An-
other illustration is the Dionne family,
where the quintuplets were preceded by six
single births, and followed by three other
hmglc births, making a total of 14 children
(Figs. 41 and 42). Equally remarkable was
the ft:cumlit}' of 2 woman who had ten sin-
gle and seven twin deliveries. In this family,
which was studied by the author and Réd-
eky (Fig. 43), it turned out that there had
also been notable f-:::undin' in the ancestors.

The theory of ft:t,undm as a factor in
rwinning was approached in a number of
ways. The chief method was to find out
whether and to what extent the frequency
of twin births was influenced by the num-
ber of preceding births, and whether the
actual fecundity preceding twin pregnan-
cies was in any way connected with this
occurrence. The flaw in this procedure is
that the woman's fecundity is related only
to the period preceding the twin birth and
not to her complete reproductive period.

Nevertheless, this method was used by
many authors, under the influence of Dun-
can’s statistical data which are reproduced
in Table XXIII. These figures show that
the frequency of twin births is higher when
the number of preceding births is greater.
For example, one twin pregnancy is found
in every 63 children when it is the second,
third or fourth pregnancy of mothers be-
tween 35 and 39 years of age. However,
there is one twin di‘:!m‘:n in every 32 chil-
dren when the barth 15 the rl.'-.uh' of the
cighth or tenth pregnancy of mothers of
the same age. The frequency is doubled in
Pr“PUHi“" to the inr:rcmiing number of pre-
ceding births.

On the other hand, Australian statistics,
which had previously been hclpfu] in classi-
fying the influence of maternal age on the
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rate of twinning, led Dahlberg to believe
that “preceding births” could not be regard-
ed as one of the factors determining the pro-
duction of twins, indcpcm’icnt]}- of the age
of the mother. It seems reasonable to sup-
pose, therefore, that the phenomenon de-

seribed by Duncan and others ﬁi:l]l'ﬂ}' repre-
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sents an epiphenomenon of the maternal
age, and not an index of some additional
factor of gemellogenesis, since it is very
natural that primiparac on the average are
vounger than multiparae.

As Dahlberg observed, women who are
pregnant for the second time are on the av-

/\,
v

0 13 (™ 16 I Fead

Fig. #. Frequency of twin births in per cent related to the age
of primiparac (1) and mulriparae (11) (Dahlberg).

Table XXIV
ITALIAN TWIN BIRTHS (LEGITIMATE), ACCORDING TO ORDER OF BIRTH
AND MATERNAL AGE (1930-1937)

Order of = Hn!rt:iu.l‘_.lgrf 5 ]
Birth [ imefi-|  Todal
15 15-20 | 21-24 | 25-20 | 3034 | 35-39 | 40-44 | $5-49 50 eated

i : = s = Al | it b — e e

1* 3 2,052 | 6,021 | G679 | 2,631 1,081 | 2018 15 2 i 19,509

2° 470 | 8,755 | 6,845 | 3,734 | 1,485 259 11 1 4 16,573

3° 88 | LBO® | G185 | 5,278 | 2,632 400 13 3 2 16,519

3" 16 506 | 4,073 | 5,653 | 3,481 T26 24 — 3 14,577

i 148 | 2,151 | 5,108 | 4,126 042 35 2 G 12,523

6 a0 THl | 3,500 | F,765 | 1.050 43 2 1 0,187

it 5 257 1.838 | 3.297 | 1,115 38 7 3 G, i3

g T8 523 | 2121 1,005 41 1 1 4,178

9" 36 511 | 2,790 | 2,433 181 3 2 5,059

not indicated % t i 12 b 7 3 2 40
=rts i (R e s ! | LS T | . ot hi ol e - = =nvs -

Total ......... 3 2,637 | 13,273 | 29,117 .!!l.‘iﬁq'i !‘Z-I‘.‘rﬂ;‘l I H,248 410 24 36 | 105,818
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erage certainly older than rhose who con-
ceive for the first time; women pregnant for
the third time are older than those who con-
ceive for the second time, etc. In Dahl-
berg’s diagram (Fig. 44), compiled from
Austrahian statstics (1908-1923), it can be
seen that the higher or lower number of
preceding births does not bear any percep-
tible influence on the frequency of twins.

The line representing twin frequency is
essentially the same for primiparous moth-
ers of twins as it is in twins' mothers who
had previously had other children. Dahl-
berg concluded, therefore, that the fact
that the number of preceding births has no
influence on the frequency of twins, also
indicates that the mothers of twins are not
more fecund.

[talian twin data related to the number
of births preceding the twin pregnancy
were analyzed by the author, who based his
results on the number of legitimate multi-
ple births over a period of eight years
(1930-1937), classified according to order
of birth and age of mother at the rime of
confinement (Table XXIV). The results
confirm not only that there is a greater fre-
quency when the mother is berween 30 and
34 vears of age, but also that multiple births
are more frequent in primiparae. It may be
stated, therefore, that the number of pre-
ceding births has no positive influence on
rwin frequency.

All in all, the most plausible conclusion
is that while theoretically a higher potential
fecundity in the mothers of twins cannot
be excluded, no adequarte statistical evidence
is available for the theory that these women
are really more pru]iﬁu. If there i1s an in-
crease of twin frcqucn-;:}' with a corre-
sponding increase in the number of preced-
ing births, it is not an expression of greater
fertility. Of the various factors, only the
age of the mother may be considered the

77
most certain and important one in determin-
ing twin pregnancy.

HEREDITY

A thorough analysis of the influence ex-
erted by the age of the mother in determin-
ing twin pregnancies has been made by
studying the mothers of twins. Yer this docs
not r:xplnm why these women are unlike
others in that thu. prmlm_c multiple births.
In this connection, it i1s well to remember
the popular belief that several twin births
are often found in the same family.

Not only do the Italian pcnplc believe
thar ¢ LE!T‘IE”lF:]I‘l["L‘ is a hereditary phenome-
non, bur also that it occurs in alternate gen-
erations. Even the insurance :lgcncu.a take
this theory into account. Agents in Eng-
land, also, when drawing up contracts in-
volving childbirth, make careful inquiries as
to whether there have ever been twins in the
family, and if so the conditions imposed by
the insurance companies are more severe.

Case Histories

Case histories in the literature may be of
interest, even if inconclusive. The case de-
scribed by A. W, Stocks (1861) of married
twin brothers is well known. The first had
10 children, all of whom were twins (four
female pairs and one male pair); seven of
these twins married; the first children of
four of them were also twins, while one of
the male rwins had three single-born chil-
dren. The other twin had i_:ight tWin sons
(four pairs), in addition to three single-born
children.

Gessler (1896) noted the case of Dr.
Mary Austin, who in 33 vears of married
hfe *.uppu*-,cdh had 44 children: 13 pairs
of twins and 6 sets of rriplets. Moreover,
one of her sisters had given birth to 26 chil-
dren, and another to 41.

Boer and Valenta (1902) reported the
case of Helm, one of female quadruplets,
who married a twin and had 11 confine-
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ments with a total of 32 children, consisting
of two sets of t|L:;u]|'Ll[1]ci:-.. six sets of rl'i]1|t'r~>
and three pairs of twins. The father of this
waorman had been a twin, while her mother,
one of quadruplets, was said to have had
48 sons. -1'|-E."..'|||'L“|'lt._" to Ahlfeld, some of the
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details of this case may have been exagger-
ated in order to assure the poor woman of
the sympathy of the Viennese.
Jerrerta-Giufirida (mentioned by Chiar-
ugi) placed on record the case of a Sicilian

3

woman who had 22 twin pregnancies with

Fig. 45. American father of three single-born children and two sets of triplets (inser).
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Fig. 47. Monozygotic twin sisters in a Tulsa hospital with their dizygotic sets of twins and the proud
grandmaorher,
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two husbands. Another example, described
by Apert (1919), is that of a fellow named
Brunet who fathered 21 sons in seven preg-
nancies in his marriage plus an addinional
pair with a maidservant,

Also remarkable were the cases of double
triplet pregnancies reported by Hornstein
(1918), Uthmoller (1922), and Breipohl
(1937). In Hornstein’s case, the two births
were so close together that in a period of
one year the mother had six sons.

Greulich (1938) described the case of a
woman who gave birth to six pairs of twins,
all diagnosed as DZ by the feral-membrane
and similarity methods. Her prcrrn-muc'-. re-
sulted in twins and nontwins in the follow-
mg order: 2,93.99°2,48%9,9,94,4,88,
4 2. It may also be noted that her father
had a set of triplets with his second wife.

In 1948 a stir was created by an Irish
woman living in Syracuse, New York, who
gave birth to her first set of triplets when
she was 35 years old, and had a second ser
five years later. iltr]gcrhtr she had nine
children, all of whom enjoyed good health
(Fig. 45).

Equally unusual is the case of an Ameri-
can fisherman whose wife gave birth to her
first pair of twins in October of 1945, eight
months after her w (‘d(lll‘lg day. The couple
had another pair of twins in October of
1946, and still a third p1|r in October of
1947 —making a total of six children in three

TWINS IN HISTORY AND SCIENCE

years (Fig. 46).

In 1947 twin sisters, described as mono-
zvgotic (kig. 47), each gave birth to twins
in the same huapn‘al only a few days apart.
Both sets were of opposite sex. No less re-
markable were the B. family shown in Fig-
ure 48 (one set of quadruplets, one set of
triplets, and four pairs of twins), and an
American family studied by Keeler and
Cietting (28 instances of mulﬂplc births in
a toral of 300 individuals).

In view of the foregoing reports, it is rea-
sonable to assume that there is some genetic
mechanism operating in the etiology of
rwinning, although no experimental data
are available in man to substantiate this
theory.

ETHNIC - GEOGRAPHIC VARIATIONS

The observation of higher twin frequen-
cies in the Northern than in the Southern
districts of France was ascribed by Puech
to ethnic fertility differences berween the
two regions (1874). In 1902 Weinberg also
suggested that differences in the frequency
of DZ twins found berween German-Aus-
trian populations on the one hand and vari-
ous Latin and Slavic populations on the
other might be explained on the grounds of
some ethnic variation.

Diverse theories have been advanced for
such regional fluctuations in frtqucm:ius.
The simplest one implied different and

I D@
TEREL

Fig. 48.

Accumulation of multiple births in the B. Family (Royston).
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SOmettmnes inadequate techniques in regis-
tration, although this argument would not
seem to hold water for more recent statis-
tics. Another theory was based on differ-
ences in the average marriage age for wom-
en, as dictated by local custom. The tenden-
cy towards carlier marriages in Southern
Europe, and later ones in Northern Europe,
might conceivably have an effect on the fre-
quency of twin births in view of the previ-
ously discussed connection berween multi-
ple births and maternal age. While such a
relationship cannot be ignored, it has been
considered by some authors as insufficient
to explain the total range of geographical
variations in twin frequency.

For instance, Prinzing (1907) showed

81

that the average marriage age of a2 woman
does not vary pmpnrrmmlh to the van-
ation in twin frequ::n-::\. Noting increased
twin frequencies in the Northern districts
of France, Germany and ltaly, he doubted
that an ethnic factor could be prcdudcd es-
pecially for dizvgotic twins. It seemed to
him that the frequency of multple births
was low among the Latins, medium among
the Slavs, and high among the Finns and the
Caermans,

In dealing with such geographical varia-
tions, Dahlberg (1926) also denied that
they could be -::mpl::mcd by differences in
the average marriage age “of the females,
since 5|n'.||1:1r variations were found in pop-
ulations without corresponding age differ-

Table XXV

DIFFERENTIAL RATES OF MULTIPLE BIRTHS IN THE UNITED STATES, ACCORDING
TO AGE AND ETHNIC STATUS OF THE MOTHER (Vital Silatistics)

Tot+l No. f'!F

Tol -l No. af

Ririhsz Single Births | Multiple Births Twins Friplets

“ h:t-. Muothers—All igu 10, D000 05 954 5 i 1,015.2 1,005, 7 0.2
10-14 Years, 10D, (b AN 49,6689 3431.1 a331.1 il
15-19 Years, .. ... LR ] Q9. 450.4 | 549G G465 3.1
20-24 Years. ... IR 09,225.2 : TT4.5 T60.8 4.8
25-20 Years. ......coviivas IR 08,9802 | 1,019.8 1,010.8 8.7
80-834 Years. . ............. LOM1, (040100 08,6803 1.510.7 1,285.7 14.4
35-39 Years. . [LLIRCEIRT 08, 410.7 1.589.5% 1,560.9 19 4
40-44 Years. . .. ; TOW, (WY 08,707.3 1.202.7 1,2581.2 11.4
4549 Years. . ....... e TOH O D8,4789.0 T21.0 T21.0 0
50 Years and Over. ... . LT LR i il i
Colored Mothers—All "ip:{'ﬁ 10, (R0 ) 08,7298 1,270.2 1.250.8 190
10-14 Years. LR ER L 90187 Bi.3 563 ]

15-19 Yenrs [LLCRUTR LLEC RS T G384 5.6 2R
20-24 Years (LR R H8.971.4 1,086 1,022.7 5.9
2580 Yenrs. ..o 100, Ty 08, 4645 1,585.2 1.517.1 185.9
30-34 Years. .. ... ... 100, 000.0 98,057.8 | 1427 1.887.8 52.6
35-39 Years. T, (M1 07 8656 | 21544 20700 54 4
40-44 Years. (LR 88,23, T 1,769.3 1.714.4 534 .9
45-49 Years. . e T LIRS 08,4496 1,550.4 | i
S0 Years and Hw_-r TERCE URERCY () T W0 il 0 0
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ences. In a special study of twin frequen-
cies as associated with maternal age, he
found certain differences that could be at-
tributed only to differences in the ethnic
characteristics of the populations involved.
However, subsequent statistics were incon-
clusive. Nevertheless, there are various indi-
cations that geographic variations in twin
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Boston. Apparently, the average recorded
in the white population was quite different
from that noted in the colored population.
Of similar significance was the ﬁnding of
American investigators who noted an in-
crease in the rate of twin births in colored
populations over that in the white. This ob-
servation indicared that some :-il][‘t'iﬁ(.‘ ethnic

2,000
CASES (PAIRS) WITH
i BOTH MWMEMWMBERS LIVING

1,600 |

1,200 |-

800 -

400 f

1 L i L
15-19 20-24 25-29  30-34 as-3g 40-44

Fig. 49. Ethnic differences in the frequency of surviving twin pairs in the
United Scares in 1944 ( Vieal Sraristics).

frequencies may be due to the effect of
some ethnic factor. Neefe's ﬁm!ing of a
higher frequency of multiple births among
Catholics than among Protestants was prob-
ably another expression of ethnic factors.
Statistical dara collected by  American
authors have thrown further light on the
question of geographical variation. Inas-
much as the United States is a nation where
different ethnic groups live together under
n:nmr.n:n'nhlc environmental conditions, it is
ideal for studying this subject. Thus, for ex-
ample, Benedicr (1928) was able to identify
the reason for differences in basal metabo-
lism among students at the University of

factor was responsible for geographical
variation, and that latitude, along with the
climatic as well as other changes associated
with it, plays only a secondary role at best.

An analysis of twin births in the US.A.,
considering both ethnic factors and marter-
nal age, was presented in Vital Statistics
(1947) on the basis of random birth statis-
tics per 100,000 (Table XXV, Fig. 49).
Again, a higher frequency of twins and
triplets was shown in the colored popula-
tion as compared to that in the white popu-
lation. Irrespective of this quantitative dif-
ference, the age of the mother most favor-
able to twin production in both samples
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proved to correspond to the age group
35-39,

MacArthur (1942) also regarded varia-
tions in the incidence of twins as ethnically
determined. He assumed, however, that a
relationship exists between the bodily char-
acteristics and the frequency of DZ twins.
Consistent with the ﬁnding that multiple
births are most frequent in Northern Eu-
rope, where the average height of the peo-
ple is greatest, he observed that in the
United States, too, the two areas with the
largest number of twins are (a) Kenrucky,
where the population is tall, and (b) the
Northern border states, where manv Scan-
dinavian immigrants live. Similarly, the Ne-
groes, especially the American Negroes
whose forebears were chosen by slave trad-
ers thcﬁx for their good phy sical qualiries,
seem to be d1mnqm«hul by a high fre-
quency of twin births,

Since many ethnic characteristics are de-
termined and perpetuated in the species by
the I.m*. of heredity, to label a hm]umml
trait “racial” means that it must some-
how be gcnc-c{mrru]lcd_ Obviously, there-
fore, any evidence classifyving the i:winning
phenomenon as a racial characteristic more
or less confirms its hereditary causation.
This causal relationship, already indicated
by the concentration of twin births in some

ds
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families, is corroborated by the observation
of ethnic variations,

FAMILY DATA

Accepting the ranLnL‘ thcnr», of the twin-
ning |'.-|'|Lnumumn as the most plausible ex-
],'I!‘II'I.'I"IHI] Wwe may i'.II*EIILL{,ll r]"ﬂ}l'l'l. {IIHL“'\HIUH
of ethnic group differences to more svste-
matic family data. In 1902 Weinberg pre-
sented the first results of his t.umprulu.nan c
studies of the subject. Using birth statistics
for Stutegart and four '.uiim_‘cnl villages, he
compared the families of the mothers and
fathers of twins, not only with respect to
the total number of twin births but with
respect to the ratios of _*;Ingic births to twin
births. In addition, he related the rates of
twin births in twin families to the number
of births occurring in the total population.

Using more extensive data in his second
study (1909), Weinberg hypothesized the
existence of a specific recessive factor pos-
sessed by the mothers of DZ twins and their
families. On the father's side he found
twin rate of 1.B7° among the mothers
whose sons had had twins. This finding of
a genetic twinning factor transmitted ‘m the
f‘lthi.r was a contradiction of the author’s
earlier statistics and was later questioned by
Dahlberg (1926). In particular, W cmhcrL 5
theory on MZ twins was considered too
complex.

Tahle XXV
FEMALE RELATIVES OF THE MOTHERS OF TWINS (Weinberg)

Same-Sexr Tiwins
Relationship to

Maothers of Twins Number of

Number of

Number of

(tppasife-Sex Trwins

Number of Number of Number of

Persons Births Multiple Rirths Persons Rirths [ Mudti e Births
;::—tI;r: | . :':‘r!;- s 3970 4 il - 2354 1,848 &5
!;s;vrs _l_ ; :'-T-'- 2570 & 55 _-gu-u 1,22 24
Ea:ghl;-rs | B33 S,430 e 323 14064 27
Total, . . o) ._.._|__ 1.987 9,979 160 778 4,954 06
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While mupp:}rring Weinberg's theory
with respect to a genetic factor in the moth-
ers of DZ twins, Dahlberg was .ﬂccptic:ﬂ as
to the genetic basis of MZ twinning. Differ-

& ax

s
2
ent views were held by Melmann (1910) 2 a
and Bumm (1912), as well as by Mayer é &
(1914). il i
The importance of the father in transmit- 2 ; 3 8
ring the twinning attribute was also stressed % i 2 3
by Gall and Brattscrém (1914). The latrer I E - 3
investigator reported the history of a Rus- Y oke ; "
sian peasant, Wasilieff, who married rwice. =
His first wife presumably gave birth to g g é
four sets of quadruplets, all of whom lived, @ 3 g
seven sets of triplets, and 16 pairs of twins. 3 é e
His second wife had two sets of triplets and : E
six pairs of twins—a grand total of 87 chil- I:;I E <

dren, 84 of whom lived. In his report,
Brattstrom mentioned another family, that
of a workman who had 82 children with
tWi WIVEeSs,

In 1916 Danforth studied the frequency
of twin births in 50 Midwestern families.
Among the brothers of the mothers of twins
he found a 1:32 rario berween twins and
single births, while among the brothers of
the rwins' fathers the ratio was 1:37. Dan-
forth concluded, therefore, thar the factor
for DZ twinning is inherited only through
the female line, but that an MZ twinning
factor may be transmitted by both p"ll"r.,ﬂl'b

In 1919 Bonnevie studied a Norw egian
family rthat yielded a rate of 7.7% twin
births. Using Weinberg's differential meth-
od, she found that 80°, of these twins were -
dizygotic. She therefore agreed with Wein-
hcfg*in ﬂﬁxllllliﬁg a g[*nﬂ[i:: factor (II:]I:I.' for
two-egg twins, apparently transmitted by
the mother. Even when there were twins
on the paternal side or the father was him-
self a twin. Bonnevie succeeded in demon-
strating that there were twin births in the
mother’s family, too.

While the Weinberg-Bonnevie theory
[,Hit-il'ulill‘{:ll the existence of a recessive gene - H
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for twinning only with respect to the moth-
ers of dizyegotic twins, Dav enport believ ed
in a heredlnn factor for both tvpes of
twins, transmitred not only by the mother
but by the father as well. As far back as
1919 llut:n]mrt observed a tendency to an
unusual concentration of multiple births in
one family (Fig. 50). There had been twins
in four successive generations, and one
woman did not have a single-born child
with any of her three husbands. Instead, she
had 15 sets of twins, triplets and quadrup-
lets.

In 1920, Davenport studied 30 mothers
who had given birth to more than one pair
of MZ twins. He found that the sibs of these
maothers (the brothers and sisters) had 10
sets of twins in a total of 77 births. In the
families of the fathers, § pairs of twins were
found in a total of 38 births. Thus a ﬁgurc
of 13 for the frequency of twins was ob-
tained for both the sibs of the mothers and
those of the fathers.

Davenport also studied the families of
couples who had two or more pairs of either
MZ or DZ twins. In the group of the moth-
ers, he found 16 pairs of rwins (4.5%0) in
355 births. Among the offspring of the fath-
ers’ mothers, there were 12 pairs of twins
(4.2%.) in 289 pregnancies. By means of
additional data on the sibs of the fathers and
mothers of twins, Davenport obtained in
the families of twins a rate of twin births
which was 4 to 7.5 tumes oreater than that
of the total population {c:aﬁnmtr:d o [ e

Davenport’s data included 15 pairs of MZ
twins from a total of 195 birchs distribured
with equal frn]ur:nt:_r in the families of both
fathers and mothers. Hence he assumed the
operation of a genetic factor for both tvpes
of twins. He also concluded that there was
no significant difference in the effect exer-
cised by the father or the mother, at least
in families with two or more pairs of rwins.
[t may be mentioned, however, that while,

B3

in Dahlberg’s opinion, Weinberg was at
faulr in having omitted some twin births
from his calculations, Davenport may have
made the opposite mistake of omitting some
single births.

In another analysis (1927), Davenport
collected data on the grandchildren of per-
sons derived from a total of 865 mulnple
births in 200 families. In the families of the
female rwins there were 22.7%. twin births,
and in those of the males, 21.7°,. Moreover,
the frequency with which the wives of the
male twins produced twins was higher than
that of married women in general.

Davenport  thus confirmed the impor-
tance of paternal heredity in the production
of twins. He believed that while double
ovulation 1s common, it results in a twin
birth only in every fifth case, because of the
presence of a lethal element contained in the
sperm. The hercdﬁnr} mechanism of twin-
ning on the father’s side would be instru-
mental in eliminating the effect of this lethal
component.

In another family described by Peiper
(1923), the importance of the genetic fac-
tor in the male was evidenced by the fact
that the man, who was a twin, had nine pairs
of rwins with his wife. However, when this
woman married a second time, she gave
birth to six sons, all of whom were single-
born.

Bonnevie's theory of a single-recessive
factor for twinning in the mothers of twins
was confirmed by Wehefritz (1925). How-
ever, because of the manner in which the
latter collected his DZ twins, his statistical
conclusions were criticized. In any case, his
study showed that in some families the ratio
of mothers of twins to mothers of single-
born children is 1:3.8 (24:109 mothers, or
40:153 if Bonnevie's families are added).
Therefore, the operation of some Mendel-
ian factor was assumed by Wehefritz. Other
authors were of the same opinion, in{;]uding
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Fig. 51.

Hofsten (1919), Lenz (1923), and Siemens
(1923), the latrer two with respect to DZ
rwins only.

In 1927 Curtius reinvestigated the sub-
ject in a series of 30 families. His main in-
terest was the question of whether the fath-
er was as important as the mother in the
production of twins. To prove his point, he
described  seven pedigrees in which the
fathers of twins came from families clearly
[::Ift‘}'jI'l:_{ the twinning trait, while no evi-
dence of this kind was found in the ancestry
of the mothers. .

The most remarkable of Curtius’ pedi-
grees s shown in Figure 51. The multiple
births recorded in these pedigrees included
one set of MZ triplets, one set of MZ twins,
and five pairs of DZ twins. Curtius’ belief
in a genetic basis for one-egy tu'i[ming was
at variance with Weinberg's hypothesis, but
was confirmed by v. Verschuer agenealogi-
c:lll_'l.'

The genetic theory was supported (a) by
a statistically significant increase in the
number of twins among the close relatives
of one-cgg twin index cases; (b) by the

(9 p{:dign:c:. ).
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Accumulation of multiple births on the paternal side of the family (Curtius).

occurrence of both tvpes of twins in the
same families (8 pedigrees), as well as in the
same sibship (2 case histories); and (c¢) by
the observed combination of both zygosity
types within a set of quadruplets in one
family, and of MZ twins within a set of dis-
similar triplets in another. Curtius assumed,
therefore, that the tendency to twinning is
determined genetically and by the same
genetic factor for either type of zv gosity.
This view shared by I)1I11hcrg
(1930), who concluded from his own dara
( birth records of a stable Scandinavian pop-
ulation, 1860-1900) that mothers bearing a
tendency to produce DZ twins also have
the tcndcnu to pmduu: MZ twins. In this
study, the mothers of twins (with a total of
2222 births) were found to have had a
twinning rate of 5.56 = 0.49%. Thus,
a tendency to have

Wis

where a woman had
twins, her chances of really having them
was estimated at 6°., or one set of twins in
17 births.

As to the relationship between MZ and
127 m-inning, Dahlberg obtained data on
the mothers of opposite-sex twins. While
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the rate of DZ births was about four times
as high as in the general population
(4.48 = 0.9%, as ag:linﬁr an ::.\'pr:r:t{:d L=y
the frequency of MZ twins was found to be
2.24 = 0.997,. Although this increase was
not statistically significant, the investigator
considered it highly suggestive. He also
hypothesized thar at least one out of every
10 women carries the genetic factor for
twinning.

Similar conclusions were drawn by v.

87

L

The tendency to produce rwins was
nhmn ed in the brothers of the parents of
MZ and DZ twins to almost the same de-
gree. It was found to be slightly lower in
the families of MZ twins.

4. One-egg and two-cgg twins occurred
with the same I"rmlm:nu in the famihes of
MZ and DZ rwins (either same-sex or op-
P{:-.':«it{:—!:ﬂ){ ¥.

Somewhat different views were expressed
by Greulich (1934), who studied 495 pa-
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Fig. 32,

Verschuer (1932), who collaborated with

Curtius in a study of 931 twin families. The
results of this study were as follows:

1. No difference was found betrween the
brothers and sisters of the parents of twins
in regard to the tendency to produce twins.
A moderate increase was observed only in
the sisters of the mothers of Opposite-sex
twins.

2. The brothers of the fathers of twins
tended ro produce rwins with the same fre-
quency as the brothers of the mothers of
rwins.

ELITABETH TIMOTHY ELF) JOSER AF JORNNA E'Wl Tt

Transmission of twinning by males in the M. Family (Mellen).

rental couples with at least one pair of twins
(93 MZ pairs, 121 same-sex DZ, 152 oppo-
site-sex D7, 129 undiagnosed ). The rate of
twins born to these mothers was 299 =
0.039°L. as i:m]!pnl'tti o a frc:]ucnu}- of
1.84°, for the toral U.S. pnpu]:"iun,

From these findings Greulich concluded
that the parents of twins are more likely
(92.1%) than would be expected by chance
to produce twins, but he thought that par-
ents of DY owins differed fl‘um those of
MZ twins in their twin- prmlu:.inu ability.
In his opinion, the former had rwins much
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more frequently than foreseeable had rwin-
ning been due to chance, while the latrer
presented a frequency of twin births just
barely above chance expectations. Hence
he came to the conclusion that MZ and DZ
twinning phenomena were either mnrt.h
nl.dcp{:ndcnt of each other or differed 1
several etiologic respects.

©f
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Of interest in this connection is also Mel-
len’s report (1938) on the M. family, in
which no twins were produced in three
generations (Fig. 52). In the following four
generations, however, ten pairs were born,
all on the male side of the family. The next
three generations were again unproductive
of twins, very much to the dismay of the
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Fig. 53. Accumulation of opposite-sex twins in the B. Famuly (Gedda).

Table XXVII
DISTRIBUTION OF TWINNING IN 110 ROMAN TWIN FAMILIES

[ FPraportion of Fur.-rr'h'rs

Families with Additional Twins

Tain Familiez | Watk No Known |
Inrestigated Additional Instanees of Maternal Paternal Botk Relationship
Tring her Trins Side Only Side (ly Siddes {nknown
Num= Per | Num- Per | Num- Per | Num- Per | Num- Per | Num- Per
her i{ et Frer {end ber Cent ber ent her (el her { eril
MZ  (51) +1 BO.4 | 10 19.6 | 18 39| 13 1.7 8 195 | 2 40
1y (59) h T4 6 15 25 4 a5 Al 8 9 20 ¥ 11.4 a3 11.4
. = SRLH | — = i e
{ [
Total (110} 55 77.3 25 2.7 i B i | 259 . 13 15. % T ! 8.9
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author who was unable to offer a plausible
Expll:'ﬂ'lﬂtif}ll for the Prm:rl:ativc Inconsisten-
cies in this family.

The genetic problems of MZ and DZ
twinning were also studied by Southwick
(1939) in a series of 919 families, and by
Slater (1939, 1948) in 462 families with
both MZ and DZ twins. Both invesngators
concluded that the two zygosity types were
based on the same genetic facror. In addi-
tion, Slater postulated that this factor may
be carried by the female as well as the male.

In a survey of 45 families in which quin-
tuplets had been born, MacArthur and Ford
(1937) found a pumtn-:- |1I.‘:tur_'l.. of twins in
54, of the families in which anamnestic
data could be obrained. However, the ob-
served increase in mulriplu births was re-
ferable almost entirely to families of pluri-
zygotic quintuplets and not to those of MZ,
qumtuplcts.

Apart from a family with a concentration
of DZ twins of npp:r-;in: sex (Fig. 53) re-
ported by Gedda, mention may be made
here of two Italian surveys: a series of Ro-
man twin families {{.-:dd.l and Cappelli),
and one dealing with the families of twins
from lesi {(;'EI.TL!E'I and Cherubini). The re-
sults of the Roman study (Table XXVII)
are based on 51 MZ and 59 DZ pairs. Alto-
gether, additional twins were found among
the relatives of 85 cases (77.27°9). The giv-
en rate was slightly higher in the f"ll'l]l|lCE of
MZ twins EBU-H‘*'] than in those of DZ
twins (74.577%). Unconfirmed twin reports
were disrcgﬂnlcd.

The difference in percentage berween the
sexes was as follows: On the maternal side,
additional twins were found in about half
the cases (50.587.), and on the paternal
side in only one quarter of the cases
(25.88°.). If families with twins on both
sides were included, the given percentages
increased to 65.9 on the maternal side, and
to 41.2 on the paternal side.
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Another difference became apparent
when the families of MZ and DZ twins were
compared. While the operation of the twin-
ning factor revealed itself on the mother's
side for both types of twins, there were
quantitative differences. In the families of
M7 twins, additional twins were found in
43.9°. of the families on the maternal side,
and in 31.7%. on the paternal side. In the
families of DZ rwins, the given percentages
were §56.8 and 20.5, respectively, if fami-
lies with twins on both sides were excluded.
Orherwise, the figures were as follows: MZ
twin families: maternal side, 63.1%7; pater-
nal side, 50.9°.. DZ twin families: maternal
side, 68.2%7; paternal side, 31.8°

Hence it cannot be excluded that a gen-
etic factor may operate in the production
of DZ twins when the father alone trans-
mits the factor. However, maternal hered-
ity seems to be of greater importance than
the paternal influence in determining DZ
births, with this difference less pronounced
n r-:-::.lrd to MZ births. In any case, the np-
eration of a genetic factor for rwinning is
substantiated by a comparison of the figures
for additional twins in twin families

7.37.) and in a control group of 100
Roman families (2370).

The lesi data are based on a series of 66
pairs of twins and their families. In this
study, relatives were found to have given
birth to twins in 45 cases (68.2° ). A com-
parison of the maternal and p1n.r|1f|| groups
of relatives vielded the following results:
Other cases of twins only on the maternal
side, 43.9°.; other cases of twins only on
the paternal side, 13.67.; other cases of
twins on both sides, 10.6°]

Despite some differences berween the
statistics for the families of twins in Rome
and in lesi, the main point at issue was con-
firmed by both srtudies. It may be stared,
rhcr::fﬂrc that the twinning phcnmncnun

shows a clearly familial pattern, which
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means that it has a genetic basis. Apparent-
Iy, both sexes are able to transmit this genet-
ic factor which operates in MZ as w ell as in
DZ rwinning. Of particular significance in
this respect are families and sibships with
both zygosity types. An interesting pedigree
of this kind is shown in Figure 54.

In conclusion, it would seem that the
phenomena of MZ and DZ twinning are
based on the same genetic factor. However,
Various exogenous or endogenous conco-
mitants may be responsible for one or the
other type of rwin pregnancy in a given
fmnih Similar circumstances may  deter-
mine the degree of multiparity in a certain
sibship.
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Among the concomitant influences, ma-
ternal age is certain to play a role. Appar-
ently, the age factor tends to increase the
production of DZ twins and other multi-
ples, although it is clear that this factor has
an cffect only on the phenotypic expression
of a character that is determined genotypie-
ally.

An attempt has been made in this chap-
ter to demonstrate that twinming of both
ty pes bas a genetic basis. The following sec-
tions will be devorted to a discussion of how
this hereditary trait operates in the parents
of twins; how it becomes manifest in the
phenoty pe; and how it determines the vari-
ous types of multiple birth.



Chapter VI

THE GENETICS

As HAS REEN sHOWN, the basic cause of
twinning is genetic in nature. At the current
stage  of development of genetics, both
general and applied to twins, it is possible
to go into the question of how the trans-
mission of the trait takes place. From the
time scientists first became interested in the
problems presented by human twins, the
pmuhllm that twinning had an hereditary
origin has been considered. In the prr:-".ILn-
delian era, Goelert (1870) theorized along
the following lines. On the basis of data on
132 twin pairs, he suggested thar twinning
might be hereditary (transmitted either di-
rectly or indirectly ), and that it tended to
be increased by inbreeding.

Modern generics began with this century,
or, more precisely, with the rediscovery of
mendelian laws. Research in this field was
inspired by a belief in the heredity of twin-
ning. “-"cinln:rg was the first to show that
gemelliparity was genenically determined,
although he supported two theories rhat
are now obsolete. One held that the heredi-
tary factor was not present in MZ twins,
but only in DZ twins. The other unplmd
that, in the gencalogy of DZ twins, the
male side has only the function of trans-
mitting the hereditary factor, and plays no
part in the mechanism which determines
twinning as such. The production of rwins
was assumed to depend exclusively on the
ability of the female to produce more than
one ovam for simultaneous conception.

In 1908 Weinberg suggested that the giv-
en hereditary facror was of the recessive
type. Orther investigators who took an in-
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terest in the "Lm.l‘lu. of "LII1L"]!.]III['-. at
that time 1nL|mlL:.1 Oliver (1912), Frieden-
thal (1914) and Meyer (1917).

Bonnevie's study of a Norw egian peasant
family (1919) led to the dr-.c:m,n of a
3.5% rate of twins, instead of the upLLtul
1.3 to 1.4%.. She concluded from this obser-
vation that the rc:ntli:m:_\.' to twinning may
be increased in some sibships. As to the
parents of twins, it could also be shown
that either the father or the mother or both
had twins among their relatives and nughe
have transmitted the trait. Since there were
many consanguineous marriages in the given
fumh (39.7%. of all marriages observed),
it was assumed, by amlnm, rather than
statistical analysis, that tw inning is based
on a recessive genetic factor.

In 1920 Davenport advanced the hypo-
thesis that polyovulation (assuring the si-
multaneous presence of two ova), the pre-
requisite for the production of DZ twins,
is a common occurrence. That twin preg-
nancies are not likewise common was ex-
plained by the operation of lethal factors
in the spermatozoa. In matings lacking such
lethal factors, the tendency to twin preg-
nancies is greater. By pointing out this lack
of lethal factors in the spermatozoa of some
males, Davenport was acknowledging the
father's role in the production of DZ preg-
nancics.

Under the influence of Weinberg's theo-
ries, Wehefritz (1925) believed that a ge-
netic factor operates only in DZ twins, en-
dowing predisposed women with the ability
to produce more than one ovum at a time.
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Variations in the manifestation of the trait
were explained by ditferent combinations
of random factors at the time of concep-
tion. According to Wehefritz, homozy-
gosity for twinning can be effecrive only
in the female; the male may be a homo-
zygote for the same factor, but cannor ex-
press it because he does not possess the
appropriate organ. This would then be a
sex-limited factor which, in line with the
theory of Bonnevie and others, is classifiable
as recessive.

Among those who challenged Wehefritz'
theory was Dahlberg (1926), who insisted
on the genetic origin of both MZ and DZ
twins. In his npiniun, rcgnrdltﬁ of whether
these tendencies were independent of each
other or connected, the ability
to produce rwins was assumed to be of the
same nature in the two sexes—in ovum as
well as sperm. In females this tendency
would sometimes pmduLL a dizygotic and
sometimes a monozygotic pregnancy. [he
sperm w ould give rise only to MZ twins.
Only in a monozygotic pregnancy could in-
heritance be demonstrated on the father’s
side.

Curtius (1927) also believed in the pa-
ternal transmission and recessiveness of the
twinning factor, but he rejected the theory
of HQ\-]-II'I]II.”IH[IT'I He remarked that Wehe-
fritz had overlooked the facr that in 12 of
his 14 families npp:lrenrl_v the father trans-
mitted the tendency to produce twins, In
p-;,rncular there was one family where the
father of rwins came from a f1m1h with sev-
eral sets of twins, while his wife came from
a family in which there had been no twins in
four generations.

In 1933, of wv.
Verschuer, Curtius, working with a series
of 931 pairs of twins, reinvestigated the
question of a recessive factor expressed in

homozygous state in both sexes. They
came to the following conclusions:

sornehow

with the collaboration
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. Two essential conditions which favor
homozygosity of a recessive trait are often
encountered in the families of twins: fa-
milial endogamy (marriage berween con-
sanguineous subjects) and inheritance from
both parents. Of 50 pairs studied, no addi-
tional twins were found in ten famulies,
while there were rwins on the father’s side
in eight, on the mother’s in 16, and the re-
maining 16 pairs showed twins on both
sides.

2. Twins are frequently produced by
members of large sibships at a rate apprnxi-
mating the 25°. expected in a recessive
trait. Curtius’ material included a sibship
of 12 brothers (two unmarried), one of
eight brothers (rwo unmarried) and one
of nine brothers (one unmarried). In cach
of these sibships, two brothers demon-
*.trltut their ability to produce twins.

Additional twins are frequent!y found
in rlu. collateral lines rather than in the
direct ancestors, as 1s typical of recessive
traits. In Curtius’ series there were cight
families showing this principle.

In 1938 Cantoni studied several genera-
tions of a small but highly consanguineous
population of an alpine village in Iraly.
Amaong other factors, he observed an un-
usual frequcnu of twin births. There were
24 rwin pairs in 1,038 births, 1.e. 2.36 tw in
births in every 100 deliveries or 42 single
hirths for ev ery twin delivery. In addition,
the inv ang*ltnr found thar twins are usually
conceived in cold weather and are ap-
parently the result of a single recessive fac-
tor.

Subsequent studies of the genetic aspects
of twinning included those by Koma
(1936), Southwick (1939), MacArthur
(1942) and Slater (1948). In Slater’s opin-
ion, both sexes may transmit the two types
of twins. Twinning is not less frc:qucnt
among the cousins of twins than it is among
parents and children. It is more frequent
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in cousins than among the uncles, aunts,
nephews and nieces. This distribution is
not easily explained solely on generic
grounds. Slater assumed that the genetic
factor has a high penetrance and is widely
distributed in the population, but he ques-
tioned the genetic nature of the main etio-
logical factors.

The general unpression conveyed by the
literature may be set forth as follows: While
it seems clear that the basis for the phe-
nomenon of twinning is genetically derer-
mined, chiefly because there is an accumu-
lation of twins in certain families, the same
cannot be said for the other aspects of
rwinning. Although many observers favor
a recessive mechanism, others point to ir-
regular dominance with low penetrance. A
third theory suggests that PCHL[’IJ[‘IL‘L may
be high, but that the factor for tumnmg
dcpcnd.‘: on a number of nungt,m.tu, condi-
tions which may precipitate or hinder its
expression.

Of course, this hypothesis does not pre-
clude the essennially genctic basis of rwin-
ning, since even those nongenetic influences
assumed by Slater act only or principally in
certain families. One may say, therefore,
that the theory of a genetic factor for twin-
ing, although thrown our the door, re-
turns by way of the window. To be sure,
all this uncertainty as to the generic mechan-
ism of rwinning leaves the hcid wide open
for future research, bur an attempt will be
made here at least to delineate the problem.

It is unclear whether the factor for rwin-
ning, termed doubling tendency by English
authors and Spaltungstendenz h_‘.'-thi; Ger-
mans, follows a single-factor or multifactor
Ty pe of inheritance. Nevertheless, the factor
is known to be transmitted by the female
as well as the male, although with different
frequencies, both for MZ and D4 twins
and sometimes by the same genotype for all
these variations.

93

Labelling this rendency the "G factor™
(G for Gemellus or Geminus = tw in), we
are inclined to believe that its Ill'.lﬂlfl.hf:ll.'lﬂﬂ
is primarily related to the organism of the
parent (ovogenesis and spermatogencsis ).
Were the E:{P]’L‘}.‘Hillﬂ of the G factor con-
nected with the filial generation, that is,
the zvgote, we could explain the dm’elup—
ment only of MZ but not DZ twins. Re-
garding the first alternative (parental or-
ganism ), if the rwinning factor is inherited
either from the father or the mother we
should postulate a dominant and not a re-
cessive mechanism, as some observers seem
to indicate. In other words, by ;'nffl:{:ring
the organism of the |mrr:nr-{pruhnhl}‘
through gametogenesis), the G factor
would prm!w.r: a potential mother or father
[If Tw II'I'i

The female organism W ould then have
the ability either to form ova of different
genic composition at the same tme (DZ
twinning with maternal inheritance), or
to form ova capable of initiating a division
of the Zygote upon fertilization (MZ twin-
ning with maternal inheritance).

In the male urgnnihm, the GG factor would
somehow induce certain spermatozoa to ef-
fect a double pregnancy (dizygoric rwin-
ning with paternal inheritance), or would
enable them upon fertilization to produce
the gemellogenetic division of the zvgore
(MZ twinning with paternal inheritance).

Provided these hypotheses can be sub-
stantiated, it is understandable that the dif-
ferent ways of transmission (paternal or
maternal ), or the production of the two
tvpes of twins resulting therefrom (MZ or
DZ), may be variously combined. On this
basis it would be puwhlt to explain why
certain families with only MZ or DZ twins
dlﬁpla_'l..' both familhal Hlmllm'lt}' and dissimi-
larity in the generic process. We recall
f:!mil_u' with several mulnple births, all of
which were of opposite sex and therefore
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dizygotic. The transmission of the trait
seemed to have taken place in three in-
stances through the female side and through
the male in one (Fig. 53, p. 88). We also
take note of another family in which both
MZ and DZ twins were born (Fig. 54).

TWINS IN HISTORY AND SCIENCE

number of genes, two genetically identical
individuals could occur only very rarely
by chance. Certainly, this event would be
far less frequent than the number of iden-
rical twins found in the general population.
Friedenthal estimated that genetic identical-
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Fig. 4. Accumulation of MZ and DZ twins in an Iralian family (Gedda and Rédeky ).

The importance of such nongenetic in-
rate of me-
tabolism, and the like
cannot be disregarded but it would scem

fluences as marernal age, low

nutrition, climate
that they are effective only in favoring or
HLlppl‘c:ming the action of the G factor.

Whether the production of MZ and DZ
twins represents the effect of one or two
genetic traits, there can be no doubt that
the two types of twins clearly differ from
each other on a genetic basis.

While geneticists disagree in identifying
the genetic factor involved, the consensus,
based on anatomical evidence, is that similar
rwins derive from a single zygore and dis-
similar twins from two :-atp:l{‘-.ltt Zy gotes,

Proof of the derivation of identical twins
from a single zygote is supplied by the

laws of }ll‘(:ll:r'thl]l‘t"l. In view of the vast

ness of two brothers derived from two zy-
gotes could be expected only once in the
astronomnical ﬁgurc of 200,000 trillion fe-
Hence Curtius’ comment that
“such a perfect resemblance, based on com-
plete concordance with respect to several
p{:htrcmt SVstems, 15 conceivable nnh in
individuals who are L,'Lnnt\p:mlh alike.”
In Zazzo’s opinion, segregation of the
48 chromosomes of each parent acrually
allows a mulotude of combinations L‘{]l.l:.]l
to the 24th power of two, iec. exactly
16,777,216 combinations, raised by the mart-
ing of the parents to several hundred bil-
lions, We are dealing here, as Zazzo put it,
variations on the same theme; the
48 chromosomes derived from a single pair
of parents. The theme, however, varies
from one couple to another. . . . One may
add thar this estimate considers neither the

cundations.

with
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vast number of genes locared on the chromo-
somes, nor their exchange during the pro-
cess of melosis.

On this mathemartical basis, all genericists
today are agreed that a multple birth can
give rise to two or more MZ individuals
(triplets, quadruplets and so forth) who
possess one genotype. While it is inaccurate
to speak of phenotypical identity (outside
influences always cause some differences,
however slight, berween MZ rwins), the
identity referred to is genotypical. From
a |‘j]‘n:'ni.||1'}'p-it::|| puinr of view, MZ twins
are to be classified as “similar™ and DZ
twins as “dissimilar.”

While the generic identicalness of MZ
Twins is u'f.m.,mlh accepted, as is the generi-
cally determined difference between MZ
and DDZ twins, similar certainty cannot be
attached to the idea that IDZ twins are de-
rived from two different ova. For instance,
Danforth (1916), Curtius ( 1927) and others
'-.LIEL{C'-.[EJ that the u['{,nnr.hn oocyte may
form two cells capable of hunL fertilized
by two different spermatozoa. Such twins
would have an identical maternal inheri-
tance bur a different parternal one, and
would be “intermediate berween normal
MZ and DZ pairs as to their degrees of
similarity” (Greulich).

This hypothesis is based on histological
evidence in animals, but the lack of reliable
data in man forces us to conclude that a
distinction of two types of DZ twins is at
best premature. In our opinion, but on
different grounds, it would be desirable to
divide DZ twins into two t.l:lhmrrm]|'.~'~. thus
making it pu»mhlr: to speak of a “third
type’ " of twins. The details of this classifica-
tion will be discussed in a subsequent chap-
ter. Here it may be stressed, with no re-
flection intended on any other hypotheses,
that the study of genetics has to rely on
established facts, i.e. on the primary division
of twins into monozygonc and dizvgotic

05

pairs. This scheme does not preclude further
subdivisions, and is preferable to the de-
scriprive term “identical twins” or the ob-
stetrical term “monochorionic twins which
may be misleading.

The Lcnutxincal equality of MZ rwins
is the starting point for the twin study
method, w hu:h presupposes that their in-
trapair differences are due to nongencric
influences. This principle, although general-
ly wvalid, has its limitations. For one thing,
the expression of genes wvaries, especially
that of so-called “weak genes,” which pro-
duce minor effects, and the penetrance
may be too low to insure their phenotypi-
cal appearance in both twins. For another,
there is the possible occurrence of mura-
rions in one twin sometime during his life.

Regardless of the environmental condi-
tions MZ twins may encounter cither to-
gether or Hl.‘],'l:.]l’;lti:.l-'l,' their gene-specific
traits usually tend to remain un:.huu:{f.r.l
and continue to be identical in both indi-
viduals. Hence the extraordinary similarity
af MZ twins, often so pcr}:-lcx'mg to out-
siders. Even the children’s mother is often
at a loss to rell her MZ twins apart and has
to resort to natural or artificial identifica-
tion marks, called distincrions (see chapter
on methodology in Vol. 11).

Cruttmacher n:pnrt{,:-.l that domestic anmi-
mals, such as dogs, despite their keen sense
of smell, are also deceived by the similarity
of MZ twins. - :
characters in MZ twins remains pronounced
even where there 1s mixed parentage, as was
described by Wagenseil (1930) for twin
sisters who were partly Eure ypean and part-
ly Micronesian and had been reared in en-
tirely different environments.

If more than rwo individuals are the re-
sult of a multiple birth, there may be any
combination of the two types of rwins.
Generic studies of triplets have shown that
they may be monozygotic, as was true of

The similaricy of hereditary
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Fig. 55. Japanese MZ triplets aged 9 (by Komai and Fukuoka).

the cases described by Hartmann (1923),
Gates (1929), Clarke and Revell (1930),
Komai and Fukuoka (1931, i"jg. 55), wv.
Verschuer (1932), Anderson, Forrest and
Scheidemann (1932), Sanders (1932), Son-
tag and Nelson (1933), Buschke (1935),
and Gardner and Rife (1941). Triplets
derived from two zygotes have been re-
pmrul by Rowe (1928), Anderson, Forrest
and Scheidemann (1932), Buschke (1935),
and Gardner and Rife (1941). Case his-
tories of trizygotic triplets have been placed
on record tn Anderson, Forrest and Schei-
demann { I")EJ}. Buschke (1935), and Gard-
ner and Rife (1941, three sets).

The four types of w}'gnxit}' in (!um‘.ru}u-
lets are described in the following list pro-
vided by Newman and Gardner (1942):

In the opinion of Newman and Gardner,
the occurrence of Subgroup B of Tvpe I1
i5 jtnpmtmhlm nltlmugh Lotze (1937) and
Sarkar (1943) classified the Derner l.]k::ld—
ruplets as the result of two MZ pairs. A
number of cases of quadruplets reported in
the literature and studied with respect to
zyvgosity are listed in Table XXVIIL

It may be mentioned here that the ;r.:-.'gntic
ﬁ.inn'k:;r'if_r 01 dim.'i:mil:lrir}.' alluded to in dis-
Einguihhing the two types of twins refers
chiefly to Mendelian characteristics trans-
mitted by genes
and not to modes of transmission.
Cyroplasmic inheritance, Instance, 1s
more obscure and may behave in a different

( chromosomal marerial)
other

I'ur

way, and in certain DY owins may prmlucr;

Three MZ quadruplers plus one single birth.

Two pairs of MZ quadruplets.

Two MZ quadruplers plus two single births,

9 Typel: monozygotic quadruplets.
]'_1'|.1L' I1: Lli.r:_'n.'gntiq_' ||1_r,hlr||}llq*r-.;

@ {:‘J Subgroup A:

{D m Subrgraup B:
Twype HI: tnzygoue quadruplets:
['vpe IV: quadrizygotic quadruplets:

0000

Four single births.
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Date of
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a marked degree of genetic similarity not
derived from nuclear material.

The pronounced differences in gene-
specific characteristics observable in  dis-
similar twins are a definite indication of
different genotypes. In other words, two
separate fertilizations gave rise to two zy-
gotes which differ in their assortment of
genes. It is justifiable, therefore, to call
these twins dizygotic, irrespective of wheth-
er they arc derived from one or two ova.

Cfm}:crning the dissimilarities of DZ
rwins, it may be pointed out that while there
1s cmnplcrc genoty pical concordance in M7
twins, the degrees of discordance in DZ
twins are only relative. Their genic consn-
tutions are also distinguished by the fact
that DZ twins have the same father and the
same mother. According to the laws of
probability, at least half the genes an indi-
vidual receives from his parents through
alternative sets of gametes must be alike
in two brothers with the same father and
mother. This statement refers to charac-
teristics which show individual variability,
i.e. those outside of the common traits
distinguishing the species, the ethnic group,
or the family.

The gcncr.:ll genetic H}'ll:i.‘ilil‘.::!l'iﬂﬂ:i of MZ

and DZ twins are so distinct that they pro-
vide the best method of distinguishing one
variety from the other. Any study of twins
has to hl’:gill with {Iingnn:-‘.ing the '.-r_}'gm.il}'
of a given pair. This diagnosis is no longer
based on an examination of the fetal mem-
branes, but on a comparison of the relarive
degrees of similarity or dissimilarity in
hereditary characteristics. The dingnusis oh-
tained from the twins themselves is vastly
superior to a diagnosis established obsrerri-
cally. Examination of the fetal membranes,
which will be discussed later, gives merely
a gi:m:r:ll idea, bur |‘.I-Tl}\.'i|;.it‘.-i no real evi-
M7 twins
chorionic and DZ twins are sometimes not
dichonal. These facts are taken into account
by the polysymiptomatic similarity method
du Ll:}}lLL! |n' Sicmens and v,

li(‘.'nl‘.:{‘.'. are not ‘.'II“".'[",.'H IOno-

Verschuer
(see chapter on methodology in Vol. II}).

As experience has shown,
teristics compared in this procedure are
quite resistant to outside influences and are
transmitted according to schemes that have
been firmly established by genetics. In es-
sence, 1t 1s the generic analysis of twao pheno-
types that makes it possible to determine
whether a given pair of twins is derived
from one or two zvgortes.

the charac-
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THE TWIN STUDY METHOD AS
USED IN HUMAN GENETICS

Particularly :l't!illi'l)r.ll'i';ltl: here 1s Wood's
statement (1919) to the effect that twins
prove the importance of chromosomes. No
better proof exists of the genotype's vital
function than the fact that MZ twins re-
main similar throughout their lives, even
in widely different environments. Method-
ologically, therefore, twins render valuable
service to the science of genetics.

In studying the rransmission of characters
in plants and animals and also in man,
geneticists  depend on  the cxptrimcnml
method (cross-breeding, induced mutations,
and the like). Ever since Mendel's experi-
ments with plants, the most Important re-
sults in this young branch of science have
been obtained in this fashion. For obvious
reasons, of course, the experimental method
cannot be used when it comes to the human
species. Therefore, three main approaches
remain open to workers in human gunctic.ﬂ:
the Purul}.' statistical method, the f.'11]li|}'
history method, and the twin study method.

The research potentialities afforded by
the family history method are valuable but
limited. Many inherited traits are rare, and
most pedigrees are not extensive enough
for genetic analysis. Other ﬁhnm:mning:-a
are a limited number of births, uncon-
trolled matings, unmarried individuals, the
length of human life, and the hke.

These limitations enhance the usefulness
of the twin study method for human ge-
netics. The main purpose of this method
is to analyze the effect of genic acrivity.
The tendency of MZ twins to be concor-
dant as to normal or pathelogical traits
justifies the assumption of the gcnc-s‘.peci!ic
nature of the character in question; that
is, of its dependence on the action of one
Or more gencs. An :Hhumptinﬂ, of course,
can only be a working hypothesis rather
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than proof, since numerous ourside influ-
ences mav also result in concordances. The
causes of concordances must therefore be
carcfully invcﬁt]gntcd by means of one or
more of the following procedures:

1. A statistically I'CP]."I':HCTII'EIti‘I.'E number
of cases is rr:quircd, as well as the usual
rests for statistical significance.

2. Other influences which may simulate
hereditary phenomena are to be ruled out,
foremost among them being cungcniml but
nonhereditary causes such as H}'Phiiiﬁ..

3. Data on MZ twins living in a given
environment are to be compared with data
on D7 rwins for the same environment to
determine the difference, if any, in con-
cordance berween the two groups. When-
ever MZ pairs are concordant or show a
significantly lower rate of discordance,
there is reason to assume that their tendency
to concordance is ascribable, wholly or in
part, to the effeect of gene action (genes
being always the same in M7 twins, and
partly different in DZ p:]irsa}.

4. Dara on MZ rwins reared rtogether
and 1iring in the sime environment are to
be compared with dara on other MZ pairs
who lived apart. Phenotypical dissimilari-
ties between separated MZ twin partners
are suggestive of environmental influences,
while observed similarities in the face of
separation strongly support the genetic hy-
pnrhcs-:i.ﬁ.

Macklin and Snyder (1947) were correct
n pninring out that the extent to which
MZ and DZ twins differ in concordance
for a given trait depends chiefly on the
genoty pes of the parents and on the etio-
logic complexity of the character in ques-
rion. For example, with both parents be-
longing to blood group Q, it is n:-xp::n:r-:d
that all their children, whether born singly
or as MZ or DZ twins, will also belong to
group O. In rthis instance, DZ and MZ
rwins will show the same degree of con-
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cordance, without weakening the genetic
specificity of the blood groups.

However, if one parent is heterozygous
for the simple dominant condition of poly-
d:lr:t}'li?;ln, ¥ twins will be unl:.' one-half
as frequently concordant as will MZ twins.
Again, for a trait produced by two pairs of
recessive genes, and with the parents hetero-
zvgous for both, the concordance rate of
MZ twins will be sixteen times greater than
that of DZ twins. Therefore, observation
of DZ twins concordant for a given trait
does not of itself prove that the trair is not
hereditary.

Another important area for the applica-
tion of the twin study method is the analvsis
of the genetic mechanism involved. Al-
though pedigrees are the most effective
method for jTlt‘(‘HTig:lti{IIlh of this kind, the
study of DZ twins may also be useful, as
Rife (1938) has shown in regard to single
pairs of genes with or without dominance
as well as for sex-linked and sex-hmited
facrors.

In addition, the twin study method
helpful in the analysis of multifactor rvpes
of nheritance. If no discordant pairs occur
among MZ twins, and if the discordance
rate of DZ twins exceeds 27 percent for an
autosomal trait with only two known phe-
notypes, it is safe to assume that more than
one pair of genes is involved in producing
the characrer n quc.iti::n.

Furthermore, the study of twins is pro-
ducrive in investigations of quantitative and
qualitative variations in the phenoty pical
manifestation of a gr:ﬂr:—xp::ciﬁ:: trait. It
is known from the studies of Timoféeff-
Ressovsky and others that variabihity n the
expression of dominant and recessive genes
alters the mode of manifestation. This vari-
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ability two ways: (a) i the
.m*nur_mnﬂ’ of the gene, a concept which
refers to the frequency with which a ge-
netic factor is likely to express itself; and
(b) in the expressivity of the gene, a con-
cept referring to the degree of manifesta-
tion, i.e. the quantitative expression of the
tactor.

In applying the twin study method to
variations in penetrance and expressivity,
it is necessary to have a genetically deter-
mined trait and a series of MZ rwins with
both members of a pair having lived in the
same environment. Of course, the greater
the number of twins studied, the more re-
hable the result will be.

Analyvzing certain hereditary conditions
in this way, one will often observe discord-
ances, w hen a pathological trait manifests
itself in -::nh one MZ rwin. A hlﬁ'h-’:l‘ COn-
cordance rate indicates a higher [lLEI‘LL‘ of
penetrance, and a higher discordance rate
puinrs to weak aencs.
becomes  complicated
when the visible (primary) phenotype de-

occurs in

This proce dure

}ml‘uiﬁ on an invisible {HC{::md:l]‘:..'} pheno-
tvpe. A situation of this kind
assumed by Luxenburger to exist with re-
Spect to s¢ huuphl enia. Howev er, this hypo-
thesis has not been confirmed by other in-
vestgators.

As a rule, MZ twins show a relative rather
than a perfect degree of concordance for
pathological traits. For example, one twin
may have all the symptoms of the condi-
tion and the cotwin only an abortive form.
Such observations are common in twin
pathology and when made in a representa-
tive series of cases prove very useful for
analvzing quantitative variations in the ex-
pressivity of the gene.

Wias once



Chapter VII

EMBRYOLOGY

DI-'.HI"I'I'I-‘. MANY ADVANCES in the field of
human embryology, there is stll much
uncertainty about the manner in which a
single organism is conceived and developed.
It is not surprising, therefore, that even less
is known about the embryogenesis of twins,
especially since the mechanisms operating in
a multiple birth are not uniform. Whatever
information is available on the subject does
not come from direct observation bur is
based largely on embryological data pro-
vided by malformations of human embryos,
by multiparous mammals, and by animal
experiments,

It is well known that the reproductive
process which in certain periods leads to
the formation of male and female gametes
15 distinguished by a p.lrtuuhr type of cell
division called meiosis. This process differs
from the usual type of somatic cell division
or mitosis, which reproduces in each of the
daughter cells the exact number of chromo-
somes contained in the mother cell. In mei-
osis, the chromosomes of the newly formed
cells are reduced to half the r:srigin:ii number.

As one of the fundamental I]I'uhlcms of
’t:i:}]ng_\', the phcn:}mcnnn of meiosis has
given rise to considerable speculation.
Theories advanced range from those of
older investigators, such as Farmer and
Moore, Schreiner, Janssens, Grégoire and
others, to more recent ones, such as that
of White based on studies of spermatogene-
sis In the grasshopper.

In accordance with Darlington’s hypo-
thesis, meiosis represents the succession of
two divisions of a nucleus, :accmnp:micd h_'l,-’

OF TWINNING

only one division of rthe chromosomes. Con-
:-;cq;.u:ntl}'. the distribution of the chromo-
somes in the somatic cell is in the so-called
diploid form (2m), while the chromosomes
in the reproductive cells are in the haploid
form (m). Hence meiosis may be regarded
as the characteristic maturational process of
the gametes. Only with the halving of the
chromosomes in meiosis does the number
of chromosomes remain constant in each
individual of the species.

Another important point is that meiosis,
although remaining the same in its basic
mechanism, has different significance for the
maturation of male and female gametes.
While spermatogenesis has no special mean-
ing in gemellogenesis, in the reproductve
process of the female the formaton of the
so-called polar bodies may assume a certain
importance. As a rule, rhese bodies are
climinared, since they do nor represent a
female gamete and cannot be fertilized. In
connection with the process of two-ecgg
rwinning, however, the possibility of a polar
body being fertilized has been considered,
as will be discussed larer.

The union between spermatozoon and
ovum, called syngamy, leads to the union
of the male and female pronuclei, a phe-
nomenon known as amphymeixis. This proc-
ess results in the formation of the first
representative cell of the new organism,
referred to as zygete. In some conceptions
leading to the producrion of one-egg rwins,
this general mechanism is complicated by
a phenomenon called polyembryony where-
in two or more embryos are derived from
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a single fertilized ovum or zygote.

In dealing with the embryological prob-
lems of monozygoric and dizygortic twins
in man, it would be well to bear in mind
two facts regarding experimental polvem-
bryony: (a) the artificial production of
twins in certain animal species; and (b) the
occurrence of double fetal malformations
in the human species. Both observaunons
will be helpful in understanding the em-
bryological developments in human rwins.

EXPERIMENTAL POLYEMBRYONY

Since its beginning at the close of the
last century, experimental embryology has
been {:-‘._LLlplc{l with the MI‘,‘LI{'\, :}f |‘J-I'H-|!-]Llﬂ':
closely connecred with the uuhn ogenesis
of MZ twins. Gemellologically :\.pc.aLmb.
the |mp:}rmncc of these experiments lics 1n
the confirmation of the fact that two or
more organisms may derive from a single
ovum. In other words, these Investigations
have provided experimental evidence for
the existence of polyembryony, the theoreti-
cal prerequisite for monozygotic twinning.

To begin with, mention should be made
of a series of experiments which induced
virgin ova to break into fragments. This
work showed that impregnation of single
fragments was possible and in certain cases
actually led to the formation of embryos.
Carried out mainly in a type of echinoderm
called paracemtrotus .!'ff".-dm, these experi-
ments consisted of shaking the eggs in water
in small receptacles, or cutting them in
meridian or equatorial directions under
the microscope. Some of the fragments
contain the female pronucleus and others
do not, but all of them will develop when
a spermatozoon succeeds in penetrating
them (Héorstadius, 1928). Similar results
were obtained in another echinoderm, the
Lytechinus.

Fragmented ascidian eggs (Ascidiella)
were also studied, and if the ovum was
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properly sectioned upon fertilization, it pro-
duced ecither two symmetrical embryos or
two embryos with ur:ruplmnr:nnr!. defects.
In similar experiments by Wilson (1903)
and Zeleny (1904), the development of
rmrrmcnr-:ai eggs of the Cerebratulus was
dl‘-{:l studied tn means of equatorial, meri-
dian and rransverse cuttings. As long as
the polar fragments were not too small, it
was observed that all ferulized fragments
gave rise to small but normal ::ml}r:..'ns_

The eggs of a ctenophore (Beroe), an
annelid (Chaetopterus), a chordate (Am-
phioxus) and a vertebrate (Triten) were
investigated in the same way, with consis-
tent evidence that a complete ovum is not
necessary for developing an embryo. In
fact, even successively fertlized egg frag-
ments tend to u;ihplu. Segmentarions, some
giving rise to embryos of normal structure.

In another series of experiments, the
blastomeres of fertilized eggs were treated
by different ILLhm:]uu Ihu were either
UH'III‘-'!LIL".. or partially Htl‘}.ll‘ll'l.li.! or made
to undergo some alteration in the cleavage
plane. Total separation of the first two
blastomeres in the eggs of a sea urchin was
achieved by Driesch (1891) by shaking the
egg for a few minutes. Fach blastomere
Limclupcd into a normal embryo even after
detachmenrt, but the size of the embryo
was reduced by half. On the basis of these
results, Driesch formulated an important
theory. The essence of it was that the first
two blastomeres can be considered as equal-
ly and rotally potent, and therefore capable
of producing a complete organism.

It has since been found that this equi-
valence of the first cells of the echinoderm
even extends to the stage of four blasto-
meres. When isolared, each of them divides
into segments and develops a blastula ap-
proximating one-fourth its normal size. Up-
on gastrularion, the blastula gives rise to
an embryo which is four times smaller than
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Fig. 36. Fertilized ovam of the Triton racniatus, splic in the

middle by

usual (Morgan). Only when eight blasto-
meres have been p]:rduu.d does the seg-
mented echinoderm embryo lose its original
total capacity. From this stage on, individual
blastomeres, when isolated, gik'{' rise un|_\.'
to partial structures.

Herbst (1900)
meres h:-.' [‘111{-'j11}7’. tertihzed sea urchin cgys
in sea water from which calcium had been
removed. When the isolated blastomeres
returned to normal sea water, they

isolated the first blasto-

werc

a hair (Spemann}.

developed into separate organisms. Similar

experiments were made by E. B. Wilson
(1893) with egos of the Amphioxus; by
Loja (1895) in certain medusae whose

blastomeres retained their total capacity up
to the stage of u"ht formations: I:-'l. Cr: amp-
ton L]h‘Jﬁr in umlhnl..h by Bataillon (150N )
in Petromyzon planeri; ,mu,l s forth.

In 1933 Conklin, who previously had
studied the effect of centrifugation on the
development of Crepidula eges (1917), re-

t=l=h

Fig. 57.

Experimentally produced Triton taeniatus twins
(Spemann).



EAMMBRYOLOGY OF TWINNING

103

Fig. 58. Triron taeniatus vwins at a larer stage of develop

ment {Spemann).

Fig. 59. Artificially produced but incom-
p]-,'n'l:.' separated S ritan taeniarns ow ins with

situs inversus (Spemann).

}:t‘;LrL'IJ Driesch’s experiments on Amphiox-
ns eggs damaged by shaking. He observed
the development of complete organisms
from isolated blastomeres, as well as the
formation of two, three and four individuals
variously attached to each other when the
blastomeres had not been totally separated.
Another series of experiments was initiat-
ed by O. Hertwig (1893) who strangled
impregnated Triton taeniatus eggs with 2
hair tied at the point of the first cleavage
plane. His experiments with isolated blasto-
meres were continued by Enders (1895%)
and Herlitzka (1897), who succeeded in
Eﬂ':ldllﬂ_‘ing complete embryos reduced to
half the normal size. In the same way, Spe-
mann (1901-1903) experimented with triton
egys. He confirmed that twins could even
be obrained from incompletely separated
blastomeres. He also produced double mal-
formations of various types: duplicitas an-
terior, duplicitas cruciata (Figs. 56-59).
An interesting phenomenon, described by
H}wnmnn, occurs when the cgg, S00n after
impregnation, is strangled in such a way
that the whole nucleus is forced into one
half of the cell. At first segmentation takes
place only in the nucleated half. With in-
complete strangulation, however, a part of
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the nucleus eventually sprcads into the
other half, which begins segmenration at a
later stage. In this manner, too, embryos
may be formed which show different de-
grees of development (Figs. 60-63).

One of 5|u;m;mn'.~; l.ﬁ:i.r_‘iiﬂES, G. A.
Schmide (1933), used the same method
(strangulation with a thread) to produce
twins from the fertilized egg of Bombinator
pachypus. Other diplogenesis experiments
were carried out on bird eggs. By injecting
inducrive organ fragments into chicken eggs
which were fertilized but not yet incubated,
Morita (1936-1937) obtained rwo embryos
in 43 out of 322 cases (13.29%), and tniz-h.t'-.u
or higher multiples in 12 cases (3.570 ). Of
the twins, 35 pairs were separated, while
eight pairs were conjoined in various ways.
All twins were smaller than normal embryos
of the same age; most of them were shifted
towards the edges of the cavities produced
by the noxious action of the inductive or-
gans. Similar changes were secured by
chemical and other agents.

Twisselmann (1939) set lesions by elee-
trolysis (302 cases) or micropunctured the
primitive streak of chicken embryos by
uleraviolet rays (94 cases). Hl.n,tmh tlLalh
he obtained the following resules: 12 sets
of twins and two t1|p|ct:*. from non-incu-
bated eggs; ten pairs of twins and one set
of triplets from eggs incubated after the
appearance of the primutive streak. H'.. ultra-
violet rays, three cases of asymmetrie twin-
ning were produced.

Wolff and Lutz (1947-1948) induced
twinning by splitting the germ of non-in-
cubated goose eggs with a fine glass needle.
Cutting along the egg’s long axis (perpen-
dicular to the cmhru: 5 line nf symmetry ),
they obtained a Iarbc proportion of twins
f.:r:mg cach other head to head. If the cut
was made along the egg's shorr axis, the
twins were situated side by side, facing in
the same direction. In one case, an incom-
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plete cur led ro a double malformation.
Quadruple monstrosities were produced by
cross-sphtting, with each secrion of the
embryonic disc resulting in a complete em-
bryo.

From the experimental data reviewed so
far, it is justifiable to conclude that frag-
ments of virgin eggs can be ferrlized and
tend to be as potent as the rotal egg. With
complete individuals derived from one or
the other fragment, it would appear that
the capacity of the organizer for producing
ectopic diplogeneric differentiations and the
n:ﬁpunm' veness of different areas of the em-
bryonic surface to such unusual organiza-
tional influences are of f:qmﬂ significance in
the embryology of rwinning.

Thus the L\.pt:rlnu,nh! method confirms
the observations made in animal studies of
spontancous gemellogenesis; namely, that
more than one individual may dev clnp from
a single egg I_‘jl}]_il.‘l'llhl‘:n. ony ) and thar the
period when one-egg twinning occurs
ranges from shortly after impregnation un-
til thc beginning of gastrulation. Another
important finding is rh.lt the mechanism
producing complete gemellogenesis may oc-
casionally result in incomplete diplogenesis
in the form of double monstrosities.

Though experimental polyembryony is
effective in many different species of in-
vertebrates and vertebrates (and in the latter
from cyclostomes to birds), it would be
hazardous to apply results obrained by arti-
ficial means and in an abnormal manner to
a species in which twins occur as a normal
developmental phenomenon. Another dif-
ference lies in the fact that in artficial
gemellogenesis each separate region can give
rise to a new organism, the size and weight
of which however will be proportionate
to the ovular fraction from which it was
derived. Therefore, the new c‘.rrrﬂmmn may
be only one-half or one-quarter its ordi-
nary size.
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Figs. 60-62. Segmentation and subsequent development of the
nucleated half of the Triton taeniatus egg afrer incomplere sepa-
ration {Spemann),
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a

Fig. 3. Different developmental stages in ari-

ficially produced Triton taeniatus vwins, wich

embryo g appearing vounger than embryo &
{Spemann .

TERATOLOGICAL GEMELLOGENESIS

‘ipnntancmm phenomena supporting the
uniovular theory of identical twinning are
chiefly rcprc-.f:nrui by spontancous poly-
emhr} ony observed in many ammal spe-
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cies. An outstanding example of physiologi-
cal polyembryony is the armadillo, as dis-
cussed in Chapter I1I. Another type of spon-
tancous phenomenon thar is teratological in
nature and occurs especially in the human
species is the embryogenesis of double mal-
formations.

Double malformations in man are pheno-
typic abnormalities resulting from the more
or less complete co-development of two in-
dividuals. Showing various degrees of al-
most total separation, they serve to illus-
trate how two complete, equal and inde-
pendent individuals may originate from one
fertilized egg. Double malformarions may
occur in many different forms, ranging from
the partial dupllmtmm of certain somatic
segments to total duplication, producing
two identical subjects connected by an or-

Table XXIX
DOUBLE FORMATIONS DERIVED FROM ONE OVUM

A, CONIJOINED MONSTROSITIES

1. Asymmetrical Double Malformations (Heteroadelphia) with an underdeveloped parasife attached to a

well developed autosite
a. Attached to the head (epignathus).

. Attached to the central region of the trunk (thoracopagus, dipygus).
. Attached to the dorsal part of the trunk (notomelus, pygomelus).

d. Attached to the candal region of the autosite (parazitic pygopagus).
e. Attached to a cavity of the autosite (fetal inclusion).

f. Tumor formation involving three layvers (teratoma).

2. Symmetrical Double Monstrosities:

Teratoadelphia with high or lambda-shaped conjunction (deradelphi with one head and two cervical

columns, thoradelphi, fleadelphi, ete).

b. Teratopagi with central or X-shaped conjunction {(thoracopagi. sternopagi, xiphopagi, ischiopagi. ete.).
c. Teratodymi with low or Y-shaped conjunction (psodymi with lumbar conjunction in the psoas region,
xiphodymi with conjunction in the xiphoid region, derodymi, atlodymi, inicdymi, ete.).

B. SEPARATED DOUBLE FORMATIONS
1. Asymmetrical Tiins:
a. Normal twin and papyraceous fetus.
b. Normal twin and anencephalic fetus.
. Normal twin and acardiae fetus.

o

Symmetrical Tewins:
a. With phenotypic differences;

b, Without phenotypie differences (identical twins).
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Fig. 64. Positional variations in symmetrical double formations, conjoined and separated (Schwalbe).

ganic fusion of the tissues (Siamese rwins).
" From a biological point of view, double
monstrosities and Siamese twins represent
miadurclnpui uniovular twins in the same
way thar Hinglf: malformations known to
teratology are misdeveloped single indi-
viduals. It is not difficult to go from Siamese
to identical twins, or trace similar twins to
a single fertlized egg.

The connection between double malfor-
mations and twins is reinforced by the con-
currence of hoth |ﬂu,:|1u]1u::1-.1 in cercain
tarmilies (Martin, Verey, Bohm, Dujol and
Legros, Du Vernoi, Luksch and Ringelhan,
Aschner and Grav). The gradual transition
from some t_'n,'pc:aruf teratoma to M7 twins
is shown in Table XXIX which summarizes
double formations in man according to the

classifications of Geoffroy Saint-Hilaire and
Schwalbe., The pnxirium;;l variations in the
urerus observed in symmetrical double for-
mations liT'u:!mii['l_s__% One-cgg twins) are
schematized in Figure 64.

Obviously, the section of teratology deal-
ing with double formations belongs o
geminology or, more precisely, to the pre-
natal pathology of rwinning. It may be of
interest, therefore, to describe some of these
human malformations. The group of asym-
metrical double malformations includes the
so-called beteroadelphi. Such a case was
Lazzaro Colloredo, born in Genoa about
1625, Similar symptoms were observed by
{1906) in a Indian
boy who was presented at the Colonial Ex-
hibition in Marseilles. Attached to ths boy

Monreau 1 3-vear-old
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(autosite) was a parasitic cotwin without
head but with crippled hands and a male
urinary organ (Fig, 65).

When the parasite is located in a caviry
of the autosite, the term fetal mclusion 1s
used, although earlier writers spoke of fetus
in fetu or ovum in ove. Such a case was op-
erated on by Lesi in the IFaenza lIiHI‘.-it:l]
The patient was 19 years old and presented
a pararenal tumor which contained a per-
fectly structured ferus in miniature.

Hf}n‘tﬁuntﬂtirt of teratoadelphi was the
case of Blanche Dumas, born in 1860 ( Ah-
feld, 1877). She had one head,
and four Ir:m; one of which was rudimen-
tary. The genito-urinary orifices
dnuhh. and so were the mcmrlu.ll i‘}LI'I[]L]‘-.
A male pygomelus photographed by Wil-
liams i1s shown in Figure 66.

one thorax

were

The group of teratopagi was n:'pl'cﬁcntcd
by the xiphopagous Siamese pair, Chang

f.

Autosite with anencephalic twin para-
site ( Monteux).

Fig. 65.
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and Eng (1811-1874), who traveled all over
the world and became the prototype for
all pairs of this kind who were thenceforth
called “Siamese rwins” (Fig. 67). Another
example was the Canadian pair, Brenda and
Beverly Townsend, who were surgically
separated in the Edmonton Hospital in May,
1950 (Fig. 68).

An interesting bas-relief in the court-
vard of the San Marco Museum shows a
imir of male ischiopagi who were born 1n
Florence in the 14th century (F ig, 69).
Passerini (18353) described this pair as fol-
lows: *“The historian, Buoninsegni, records
the birth of a monster which occurred here
in 1316 (that is, in the old | It::-.}:l'L[:'LI of Santa
Maria della Scala in Florence). This mon-
ster had two heads, four arms, two bellies
and three legs. It was born in upper Val-
darno and lived for 20 davs, one part of it

ch-ing hefore the other. . . .

Fig. 66. Teratoadelphic pyvgomelus
(Williams).
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Fig. 68. The Canadian xiphopagi Brenda and Beverly Town-
send at the age of five months.
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Fig. 69. Male ischiopagi born in Florence in 1316
( Museum of San Marco).

A similar or perhaps the
same one was mentioned by Petrarch in his
De rebus memorandis. A female 1schiopagus
was studied by Baudoin, and the birth of a
similar case in Portland, Maine (Fig. 70)
was reported by newspapers in 1946.

Of the many pygopagi recorded (lower
dorsal conjuncrion), one of the earliest
cases was that of two sisters who were born
in Biddenden, England around 1100 and
*.11|:-}11n{'{|]\. lived to 35 years of age. l|‘|E‘.."
were laterally cnnpumd in the Llutml and

scapular regions E}l}g{:[lmrnc_np.ly , ¢cach
having one normal arm while both shared
the stump of a third arm.

On Ocrober 26, 1701, the female pygo-
pagi Helen and Judith were born in Szony,
Hungary. At the age of ten years they were
taken into the convent of St. Ursula in
Pressburg. where they February

MOnNStrosicy

died on

TWINS IN HISTORY AND SCIENCE

Fig. 70. Female ischiopagi born in Portland, Maine
in 1944,

g ]
e

723. The case was fully described by
Pope, Buffon and Torkos of the Royal So-
ciety of London. Werther (1707) men-
tioned the “Hungarian monster,”
In 1873 the French Anthropological So-
ciety took an interest in the colored pygo-
lﬂbi Christine and Millie who were born in
1851 In a \.I”‘IEE in North Carolina. lhm
were studied by Broca, Boens, Robin, Tar-
dieu, Sangalli, Pancoast, Jackson, Rodriguez
and De Parville. By the time they were 22
vears old they \FH}LL‘ several Imglmg-::x
They both sang so well, Millie a contralto
and {]'I.l'l‘rl'!ﬂt;‘ a soprano, that thm were
known as “the rwo-headed |11Lhtmgile
The Czech pygopagi Rosa and Josepha
Blazek, born in 1878 and deceased in 1922,
drew wide attention when Rosa gave birth
to a normal child. From the start of her
pregnancy not only her own breasts but

Lo,
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those of her sister were enlarged, although
up to eight weeks prior to Rosa’s confine-
ment  Josepha continued menstruatng.
However, only Rosa felt feral movements
and had labor pains from uterine conrrac-
tions. The discomfort caused by the dilata-
tion of the external genitals was experienced
by both sisters as they shared one vulva.
Following childbirth, milk was produced by
cither twin, but in greater abundance by
Rosa. Detatled anatomueal {Imf.'riptinrn WEere

pl.:h]ihlu:d 1.r_1.' Perlsrein and Le Count ( 1928),
while Cummins (1936) reported on the
fingerprints of this pair.

The }‘-ruhlun of lactation was studied h}'
Gurrmacher in conjoined sisters who died
in Chicago at 32 years of age in 1918. When
one of them _L'_I;n'-u birth to a son, the other
felt no pain, although both were able to
suckle the child.

Well-known female pvgopagi and per-
formers were the Hilton twins, Daisy and

Fig. 71.

I'he pygopagi Daisy and Violer Hilvon (Lotze),
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) born in 1911 and exten-
w.:_h L‘L'll!]I]I'ILd h'u. Bockenheimer (1911),
Koch (1917 T"wmn:m (1931) and Cum-
mins | ]*Jiﬂ:, as well as the Gibb sisters (Fig.
72), reported by Cummins and Mairs
(1934), Cummins (1936), and Ford-Walk-
er (1952). Equally sensational were the
Philippine pygopagi Lucio and Simplicio
Godena who married twins and were skilled
and 171).
Burg

Violet (Fig.

in a number of sports (Figs.
They were described by Van
(1924) and Newman (1931).
Prominent among teratodymi is the case
dutnlnd minutely by St. \u"uxnm_ as fol-
lows: “Awte annos aliquot, wnostra certa

den

Fig. 72. The pyveopagi Mary and Margarer Gibb
with thewr mother

(Cummns and Mairs),
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INhe pygopagi Lucio and Simplicio
Godena.

Fig. 73.

memoria in Oriente duplex howmo natus est
superioribus membris, miferioribus simplex;
mam duo erant capita, duo pectora, quatuor
TRANNS, TENLET FULen s ef Pt"l:FIL’." dr.l'.l'l'? .'-'!.-I'irl"u.'
wni bominis: et tamdin vixit, ut multos ad
etimt videndum fama contraberet” (De Civi-
tate Dei XV, 8). According to Phereponus,
this case 15 identical with the double mon-
Strosity mentioned by St.
to the }3!"11:.\1' Vitale in the full:min_a_{ wiords:
“Neostra aetate duplex Lyddae
homo, duorton capitumn, quatior inanium,
uno ventre et duobus pedibus.

Jerome in a letter

JATHS g5t

A historical pair of male xiphodymi lived
at the Court of James IV, King of Scotland.
They had two heads, two L|'I{‘!\I’h. four arms,
abdomen,
4:.'::}11|p]i:~.hu-.| lingui.ﬂt:-; and musicians and

one LW ]:.'gh‘. They were ac-
lived to the age of 28 vears.

A complete skeleton of teratodvmi is
preserved in the Medical Arts Museum of
the “t}hpiml of Santo H}':iriru i Rome., The

skeleton 1s dated 1802, and a hitherto un-
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published photograph is reproduced in Fig-
ure /4.

The xiphodymi Ira and Galia were stud-
1ed by Speranski, Anokhine and Alexeeva
(1939) of the Russian Institute of Experi-
mental Medicine and described as follows:
“From an anatomical point of view, the ex-
terior of these twins represents a single be-
:i'r'ig with two heads and two pairs of small
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arms. From the shoulder region down their
bodies form one trunk which ends in two
small but normal legs. . . . The complete
union begins -_1|un:=:§ the upper thorax which
has only two mammary glands. Only the
interthoracic line of fusion, which is very
prominent in the middle, serves to show
that two babies contributed to the forma-
tion of a single thorax. There 1s only one

Fig. 74. Skeleton of teratodymi (Museum of the Hospiral
of Santo Spirito, Rome, 1802),
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Figs. 75-78. Xiphodymous twins Ira and Galia {(Anokhine).
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umbilicus and all abdominal organs appear
as if they helnngcd to a 5i|‘lg|.t chald.”
“(Czenital organs and anus,” continue the
authors, “are developed in the same way as
in normal children. It seems that at birth
cach child, though sharing the same pelvis,
puxwmud a separate anus, one of which was
later closed. It may be assumed, therefore,
that the two children have separate intes-
tines. The coccyx ends in a small rudimen-
tary tail. Roentgenographically, it can be
seen that although there 1s !}I].]T one *;iTllph:
body, two vertebral columns exist, running
from head to pelvis and | Jﬂl.rlll‘.lL',' at the level
of the coccyx. This fact is of particular
P]u Hlﬂlﬂﬁlf.ﬂ Importance since it shows that
the central nervous systems of the two chil-
dren, from the brain to the .ﬁpinnl medulla,
are entirely independent of each other. This
arrangement makes it possible for the twins,
to some extent, to receive individual nerve
impulses. X-rays show that when food
taken by one mouth, it passes into the stom-
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ach belonging to the respective head. The
same thing happens when the other head is
Therefore, each twin is able to
nourish and satisfy herself independently.
“E ]Lerm_1r-_hm:rmp|m.1lh, it can be seen
that the twins have their own hearts with
Fach heart fol-
lows its own rhyvthm and reacts in its own
way to external stimuli. The reactions and
attitudes of the girls towards the outer
waorld are 1|iari:1gllishahlc from each other
to the degree that either Galia or Ira smiles
when her name is 5}111[-.‘!:!1. The last }lhn‘m—

involved,

1 non-synchronous pul.-.::.

er-;ph shows them at a moment when Ira
is smiling, while Galia rests t|u1crh
At the age of one vear, this pair died of pul-
maonary c,:}ln}'-lu_.mn:m (F tgh. 75-78).
Among symmetrical double malforma-
tions, one finds craniopagi conjoined in the
upper part of the cranium. Typical exam-
pil:::i were the Stoll twins, born in Frank-
furt in 1922 and examined in Berlin, as well
as the Smith twins who were born in Wyn-

Fig. 79. Craniopagous twin sisters Kathleen and Lexie Snuch, born in Wynvard, (Tasmania) in 1950,
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vard, Tasmania, in 1950 (Fig. 79).

QOur understanding of double malforma-
tons 1s increased 1!_1.' Dondero’s X-rays
(1937) of cephalothoracopagous deradelphi
(Fig. 80), and of an asymmetrical double
formation called f.:i‘.-ign:lthuﬁ. where the
parasite is attached rto the palate of the auto-
site (Fig. 81). Also reproduced are the
photographs of a teratodymus (Fig. 82),
heterodymus (Fig. 83), and sternoxipho-
pagus {l-’ig:-'. H4 and B5) prnridcd h}' Bom
and De Camullis (1949). The last case 1s
particularly interesting since the thyroid
glands of the rwins are enlarged and in-
jection of a radiopaque -uh*-t1nr.{. reveals
a large artery branching out from the ab-
dominal aorta and connecting the rwo cir-
culatory systems.

As to the multiplicity of malformations

Fig. 80. Cephalorhoracopagous d{'r:idul]alni (In-

stitute of Pathological Anatomy, Pavial.
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Fig. #1. Epignathus with the parasite arrached to
the palare of the autosive (Instirure of Parhological
Anatomy, Pavia) (Dondero).

observed In twin teratology, one may well
remark thar rruth is stranger than fiction.
There are so many }umlhlc combinations
here that no matter how elaborate our sys-
tem of classification, it will at times prove
inadequate and himited in value.

Although Lotze believed that “MZ twins
are no more than a malformation to which
fortune has been kind,” it cannot be said
that the principal phenomenon IS represent-
ed by the malformation. Actually, the basic
process 1s that of a gemination brought
about by a hereditary predisposition. From
a |:1iu1ngic:1| ht:uul}minr, then, it would be
more appropriate to reverse the phrase and
sav that double malformations are no more
than a case of twins to whom fortune has
been unkind.
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Fig. B82. [ Insticure

Teratodymus
Rome).

of Anatomy,

An important feature of double malfor-
mations was noted h}' {il:r:}ﬁ'm_'u.' de Saint-
Hilaire; namely, that the union always rakes
place between homologous parts. This fu-
sion of homologous parts was assumed to be
the result of what French authors called
the law “d’affinite de soi pour soi.” Dareste
and Apert believed that, with embryos de-
veloping side by side, homologous parts of
each organism were bound to be found at
the same level.

In our opinion the situation is rather dif -
ferent, i.e. the given process Is not a sec-
ondary step toward conjunction, but a
failure of two primordial embryos to sep-
arate. In any case, the phenomenon 1s a
very interesting one and casts some light
on the mechanism operating in diplogenesis.
Further, it proves that the positions of MZ
fetuses in the uterus, where homologous

Fig. B&3. ( Institure

Heterodvmus
Rome).

of Anatomy,

parts do not correspond, are a secondary ef-
fect not of diplogenesis bur of subsequent
mechanical influences.

In closing, another fact observed by
Geoffroy Saint-Hilaire may be mentioned;
namely, that double malformarions are
more frm]m:nt in the female than in the
male. In a series of 355 double malforma-
tions, Forster found 232 female and 123
male cases (2:1). When syvmmetrical and
asymmetrical malformations were scparated,
the sex ratio was 209 females to 76 males in
the former group (3:1) and 23 females to
47 males in the latter (1:2). In Apert’s
opinion, “La raison de ces prédoninances
nous e¢chappe,” and it is evident that these
statistics need confirmation.

Eriologically, there is little doubr thar
double malformarnons arise from a delaved
and 'Irlcnlnplcr{' division of a twin ::mh-r_'u,'n
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Fig. 84 (Left). Sternoxiphopagus (Obstetric Clinic, Rome). Fig. 85 (Right). Arteriogram showing a
common carotis and an abdominal anastomaosis (Bom and De Camillis).

at the time when only one system of mem-
branes has been formed. Therefore, such
twins have only one placenta, one chorion,
one amnion and one umbilical cord. In view
of this fact, some authors were inclined to
stress the similarity berween nonseparated
double formations (double malformations)
and separate ones (uniovular twins), sug-
gesting the name chorionangiopagi for the
latter (having only one chorion and one
placenta). However, the term would scem
inappropriate not only because some MZ
twins have two chorions and even two
placentae, but also because there is no rea-
son for extending the concept of embryonic
conjunction to the membranes.

EMBRYOGENESIS OF
MONOZYGOTIC TWINS

Historically, it may be of interest to re-

call the theory of Broman (1902) that atypi-

cal giant spermatozoa, or spermarozoa with
two heads or two rails, attributed to alco-
holism or syphilis, might cause the forma-
tion of two organizarion centers in a single
egg. According to Broman, the proportion
of spermatozoa with two tails varies be-
tween 1 and 40°) in man. The same idea
that two-headed spermatozoa determine
gemellogenesis was held by Hoeffer (1909).
The implausibility of this theory, however,
15 demonstrated by the fact that in this w ay
the gcmul]ugcnctlc factor would depcnd
only on the father, and there would be no
explanarion for its transmission on the moth-
er’s side.

Sobotta rejected  the theory on  the
grounds that in the case of the armadillo
one would have to assume the improbable
occurrence of spermatozoa with 12 rails. It
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may be mentioned, however, that Deluca
and Widakowich (1919) found double-
tailed spermatozoa in 6 out of 1,000 healthy
persons, in 13 out of 1,000 syphilitics, and
in 32 out of 1,000 L‘Ungcniml :-ij.'}lhili[icrs.
This increase of two-headed spermatrozoa
in syphilitics was assumed to be responsible
for a |1iLht;r frf:qucncr of twins among
such persons. However, as syphilis can be
ruled our as a cause of rwinning, Dahlberg
was correct in concluding from these find-
ings that arypical spermatozoa play no part
in gemellogenesis.

Various other theories have at best a his-
torical value. It was suggested, for instance,
that identical twins are derived from two
fused eggs. Based on experiments with eggs
of echinoderms and worms, the t]‘mm‘}' 1111-
plied that the fusion of two eggs into one
single giant egg would give rise to two more
or less separate individuals, or even single
individuals. Another theory postulated chat
identical twins may urigin:m: from more
than one egg contained in the same follicle,
or from binucleated eggs. Of course, all
these theories are incompatible with the
principles of modern genenies, and it is now
generally accepted that identical twins are
derived from a single ferrilized egg. The
pertim:nt question here 15, how and when
during the process of ontogenesis does this
doubling rake place?

In line with experimental data obtained
by Spemann and others through arrificial
-.I:r*lnﬂulatmn of the fernlized egg, the onset
of dlplt:g{:ncuh may be .lw.nm.d to occur in
a very early pcrmd of dev :”:Inpml.nr As it
would be difficulr to conceive of an inter-
vention by some external factor comparable
to those used in the experiments, endoge-
nous factors have to be considered. Hence
we may accept Pover’s observation (1921)
that gumcilugcncsis may in fact be com-
pared with the division of the protozoa,
where no factor outside the individual it-
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self has any part in the phenomenon of re-
production.

However, Spemann, |rJ.' means of cxpcri-
ments with the fertilized egg, was able to
produce only r.nmpmmrm.lrch under-devel-
up-’:d imlnu!u.lh thus l.hﬁ-[.l‘fﬂ[ﬂflnﬂ' this
process from that which normally occurs in
man. While MZ rwins may be umlt.mu"ht
at birth, they always exceed one-half the
weight of the average single-born and
}mﬁtnntﬂl I.il.'\'f:hlpl]]ﬂl:l[’ l.1H1t:111_'|.' reach a nor-
mal weight level, showing no signs of micro-
somia in comparison with their parents.

Another theory was based
sumption of an ::-nmg::nf:tif: process taking
].11:1::1; during the phm-‘.c known as “stage of
blastomeres.” That uniovular twins
might originate in this very early stage of
m‘iturcnu!s was Inpurhf_wcd ln Chmrugl
i I‘U‘"ﬁ: in view of his observation of the oc-
currence of two six-week-old biamnmiotic
monochorionic human embryos. The two
blastomeres were assumed to develop i
such a way as to give rise to two -:mhnua
although f1|1m5 to separate mmpll,n,h
With two morulae having been formed by
the segmentation of each blastomere, t}u.}
would continue their development in mu-
tual contact. A cellular mass giving rise to
the embryvonic nodule would become dif-
ferentiated in each of them, the peripheral
part rr.pmumnn the future tn:phul:-laat 1o
be formed only along the free surface of
the two embryos and not within the line of
contact. This explanation would be in line
with the theory that the evolution of em-
bryvonic cells essenually depends on their
position.

Deviating from the usual pattern of evo-
lution, the septum between the two blasto-
dermic vesicles might easily be destroyed
by their expansion, thus allowing the two
amnions to come into direct conract. In-
deed, the particular situation of the mem-
branes observed by Chiarugi in the given

on the as-

Wi
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case, as well as the fact that the chorion
scemed to be asymmetrically divided into
two w;::Enu:nt-; led him to believe that ev-
erything was in favor of an early fusion be-
tween two separate blastodermic umlu.
rather than a particular evolution of :
primitively HII]IF|E and lLLrlll1111. ‘si}hLl’i}Iti
blastodermic wvesicle. Lpnn further devel-
opment, traces of the duplication of the
chorionic vesicle might become unrecog-
nizable. In effect, this process would result
in secondary monochorionics.

An‘_‘tnrtiing to v. Verschuer (1933), too,
gemellogenesis may originate from the di-
vision of the first cells of segmentation with
a doubling of both the embryoblast and the
truplmh]mt thus producing a double chor-
ion derived from the trophoblast. Subse-
quently, the two embryonic units may re-
main more or less in contact, so that their im-
plantation in the uterine mucous membrane
may be single or double. It would follow
that the placenta may also be single or
double.

The assumption that twinning in man
begins when the egg is at the stage of two
blastomeres was criticized by Levi (1922).
It was claimed by him that in human ova
and those of all mammals, the presence of
the secondary egg membrane would prevent
even a partial separation of the two blasto-
meres. Moreover, the ability of the two
blastomeres to form complete embryos had
been demonstrated only in invertebrates
and anamniotic vertebrates in which the
constitution of the egg, and therefore the
first stages of development, are entirely dif-
ferent from those in mammals and man.
Finally, no case was known of spontancous
isolation of the blastomeres In anamniotic
Organisms.

Since it was thought at one time that all
twins and double malformations were due
to an accidental separation of the first two
blastomeres, Morgan (1938) emphasized
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the resemblance berween the division of
eggs of small mammals into two, four,
eight or more blastomeres and the segmen-
tation observed in Ampbioxi and Echino-
derms. In his r}pininn. however, this re-
semblance 15 only a :;upcrﬁ::iul one, since no
duplication occurs in the early stages.

Dalcq (1939) was as skeptical as Sobortta
ug.tnlmb the }nmihtlln of explaining the
genesis of human rwins and double malfor-
mations by the existence of eggs with the
capacity of rearranging the contents of the
first blastomeres (in such a way as to make
them equally potent). He pninn:-d out that
a division at the stage of two blastomeres
would lead to the formation of two inde-
pendent systems of feral membranes, while
generally both the placenta and chorion are
single. His conclusion was that whatever
interest we may find in knowing that each
blasromere may gnc a r.,-:}mpll:re cEE, this
does not ::'-.plmn what happens when the
anomaly is spontaneous.

In the case of a single conception, the
blastomeric stage is followed by those of
the blastosphere and the blastodermic vesi-
cle {hl.mtm,}:-t}. Here a cavity 15 seen in
the product of conception (future cavity
of the chorion) and two entities are noted:
the trophoblast or membrane from which
the chorion is derived, and the embryo-
blast from which the embryvo proper de-
velops.

It is this phase of ontogenesis to which
most investigators have attempted to trace
the onset of uniovular twinning in man.
Some authors, such as Zietschmann (1931),
doubt that this type of gemellogenesis is
possible before the period of the primitive
node or blastocyst. Instead, they attribure
the occasional occurrence of dichorial uni-
ovular pairs (mentioned in connection with
gemellogenesis in the stage of two blasto-
meres) to a secondary division of the cho-
rion.
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The tendency to attach so much impor-
tance to the period of the blastocyst is mo-
tivated by certain observations in ihl.'.‘[:p and
pigs, and chiefly by known gemellogenetic
events in the armadillo. These hndmf;ﬂ-. have
been described before (sce f,h.lpn,r I11),
bur the various ways in which this phe-
nomenon is assumed to occur in human
rwinning will be discussed here.

As human ova attach themselves to the
uterine wall at an earlier developmental
stage than is true in the armadillo, the sub-
division of the ectoderm (the presumable
cause of the duplication) may take place
after the implantation of the ovum in the
uterine wall (Levi). Apparently, the devel-
opment of “Streeter’s ovum,” described in
1919, falls at the end of the second week,
a circumstance yielding imporrant evidence
for the theory ‘that thl:r two embryos sep-
arate long before the appearance of the
primitive streak (as in the armadillo), and

probably before the formation of the
amniotic cavity (in contrast to the arma-
dilla).

Twa hypothetical schemes (A and B) are
provided by Streeter to explan his histo-
logical finding (C) in Figure 86. The larger
rwin embryvo is seen with its membranes,
while the corwin, whose amnioric cavity is
derached from the volk sac, reveals an c-:lrl}-
arrest of dcrcl{:pnwnt The surviving em-
h]‘\ o 15 0.92 mm,. lunu but the amniotic
cavity and yolk sac of thc rudimentary twin
rrutm.r measure mﬂ\ 0.1 mm. and 0.03 mm.
in diameter, respectively.

Hence it may be assumed thar the inter-
nal cellular mass of the blastocyst, which
normally forms the only embryoblast, di-
vides itself into two masses from which, at
the end of the process, two embryoblasts
are derived. If the division is equal and com-
plete and the respective embryoblasts fully
x:,lmmtt.,-;l from each other, the c-mhnutm:
arcas into which they are tr: ansformed will
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be unconnected, each one dr:w:lupintr by
itself. Both embryonic areas give rise to a
normal embryo which has its own amnion
and volk sac, that 15, those |11rt1u||::rh 5=
sential membranes connected directly with
the body of the embryo. It is the tropho-
blast, which normally contains the blasto-
cyst, that serves as a foundation for the
development  of the single chorion
(Chiarugi).

According to rthis theory, the division of
the embryoblast leads to the formation of
uniovular biamniotic monochorionic twins.
As the amnion is still unformed ar this stage
of dcrc!upmunn the two nr;n]hrj.'nhl;]'_-;t:-i de-
x‘clup separate amnions later on. However,
there will be only a single chorion, since the
differentiation of eml}nuhlaar and tropho-
blast (the chorion ln:m" derived from the
latter) takes place before the division (v.
Verschuer).

Twtim

A } Yolk Sdg

Fig. 86. Streeter'’s ovum (C) in human AMYZ rwin-
ning (Droogleever Formuyn).
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Fig. 87. Development of two uniovular monochorionic biamniotic twins (A, B, C), and of a mono-
chorionic moncamniotic univitelling double malf ormanion (D, E, F) from a single egg (Parten)
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The given mechanism is schematically
explained in Figure 87. Depending  on
whether the cellular mass of the blastocvst is
divided completely or incompletely, cither
a set of uniovular biamniotic monochorion-
ic twins (A, B, C) originates, or a double
malformation (D, E, F).

In the last analysis gemellogenesis in the
armadillo, as described by Patterson, New-
man and Fernandez, constitures the most
conclusive evidence for a similar process
in man. It is a spontancous phenomenon,
unlike those artificially produced in experi-
mental embryology, and fully comparible
with whart is known about embryonic twin
structures in the human species,

Therefore, Aron and Grassé ( 1939) were
probably correct in stating that true human
twins derive from the same ovum and the
placenta is single, while the membranes are
generally double. Nothing is known of the
first stages of these cmhnm Perhaps they
derive from Pr<i|lf¢r.ltlllif zones, such as
those of the Tatusia (armadilli) where they
-;::pur-n:eh' urigimtc from the wall of the
primitive cmhn onic formation.

{}nl:(}rrcnem:llh it is a fact that the
stages nf the cmhnunl-:_ area and primitive
line follow that of the blastocyst. Accord-
ing to some authors, this p:.rmd may also
become the starting point for uniovular
twinning. For example, dup]ic:ll‘iun of the
embryonic area and primitive line has been
assumed by v. Verschuer to be capable of
leading to the production of uniovular
monoamnmiotic and monochorionic twins.
In this period, with the differentiation of
both chorion and amnion having already
taken place, these membranes are bevond
the possibiliry of dup]mnnn In the opin-
ion of Lotze, too, twinmng may rake place
in the early stage of I:hc Lmhn onic area
and primitive line. If it occurs later, it may
no longer result in the formation of sepa-
rate twins.
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It has been claimed, therefore, that uni-
ovular twins formed within 2 common
amnion are genetically close to double mal-
formations. This theory received support
from Steiner’s observation of only one mal-
formation in a series of 24 uniovular dicho-
rial pairs, as against three malformations in
monochorionic  biamniotic
pairs, and one malformation in three mono-
chorionic and monoamniotic |:--.tirx_ It would
seem, therefore, that when gemecllogenesis
begins later malformations occur more fre-
quently.

According to Daleq (1939), the turning
point of diplogenesis lies in the production
of more than one primitive line. Modern
embryological data imply that the forma-
tion of the primitive line is not due to a lo-
cal cellular proliferation, bur to a mass
movement of all the cells included in the
embryogenic zone, thus giving the primi-
tuve line the same significance the blas-
topore has in lower animals ( Pasteels). Any
anomaly in these movements determined,
for example, by the manifestation of two
converging foci (Graeper), may be able
to produce the phenomenon of diplogenesis,
resulting either in twins or in double malfor-
mations (Dalcq).

The mechanism by  which MZ twins
emerge from a single ovum in one way or
another may actually be even more com-
plex, in view of the fact that higher mul-
tiples may consist entirely of MZ twins in
higher animal species. The most famous
case of this kind was that of the Dionne
quintuplets. American geneticists were of
the opinion that the five girls were derived
from one ovum in the following way: Hav-
ing divided for the first time, the original

'rrrnte gave rise to two totally potential
hah es. One of them divided again, produc-
ing the embryos of Annette and Yvonne.
Division of the other half produced Cécilie,
as well as a fraction which, again splitting

32 uniovular
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into two, gave rise to the embryos of Ma-
ric and Emilie (Fig. 88). This explanation
was supported by the fact thar Marie and
FEmilic showed evidence of reversed asym-
metry (for example, Fmilie was the only
left-handed girl of the set) and also by the
relative degrees of resemblance which in
Emilie,
{ Mac-

ljﬂ'[.‘l'!'_“.iﬂ.il'!g order were as follows:
Marie, Cécilie, Yvonne, Annette
Arthur, 1938).

Commenting on the birth of these MZ
quintuplets, Dafoe (1934) disclosed that
at the beginning of the third month of preg-
nancy, the mother complained for two
hours about pains similar to labor pains,
“after which she emitted a black ovoid ob-
ject from the l'nginn of about the size of a
duck’s egg.”

MacArthur and Ford (1937)
this was the abortion of a sixth

assumed
embryvo,
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They disproved the common belief accord-
1mr to which, as cell divisions do not pro-
duce odd numbers, the Dionne set should
have consisted of six members. Although
the sixth embryo possibly existed, the pro-
duction of six fetuses does motr indicare a
symmetrical division which would originate
Lrg.hf fetuses. Asymmetry being thus in-
volved in the prm;lm.tmn of either five or
six embryos, the former may be accounted
for as easily as the latrer. The occurrence
and relative frequency of identical triplet,
quadruplet and quintupler births is prnuf
that the process of identical twinning does
not necessarily produce either odd or even
numbers.

Passing mention may be made here of a
rather academic notion regarding one-egg
twinning. Since MZ twins are derived from
a single zvgote which later divides into two

Il__:_r 88, Umiovular ulllllr}'{]gcllc:\i:\ of the Dionne :|ui1'|tu|p]1_'1'5, Yvonne, An-
netre, Cecilie, Marie, Emilie.
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identical ones, some hinl::gihﬁ have raised a
somewhat perplexing question. Would it
not, they ask,
single zygote represents the son, while the
twins derived from ics division technically
are the sons of the son or the gmm]childruh
of what apparently is the mother but ac-
tually is the grandmother? Obviously, this
conjecture is the result of kpllttll‘ur hairs,
and should serve to
science, oo, that ancient proverb, summim
s, s ininria, a pplics.
EMBRYOGENESIS OF
PLURIZY GOTIC TWINS

In considering the alternative of dissimi-
lar twins frmu an Lluhtanu-r]LI] p:unl of
view, we are mindful of the fact that this
subject has to be approached differently in
that such twins show significant biological
differences 1in sex, blood groups, color of
and the like.

be correct to sav thar the

rermingd ws thar in

the hair and iris,

25

As to the embryvogenetic mechamsm re-
sponsible for this rvpe of twins, the cus-
tomary explanation is that dissimilar rwins
which
at the

originate from two different ova
reach maturity and fertilizabilicy
same time and are feruhized by two differ-
Thus the two individuals
produced, for their simultancous
conception and delivery, may be Ln11lp1rLd
to the zygores of two brothers born at dif-
ferent times. Weinberg was the first to of-
fer this explanation and, later, many other
authors followed suir.

ent hE'.II. rInatozoa,
i.,"\ll.,‘L"F'!ll.'

Therefore, it is said that similar twins are
produced by pluriembryony and dissimilar
ones by ;ﬂurim'ul-iliuu The }‘.ill.ll'i{:l".'l.ll"l.l'
theory of the origin of dissimilar twins is
based largely on the fact that animals pro-
ducing nmlnplf. fetuses show a simultaneous
eruption of several oophorous follicles with
ferrilization of the respective ova (Fig, 89).

Under L"«.L‘;;!Hiun;ll circumstances, the hu-

Fig. 89, Rablber ovary with numerous hemorrhagic
the simultancous eruption of
oophorous follicles (observation of Gedda and

following Friedmann's pregnancy rest).

areas from
a corresponding number of
.‘Ll.l][:lrl._'”l.r



126

NS ST CPS At |

Fig. 90. Opposite-sex DZ twin pregnancy.

Be

Fig. 91. Corresponding right ovary with
rwao corpora lurea (Commins).

man ovary is also known to prmlut.‘t: W or
more oophorous follicles at the same stage
of development, or two or more corpora
lutea released by the same number of ova.
In twin pregnancies two corpora lutea were
found in the same ovary (Dahlberg 1926).
Allen (1930) observed in a collection of
fertiized human ova that there was one
case with an ovum in each l""l”{ll‘]-ial'l tube
and with a corpus lutewm in each ov ary.
Another interesting case was that of :
primipara reported En Essen-Maller Hﬂr‘:]
with a surgically removed pregnant uterus
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and a large corpus luteum in each ovary.
When the uterus was opened, two dichorial
embryos were found. Likewise, Cummins
(1942) described a removed uterus contain-
ing a dichorial opposite-sex twin pregnancy
approximately at the eighth month stage.
Histological examination revealed 1wo
closely attached corpora lutea in the nght
ovary, and no corpus luteum in the left
ovary (Fi 1gs, 90 and 91).

While there is no doubt that plurimfula-
tion may result in the pmductmn of dizy-
gotic twins, It IS NOt so certain that this is
thc :mh mechanism w hr.rr:h\ dlﬂ. E‘,’UTIC
rwinning takes place. Obv mmh -:mh the
transmission of the phenmncnnn on the
mother’s side can be explained in this way,
but the inheritance of a factor for two-egg
rwinning on the father's side remains un-
cxphincd With pluriovulation the conditio
sine qua non, and a strictly female preroga-
tive, how can the father transmit the ten-
dency to two-egg twinning if the mother
does not cooperate with the simultancous
maturation of more than one ovam?

This question remains veiled in obscurity
even in the face of some of the other theo-
ries of dizygotic twinning which have been
proposed withour, however, gaining much
popularity. One of them attaches particular
significance to the fact that plariovular
follicles occur in the female ovary.

In a pancnt who had a faral henmrrlmgc
during a twin pregnancy, Bumm found rwo
or three ova in each follicle. So did Rabl
(1899) and Srrassmann (1904), the former
diwcmering fairly marure follicles with sev-
eral ova in a 25-year-old multipara, as well
as Haggstrom (1921) who described atre-
sic follicles with different ova in a young
multipara (age 21) that he interpreted as
the result of a degenerative parthenogenetic
process.

Similarly, Wieman and Weichert (1936)
mentioned autopsy  findings of a uterus
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which contained dichorial owins of the

SAIME SEX, nccumpnnied only by one corpus

lutecum in the ovaries. However, with no
conclusive zy gosity dmgnmh in this case,
it is unclear whether the rwins were dizy-
gotic but came from a single biovular fol-
licle or monozygotic with a double cho-
rion.

At this puinr, a h:..'pl::-thcsi},' prnp{l:‘u’;d h_!,'
Lenz may be deseribed. While also based on
biovulation, it follows an entrely different
pattern of reasoning. According to Lenz,
pluriovulation in women is rather frequent,
but usually does not result in the concep-
tion of rwins. Ordinarily, when an ovam is
fertilized, some unidentified inhibitive sub-
stances are supposedly formed, preventing
the fertilization of other ova. Thus mothers
of dissimilar twins would simply be women
in whom this inhibitive mechanism had
failed.

l.enz believed that “the simultaneous mat-
uration of different ova is not the essential
cause of twin births.” In his opinion, other
experiments show that the simultancous
elimination of several ova is much more
frequent than the birth of twins. As a rule,
following impregnation of an ovum in the
uterus, substances are formed which pre-
vent the fecundation of other egg cells. A
deficiency in the production of these sub-
stances, either on the maternal or on the
paternal side, would favor the generation
of twins. Apparently, it is assumed rthat
the father may also be responsible for the
nunprnf.luLtmn of inhibitive substances. It
seems, therefore, that the production of
such substances is thought to be a special
funcrion of the male and female gametes
which unite 1n the zygote.

Another situation, less common, may also
produce dissimilar twins. Obviously, fer-
tilization is doubled when it depends on two
different men. This event 1s known as super-
fecundation and gives rise to twins who
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are only half-brothers, although sharing the
same uterus. Instances of superfecundation
have been described in such animals as cows
(Fig. 27) and dogs. In the latrer, mating
during estrus with dogs of different breeds
results in various bastard combinations.
Similarly, mares mated with a horse and a
donkey may give birth to twins one of
w h|r.h 1s a I]{:r\:, and the other a mule. In hu-
mans, instances have heen rcpnrtcd of white
women who had intercourse with a white
and a nonwhite man and gave birth to
twins each of whom showed different ra-
cial characteristies. Similarly, a s air of twins
with one Negro and one muhttu member
was born to a Negress (Archer, 1809).

Referring to Andreassi’s studies (1947),
Clara mennoned the case of a biovular
pregnancy in a married woman whao also
had intercourse with a man other than her
own husband. Examination of the blood
groups of the two infants (a male and a
female) showed that they could not have
been conceived by the same father. Ap-
}'nn'.nth the h{n was from the husband and
the girl from the lover. Acrually, some au-
thors speak of nupcrftcumlatmn when the
second twin is conceived by the same man
but at a later ime. In any case, superfecun-
dation refers to ova synchronously
duced and released.

In this connecrion, mention should be
made of the phenomenon of superfetation.
Although denied by many authors, it may
occur when the conception of a first indi-
vidual does not interfere with the implanta-
tion of further ova (normally affected by
the hormones of the COrpus -Iurl::um}, .-‘\1";-
other ovulation would make it possible for
a pregnant woman to conceive a second
child either from the same or some other
man. If these men should be of different
races, superfetation would give rise to ra-
cially different twins (De Bouillon, 1820),

Certainly, the theory of pluriovular fol-

'E‘.II"{:I-
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licles, as well as those of superfecundation
and superfetation, is compatible with the
concept of biovular gemellogenesis. An-
other hypothesis, formulated by Stickel
(1894) and Rabl (1899), based on the cyto-
logically verified occurrence of binucleared
eggs, has received little artention. Its impli-
cation is that there are twins who are genet-
ically dissimilar, although they are derived
from a single (binucleated) egg. Apart
from the rh-::tm of pluriovulation, how-
ever, the most phuuhic explanation of dis-
similar twins is the one based on the con-
cept of “vocytic twins.”

Of particular importance in this respect
are Sobotta’s observations (1914) on the
maturation and fertilization of ova in warm-
blooded animals, such as the mouse. In ver-
tebrates, it seems that the spermatozoon
penetrates the female gamete before the
second maturation division, i.e. before the
expulsion of the second polar body. Sobotta
puinftd out that, as known from exact
studies on the expulsion of the second polar
body, this does not take place withourt
fecundation. If the egg cell is not fertilized,
it perishes together with the second polar
hody.

This observation led Soborta to formu-
late the following important theory: the
polar bodies are not only well formed cells,
but are acrually marture qcrm:ml cells with
the number of chromosomes reduced. It is
possible, therefore, that even polar bodies
may sometimes be fertilized. In  other
wrfrtlﬁ he was inclined to believe that polar
bodies may sometimes have the same sig-
nificance as authentic female gametes ca pa-
ble of fertlization.

Lindahl (1937) also described this type
of twinning in the Arbacia pustulosa. In
SOIMe fctli.ﬂ{"‘n- he found ova with unusually
large centrosomes. The volume of the two
cells formed was the same as that of a
normal oocyte, and even the two nucler
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corresponded to the size of ordinary nuclei.
The gelatinous covering membrane was
shared, so that only one micrup}'lﬂ' was
found. It was suggcsrcd that these double
ova may be fertilized and result in the for-
mation of separate blastocysts.

As previously mentioned, Danforth
(1916) applied these ideas to two-egg twin-
ning in man when he studied the frc:]ucnc;,-
of this phenomenon in 50 5t. Lows fanuhes.
Referring to Boveri's experimental work in
this area, he postulated the existence of a
third tvpe of twins, nwuminﬁ that the two
cells produced by the division of the secon-
dary oocyte may be fertilized by separare
Spermatozoa.

Similar views were expressed by Fisher
(1919), bur on an cntirtl_v different basis.
As the result of a statistical analysis of
Thorndike’s twin data, the British expert
suggested a third group of twins, whose
Intra-pair resemblance, although less pro-
nounced than thar of MZ :.‘j:lit‘r';, would be
upu.tu.i to consistently exceed that of
DZ twins and ordinary sibs, The degree of
resemblance characteristic of this third
group would be of the same order as could
be predicted if the twins were to divide
the hereditary material of one gamere, bur
not of the other. This condition would
be met if, after maturation, the ovule could
be induced to divide into two identical
portions which, in turn, could be fertilized
by different spermatozoa.

Currius’ theory (1927) was similar to
that of Sobotta and also based on studies
in mice. With ferulization being an indis-
pensable process for the emission of the
second polar body in cold-blooded animals
(Amphioxux, Petromyzon, Amphibians), as
well as in warm-blooded ones (mice), the
same mechanism was assumed to be neces-
sary in man. In mature ascidian eggs, the
polar bodies are not emitted before fernili-
zation 1s completed (Morgan, 1895). Simi-
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larly, in the elongated eggs of insects, which
are covered with a hard layer and fertilized
by spermatozoa contained in the seminal
vesicle, the emission of the polar bodies
occurs only after impregnarion.

Following a careful examinarion of So-
botta’s cytological material, Curtius was
convineed that “because of the high degree
of quantitative and qualitative development
of the polar body among mammals,” this
structure might also be capable of fertiliza-
tion under the influence of a dividing factor,
acting at a time when division is possible,
ie. before the separation of the second
p{:lar hnd}'

This dividing factor, termed the G factor
or gemellogenetic factor, would conceiva-
bly be able to act when brought into am-
phimixis by the mother or the father. In
cither case, its action would determine the
emission of a second }m].:!r hnd_!.' C:I].'I:IMC
of fertilization. Later, when another sperm-
atozoon succeeds in fertilizing the second
polar body, it would lead ro the simul-
taneous presence of rwo zvgotes, one pro-
duced by the secondary oocvte being fer-
tilized ln the first spermatozoon, the “other
by the second polar body being ferrilized
ln the second spermatozoon.

The two zygores thus produced will be
genetically dissimilar. Such twins may be
called 'f.ll.f'\.gﬂtlt but cannot be rcgau’icd
as biovular since they are derived from a
single ovum rather than two different ones.
,&ri:-;ing from the two I;ml:ir bodies after
separation from the same ovam during the
second division of marturation, these twins

5 F'_.-@_ % = .
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Fig. 92. DZ rwins derived from one ovam.
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are uniovular although differing in their
genotypes i Fi ig. 92).

In line with Curtius’ hy puthcuh it 1s
casy to understand that the action of the
G factor is established in the first zvgote
where it determines the emission of a }mhr
body capable of fertilization. As a rule, it
does not influence the second zygote, since
both polar body and spermatozoon have
different chromosomes. In the case of ma-
ternal inheritance, the pnlu’ body cannot
contain the G factor, known to hcluntf o
the egg cell and to have fulfilled its func-
tion on the first zvgote with the production
of a polar body (.:1|‘.I-’1hi(" of being fertilized.
In the case of p'ltl.rlml ||1I1t.r|t.=.nf.t. the laws
of probability also make it very difficule if
not impossible in practice for the second
spermatozoon to carry the G facror. Con-
sequently, the process of rwinning usually
stops at the implantation of two zygores.
However, this theory would also explain
wh}' high-‘.‘:r mulriph: sets may b t:l::nln}mm:'t‘:
of similar and dissimilar twins.

As mentioned in the preceding chapter,
Currius was inclined to believe that the
hereditary factor for rwinning is single-
factorial. In other words, the G factor may
determine the formation of both similar
and dissimilar twins. If it is carried by the
father as well as the mother, it cannot be
expected to be possessed by all egg cells
and spermatozoa. Where the egg cell carries
the G factor, it will determine the emission
of a fertilizable polar body, while the
spermatozoon does nor conrain the G fac-
tor. However, where the father also carries
the trait, a second spermatozoon with the
G factor may fertilize the pnlar |1|nu.’|_'|,'+ gir-
ing rise to a process of gemellogenesis. This
process cannot repeat the production of
another polar body, but will result in the
ordinary phenomenon  of one-egg  twin-
ning. As a result, two similar MZ twins
with a dissimilar partner will be found in
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Fiz, 93. Uniovular triplets with one dissimilar

member and rwo similar M7 owins.

the same pregnancy (Fig. 93).

The production of two genertically dis-
similar twins, or triplets with one dissimilar
and two similar members, mav be further
complicated by the fact that the possibility
of pluriovulation, even though insufficient
by itself, cannot be discounted (Curtius).
Should a second egg, separately implanted,
become fertilized simultancously with the
conception of uniovular oocyric twins, the
result would be three g{cnenmil\ dissimilar
twins from two eggs (Fig. 94). Fertilization
of another egg in conjunction with the con-
ception of uniovular triplets (two similar
and one dissimilar, as in Fig. 03) would gix'c
rise to quadruplets, two similar and two
dissimilar both to the first pair and to each
other (Fig. 95.)

&
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|"ig. 94, (Lefr) Dissimilar trl]chh from rwo ovi. |~'ig. 05,
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Similarly, Curtius’ theory regarding ge-
netically alike twins may be summarized
as follows: In the case of idenrical rwins,
if fertilization takes place at a more ad-
vanced stage than the second maturational
division, at a nme when this division can
no longer be influenced, it cannot result
in the emission of a second fertile polar
body. The alternative would be that when
fertilization occurs after emission (altera-
tion in the genetically controlled rhythm),
the elimination of the second polar body
either is beyond the stage of interference
or already has been effected. Consequently,
the G factor would be able to act only on
the mature and fertilized egg cell, inducing
it to split into two completely equivalent
daughter cells, each of which would possess
the same nuclear and protoplasmic struc-
ture. Genetically speaking, this method of
producing two equivalent twins would be
similar to what happens in the zvgotes of
invertebrates according to the toral equiva-
lence principle of the first two blastomeres
(Driesch, 1891 and Herbst, 1900).

However, rthe sitnation is different in
mammals, where the first two blastomeres
are not equivalent either morphologically
or embryogenerically. In rthe opinion of

Curtius and Sobotta, one blastomere is cho-

(Right) Two-egg quadruplets consisting of

two MZ and two dissimilar members (Curtins)
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sen to form the fetus, while the other gives
rise to the extra-embryonic membranes
(chorion and ectoplacenra). Ar first the G
factor remains latent, forming two em-
bryonic structures only in the period of
the embryonic area. In addition, by acting
on the second blastomere, it duphmtm the
trophoblast and thereby produces the two
chorions generally observed in dissimilar
twins. The question of which of the two
mechanisms of gemellogenesis—in the period
of two blastomeres or in that of the em-
bryonic area—is usually at work was left
open by Curtius (1932). However,
-.1g1':;f;-_| with Hr.:rnrig and with v. Verschuer

he

that both mechanisms are |]-U-hh'j!rh.‘

Several years earlier (1926}, Dahlberg's
theory of one-egg and rwo-egg twinning
was formulated. His L\phn.inun was tmccl
on tlu_ premhe that there is a Lmd of race

tmnn] meiosis and tmnmng. [n a {Imgrnm
(Fig. 96) he showed thar even quadruplets

5

Fig. 96. One-egg quadruplers (Dahlberg).
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may arise by a continuous series of minor

divisions, according to Hellin's Law. This
: l l l

Process OCCUrs in every — x — x — = —
(] it ] n®

cases, where # = 80-90, while the quadrup-
lers prudu{:{:d would be those numbered 4,
5, 6 and 7. With the reduction division rak-
ing place at different stages of this series of
gemellogenetic divisions, it is clear that the
carlier it occurs, the more 1t would tend to
establish genetic equivalence in the follow-
ing gemellogeneric divisions. On the other
hand, the later it occurs the more it would
be likely to produce genetically different
EWins. .—\ccwrding to Dahlberg, various com-
binations may be explained in this way,

including those of monozygotic, dizy -.mnr:
Oor tr II‘\. g(lf“_ Trli'.llf'.'fh.

The same principle of a presumed com-
petition between meiosis and twinning was
applied to explain a combination of similar
and grossly dissimilar twins. A very early
gcmcllngcl'm[i:: division would give rise to

20
i1
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Graafian follicles with two egg cells in-
stead of one (Rosner, 1901 and Quenor,
1903 ), or even to two egg cells in two folli-
cles situated closely together in the same
ovary and released simultancously. Preva-
lence of the latter phenomenon may be
genetically determined in most pluri?.}'gnti::
multparous animals.

Regarding dizygotic twinning in man,
Dahlberg supported Strassmann’s conten-
tion that the placentae of such twins often
tend to be joined together in some way:.
Therefore, the respective ova will be de-
rived from the same follicle and remain to-
gether, being held on top of each other by
the grmluh}llﬂ cells :-iul‘r::-unf_ling the ova
when they reach the uterus.

In the armadillo, however, where this
gemellogenetic subdivision consistently fol-
lows the process of meiosis, the same process
1s known to lead to the formation of mono-
zygotic twins. With the pluriovular organi-
zation of gum.llngumm not completely es-
tablished, monozygotic twins may also be
found in nm]nlmrnm animals. In a nor-
mally uniparous species, however, the tim-
ing of the gemellogenetie subdivision will
hc particularly unpru.lu,mhh. as it may oc-
cur before or after meiosis, thus prmluuwr
'-'11"”1.',\ L{III]I]]T'I;]T'I{!H!& {If W lnh.

Since the question as to whether or not
the polar bodies of different animal species
are capable of fertilization is of basic im-
portance in interpreting the gemellogenesis
of human DZ twins, it continues to receive
a good deal of attention. In 1944, Lehmann
and Huber observed giant polar bodies in
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the Tubifex and in this connection discussed
the possible existence of twins intermediate
in their genetic structure berween MZ and
entirely  dissimilar DZ twins. Calling this
type “ovozytire eineiige Zwillinge” (PZ),
i.e. uniovular gocytic twins, they suggested
that these twins possess identical chromo-
somal heredity on the mother's side and a
different one on the paternal side. This no-
tion was supported by Rosin (1947) w ho
stressed that if some DZ pairs show greater
resemblance than ordinary sibs, they might
conceivably be oocytic twins. He I’nll:m ed
through In' dmmng a special method for
estimating the frequency of this type of
twin pair under various conditions.

A schematic review of all possible mech-
anisms which may result in twinning is pre-
sented in Table XXX,

Blood group studies have been used to test
the theory of the existence of oocytic rwins.
Following researches on the distribution of
the ABO and MN blood groups in non-
identical twins by Schiff and v. Verschuer
(1931. 1933) and by Dahr (1941), Dahr,
Offe and Weber (1941) studied blood group
P in 188 non-identical twin pairs, and their
findings indicated that the frequency of
similarity was higher than might have been
cr\pctrml if all non-identical pairs were
dizygotic.

Mijsberg (1957) summarized previous
gclmtic—ﬁhtiﬁriml data on the presence of
secondary oocytic twins among non-identi-

cal twins, .uhm..:tmtf further combined ef-
forts in this field I}} all investigators inter-
ested in gemellology.



EMBRYOLOGY OF TWINNING 1 3_3.
Table XXX
POSSIBLE VARIATIONS OF TWINNING
Through Female Through Male (hnsed of Felal
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fertiliz- intercourse,
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polar body different
——| intercourses
with two {superfecunida- .
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In the 3. From two In syngamy Two | Drovulalis |
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Chapter VIII

TWIN PREGNANCY: ITS PHYSIOLOGY AND PATHOLOGY

CHARACTER AND POSITION OF
MEMBRANES IN TWIN PREGNANCY

l HE posiTion of the membranes of ovular

origin (chorion, amnion), maternal origin
(decidua), and mixed origin (placenta), is
of considerable importance in establishing
a connection between mother and feruses
and between the fetuses in multiple preg-
nancy.

Before LliﬁCl!ﬁﬁillg this pur]nint1 however, it
would be helpful to consider whether the
genetic and obstetrical classifications of
twin births coincide. The question is, do
twins who bear a strong resemblance to
cach other, and are apt to he di:lgnnx{:d as
monozygotic according to genetic criteria,
correspond to the monochorionic twins of
obsterrical classification, and do twins who
do not resemble each other, that is diz}-'gﬂtic
pair:-i,_ ;‘,‘il[[“.‘,‘ﬁpl]nd to dichorial twins? Such,
in fact, was the common belief until the
1920's. Even today there is a tendency on
the part of some investigators to regard
twins born with a single chorion as mono-
zygotic. Nevertheless, as will be seen, this
criterion has value only as an approxima-
tion, for the assumed equivalence does not
exist in 2 number of cases. h

Siemens (1925) was the first to raise the
qucsnnn by describing one monochorionic
DZ pair and six dichorial MZ pairs. The
latter series included Waardenburg's twin
daughters who at birth showed a single
placenta, a double amnion and a double
chorion. This particular case is considered

a classic not only for its scientific conclu-
siveness, but because the father, being a
gvr:nlinuh ngi:it, was later able to confirm the
diagnosis of monozygosity on the basis of
the physical and mental characteristics of
his two daughters. Waardenburg himself
wrote two reports on them (1926-1929),
and we are indebted to him for permission
to reproduce their original photographs,
which confirm the identicalness of these
distinetly dichorial twins (Fig. 97-99).

Commenting on photographs of his twins
at age six, Waardenburg wrote, “One can
see quite clearly the same build and habitus,
the same color and texture of hair and the
same slight degree of ‘scapulae alatae.” Later
on these twins clearly showed that they were
completely MZ both phvsically and psy-
chologically. They had the same talent for
drnmng and singing, were both musical,
and behaved in exactly the same manner at
school. T could not even distinguish their
voices unless 1 saw them. Today they are
25 years old and even now pcnplc cannot
t,h-».nngun,h between them. &

Studying 24 twin placcnmc with the
urercnradmgrflphlc-ll method, Kiffner (1929)
showed that the common practice of classi-
fying MZ twins as monochorionic and DZ
twins as dichorial could not be considered
reliable. In reexamining the cases studied by
Kiffner and :ldding other new ones, Curtius
(1930) used the similarity method in diag-
n{:'-;ing the given twins. In a series of 24 DZ
pairs, Curtius noted dichorniality in 23 cases.
He assumed monochonality in one same-sex
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Figs. 97-99. Waardenburg's dichorial MZ twins at the ages of six years (upper lefr and right) and 11
VEArS.

p;':ir, since he was able to isolate Macroscop-
ically two laminae iattppmml}' AMNIOLIC) 1N
the dividing seprum.

In six MZ pairs, Curtius was hll]'}'rl‘im.:d to
find three monochorionic and three decid-
edly dichorial |}:1'L|':-. Among the latter, two
pairs had a double placenta. The photo-
graphs of the three dichorial MZ pairs are
shown in Figures 100, 101 and 102. Curtius
concluded that hereditary 1denticalness and
monochoriality are not at all the same thing;
the presence of a :x:iﬂglt or double chorion
in twins does not depend only on their

derivation from two The
position of the chorion seems to be more
decisively determined by the distance sepa-
rating the two implanted ova, as has been
shown t'." Lenz.

In our npiuinn. the :]uuhtinu as to the

ong  or L‘ggh.

greater or lesser distance berween Lu]}.‘-];mt-
ed ova arises nnll‘.' in I'ug:l]'d to the mem-
branes of biovular twins. For uniovular
ones, we should perhaps think of the rela-
tive distance berween the embryogenic
structures after the splicting of the single
fertilized ovum.



Figs. 100-102.

In 1931 Lassen reviewed the cases studied
by Curtius and increased the series to a to-
tal of 56 pairs in whom the membranes had
been studied macroscopically and micro-
'SUJ-I‘.IIL"["\.. and the similarity method ap-
plied. The nine monochorionic pairs were
confirmed by the similarity method as be-
ing of equal heredity. Of the 47 dichorial
pairs, 21 were of uppu:-;itr: sex, 21 of the
same sex, though of different heredity, and
five of the same sex and equal hf:rr:dil.‘j.',

Thus Lassen found five dichorial twins
in a series of 14 MZ pairs, showing that the
occurrence of dichorial MZ twins i1s not a
rarity. She also used the similarity method
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Three pairs of dichorial MZ rwins (Currius).

for a Ci}l'lll'ml‘i:ii]'!"l of monochorionic and
dichorial MZ twins, but failed to detect any
difference between them. The intra-pair
similarity was the same in the two groups
for all the characteristic features examined.
It may therefore be said that both groups
include genuine M7 twins, that is, twins of
equal genotypes. The observed ratio of ap-
prmnmtch 1:2 for dichorial and mono-
chorionic M7 twins, as found h\ L.assen,
is certainly very high, but this m;t". have
been due to the limited number of cases.
The findings of Curtius and Lassen were
confirmed by Steiner (1935) in a series of
132 twin pairs classified according to mem-
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Plate 1. Bichorionic MY twin sisters 15 years of age (observed by Gedda).



Plate II. Monochorionic DZ twin brothers 8 years of age (observed by Gedda).
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Fig. 103, Feral membranes in twin pregnancies
branes in biovular owins;

branes and to the similarity method. While
32 pairs were hoth monochorionic and mon-
ozygotic, 76 of the remaining 100 dichorial
pairs were dizy gotic, and 24 monozygotc,
Among the latter (dichorial MONoOZY gutlt,}
16 pairs had a double placenta, leading
Steiner to regard dichoriality in MZ twins

ITS PHYSIOLOGY AND PATHOLOGY

Chorionic
Wil

Laeve

Decidus
Parietalis

Cervical Caral

137

Decidua
Dasalis

—

Location of
1,| Placental Fusion

Ve

stiges of
Decidua 3

epsularis

(Patren )

(B) oniovular twins; (C) fusion of the membranes in biovolar
twins,

{A) total separation of the mem-

as being fairly common. He also concluded
that the division resulting in MZ twins oc-
curs before implantation of the egg in the
mucous membrane of the uterus and before
the embryonic differentiation from which
the chorion is derived.

It may be seen, therefore, that the char-
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acteristics of the feral membranes are useful
only as an indication and cannot be con-
sidered as a reliable criterion for differen-
tiating monozygotic and Lii;r.}'gntic twins.
It would certainly be a mistake to classify
all monochorionic twins as monozygoric,
and all dichorial rwins as dizygoric.

At this point it is pertinent to examine
the different condirions arising in the uterus
when the products of conceprion show the
various possible combinations which can be
found obsterrically in the membranes (Fig.
103 ).

FETAL MEMBRANES IN DICHORIAL
TWIN PREGNANCY

Clearly dichorial pairs, where each rwin
possesses lus own chorion, amnion and pla-
centa, may be found to be either closely or
rather distantly imbedded in the uterine
mucosa. Gernez and Omez (1938) observed
that the implantation of the ova at two rela-
tively distant points occurs only in seven
percent of dichorial twins. The charac-
teristics of the placentae and membranes
may vary according to the type of implanta-
tion. When the embryos are implanted rath-
er far apart, the two placentae may be so
distinctly separated that they are f:-mh rec-
ognized as such mwcrmc:;pu.;llx “tlthnugh
they are occasionally connected by a mem-
brane which, according to Favreau and
Beurois (1933), ranges in width from 1 to
13 cm. On the other hand, when the two
surfaces of implantation are close to each
other, they may be more or less coherent,
thus giving the impression of a single pla-
centa.

In line with the investigations of Hyrtl
(1870) and Schatz (1884), it may happen
that the rwo extrafetal circulatory portions
of each placenta, although dmclupcd to-
gether and appearing to be one, remain sep-
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arate with no communication between the
two independent systems. The studies were
conducted by in'|<.'::ring substances into the
blood stream, making it possible to trace
vascular branching. This method was sub-
sequently imprm‘-::d (radiography of the
placenta following injection of radiopaque
substances). It has been proved, however,
that the two placental i rculations are not al-
ways complerely independent in dichorial
twin pregnancies.

A case in point was described by Porak
in 1897, with a blood vessel linking the two
umbilical cords, and a similar one by Be-
quain in 1910. Later on, Kadjar (1927)
studied the placental circulation in all cases
available at the Tarnier Hospital by means
of stereoscopic x-rays. In four instances
there were anastomotic vessels uniting the
two placentae of dichorial twin pregnan-
cies. Using x Lassen (1931) also ab-
served vascular anastomoses in a dichorial
twin pregnancy, burt 1t turned out to be a
case of dichorial MZ twins. Thus, while the
existence of interplacental vascular anasto-
moses has been ascertained, the phenome-
non calls for further study.

-I"I‘I.H

Concerning the membranes, it mav be
noted that since cach fetus finds itself en-
closed in a special amniocherionic cavity,
it 1s contained in its own flmd. Depending
on the greater or lesser degree of proximity
of implantation of the two embryos, one
hmi_{lc decidua may envelop the two chor-
10nic sacs, rhcrcln forming a single cavity
for incubation. Or it may double itself and
form rwo separate involucra—one for each
embryo. In the first instance, the two em-
bryos are separated by four distince lavers
rt.p.vrc\cnn:d by two chorionic and two am-

niotic laminae. In the second instance, the
embryos are separated by six layers, includ-
Ing both layers of the two separate de-
ciduae.
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FETAL MEMBRANES IN
MONOCHORIONIC TWIN
PREGNANCY

Monaochorionic twins share the same pla-
centa. Though each twin possesses its own
arteriovenous circulation, there may be a
so-called third circulation in the placenta,
L‘nnxiﬁting of a system of both ﬁupt:rfi::i;]l and
decp blood wvessels running berween the
fl:tr_lplar.'cnml circulations of the rwo twins.
Obviously, the conditions of intrauterine
interferal circulation are of utmost Impor-
tance in the pre- and postnaral physiology
and pathology of monochorionic rwins.

Resinelli and Ferroni (1940) observed
that, in perfectly normal conditions, these
anastomoses are arranged in such a way
that neither ferus possesses any advantage
over its twin. Not infrequently, however,
the third capillary circulation, passing from
the first to the second ferus, is not equal to
that passing from the second to the first.
When the .-iupcrﬁcial ANASCOMOSES  Cannot
compensate for the disparity of the deep
vessels, a circulatory asymmetry is estab-
lished, which later ‘becomes the cause of
funcrional and anatomical alterations in the
bodies of the feruses.

In such cases, it has been assumed by
Viana that a fight for survival takes place
in the maternal uterus, sometimes ending in
the death of one of the twins. Various dif-
ferences of prcmr:ﬂ dcvcluplm:nt observ-
able in some pairs of uniovular tw ins, may
be produced by such an asymmetry of the
third mrLuhtmn and result in a number
of pathological conditions.

As to variation in prenatal development,
Zangemeister claimed that differences in
weight and length are seen in 95 percent of
uniovular twins. The greatest differences
noted by him were 3200 gm. in weight and
13 em. in length. In 172 twin births, Sov-
énvhizy noted a difference berween mono-
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chorionic twins of 1250 gm. in one pair,
and in three cases one of 1000 gm. In fact,
in a pair of monochorionic and biamniotic
twins, Craciotto (1938) observed a weight
difference ar birth of 1600 gm. (resp. 3900
and 2300 gm.) and a difference of 5 cm. in
length, with absence of the nucleus of ossi-
fication of the cuboid bone only in the sec-
ond-horn.

The existence of interfetal circulatory
anastomoses had been known to earlier au-
thors, but was most clearly demonstrated
by Hyrtl (1870) and Schatz (1884). On the
his findings in 24 twin
Schatz noted three circulatory systems: the
first and second represent the fetoplacental
circulations of both organisms and are con-
nected with the heart of each twin; the
third consists of deep anastomotic vessels
running between the first two circulations,
and is known as “the area of transfusion.”
These anastomoses are formed in such a
way that arterioles of one circulation unite
with venules of the other circulation, hring-
ing blood from the left heart of the first
fetus to the right heart of the second. It
was this hydraulic system that Schatz called
the third circulation.

basis of births,

Apparently, earlier investigators had real-
ized only that these anastomoses berween
the n'l,'n.t.'irt:l,lhtinns could lead to a faral
hemorrhage of the second-born twin, should
the umbilical cord of the first-born twin
not be cut between two ligatures. Schatz
was the one who discovered an active hy-
draulic factor in this third circulation dur-
ing the intrauterine existence of the two fe-
tuses as the possible cause of harmful effects.

With a marked degree of asymmetry in
the third circulation, great differences may
arise in the pn.numl development of mono-
chorionic twins, as well as certain patho-
logical conditions. According to Schatz, the
connection established between the twins
by means of the third circulation may resule
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in the stronger fetus (donor) rr:mﬁfu:-:ing
venous blood into the placental villi which
send arterialized blood into the circula-
tion of the weaker ferus (receptor). Grad-
ually, the receptor shows signs of general
failure, such as hypertraphy of the heart,
relative polyuria, pr:lmsp]ummu.:g:al_u and
ascires, and there is polyhydramnios. While
this fetus mayv die or become acardiac, the
donor may also sustain damage h}- pumping
most of his venous blood into the circulnmr_\'
system of his twin.

In 1922 and later in 1928, Mutel and Ver-
melin proposed a new theory concerning
the circulatory connections between two
monochorionic feruses. Feral rtransfusion
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from the donor to the receptor may take
place either actively through arterial anasto-
moses, blood being pumped from the heart
of the donor, or through venous anastomoses
which passively receive blood from the do-
nor. In the former instance, the donor may
show hypertrophy of the heart, liver and
spleen, m'l:rdm'f:lnpnu:nt due to increase in
nutritional exchange, ascites, pnlj..‘lu'dram-
nios. In the latrer case, the donor will show
anasarca, ascites, {:Iign:mmins. The donor
would be the ferus possessing a greater
number of arterial vessels, while the recep-
tor would be the one with a larger venous
system.

Injecrin:__r colored substances (cinnabar
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Fig. 104. Placental circulation in monochorionic twins with
varions tvpes of anastomoses (Wenner) ( Anastomosen—An-

ASTOIIIOSCS. )
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suspended in gelatine) or radiopaque sub-
stances (barium sulphate) into the vascular
system of five monochorionic placentae, the
same investigators found an absence of the
third circulation in two instances. When it
does exist, this system may be of three
types: deep anastomoses, !ul;-:crﬁc:i:nl anasto-
moses, or a combination of superficial and
deep anastomoses. The function of the su-
perficial anastomoses would be to maintain
an equal pressure in the two feroplacental
circulations and contribute actively to the
cqu:ﬂ growth of the two urgfmi*,;msr The ac-
tion of deep anastomoses may disturb the
two circulations when cardiac overfunction
in one fetus unilaterally increases the ar-
terial flow or the venous aspiration in the
other. Such imbalance could be compensat-
ed for in one of two ways: either by a ten-
dency of superficial anastomoses to neutral-
ize the unequal pressure in the two feto-
placental circulations; or by the develop-
ment of a second deep anastomotic branch

Fiz. 105.
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which would be equal in volume to the first
but hemodynamically opposed to it

More |'cccnt|}'. Wenner (1947) studied
p]nccnml circulation in monochorionic
twins by injecting the vessels with an ace-
tone solution of celloidin. Following its
solidification, the tissues are corroded h}'
acids, leaving a cast of the circulatory sys-
tem. The observed anastomoses, apart from
being superficial or deep, were shown to
vary in tvpe (Fig. 104).

In a study of the vessel pattern of five
monochorionic and one dichorial |‘.r!r|t_‘c|!lt:lt,
De Camillis and Tammeo (1948) made the
venous circulation visible with a suspension
in water of barium sulphate and, sometimes,
and the arterial circulation with
a solution of cinnabrin. In this way they
were able to examine the systems by direct
observation as well as by photographs and
x-rays, and succeeded in establishing the
number, volume, position (superficial or
deep) and nature of such anastomoses.

iodiiron,

P 4 o |

Circularory svmmerry and hemodynamic bal-

ance (due ro SII]J'L‘J'FIK‘IiHI VENO-VENOUs anastomoses as indi-

cated I'r:.'
with 3054

arrows)  in monochorionic placenta injecred
ioduron solution (De Camillis and

Tammeo).
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These investigators showed, for instance,
that superficial anastomoses may he ar-
terio-arterial or veno-venous, while df:i:p
always berween artery
and vein. Superficial veno-venous anasto-

ANASIOMOSes  are

I‘i“ k5, ‘lu-l"'hllll]lr network in monochorionis
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moses  (containing arterial blood) would
cause no huumh NAmic dm.thhrmm be-
tween the two p!.;wnn-:. On the contrary,
they would help to maintain such cth-
brium by fmwtinr:ing as a valve, while the

placenta

mjected with a barium sulphate solution (De Camillis
and T ammen),

Fig. 107

. Deep arterio-venous anastomoses (third circulation)
n rlmuuhnrlulm_ placenta injecred with

a cmnabrin solution

{De Camillis and Tammeo).
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arterio-arterial anastomoses (conraining ve-
nous blood) would produce a disequilib-
rium. More important are the deep anasto-
muoses which produce a double flow.

Ordinarily (that is, under conditions of
m[uilii-rium} the arterio-venous anastomoses
flmcriuning in one direction 1’_':]-1'1'{:1-;.1_‘,11’)11(" o
the number of such vessels functioning in
the opposite direction. When the equilib-
rium is upset, however, the asvmmetry may
reflect on the fetuses to such an extent that
differences up to 950 gm. in weight occur,
as described by some authors. Several illus-
trations provided by De Camillis and Tam-
meo  will |'|1:1[: to L‘.\.i"]-l':'til!'l the i1l||1::|'[-.mt
problem of vascular anastomoses in the
placenta  of monochorionic twins  (Figs.
105-108).
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double amnion. In a small percentage of
cases, however, they may be MoNoanniotic.
Viardel (1671) was the first to note that
in certain twin pregnancies the amniotic
c;‘.t‘it_\' may be aitlglu, an observation con-
firmed by Smellie (1754).

As to Itht: fl‘l;q.'ll,]{:l]t,‘:'.' of monoamnion in
monochorionic prtgn:lnciu&i. upir\i{mh differ
widely. In  Holland, monoamnion
found by Voure in 47, of uniovular rwins,
66, being monochorionic and biamniotic,
and 30°. dichorial and biamnmotic.

A rather I'r'l_':Il.lL'nl OCCUrTENCe 1N 1MmMono-
amnion (up to 547, of the cases, according
to some authors) is a coiling or knotting of
the umbihical cords, which 1:1:11;' result il{ the
death of one or both rwins. As mentioned
pruu'i::u.\l}'. it happens unl_x' very rarely that

Wik

Fig. 108, Circulatory asymmetry and hemodynamie disequilbrium

in the placenta of monochorionic twins born prematurely  (srill-

born) with a weight difference of 300 gm. (De Camallis and
Tammeo).

The confluence of the two feral circula-
tons with the third may lead to the devel-
opment of a macrocardius in one ferus and
a microcardius in the other. Or it may re-
sult in an acardiac twin.

As a rule, monochorionic twins possess a

monochorionic twins are also monoamniot-
ic. Whether such a2 monoamnion is inter-
preted as primary or m:::umlar_-.' (it may
also occur in dichorial twins, but always
exceptionally), it neccmnril}- causes the
rwins to share the same amniotic fluid. Some-
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times it is accompanied by an umbilical cord
which 1s single for the greater part of its
length, only dividing in two at the level of
the umbilicus. This observation explains
why unifunicular monochorionic twins or
omphalopagi  are always
Such twins easily cause Trcciprncal damage,
especially during confinement when compli-
cations, such as the L'(l“il‘tg of the umbilical
cords, are frequent.

The septum between the two sacs of uni-
ovular twins may be formed by two amnia
which adhere to each other. In biovular
twins the septum consists of two amnia and

MoNoamniotic.
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duration of single pregnancies) is absent
here.

Pinard and Bachimont esiimated that the
average duration of twin pregnancies is 269
days if the mother rested during the later
months (average weight of the two fe-
tuses 2850 gm. and 2480 gm. ), and 247 days
if she worked up to the nme of her con-
finement (average weight of the two fetuses
1935 gm. and 1900 gm). Available statistics
include those of Vaceari, who computed
the duration in 154 cases of twin pregnancy.
On the basis of the data shown in Figure
109, he concluded that most twin preg-
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109, Varations n the duration of twin pregnancies (Vaccari).

c41-250 251-260 261-270 271-280 oltre 280

(Oltre=0ver.)

two choria which are fused together with
atrophic villi. g
DURATION OF TWIN PREGNANCY
It 15 commonly believed, and probably
true, that in the majority of cases the dura-
tion of a rwin pregnancy is shorter than
that of a single pregnancy. According to
Mauriceau, 1t 15 an undemable fact thar a
woman with a twin pregnancy does not hear
it as long as she would a single one. How-
ever, this statement cannot easily be docu-
mented, since the criterion of the stage of
development reached by the fetus at birth

(which, together with the date of the last
menstruation, allows a calculation of the

nancies terminate at between and 8%
maonths.

This figure agrees with those obtained
by Gernez and Omez from 226 twin pairs
observed at the Clinique d'( dbstetrique de la
Charité de Lille. The following percentages

were obtained: 14.15°9] pregnancies deliv-

ered normally at term; 35.46°. at 8Y%
months; 17.7 ",: at 8 months; 10.61°%, at 714
months; 5.75%, at 7 months; 6.63°, at 6
months,

The cause of premature births may lie
in what Hoehne calls “the greater me-
chanical and chemical load™ that the mother
of twins has to support. The greater me-
chanical burden i1s due chiefly to excessive



TWIN PREGNANCY:

distension of the uterus which causes ex-
pulsive contractions, while the greater
chemical load may depend on varying de-
grees of toxemia of pregnancy. Primiparae
are more frequently affected by these condi-
tions than are multiparae.

The actual duration of twin pregnancies
can be deduced from the characreristics of
each ferus, as in single pregnancies. The
Lii:lgnn:-;i:-;, however, is more difficult be-
cause it i1s often unclear whether the fre-
quent feral underdcvelnpmcnt should be
ascribed to prematurity or interpreted as
caused by the greater difficulties of the twin
pregnancy.

Leudin (1934) and 1. Yang (1935) studied
this question and obtained the following
results:

1. The length of mature twins is not es-
sentially different from that of infants born
singly.

2. The weight is more variable and usu-
ally reduced in comparison with that of
single born infants (on the average 200-300
gm. less).

3. For twins, too, length rather than
weight is the most reliable basis for deter-
mining the duration of pregnancy.

4. The analysis must be based on the
most developed twin, ie., the raller and
heavier child.

5. Labbarr's
twins. From a large 1'I]‘.1Tfl'!'1‘1|, :’m':h zed by
means of a binomial formula, L abbart con-
structed a table showing the duration of
pregnancy for each separate length of the
ferus.

In line with the findings of Ylppo (1919)
and Lunde (1930), the mortality of pre-
mature twins is a little lower than thar of
single born children of the same weight.

method may also be used for

DIAGNOSIS OF TWIN PREGNANCY
Another obstetrical problem of particu-
lar interest is that of diagnm:ing the presence
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of twins. From a clinical standpoint this
diagnosis is important not only for the pur-
pose of establishing a multiple pregnancy
as such, but for other aspects that make for
successful delivery, such as determining the
position of the feruses in the uterus.

One facr is generally noted when case
histories are obtained—mothers very seldom
know they are bearing twins. hf:mEtllIl[‘E,
t::-:pr:-::iull}'-if twin births run in the family,
the mothers have some inkling of it because
of either the exceptional size of their ab-
domen, or excessive disturbances in their
sympathetic nervous system, or unusual
symptoms caused by compression and fetal
movements. However, family history and
observed signs are rarely sufficient to arouse
the mmhcru Hll‘?plflmﬁ s0 that she uw.illlr
reaches her confinement in the belief that
she is carrying only one child.

Although many mothers are under the
care of a F-mul'l. pln sician, even conspicu-
ous signs of a twin pregnancy are often
overlooked., Even in so uut:‘.mnding an ex-
ample as the Dionne quintuplets, Dr. Allan
R. Dafoe, who attended the mother during
her pregnancy, stated afrerwards that he was
not able to make any diagnosis of multple

pregnancy because, on examination, the
uterine tissues were abnormally swollen,
being impregnated with serum. The ob-

stetric auscultation was not conclusive.
Besides raking into account the presence
of twins in the family history in diagnosing
a twin pregnancy, the doctor mn:_r,ht look
for the following signs which are briefly
described in the order of their appearance:

During the first half of the preg-
nancy: Exaggerated dysfunction of the
sympathetic  nervous system  (abundant
salivation, heartburn, frcqucnt vomiting ) ;
marked gestosis due to the increase of hor-
mones in the circulation: overproduction
of chloasma; size of pregnant uterus dis-
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proportionate according to time of last
menstruation. Brindeau points out that an
important clinical sign, at least for mono-
chorionic twin pregnancies, is that of an
carly acute polyhydramnios. During the
first months, however, the diagnosis is al-
ways difficult.

During the second half of the preg-
nancy: Considerable increase in abdomi-
nal circumference, which reaches a length
of over one meter much before term, and
:_{n'ﬂ::h rise to the formation of many new
striac. The uterus attains a length of 40 cm.
or more towards the end of the pregnancy.
Lying and walking become difficult due to
a noticeable slackening of tissues or an ach-
ing of the pelvic articulations and also an
accentuated lordosis. Signs of sympathetic
nervous system  dysfunction may  extend
into the second half of the pregnancy
(Manzi, 1909), rogether with various circu-
latory, respiratory, intestinal and renal dis-
turbances (see complications of twin preg-
nancy ).

On palpation a strong tension is noted,
giving an impression ranging from that of
a contracted uterus to a uterus pausing be-
tTweecn two E{lT]rI’ﬂCti(lﬂH ill a H‘i.[l]l.ﬂ.ﬂ }"‘L‘g—
nancy {Favreau and Beurois),
to a rubber bag filled with air or water
(Pinard). The uterus is in high tension and
is liable to contract on palpation. Never-
theless, in the eighth and ninth months
many feral parts may be felt, I{‘:H}ll:'i_‘i.:l].l_'lp' the
two heads and two buttock rl;gim'n_ Some-
times on both sides, somenmes above and
below, small parts correspond to various
points on the abdomen where the mother
feels vigorous movements.

or similar

From the seventh month on, ausculca-
tion shows that the feral heart may be
heard ar two distinct points separated by a
silent zone, especially when two doctors
auscultate the two points at the same time
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and note that a different rhythm of pulsa-
tion exists berween them. The double heart-
beat may give rise to Arnoux’s sign, which
CONsIsts uf an altern: mng rlu thm of SVN-
chronism and async hronism. h.ulr'shx
(1921) compared it to the sound made hj.
a pair of trotting horses.

Boero (1916) held that even a
focus of auscultation, pl'm'idcd it 15 intense
and accompanied by a voluminous uterus
under tension, indicates the possibility of
a twin pregnancy. The same Is true for a
rough and intense murmur at different
points as observed by Hohl. Smith (1941)
originated some H[L[‘hm!! ams and recordings
of the fetal heartbeat in twin pregnancy.

On exploration, the movements induced
on the presenting part are not transmitted
to the opposite part. Moreover, a passive
dilatation of the cervix is noted before con-
tractions occur (these being explained by
mechanical reasons) until there is an open-
ing of the uterine orifice up to 2-3 em.
The head mav also become fixed before
the rupture of the membranes.

Another diagnostic criterion mentioned
by Heilmann (1930) is the occurrence of
intrauterine singultus from the fifth month.
Parenthetically, it may be noted that Gerin-
|ajoie (1939) observed a negative Asch-
heim-Zondek in a case of twin pregnancy
with one ovum in the uterus and the other
in one of the Fallopian tubes.

In modern medicine, radiology is gen-
erally decisive when a twin pregnancy is
ﬁmpumi { Albano). The X-ray ru,hmquc
is now widely used for t’scrccring crania
and spines. By this means one diagnoses not
only a twin pregnancy but the type of
presentation as well.

ﬁmg]c

FETAL POSITION AND
PRESENTATION
Obviously, the diagnosis of twin preg-
nancy must be nugnwnrcd by that of the
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position the twin fetuses assume in the
womb. The term “bilateral position™ 1is
used when the sagittal plane of the uterus
passes between the twins. The abdomen then
shows a dilatation which is lr:l'lir:ﬁ}' lateral.
The fundus of the uterus is often forked,
or it may be heart-shaped (Hergotr), or
divided into two halves by a longitudinal
ridge. '

The term “anteroposterior position” is
used when the frontal P];mr; of the uterus
passes between the twins. In that case
marked signs of suprapubic edema may be
observed, while the abdomen protrudes al-
most as a point (Resinelli-Ferroni). The
anteroposterior position, which according
to Pinard does not exist, 1s a rare condition.
‘That it occurs has been shown by the cases
of Guillement (1898, 1924) and Anderodias
(1924).

A “vertical position” is observed when
the twins are in a transverse position, one
above the other. The fetuses may also as-
sume the pn:;irinn of an 'Lipl‘ighl or an in-
verted T (T or 1 ). According to Favreau
and Beurois, this position, with one ferus
in a vertical and the other in a transverse
presentation, 1s almost as frcqumt as that
of juxtaposition.
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As to the data of presentation, the re-
ports follow two patterns, one describing
each twin separately (see Table XXXD,
and the other considering the two rwins
together (see Table XXXII}. The main
Table XXXI
TYPES OF PRESENTATION OBRSERVED IX THE

DELIVERY OF TWIX SUBIECTS (%)

fﬂ rr:.".'.yu.frl.l‘:-'
Fype of

Freserital o Krafin | Sriber | v. Mare | Vaccard
Vertex 04 .28 | G1.3 G 67 54
Forehead 1.1
Face 0 5h .33
Breech R RG | 30.8 1.1 25,90
Shonlder G 25 5.7 i $ N2

conclusions to be drawn from these dara
are as follows:

I. The most frequent positions are longi-
tudinal.

2. The most f1'c+.|uenr combinations are
cephalopodalic and bicephalic.
3. The vertex PI'ESJL‘T'I'L’:ll’i(}T'I is much less

Table XXXII
COMBINATIONS OF MODES OF PRESENTATION OBSERVED IN TWIN PAIRS (°F)

H 4
Presentation = %
g = =
= (= =
Cephalic in both twins 47 46.7 | 38
Cephalie in one twin, breech in
the other. .. ......... 335 | 39.5 | 31.5
Breech in both twins 11 a0 0 g 10
Cephalic inone twin, transverse
position i the other. . . 5 7 7.5
Breech in one twin, transverse
position in the other. 0.4 1.4 2.6 |
Both twins in transverss . |
O NN e e oy o i 1] 07| 0.7

enauel

| Ron

i

31

e =
o e 3
= 2 | &38| & |eg& B
= = R - S =]
T|31.4 |47.4 | 38.5 | 48 2.5 | 42.0 | 35.2
S5 (382|342 472 370|403 | 42.5 | 40
31238 8 108 4 6.1 A i
a | 10.1 3. B 9.2 v L.% i i
6.7 36| 51| 6 0.4| 0.5 3
1.1| 047 00| D 0 1 0.5
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common in twins than it is in a single preg-
nancy.

4. The various positions assumed in ver-
tex and breech presentations occur with
about the same frequency in twins as in
single pregnancies,

COMPLICATIONS OF TWIN
PREGNANCY
A prompt dingm}siﬁ of multiple preg-
nancy is essential for both doctor and
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mother, so that they may be prr:}mrml for
this difficult type of pregnancy. Complica-
tions in gcmclli}mrir}' are rather common,
and may be maternal or ovular in nature.
According to Somagla, they occur mn
63.96°, of the cases. The most frequent
maternal complications are albuminuria,
eclampsia  and circulatory  disturbances.
Other complications are |‘.-ul_'|.'|l_'..'dram|1imh
abortion, premature birth, hydatidiform
mole formations, papyraceous degencration

Tahle XXXIII
DISTRIBUTION OF LIVE BIRTHS AND STILLBIRTHS IN TWINS, ACCORDING TO MATERNAL
AGE (FRANCE, 1907-1910, WITH THE USE OF WEINBERG'S DIFFERENTIAL METHOLY),
AS REPORTED BY DAHLBERG

15-1% 20-24

Births (number of mothers). .. .| 175,131 | B68,208
Twin hirths T T R e i G, 635
L e e .5 .76
Opposite-sex pairs. ... ..............]| 217 1,964
Percentage of Dizygolies. . .., 0 25 0 43

Percentage of Monozyvgotics, | .31 i 31

Stillbirths reii.llgh" births I;l]m-; twim!

births with both dead). . . ... | 7854 | 82329
Stillborn pairs with both dead el 1500 28
Percent: o : s 2 4 1. 94
...... | H | 144
Percentage of Dizvgotics, .. 0 84 0 =0
Percentage of Monozygotics - 1 20 I 05

Opposite-sex pairs. |

Stillbirths  (=ingle births plus  bwin

births with one or both dead) . TAG8 | 33,050
Stillborn pairs with one or both dead | | 264 | 1,455
Percent e 3.54 410
Opposite-sex pairs . 5l S
Percentage of Dizygotics . 136 211
Percentage of Monoeygotics 2 18 .00
Live hirths with at least one alive, | 167,777 | 835,885
Pairz with both twins live-horn 715 3,258
|l L B e e 0 42 0 63
Opposite-sex pairs. ... .. ... o ; 166 1.G15
Percentage of Disypoties . 0 20 0 59
Percentage of Monosygoltics 0 22 .24

Age of Maother
— Fofal*
25-29 B0-54 35-30 | 40-44
|

[ 925,078 | 638465 | BH5,721 | 143,982 | 3,218,547

Giroup 1

LR 7051 2127 2197 S 65
1.07 1. 44 1 52 1.48 1.14
3,596 3504 2774 =4 12,818
073 106G 1. 44 1.12 0 &0
i34 038 0. 38 B 11 0 34

55,237 | WS66 | 20 443 HR 140,022

718 566 369 146 2,639 | =
2 04 1.98 1 81 1.51 1 88
180 167 108 37 685 | =
1.0 1.17 ] 06 0. 76 195
1.02 081 0.75 0.75 0 90
J6,211 249 459 21.163 0, 0510 149,747 |
1,692 | 1450 [ 1,080 06 G964 | =
467 4985| 5.15| 4.08 .95 | 5
501 159 370 143 1.80% | £
2.7 312 3 50 2 67 2.63 |
1 90 1. G5 1.65 1.41 1 80
BRO.841 | G20.800 | 565,278 | 134292  9,078.525
8,225 | 8041 | 5941 | 1,721 30,289 |-
0 02 1 28 1 63 1 28 098 | a
2,805 | 3,045 | 2404 651 10,925 | £
0 63 0 97 1.32 1.0 0.71 |
0.27 0 31 0 51 0.27 0 27

*Including births by mothers of unknown age,
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of one twin, stillbirth.

The following figures on infant morrality
In twins have hccn reported by Iralian
authors: Viana 34°/, Lanzara 37.2°, Fabris
39.7%., Floris 18.3%, Vaccari l;ff:r fetal
mortality during labor and delivery) 7.54°,
Somaglia 229, (139 for stillbirth and 9%/
for infant mortality ). The effect of prema-
ture birth on infant mortality was demon-
strated by ‘mnngln with the f‘mlmg that of
64 stillborn twins, 52 were premature. Ac-
cordingly, about 859 of stillbirths in rwins
may be assumed to be determined by pre-
maturity.

In Japan, the mortality rate in twins, up
to the seventh day from birth, was re-
ported by Takahashi to be 13.790.

In line with fi figures supplied by Dahlberg
(Sweden, 1891-1910), the rarte of stillborn
twins (pairs with one or two dead) was
7.7°%% of all snllbirths (stillborn single births
plus twin births with one or tu:.n dead).
This rate, much higher than the frequency
with which twin births occur in the popu-
lation, reflects the danger of stillbirth in
twin pregnancies.

Dahlberg made another analysis of still-
births, based on French statistics for the
years 1907-1910. The tabulated data (Table
XXXII) show that among the stillborn
(Group III) the percentage of twins rises
with incrcasiﬂg maternal age (though not
so rapidly as it does among the live-born)
and reaches its peak at 25 to 39 years. The
same table reveals that twin births repre-
sent 4,437, of the sullborn (Group III),
but only 0.987%; of the live-born (Group
IV). Inclusion of the stillborn would cause
an increase of the twin birth percentage
to 1.14 {Gmup I).

As to zygosity differences in stillbirths,
it is of interest that living MZ twins repre-
sent 0.27%, of the live-horn, and stillborn
MZ twins, 1.80%, of the stllbirths. Hence
the frequency of MZ stillbirths is six to
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seven times that of the live rare. By con-
trast, DZ twins represent 0.71% of all liv-
ing children and 2.63%. of all stllbirths. In
other words, the frequency of stillborn DZ
twins is three to four times that of living DZ
twins. These differences seem to prove the
assumprion that the danger of stillbirth 1s
higher for monochorionic than for dichorial
TWins.

In the United States, Yerushalmy and
Sheear (1940) found 572 stillbirths in a
series of 1,253 rwin births, that is, a three-
fold increase over naumortality in single
births. In Japan, Araki (1933) nhm.r!.l:d a
9. rate of twin stllbirths, as against a
rate in single pregnancies.

Differential stllbirth statistics (single and
twin deliveries) were compiled by Strand-
skov and Ondina (1947) for white and
nonwhite pnpulntmns in the United States
from Bureau of Census figures for 15 con-
secutive years (1922-1936). The analysis
was complicated by the fact that the dif-
ferent states followed different rules of reg-
istering deaths that occurred in the early
stages of feral development. Some states in-
cluded only stillbirths ar or near rerm, and
some recorded no stillbirths whatever. Ac-
cording to the authors, however, these dis-
crepancies were evenly distributed over the
material as far as amglc and twin births were
concerned.

Limiting our review to data on the two
sexes and white and nonwhite population,
we find that the percentage of stillbirths
was 3.504 for single births, 7.533 for twin
births, 14.281 for triplet births, and 19.922
for quadruplet births. The differences be-
tween single and twin stillbirths and be-
tween those of twins and triplets were sta-
ustically significant, while that berween trip-
lets and quadruplets approached statistical
significance. Therefore, the authors con-
cluded that the percentage of stillbirths in
the total population of the United States
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showed a significant increase with the in-
crease in number of embryos in the preg-
nancy.

The causal factors mentioned included
premature birth, murual interference of
fetuses, double malformations, maternal
toxemia, and the like. Moreover, natal mor-
tality appeared to be higher in males than
in females, both in single and mulnple
births, with the difference arttributed to
genetic factors, It was also found increased
in nonwhite groups. This difference was
ascribed chiefly to environmental factors,
although some genetic influence was not
entirely ruled out.

In addition to Dahlberg’s data on the fre-
quency of stillbirth, there are French sta-
tistics compiled by Turpin and Caratzali
(1937) for the p::rmd 1928 to 1930, The
following comments were made by the
authors regarding the ﬁgurcs presented in
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Table XXXIV: “A series of pregnancics
makes the urerus more extendable, and thus
berrer suited to contain two embryos,
whether they are MZ or DZ. However, this
advantage is lost when the mother passes
her fortieth vear of age. At this time the
uterine tissue reaches a stage of involution.”

As often happens in the study of rwins,
mortality data pertaining to mulnp!c births
have f:lI'-I‘ﬂ.thlI‘iLL lll]PIIL.'ll'lllTlh Lmng one
of March’s tables from Statistique lnterna-
tionale (reproduced in Table XXXV,
Apert made a number of interesting obser-
vations. As {}l'lp{}:iifc-:-scx twins are ahrn_‘.':i
dichorial, monochorionic twins may be as-
sumed to be more susceptible to lethal fac-
tors than dichorial pairs. For this reason
alone, it would seem essential that a dis-
tinction be made berween the two types of
rwins.

Regarding the greater resistance of the

Table XXXIV
RATE OF STILLBIRTHS (77) IN RELATION TO MATERNAL AGE (TURPIN AND CARATZALI)

Percentage of Stillbirils L
-2
Allibinthe s s e s s g |
Opposite-sex Twins. ... . ........... 12.58 i
Same-see T oo s e 2256 |

Age of Motker

-4 25-29 S0-34 -l -
2 79 [ 2 95 3.59 4. .53 G 39
B30 677 G0 L1 T.35
1l.15 | 5 50 | .68 HN L 9 56

Table XXXV

SEX DIFFERENCES IN TWIN MORTALITY DATA

IMARCH)

| Male Deaths

Male Pairs

D2 ] 5

L T R e L e ey 1,074
France. atcis e 1805 -1910 1,310
Holland . . ... ... .. 100E- 1 906G 1,171
Morway. ... .. 1HBG-] 500 FirL
Sweden. . ... IR 1-1905% 1,054
Austrin, ... .. e 1BO9G-1905 754
Hunpary ... ... . ... ....... 1900- 1905 G54
Saxony

........ 1551-15500| 831

Female Deaths

O pposite-ser Opposite-ser |
Pairs Puairs Female Pairs

D08 929 Bi4

| RITH 045 1,176

Firk 721 l 721

533 520 ' 643

77 671 ' 871

l 578 . 503 ' 658
5015 | 505 | 563

356 S50 L1
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female, which typifies statistics on general
natal mortality, this phenomenon was found
to apply to twins to the same extent as to
nontwins, j|.J.‘i:.'i:rrl,’iinuﬂf to Apert, lower mor-
tality in females is gencrwlh attributed to
the fact that they are smaller at birth, thus
making the r.lchu.r:«.- easier. In the case of
twins, the males are also small, so this ex-
plm:'l'fltinn 1s no longer plausible. It should
therefore be admitted, although this rather
upsets many common ideas, that the male
sex 1s more fragile than the fumlt. the
latter being “the stronger sex.” Tables of
mortality  at different ages |Lru|1h show
that this inferi iority of the male sex in regard
to disease and death remains not only :hlrer
childhood but actually for the w hole course
of the subjects’ life and for nearly all dis-
eases.

ECTOPIC TWIN PREGNANCIES

Twin pregnancies may be divided into
uterine and extrauterine or ectopic ones,
according to their site. With respect to the
latter type, Werth's classification (1888)
distinguishes three different forms: (1)
One embryo develops in the uterus and the
other outside the uterus. (2) Both embryos
develop in the same Fallopian tube. (3) The
embryos develop in different rubes.

This classification was criticized by Sa-
witzky, since in the first case, strictly xpc*ﬂ{-
mg one cannot refer to a multiple extraut-
erine pregnancy, but only to a combined
intra- and extrauterine pregnancy. The
Russian author therefore suggested limit-
ing the classification of authentic extrauter-
ine multiple pregnancies to two groups.

According to Christitch, extrauterine twin
prc;,nanr.:i::*; may be divided into tubal and
birubal, in addition to a third group combin-
ing intra- and extrauterine pregnancies. The
second group would be much more frequent
than the first.

The outcome of an extrauterine twin
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pregnancy is always an unfortunate one for
the twins and {,u:rt,mch LIJEIL{ern for the
mother. may survive has been
shown by a case of lr:rLrumn and Ous.
When the woman was operated upon 12
months after cessation of menstruation, a
['l..'l.]_r] PI"{‘ETI].,'I,[]L\ Wik f!}lll'ld II'I th(‘ I["ft I 1]—
lopian tube, with both dead twins having
reached approximately the seventh mnnrh of
du{,iur}mu]r In a case described ln Sa-
witzky, two monochorionic
twins, 12 em. in length, were found in the
right tube. The diagnosis of extrauterine
twin pregnancy had been made in the
fourth month, and the woman survived
after salpingectomy.

That she

h1.1|11n1nt|1:_'

Menrtion may be made here of a phe-
nomenon which, though extremely rare,
has been described in the obsterrical lirera-
ture. This is the occurrence of a twin preg-
nancy in a uterus bicornis. In 1925 Row-
lett reported the case of a double uterus
with a pregnancy in each horn. The pres-
ence of such an abnormality had been es-
rablished two years before I}} laparatomy.
After a pregnancy of five months, the
woman gave birth to two male fetuses
weighing 1,420 gm. and 990 m.

In 1929 Costantim described the history
of a woman who had brought all her prcg-
nancies to term  with spontancous deliv-
ery, always showing at the right of the
uterus a tumor which had been diagnosed
as an ovarian cyst. When pregnant for the

seventh rtime, she consulted a surgeon be-
cause the old tumor had grown rnpu’lh
Upon opening the abdomen two symmetri-
cal ureri were found, both of them preg-
nant. Similar cases were placed on record
by Barrett (1934), Johnston (1939), Braze
(1943), Brody (1954) and others.

GENERAL OBSERVATIONS
The ph}'i-;inlngir: and p:lthﬁlngi:: aspects
of the df:liver}' of twins may be l.'-rit:ﬂj.' re-



152

viewed as follows: Such a delivery is quite
different from that of a single fetus, not
only because it can be considered as a se-
quence of two single deliveries, but also
because of other characreristics which com-
pare I":n-ut':lhl_w,' or unfavorably with ordi-
nary pregnancies.

One advantage of a twin delivery lies in
the relative size of the infants, which is
generally smaller than in single children
and facilitates passage through the genital

canal. Although similar conditions are
found in premature single births, the dif-
ference is that twins who have normally
reached term are favored by the presence
of a uterus which has reached the same
stage and, therefore, possesses full expul-
sive and hemostatic capacity.

In consequence, the twin fetuses sustain
less damage when passing through the hard
and soft parts of the genital canal. On the
other hand, uterine contractions tend to be
less energetic, since the muscular fibers of
the uterus are notably distended. In this
respect the benefits of small-sized fetuses
and a more distended uterus are somewhat
diminished. Moreover, the first twin has the
disadvanrage of leaving non-contracred
uterus, with contractions being transmitted
indirectly through the second ferus and its
membranes. According to Gasparri, it is
cap-‘:ualh during the third anmI of labor,
i.e. rotation, that the first twin is hampered
by the presence of the other.

In Borso's opinion, the second twin is in
a more favorable position since he finds the
passage clear and wide. Of course, there
is the disadvantage of leaving a large mass
of contracted uterus behind. This compli-
cation may cause ischemia of the placenta
and lead to asphyxia in the fetus, if delivery
does not follow the interval of rest as soon
as the expulsive contractions of the uterus
are renewed.

Although Revoltella believed that a twin
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delivery is easier than a single birth, largely
from a mechanical point of view, such a
contention needs to be modified. There are
other :::}mplir::arinnx that may aggravate the
period of labor, parturition and afterbirth.
Because of its size, the placenta i1s often
found to be placenta previa and may
cause severe hemorrhages, or 1t de-
tach itself. Other complications affect the
uterus, which, conrracting with grearer dif-
ficulty than in single pregnancies, may show
a primary inertia lasting as long as six hours.
;"l.crnrf.ling to Favreau and Beurois, this con-
dition ocecurs in 20°, of the cases.

At any rate, labor Il:lir'l.'{ tend to be pro-
tracted, and the periods of dilatation and
expulsion lengthened, thus inviting danger.
Also, the uterus may be affected by sec-
ondary inertia, with consequent diminution
of its hemostatic power complicating the
afterbirth of a twin pregnancy, as compared
with that of a single one. In addition, mem-
branes and blood clots are more likely to
be rerained, so that infections ser in.

Orther Lmnphcarmm may arise from ab-
normal presentations w hich are more fre-
quent in the second twin. The reason is a
certain disproportion between the uterine
cavity and its contents, which can move
more freely. However, with Hergotr one
may point to the case of a mother who, after
the normal delivery of one twin at home,
was removed to a hospital because the sec-
ond twin was in a transverse presentation.
When she reached the hospital, after two
hours of travel, the child was born, weigh-
ing 3,200 gm.

The abnormal positions of the fetuses in
the uterus may result in a simultancous
penetration of both heads into the pf.:h-'is,
as in a case described by Mahnert (1921).
Usually, there is a locking of the twins
when the two heads appear together (Fig.
i10). Such a case was reported by Balard
(1923), with the first a breech and the SeC-

may
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Fig. 110, Feral dystocia due to locking of heads (Hoehne).

ond a vertex. Maore fn:qm:nrl}', the ]m:l-.'i[lg,
takes place between the head of the first,
which is the last to be delivered, and the
head of the second, which comes first. A
case of this tyvpe was pl‘cﬁc"r'lti:d by Cou-
velaire (1905).

The expulsion of the first ferus requires
the cutting of the corresponding umbilical
cord as well as two ligatures, in order to
avoid a rupture in the cotwin’s circulation.
The l..‘.\i[:lll].‘-iilln of the first child is followed
by a pause, during which the uterus ceases
to contract before renewing irs expulsive
effort. Whenever possible it is inadvisable
to interfere with this pr:rind of uterine rest.

The average duration of the pause, as
estimated by Vaccori from 138 cases, is 19
minutes. The given figures show that the
pause lasts longer in primiparae (average
ame 23 minutes) than in |1mltipnnm (aver-

age time 18 minutes). Other investigators
supplied the following figures: Ribemont-
Desaignes 10 to 12 minutes, Tarnier (188
cases) 15 to 20 minutes, Favreau and Beu-
rois 20 minutes.

From a more detailed analysis (see be-
low), Gernez and Omez concluded that
the interval between expulsions is less than
of the cases, regarding
tnis time |11:|:- as the norm:

15 minutes in 62

IxtERvAL BErwEees Expursion oF THE First axp

Secown Twin ((GeErNEZ axp Oaez)

(amirrnetes ) [ cases)
lto 5 43
6o 10 15
11 o 1% il
16 ta 30 25
il to 60 23
6l o 120 1
121 or more (including

one incerval of 10 hours) W
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When the uterus’ rest is prolonged, the
pregnancy is exrended for the second twin,
creating a condition of danger mostly for
the mother. When the expulsion of the sec-
ond twin does not take place within two
or three hours, obstetricians advise proceed-
ing to artificial delivery. The birth of the
second child is not preceded by a period of
dilatation. In normal cases after the pause,
that 15, at the onser of the second expulsive
period, the second sac appears and ordi-
narily is broken by instrument. Should the
presentation of the ferus warrant it, advan-
tage may be taken of the interval in order
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to perform an external version. This man-
euver puts the second child in a posirion of
advantage over the first, because of irs
smallness, the absence of contractions, and
the wide space of the uterine cavity. Re-
sumption of the expulsive period completes
the delivery, after which, ordinarily, the
feral membranes are expelled.

As to the most frequent hour for rwin
deliveries, v. Verschuer (1931) reported
that while most single births rake place dur-
ing the three hours after midnight, the ma-
jority of twin births occur around noon.



Chapter IX

ANATOMICAL STUDIES OF

1'1' 15 Hopep that this part of the book will
help to open new roads for objective ap-
pru:wht;:-i to the gcnt;tic aspects of anatomy.

While the aim of this research modality is
twofold, relating at the same time to twins
and to human quluu in general, the inves-
tigative procedure Is fumhnu.nhih the
same. Whatever the objective, the method
calls for a Ulllil['ﬂ:!r’iﬁ(ln of two twin partners
with a complex interplay of endogenous
or exogenous factors responsible for their
various :il:gru.f-. of similarity. The assess-
ment of a given degree of similaricy —its
extent, meaning and .upr:uht_ ramifications—
is the purpose of this comprehensive review
of the numerous investigations based on the
study of twins.

All of the studies that have been con-
ducted with a view to uplnrmg P:‘ll‘tl(.lll“ll
scientific area require first an intra- -pair
Lum}ﬂrlmn :Immccn twin |mrtm.rb]| and
then an intcrpnir comparison (between
groups of MZ and DZ pairs). In order to
make such double comparisons possible, the
first step must be zygosity diagnosis, fol-
lowed by the inrn-p;:ir comparison and
then an interpair analysis of representative
group samples. While the intra-pair com-
parison may be anthropological or clinical,
it is always effected on the twins them-
selves. The interpair comparison is made
statistically and effected on the data ob-
tained from two comparable samples of MZ
and DZ p:lil‘s_

Even when considered by itself, an intra-
pair cnmpanwn can yield important results.
In an MZ pair, for instance, useful informa-

1
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tion may be secured in the genetic held (re-
garding the penerrance or expressivity of
gum:-.}. as well as for clinical purposes, as
in cases of different degrees of similarity in
innate factors, or complete discordance as
to externally conditioned diseases. When the
genetic or nongenetic nature of any given
mwnnl or |~.-.1thc:|ngu, al trait is to be estab-
lished, or a combination of the two sets of
etiological factors, comparison between the
two groups of twins is necessary, owing to
their hereditary differences.

The investigation of twins has many oth-
er facets, among them being the require-
ment of unselected and statistically repre-
sentative H;‘III]I]]L‘H, the L‘ulnp:lriﬁun of same-
sex and opposite-sex DZ twins, the statis-
rical analysis of the data obrained, and the
like. The following section will illustrate
the various methodological aspects of twin
studies.

A wider analysis of the llmthndulng of
twin rescarch may be found in the last
chapter of the second volume of the present
work, while authoritatve contributions on
the xulneu have been made by wvarious
authors in recent years (Kallmann, 1953,
1954, "r‘-anrdl.nhurg, 1957; Walker, 1957).

The various : -1-;pcr:t~. of anatomy and mor-
phology have been investigated over a peri-
od of more than 30 years by a number of
Japanese researchers using “as material 2
number of twin fetuses (Taniguchi, 1955}).

. ANECDOTAL MATERIAL
The pronounced similarity of MZ twins
(Figs. 111 and 112) and the comparative
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Figs. 111 and 112. Similar facial features in MZ twins (Gedda).
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Figs. 113 and 114. Marked disparity in heighe in DZ rwins (Gedda).
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dissimilariries berween DZ partners (Figs.
113 and 114) have attracted the attention of
many scholars. The similarity of MZ twins,
as we have noted, has been u:d{.l} exploit-
ed in art and literature. In everyday life, it
is not only helpful to science but it gives
rise to many a comedy of errors,

Galton described one instance as follows:
“An artst who had been commissioned to
paint the portrait of two twins, three to
four years of age, put his work aside for a
few d*n s, and on taking it up again was not
able to remember which portrait belonged
to which child.”

Of another case Galton wrote,
twin girls used to trick their music teacher
when they wanted to get some free time.
Since their lessons were fixed ar different
one of them made the sacrifice of
hﬂ'.'ing two lessons on the same dav, so that
the other was able to enjoy herself all day
long.”

The daughter of one of these twins gave

Galton a p:.r*-nml account of her mother
and aunt. “Their physical appearance, their
voices and mannerisms showed such a re-
markable resemblance,” she said, “that | re-
member being very embarrassed about it as
a child. Had my aunt lived with us, I would
have had two mothers.”

“Two

s,

Such occurrences are common in the his-
tories of MZ twins. Here, for example, are
some anecdotes reported originally by
Newman, Freeman and Holzinger (1936)
and later recounted by Caullery:

Iid and Fred were adopted by different
families and lived 150 mules apart. When he
was 22 vyears old, Ed went to Chicago and
there was greeted on the street by a total
stranger who called him Fred. Ed paid no
attention at first, but the stranger persisted,
thinking he was addressing the other twin.
This chance encounter hrnught the long-
separated twins together again.
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Eleonora and Georgiana were also sepa-
rated at an early age and were unaware of
each other's existence. Boarding a bus one
day, Eleonora met a nun who mistook her
for the twin who was one of her pupils. In
this manner the girls found each other.

While Helen, a school teacher, was aware
that she had a twin sister Gladys, she had
never met her. Then one day Helen found
herself rcpmatlwd by one of her favorite
students for ignoring her smile of greering
at a movie theatre. Of course, it had really
been Gladys and the incident led to the re-
union of the twins.

A friend of ours, a well-known swrgeon,
had an erdained twin brother who lived 1n
the same town. The surgeon was often
teased by his colleagues. “What's the idea,”
l'|‘|(_‘:l,' v.':-}l_]ld cry, “tr_\.'ing to pass }'mlrﬁdf
off in public as a priestz"

According to Guttmacher, mothers of
MY rwins are not the only ones who have
trouble telling them apart. Even dogs, de-
spite their highly developed sense of smell,
get confused about who their master is if he
|‘|:||1pcnx to have an identical twin.

These vignettes, in Poyer's opinion, are
not without scientific interest. As a matter
of fact, some one-egg twins resemble each
other so greatly, that it is difhicult by any
scientific procedure to measure with precis-
ion their extraordinary degrees of similarity.

2. BIOMETRIC DATA

In 1925, Scheidt examined seven MZ
pairs, three DZ pairs, and three pairs of un-
determined zygosity. In general, the intra-
pair differences in one-egg rwins were sig-
nificantly smaller than those in two-cgg
twins, :l]-l'hm.lgh it was clear that the zygos-
ity diagnn:,‘j_r. could not be based on biomet-
ric measurements alone.

In the same year, v. Verschuer reported
on 42 MZ ],'I1|T'H f]mll ] hurmﬂn with meas-
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urements on stature, length and breadth of
the head, length of the arms, trunk and low-
er limbs, facial and various other diameters,
and the like. The average intra-pair differ-
ences in MZ twins were remarkably low, as
was the probable error of the given dara.
It also was of interest that in a vounger
trrnup of twins the observed deviation was
73=%.12% and in an older group .79+.3°

a small but apparently not insignificant dif-
ference.

One vear later (1926), Dahlberg present-
ed data on 243 Swedish twin pairs, with
careful tabulations of 15 different measure-
ments ( Table XXXVI). The measurements
were taken by two investigators, and re-
peated control measurements on the same
persons revealed differences I‘:!T'Iglﬂl_‘ from
5 to 1.5 mm. for the cephalic circumfer-
ence, and from 3 to 7 mm. for height. The
smaller intra-pair differences in MZ twins
are gmphi{:nll}' shown for head lengl‘h in
Figure 115.

Comparable measurements were obtained
by Dahlberg for four groups of 100 pairs
each: one-egg twins, same-sex and opposite-

Hirs
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seX two-egg twins, and two full sibs in mili-
tary service, measured at different times,
when each had approximately 21 vears of
age. The tabulated data showed the smallest
intra- imr differences for every single meas-
urement in MZ vwins, and the Iutrhcw in DL
twins of opposite sex (Table XXXVI). Bv
and large, same-sex DZ rwins vielded the
same mean  intra-pair differences as two
brothers exammed at a L‘m'llp:lr:lhh: age.
The effect of sex differences was demon-
strated most clearly by the average of the
averages, which varied from 8.22 mm. in
MZ twins, to 19.59 in brothers, 19.82 in
same-sex D7 twins and 23.75 in opposite-
sex DZ twins.

Some years later, Dahlberg compured the
-alues for each meas-
urement and obrained the lowest figures in
MZ twins (211.58 =% 9.27%:), the highest
in opposite-sex DZ pairs (594.37 = 38.72% ),
and intermediate values in same-sex DZ
pairs (496.09 = 18.6%. ). Accordingly, rwins
with a total anthropometric difference of
less than 300 per mil proved to be MONoZY -
gotic in 86.4 per cent of the MZ group,

sums of the per mil ¥

LI ] a3 id N w1 W W T

Fig. 11

=
18] 15 Lk L1Y LL (1L ] Lt (13 Ll ne

. larra-pair head lengeh differences (in mm.) in MZ (left) and

DZ (right) twins (Dahlberg).
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Tahle XXXVI
MEAN INTERA-PAIR DIFFERENCES IN ANTHROPOMETRIC MEASUREMENTS,
AND THEIR STANDARD ERRORS (DAHLBERG)

MZ

Lengthof head .. .. ... ... .... 2 57+0. 20
Width of head 1. 740,13
Minimum frontal diameter 1. 554012
Width of face 1.5940.12
Higonial diameter 1. 5640 12
Lengthvof Face. ... .. ... o 00 0. 2 464019
Stature : 16.27+1 .98
Length of sternum 14.65+1.1%
Height of symphysis. . .. .. 11.23540 94
Heght of acromion 17 .69+1 43
Heght of tip of muddle inger. . ... .. 14.4811.17
Lengthof arm. . . ... ... ... 10 F6 £ 08T
Length of trunk 14 GO4+1 23
Biacromial dinmeter . oo Giddt0.5%
Bicrestohac diameter g ! 5. 640 46
."1;'\-'1.'!":3_[.:1:' |:|'I ”'u" :1"1'1'h'|g1,'h H fﬂ‘

s Brothers (P4
[wame sex) [necani-f rins) (o pposite #ex)
5. 42+10. 42 5 8394037 T7.10+0. 74
3.95+0 31 3 09+0. %3 3.15+0. 54
T840 29 2.55+0.23 }o02E0 42
3. 534027 3.91+0 .27 517054
J. 8240 50 4. 154+0.29 3 35311046
4 2G40 5.50940 38 b TR+0. 61

30 GG 4 0] 46,7745 27 AT G096 41
4 20+5 54 001+ 2 B S0.71+5.91
35 53+ 2 HG b L R A 400 1244 G5
44 00+ 3 .52 43 62+ 05 32 004606
27 03+2. 24 25 06+1 81 209 5243 44
25 2T +2.02 a5 21 +1.97 37 2444 34
2] .32+1.72 2257+ 1.58 25 3642 96
13.21+1.06 | 14.42+1.01 18 G0+2 17

[ 10 53+0 85 i 12 50+ 0 87 13 54 1.60
19 82 1950 23 75

while 907, of DZ twins showed differences
of more than 300 per mil. In other words,
close physical similarity as demonstrated by
anthropometric measurements goes with
genotypical identicalness of one-egg twins,
and gross dissimilarity with the nonidenri-
calness of two-egg twins,

In later biometric studies (1927-1931), v.
Verschuer computed the percentage devia-
tion for single pairs, and the mean percent-
age deviation (E) for a series of pairs to ex-
press the degrees of intra-pair similarity
(see chaprer on Methodology, Vol. IT). The

results obtained by this method in the three
groups of twins ﬁgrccd closely with Dahl-
berg’s data (Table XXXVII).

Interpair differences in mean percentage
deviation (E) were graphically presented
by v. Verschuer with respect to both height
(Fig. 116a) and length of head (Fig. 116b).
MZ twins, the variability curve for
heighe 1s parabolic. Its highest point is at 0,
since intra-pair differences are generally
small. In DZ twins of the same or opposite
sex, the curve 15 flatrened and its peak 1s not
at (.

In

Table XXXVII
MEAN PERCENTAGE DEVIATIONS (¢) IN BIOMETRIC MEASUREMENTS (v. VERSCHUER)

Body weight

Height

Length of the head
Wudth of the head
Bizvgomatic diameter .

MZ i s
I-'\'ur.rn'-.‘\'r.r} ifh pj.ll].w.fr'-."l'r,r::l
2.24 1 50 G 53
a4 1. 63 2 04
54 L5 1.92
! 1.39 2 B
Tl 1.37




Plate I11. Marked facial concordance in a pair of female MZ twins 101} vears of age

_Iilllilh!'l"-.'t'ls IJ‘. ':u-!'l'ilil.l-.






Plate IV. Marked facial concordance in a pair of female MZ twins 11 years of age
(observed by Gedda).






Plate V.
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DZ wwins 10 years of age

observed by

(zedda).
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Fig. 116a. Interpair differences in mean percertage deviation (proz. Abw.) as to heighe
{(v. Verschuer).
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Fig. 116h. Interpair differences in mean percentage deviation (proz. Abw.) as
to antero-posterior cephalic diamerer (v, Verschuer). Unisesso=same-sex.
Bisesso—opposire-sex.
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Fig. 117. Mean percentage differences in heighe (Korpergrasse), antero-
posterior cephalic diameter (Kepflange), and body weighe (Kdarperge-
awicht), all for MZ twins (v. Verschuer).
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The corresponding data for the antero-
posterior cephalic diameter are far less
clear, possibly as an indication of uneven
cranial dev clnpmcnr in twins in the prenatal
period (one twin losing our for lack of
space). The given curve (Fig. 116b) is bi-
modal, with peaks on either side of 0 where
a marked depression appears. It may be in-
ferred, therefore, that gcmnulh deter-
mined interpair differences in this charac-
teristic cannot express themselves at birth
but only later in life.

In another graph (Fig. 117) v. Verschuer
compared rthe curves representing the fre-
quency of average percentage deviation in
height, weight and cephalic diameter in a
representative sample of 450 MZ pairs of
either sex. The sigma values of the frequen-
cy curves traced for the given anthropo-
metric measurements are shown in Table
XXXVIIL, with the following percentages,
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as .37, (100 —99.7 = .3), if the given figure
is higher than the three-sigma value. By the
same token, the chances of their being
monozygotic 15 457, (100 — 05.5 = 4.5), if
the percentage deviation exceeds the two-
sigma  value, and increases to [
(100 — 68.3 = 31.7), if the deviation is
greater than the single-sigma value. While
the range of variability was found by
Verschuer to be slightly increased during
puberty, there were no 5ignifir:.1nt sex dif-
ferences at any age.

In an English study of twins from public
schools in [nmlnn Stocks (1930) comput-
ed the following biometric measurements
for a total of 832 individuals including 386
members of the same-sex and 176 members
of {iE}PUﬁil’E—HC_\C twin p:air:-‘.: quif__{hr. wt:ighr,
degree of facial resemblance, blood pres-
sure, pulse rate, respiration, measurements
of the head (circumference, longitudinal

Table XXXVITI

STANDARD DEVIATIONS OF

CERTAIN BIOMETRIC

MEASUREMEXNTS (v. VERSCHUER)

Iz 2z 3o
Body weight 265 5 30 7.95
Height . T5 1. 50 2 23
Length of trunk 1 62 324 4 =i
Biacromial diameter I.29 ¢ 58 3 87
Biltae i meber. e e e TR e .62 3 24 4 8G
Thoracte ewrcumference., . ... oot e 1. 55 3. 10 I
Breadth of thorax e 1 85 370 5. 55
Longitudinal diameter of ”I.I:?l‘l‘: 24 4.8 .2
Circumference of head oy 1 53 2 HE
Length of head . ... ... ... ... 1.20 2 40 3 60
Breadth of head 118 2 36 3 54
3 ] (T 1 T e S A 1.23 2 4 3060
Bizygomatic diameter. .. . . ......... .o 0o 1.14 4. 2H S &
encompassed by multples of sigma («): and transverse diameters), and bi-ocular

= o=068.3%
=4 T =055
&+ 3o = 99.75%
In compuring the percentage deviation of
a measurement, the chances of a pair's being
monozygotic can be assumed to be as lonw

width.

MZ twins in early childhood tended to be
taller and heavier than DZ rwins of the same
age, with their :-;ingl-: born sibs somewhere
between the two groups with respect to
height but not with respect to weight (sibs
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generally being on the heavier side). As ro
cramial ticvclnpl'nenL o, DZ twins were
inferior to MZ twins, while there was no
intergroup difference either between same-
sex and opposite-sex DZ twins or between
two-egg twins and sibs of the same age.

An appraisal of the interaction of genetic
and nongenetic factors in producing the va-
rious characreristics measured showed a de-
cline in the contributions of heredity in the
fu"l:}wing order: height, w::ight,r cramial
measurements, blood pressure, pulse rate,
respiration. In a subsequent investigation
(Stocks, 1933), it was confirmed with re-
spect to height, weight and cranial diam-
eters that MZ twins show the highest de-
grees of intra-pair similarity,

Comparable biometric studies by Gsik
and Apor in Hungnr}' (1937), using v. Ver-
schuer’s merhod of computing the percent-
age deviation, were concerned with 130
onc-cgg and 160 same-sex two-egg rwins
from different socio-economic levels in
Budapest, ranging in age from 3 to 42 vears.
[:(mhinlc‘l‘ing :m]_r such measurable charac-
teristics as height, weight, size of thyroid,
and the like, the investigarors observed vary-
ing interpair differences in percentage de-
viation for each measurement, apparently
because of different modes of interaction
between genetic and environmental influ-
ences. The characteristic with the highest
genetic component was stature,

In order to appraise the effect of age on
these values, the twin sample was divided
into three age groups: 5-12, 13-17, and
18-42. In this manner environmental influ-
ences on variations in height were found ro
decline with increasing age. While the
smallest percentage deviation was obtained
in the oldest group of MZ twins, the high-
est value was ::n-mpul.‘rcd in male MZ adoles-
cents (second age group).

In a study dealing primarily with viral
capacity variation, Werner (1938) also
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compiled data on various somaric indices in
a series of 35 MZ and 25 DZ pairs of twins,
using the following procedures:
1. Rohrer’s index of hndj..' structure:
h:uj}.' u't:ighr n grams x 10
height (in cm.)®

P

. Kaup’s index (Qucreler):
body weight in grams
height (in em.)*

B

3. Thoracic circumference {I‘]I'llg.‘ith]:
expiratory circumference of thorax
(in cm.) > 100

height (in cm.)

4. Thoracic expansion index (Brugsch):
expiratory circumference (in cm.) x 100
inspiratory circumference (in cm.)

5. Index of interscapulary width:
il!]H,'rSL‘:li‘}lliftl“..' width (in em.) x 100

height (in cm.)

The results obtained h}' Werner are com-
pared in Table XXXIX. According to this
analysis, Rohrer’s index appeared to be the
one controlled most clearly by heredity.

Clark (1956) studied the heritability of
49 anthropometric characters as ascertained
from measurements taken on a series of 21
female and 23 male monozygous pairs and
23 female and 14 male like-sexed dizygous
pairs ranging in age from 12 to 20 years.
The selection of twins, diagnosis of zygosity
and program of measurements were report-
ed separately (Sutron, Vandenberg and
Clark, 1956). The greater part of the vari-
ance of most of the ascerrained characrers
was found to be genenically determined.

Marcozzi (1957), studving the correla-
tion berween similarities of physical and of
I‘J:.}'-::i‘m]ugic:ﬂ traits i a series of 18 MZ
and 21 DZ pairs, found that face and head
measurements were significantly more sim-
ilar among MZ rwins, with the exception
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Table XXXIX
BIOMETRIC COMPARISONS (WERNER)

Average Differences

ME
1st Index according ro Rohrer. ... ... 0
2nd Index according to Kaup......... i
ird Index according o Brugsch. . 1.9
4th Index according o Brugsch. ... .. 1.2
Sth Index (widch berween !.'n'.'-.qul]:lu]. i

{ontribution

Ihifferenee K atio of Heredily

nz DE-Mz ME:DE (DZ:ME)-1
15 11 1:5.8 12 .4
14 04 1:2.% 4.9
2.0 1.0 1:1.8 2.2
1.8 5 1 B 1.8
by o 1:1.3 i

of nose measurements. Osato and Awano
(1957) reported a long series of studies car-
ried out, in collaboration with several other
researchers, on the environmental variabil-
ity of a number of morphological and
functional traits. One such study, on an-
thropometric  measurements  (Ito, 1948),
based on dara from 79 MZ, 54 same-sex and
18 opposite-sex DZ pairs, indicated that
mean percentage inl‘r:l-p:'til' deviations among
MZ pairs were very small where head meas-
urements and body-length were concerned
(thus demonstrating a prevalence of heredi-
tary factors), while thu. were higher for
h(u:h -breadth and uwrhr (thus showing
hlﬂhm environmental ]TIHHLTILL} The pres-
ence of genetic Lumlumnmrr for all traits
was proved by the fact that differences
among 3% I];‘!il“.i WEre ]ughr:r than those
among MZ pairs,
3. SKELETAL SYSTEM

In a series of 53 MZ and 31 DZ pairs,
Schwarz (1920, 1929) studied roentgeno-
grams of the skeleton and of auditory and
nlf'ltmn Organs, r:t.pu_mlh sinuses and mas-
toid process. The fronral sinuses were f:mmi
to be similar in 50°. of MZ twins and 1
3757 of DZ twins; the maxillary sinus in
68.2 and 507, respecrively; and the laby-
rinthian portion of the ethmoid bone in 77.3

and 50°%. of the pairs, respectively. The
nasal seprum was classified as similar in 50°

of MZ pairs and in 10° of DZ pairs, while
the corresponding figures for FOENtgeno-
grams of the mastoid process were 66.1 and
37.1°%., respecrively.

In a similar unuh of 39 one- egg p:nrs
(Leicher, 1918), almost complete mml:mty
in frontal sinuses was observed in 13 pairs,
with only minor developmental differences
in the others. Similarity in the pneumartiza-
tion of the mastoid was seen in 25 MZ pairs
(dissimilarity in 14 pairs), while the maxil-
lary sinus was similar in 17 out of 18 MZ
pairs and in 12 out of 18 DZ pairs, and the
sphenoid sinus in 10 out of 14 MZ pairs and
in 6 out of 14 DZ pairs.

Even more illuminating were the x-ray
studies of Buschke (1934, 1935) and Kiihne
(1931). Buschke’s series originally com-
prised 25 MZ pairs, 18 same-sex DZ pairs,
7 opposite-sex pairs, 4 sets of triplets, and 1
set of quadruplers, and was later enlarged
by 1 ser of female one-cgg triplets examined
at intervals from the age of 4! months to
12 vears. The ﬁndings‘ showed virtually
complete one-cgg similarity in ::nnﬁgur:;.—
tion and structure of the bones, down to the
most minute details, and sizeable differences
in plurizygotic subjects.

Another study by Buschke dealt with
the process of cmthutum especially in the
bones of hands and feer. On the whole, the
nuclei of ossificarion were found to appear
at essentially the same time in one-cgg
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twins, and only to a lesser extent in some
two-egg twins. Qualitatively, too, the ossi-
fying process was less similar in same-sex
two-egg than in one-egg rwins. The largest
intra-pair differences were observed in op-

165

posite-sex pairs, probably because ossifica-
tion progresses more rapidly in the female
than in the male.

Since one-egg twins were most similar as
to the rime when the first series of ossifica-

Figs. 118-121. Intra-pair similarity as to the doubling of ossification nuclei in the lunate

bones of female MZ rwins, aged five years, with the hands of twin No. 1 (upper figures)

showing scparation of the two nuclei only in the right hand, and the hands of twin No.
2 (lower figures) showing the rwo nuclei still separated (Buschke).
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tion nucler appeared, and less similar for the
second series of nuclei, Buschke assumed a
higher degree of penetrance for the genes
initiating the first process of ossification.
Giencrally speaking, the rwin who is ahead
in growth is also the first to complete osteo-
genesis. What is more, rate and rhythm of
{mﬂ!t.“ltlc}l‘l seem to be more dr:hmtch de-
termined by heredicy than growth in gen-
eral and hr:ltrhr n |L1I[ILLI|'LI‘ In DZ twins,
ossification rates may show marked similar-
ity despite extreme differences in height.

Intra-pair similarity in the doubling of
ossification nuclei is shown in Figures 118
through 121 in regard to the lunate bones
of one-egg twins (Buschke). The observa-
tion that supernumerary nucler and other
osteogenetic variations (tuberosity of the
fifth metatarsus, posterior process of the
talus, first cuneiform bone, and the like)
tend to occur in both members of one-egg
pairs points to a gunu—spcciﬁc origin. In
Buschke’s opinion, they represent a locis
minoris resistentiae (spot of diminished re-
sistance) and perhaps a transition to patho-
logical forms.

More apcclhmllv Buschke concluded
that bone structure is determined by an in-
teraction of genetic (83°) and nongeneric
(17%%) factors. He even thought that roent-
gcnngmphic comparison of hands and of
feet might be a useful device for classifying
onc-egg and rtwo-egg rwins, since the X-rays
of the former are frequently so much alike
as to be interchangeable. These hmimgh re-
main generally important, even if some of
Buschke’s inferences are no longer com-
patible with the latest genetic concepts,

Maltarello (1957) took x-rays of the right
hands and wrists of 98 twin pairs between 2
and 18 vears of age (19 male and 29 female
MZ, 12 male and 4 female DZ; 24 opposite-
m:\-} Intra pair comparison revealed similar-
ity in the ossification processes in 57 out of
58 M7 pairs, as compared to dlwnuhnn
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in 31 out of 40 DZ pairs. The process of os-
sification appeared to be slower in male sub-
jects, with significant intra-pair differences
in the opposite-sex pairs.

Kiihne's twin studies of the spine put the
final touch on his earlier genealogical in-
t'r:ﬁtig-.ltiun:-; (10,000 roentgenograms on 121
individuals from 23 families). An appraisal
of the rwin data requires a brief review of
his previous findings.

When anatomists talk of a normal spine
and its well-defined characteristics, they are
fully aware of a number of possible varia-
tions which may be found at certain loca-
tions. Predilection sites of this kind are (a)
the junction of cervical and dorsal columns,
where the seventh cervical vertebra may
have a pair of more or less deformed ribs
attached, or the first dorsal vertebra may
have no corresponding ribs; (b) at the junc-
tion of dorsal and lumbar columns, ribs may
be arrached to the first lumbar vertebra, or
the rwelfth dorsal may have none; (c) the
fifth lumbar vertebra may be fused with the
sacrum (sacralization) or the first sacral
vertebra may form a part of the lumbar col-
umn rather than the sacrum; (d) similar
anomalies between sacrum and coceyx.

The tendency of these malformations to
occur n an “ascending” or “descending”
direction was shown by Kiihne (1931) to
be concentrated in families. Ascending vari-
ations of this kind include dorsalizarion of
the seventh cervical vertebra, ankvlosis of
the ribs at the level of the twelfth dorsal
vertebra, and sacralization of the fifth lum-
bar vertebra. Descending varieties are anky-
losis of the ribs at the level of the first dor-
sal vertebra, dorsalization of the first lumbar
vertebra, permanent detachment of the first
sacral vertebra, and sacralization of the first
coceyvgeal vertebra,

To explain the observed variations on a
genetic basis, Kiithne assumed a single fac-
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tor tvpe of inheritance, with dominance of
the factor for the fr-.ccndmf_{ 11rlcn and
with recessiveness of that for the descend-
ing variery. Accordingly, individuals show-
ing the ascending trait would be either
hmnu?x gotes or herterozygotes, while unh
humnn gotes would be able to manifest the
dcmcndmg trait.

In line with this working hypothesis,
58.5% of the spines classified in Kiihne's
series of cases (from Berlin) were ascending
in type; 34.29 dcﬁccnding; and 7.3% inter-
mediate. Dividing the intermediate group

7

-}
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between the other two types, Kiihne ob-
rained a 6.4 ratio (63.1:36.97)) in twins as
well as in single born individuals.

In Kiithne's twin study (53 MZ, 35 same-
sex and 50 opposite-sex DZ pairs), which
was extended to the parents of the twins,
x-rays of the spine showed a tendency ro
intra-pair similarity only in one-egg twins,
with variations in penetrance and pheno-
l'_!,'pit: Cxlll‘l.'.'*ihitll'] of the genes concerned.
For instance, in the spines of the two MZ
pairs in Figure 122, one sees evidence of con-
cordance for the descending trait in the first

verl XIX. ..

et XXV -

Fig. 122. Metameres of the lower vertebrae in two pairs of MZ
twins (Kuhne) (rechts=right; links=left).
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|'|j_=~|. 123 and 124. Similar pelvic du_-n_-lu-prnn_-n:_ in female MZ twins, aged 6!
degree of caleificarion of the nuclel and epiphyses, the structure of the bones, and the direction of

yvears, with idenrical

the trabeculae and their degree of condensation. The shape of the femoral head and is angulation,

the form of the acerabulum and the thickness of s floor, the height, course and undulations of the

femoral epiphyseal cartilage and the surrounding bony condensation are also alike. The iliofemoral

ligaments have idennical direcnion and development, their ]1|u|-::ur1.=_=,:1llun reaching the same point on

the head of the femur. The femur necks show the same angulation. The nuclel of caleification of the

greater trochanter and the obturator foramina have equal marging and are idenrical in shape and

size (Gedda).

|1;1i1'. However, while one twin shows a pair
of I'luiiﬂitﬂr:]t'}' ribs in the first lumbar re-
_f_{inl‘l (vert. XX}, incomplete lumbariza-
tion of the first metamere  ( vert.
XXV) and sacralization of the first cocey-
gu;lf segment (vert. XXX), the cotwin is
discordant for the first anomaly, dissimilar
as to the type of the second ;a1l1nm-_‘;|.\, and
concordant as to the third.

sacral

On the other hand, in the second pair

with evidence of the ascending trair, lum-
barization of the twelfth dorsal vertebra
(XIX) and sacralization of the fifth lumbar
vertebra (XXIV) reveal phenotvpic dis-
similarities, while there is L‘ulllph‘ﬂ: COMn-
cordance as to the reduction of the sacrum
to four metameres (vert. XXVIII) and the
fusion of the last sacral vertebra with the
coceyx. According to Kiithne, observations
of this kind are explained by variations in
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Fie. 124, X-ray

pencrrance and especially by the effect of
such |1-|L|‘|'|Hf u‘nn:rnm(uta] factors as dif-
ferences in position or nutrition.
Apparently, the structure of the spine 1s
the end-product of an !il‘lt-.'l'pl'!'n.' between
n|,3|1n:m1w oenetc tendencies d!lutllw the
deve |HP['I'IF."r'|I' of the spinal column upward
or downward and a varety of maoditying
factors either endogenous or exogenous in
nature.
not occur

In other words, these variations do
at random, as demonstrated by
twin studies.

The order in which cramal ossification
takes place was the objective of Pryor’s in-
vestigations (1936, 1939). Apart from look-
ing for criterion for
ing one-egg and twWo-egg twins, the inves-

=l

another distineuish-

of second owin

(see previous fipure)

tgaror 'I'I..‘fﬂll'lL'l.! intra-set similaricy in che
one-egg Kerner triplets and threefold ossi-
fication differences in the Schense quadrup-
lets (two MZ boys, two DZ girls).

I'he same T|1pi£tﬂ were followed roent-
genographically |:1., "'-.urarh:- and i{unn]._h
(1944} for a }:Luud of 12 \r.un (from 2 to
14 vears of age).
the three boys were concordant for

While d:tT-.nuﬂ in height,
a rare
anomaly, an extra epiphysis at the base of
the second mertacarpus, and showed many
similarities in the onset of the ossification
process in all 26 nuclei investigated. There
also were Hj"]lifit"!ﬂt differences, |1-1|'tit'ul;!r—
h in the rate of ossification on various age
levels. The most pronounced range of varia-

|H|1t_‘. as to the ome of nhxlh{_,umn was ob-



170

served in the metatarsal nuclei.

In view of these findings tn:hrmm]ugi-:'ll
similarity in the development of many ossi-
fication nuclei, with pnwhlc differences in
some nuclei), the investigators warned
against basing a zygosity l;ﬁﬂEl'l{}‘ii.‘i on a
single roentgenographic series. They con-
cluded that certain environmental factors
(acquired characteristics of a metabolic na-
ture) are capable of modifying the genetic
pattern of ossification,

Other interesting twin studies included
those by Turpin (1938) on two sets of MZ
twins (51'-. vear-old girls concordant as to
the bilateral absence of ossification nuclei
in the lunate bone and two-year-old hﬂw
with similar ﬁndmu in the hamare); t N
Turpin, Tisserand and Piton (1938) on a
one-egg pair of six-year-old boys showing
reversed asymmetry in a double ossification
nucleus in the humtc, and by Turpin, Tis-
serand, Bernyer and Caspar Fonmarty
(1942) on intra-pair similarities in the con-
figuration of the frontal sinuses. This third
investigation (19 MZ and 17 DZ pairs) was
extended to the form of the scapula and re-
vealed a higher degree of intra-pair similar-
ity in one-egg than in two-cgg twins.

From our Rome material, similar pelvis
x-rays of 6% -yvear-old female MZ twins are
shown in Fi 1igures 123 and 124. Considering
the age level of these girls, the observed in-
tra-pair similarity is remarkable.

4. SKIN, HAIR., DERMATOGLYPHICS

Among genetically determined skin char-
acteristics, pigmentation was studied by v.
Verschuer (1939) in 135 MZ and 103 DZ
|1-=1i|'$ In the former group cum})lcte intra-
pair similarity was found in 117 pairs, and
sOIMme dmmulﬂrm in the others, apparently
due to the effect of different environmental
factors. In the two-egg group only 57 pairs
showed intra-pair ﬁ“mn!mm

According to Schiller (1936). dissimilari-
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ties are sometimes observed in one-egg pairs
where one twin is forced by heart disease,
infantile paralysis or a similar ailment to re-
main indoors and abstain from sports. As a
rule, the unaffected rwin is more tanned, es-
pecially on the extremities.

Freckles have been of interest to twin re-
scarchers since Siemens (1924) stressed
their usefulness in making a zygosity diag-
nosis (intra-pair similarity in one-egg twins
only). In Decking’s series (1926), one-egg
twins were alike as to the presence (42
pairs) or absence (22 pairs) of freckles,
with freckled twins shuwing marked intra-
pair similarity in the size and other details
of the spots. Qumtltanve differences were
found only in older pairs, probably due to
outside influences. In the two- egg group, 11
pairs were classified as similar as to the pres-
ence or absence of freckles, and 19 pairs as
dissimilar. Darker freckles were usually seen
in the darker-skinned twin.

According to v. Verschuer’s data (1933),
70 MZ pairs were similar as to freckles, with
qmntitfttivc differences in 16 pairs. Of 66
DZ pairs, 10 were completely similar, 27
parth similar, and 29 dissimilar. In another
series of one-egg twins, complere ml.'t'-l-]mr
similarity as to freckles was reported in 23
pfurs, and almost complete similarity in 16
pairs.

Remarkable instances of intra- Pﬂil' simii-
larity as to freckles in one cbg pairs were
described by Waardenburg (Fig. 125), as
well as by the author (Plates V [I VI and
IX). Schiller’s data on freckles are summar-
1zed in Table XI..

Twin studies on lentigines were conduct-
ed by Siemens (1923) in a series of 45 MZ
and 23 DZ pairs, by Scholl (1926) in 93 MZ
and 76 DZ sets, and by Schokking (1931)
in a series of five MZ and nine DZ Imirs. All
investigators reported a higher intra- pnir
sumilarity in one-egg than in two- -egg twins.

Accor ding to Scholl, the correlation co-



Plate VII. Maoles on the face of the mother of MZ twins pictured in Plates VIII and IX.
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Fig. 125, Intra-pair similarity as to the distriburion of freckles in MZ twins

I71

Ny

{Waardenburg).

Table XL

INTRA-PATR SIMILARITY (IN PER CENT) IN HAIR COLOR
SKIN PIGMENTATION

AN
SCHILLER)

ME Mal:

» ]
iy

Pigmentation of skin (L 1]
Color of hair 1{d 23
Freckles 110 B0

Dizsiniilar

[

.II Lirs ||-'

[} .|l.-||u|.lrl.l'| ST

Simular issimlar Simular [hiszimeelor
Sl ) 53 T 23
77 24 T b3 55
21} ol b2 T 21

efficient computed for MZ pairs was 887

.03, and that for DZ pairs, .68 = .06 (as
aoainst a coefficient of .12 .1 for two un-
1"|.;|;]T1:|l persons of the same age). H‘-. and
large, these findings were confirmed by
\."l.'::il'f (1924}, Paulsen (1925) and Meir-
owsky (1923), at least from a quantitative
!minr- of view (number of lentigines ob-

served ).,

Ih'gnnim; the genetic aspects of the bair,
the main characteristics investigated by
means of the twin study method have been
the following: (a) color, (b) rexture, and
(c) hair follicles.

In his studies of hair color, Dahlberg
found marked intra-pair simlarity in one-
egg twins. Also, he observed an interesting
pair in which one member lost her hair fal
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lowing erysipelas. When the hair grew in
again, it was darker than before and darker
than her cotwin’s but only for a while. A
few years later, when the girls reached the
age of 19, their hair color was once more
identical, the cotwin's having gradually
darkened. rtoo.

This observation is in line with a phe-
nomenon that leads to temporary intra-pair
dissimilarity with respect to certain twin
characreristics and may be referred to as
“asynchromsm.” The temporary lack of
“nd‘trurmm n the dev clr;-pmult of a gene-
s.pccmc trait in one-egg twins tauc]cmrmn
or retardation) may be interpreted as a dif-
ference in the nime of determination of the
phenotype and may often be cw.phmcg!
by the effect of environmental circum-
stances on only one member of a pair. In
DDahlberg’s case, discordance as to erysipe-
las apparently hastened the development of
a genotypically determined chromaric vari-
Ation.

Using Fischer-5Saller’s color scale in a
series of 215 MZ and 156 DZ twins, v. Ver-
schuer compared intra-pair variations in

hair color, oo (Table XLI). In another

Tahle X1

HAIR COLOR VARIATIONS (v. VERSCHUER)

MZ Dz
Similar hair coloring. : 75 89 i | L
Slightly different hair coloring. 13.5% | 15, 8%
Dissimilar hair colaring S 0L Mo M O 11

sample (219 MZ and 148 DZ pairs), he ob-
served intra-pair similarity as to hair tex-
ture in 1007, of one-egg pairs and in 797
of two-egg pairs. The relatively small dif-
ference between the two groups was as-
cribed to the fact thar straight hair was a
common characteristic of the parent popu-
lation.

TWING IN HISTORY AND SCIENCE

In Brauns' study (1934), 43 MZ pairs
were classified as similar, 5 MZ pairs as
nearly similar, and 2 MZ pairs as dissimilar
as to hair color, although all MZ twins
showed intmalmir similarity as to hair rex-
rure (compared with 43 out of 54 DY
pairs). In the two-egg group, 13 pairs were
similar, 14 nearly similar, and 27 dissimilar
as to hair color. The technical difficulties
encountered in studying the hair of voung
children were stressed by Brauns as well as
by Schiller (1936) and Geesell and Thomp-
SOM.

Variations in the distriburion of lanugo
and other types of hair (pubes, ete.) were
studied by Weber (1939) in a large series
of twins, and found to be so characteristic
that they were recommended as a useful

aid in zy tr{hln dl;.trmm-.

Kiil's h-m]mc '\tlldl(‘& on Norwegian men
(1948) revealed three forehead tvpes in the
general population, with frequencies of
44 : 28 : 287, and complete intra-pair simi-
larity as to these types in all 30 MZ pairs
(with a tendency to reversed asymmerry )
and in 437, of 24 DZ }T‘Illﬂ The detailed re-
sults of this investigation are summarized in
Fi;__rurc: 126.

I i :
m m : Il ]]]_ 147,
S AR = I H] 18%
iy 100, [ |2
m | m |7*
I I l ]1 ]I n%
f. T |2

Fig. 126. Intra-pair similarity in three hairline
types in MZ (left) and DZ (right) twins
(Kil).






Plates VIII and IX. MZ twins g% vears of age who have inherited from their mother (Plate VII
a less-marked but concordant development of facial moles (observed by Gedda).



Plate 1X.
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Wrinkles (permanent in old people) and
temporary forehead lines {fn]luu-ing SEim-
ulation) were analyzed by Biihler (1934)
in 42 MZ and 43 DZ pairs. The intra-pair
ﬁirt]ilnrir}' observed In one-egg tTWins ex-
tended to the number, direction and spacing
of wrinkles, but there were considerable
variations in the branching. Other differ-
ences were ascribed to reversed asymmetry.

As to the extent and distribution of sub-
cutaneous fat tissue, Weninger (1933) de-
scribed lower abdomen dissimilarinies in a
one-egg p-iir (also studied by Routil). Oth-
er intra-pair differences were noted by
Sieder in the ocular region, and by Ogawa
(1940) in the volume of feral far tissue of
of the cheek.

Of particular importance has been the
study of dermatoglyphics, both in twin re-
search and in identification procedures
(dactyloscopy ). While the Bertillon system
was devised largely for the purpose of
identifying criminals, Galton (1892) was
the first to compare the fingerprints of the
right hands (index, middle and fourth fin-
gers) of same-sex twins. He noted marked
similarity in some cases (as did Bertillon in
an nLLlnlcnnlh discovered pﬂr referred to
by Apert), and dissimilarity in others.

The theory that there are two different
tyvpes of rwins in man, one-egg and two-
egg, was confirmed by Wilder (1904, 1908,
1919) on the basis of dermatoglyphic stud-
ies in S0 pairs of twins and 16 sets of trip-
lets. Intra-pair similarity in identical twins
was observed not so much in minute details
as in the general trends of fingerprint pat-
terns.

Poll (1914) and Ganther and Rominger
(1923) were more guarded in their con-
clusions. The former fingerprinted 83
“pmlmhly“ one-egg pairs, two sers of trip-
lets and one pair nf pygopagous tw ins; the
Jatter fingerprinted five MZ and 42 DZ
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pairs classified according to the feral-mem-
brane method. Poll's study included no pair
with similar dermatoglyphic patterns in all
fingers, and only a few with similar patterns
in nine fingers.

In the one-egg series analyzed by Ganth-
er and Rominger, a higher degree of intra-
pair similarity was found than ever oc-
curred in two-egg twins, but the similarity
extended only to seven or nine fingers.
Since at least one finger always showed
some disparity, the investigators erroneous-
Iy regarded the feral-membrane method as
more useful for zygosity classification than
a comparison of fingerprints.

Leven (1924) confirmed in 23 same-sex
pairs that the intra-pair similarity in one-
egg pairs (15 were diagnosed as such) con-
*-.l*-.rt:nth exceeded that in two-egg pairs (8),
hoth thum ely (tvpe of pattern) and
quantitatively {numher of ridges). On the
other hand, Lauterbach (1925), who stud-
icd 149 same-sex and 63 opposite-sex PMI‘S,
questioned the value of palm prints in iden-
tifying one egg twins.

In view of a greater intra-pair similarity
in one-egg than in two-egg twins, Dahlberg
(1926), Waardenburg (1926) and Kork-
haus (1927) favored the use of fingerprints
in zyvgosity diagnosis. A similar attirude
was taken by Montgomery (1926) with re-
spect to f-:m}prinrx {im‘csrig-atcd in 57 same-
sex and 30 opposite-sex pairs). In his opin-
ion, definite intra-pair similarity is indica-
ive of monozygosity, while its absence
does not preclude it.

In _]:lp:tri, detailed LIE,‘:I‘II]:,l‘l'Hgl}'PlliL‘ studies
were conducred by Karugami (1926), Obo-
nai (1926), Kishi (1927), and Komai (1928).
Karugami reported complete correspond-
ence in ridge counts in 2 of 15 same-sex
pairs, and in none of 5 opposite-sex pairs.
Kishi's conclusion was a lesser degree of in-
tra-pair variability in same-sex (49 sets)
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Fig. 127, One-egg similaricies in fingerprints ( Taku Komai).
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Fig. 128. One-egg similarities in foorprines ( Taku Komai).
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than in opposite-sex (11 sers) twins. In
Obonai’s report on approximately 2,000
pairs, it was pointed out that some F.I“'liI'Ei
classified as monozygotic because of }ftn si-
cal (including sex) Jnd psy thulngwl] simi-
larities, differed considerably in their fir nger-
prints.

Komai's material consisted of a series of
nine same-sex pairs with fully analyzed
ﬁng{:r-. [mlm— and f:mrprint:-;; 55 same-sex
and nine opposite-sex pairs, as well as one
set of triplets whose palm and fingerprints
had been studied; and a fingerprinted series
of 166 same-sex and 30 opposite-sex pairs
placed at his disposal by Obonai.

Accor dmf:r to these dara, the dermartogly-
phics of one- egg twins (fingers, palms and

2 3 4
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feet) proved to be far more alike than those
of two-egg twins of the same or opposite
SEX {l-'ig;,u].?'f’ and 128), with qualitative
differences in not more than two fingers in
the one-egg group and more frequently in
the two-egg group. Another interesting
finding in one-egg twins was that derma-
toglvphic cross resemblance (between the
two right hands or feer of twin partners)
exceeded internal resemblance (berween the
two hands or feet of one rwin).

Equally illuminating were rhe data ob-
tained by Bonnev e (1923, 1924, 1927, 1931)
on {.mim os, family trends, and one-egg
twins Hﬁ pairs). The Elnhn.n]uyc_u] work
showed that papillary  corium  patterns
(dermis) are formed during the third month

0o i
===

I

MomnozycoTic (BS)

DizvGoTIic

|

16 L OPPOSITE-SEX
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Fig. 129, Intergroup comparisons of the number of fingers
with similar prints, with the number of pairs shown on the
ordinate (Stocks).
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of development, while their extension into
the Epid{:rn]is 15 L‘{lmplttf.‘ni |]-:|.' the end of
the fourth month.

The genetic analysis of family dara
pointed to the operation of genes V and v
as the determinants of quantitative variations
in fingerprint patterns, with one gene pro-
ducing thick skin and a relatively small
number of ridges, and the other gene pro-
ducing thin skin and a high value for ridges.
Further qumll‘il.':ltiw: variations were as-
cribed to localized epidermal thickenings
(epidermal pads or Epidermispolster) con-
trolled by another set of genes (R or U
according to whether the pads were on
the radial or ulnar side of the hand, and r
and u when unexpressed).

In this manner, the following genotypic
formulae were computed:

UV for a rotal number of 6-15 ridges
Uw for a total number of 16-21 ridges
vv for a total number of more than 21 nidges

177
milial tendency to the formation of similar
dermartoglyphic  patterns, with one-egg
rwins showing an even more pronounced
degree of similarity because of their origin
r]’l;l” 0one Ov . :

In Newman's fingerprint analysis (1930)
of 50 MZ and 50 DZ pairs, a more frequent
intra-pair similarity was observed in one-
egg than in two-egg twins (Fig. 130). Com-
parison of the corresponding prints for each
ﬁngcr _vi-:]dc-d 347 points of INtra-person
similarity (right and lefr hands) and 351
puoints of Intra-pair similarir_'-.' {two right Or
left hands) in the one-egg group, and 36
and 248 points, respectiv Lh in the two-egg
aroup. Without the ﬁI‘IE(‘I’]':II‘II'I[H of the lit-
tle fingers (frequently similar even in two
unrelated persons), the mtcrgmup differ-
ence was even larger (288 points in one- egg

vv or uu for a difference of 0-4 ridges on the radial or ulnar side
Er aor Uu for a difference of 5-10 ridges on the radial or ulnar side
RR or UU for a difference of more than 10 ridges on the radial or ulnar side

In Bonnevie's twin studies, 30 MZ pairs
were classified as genotypically complerely
similar "ICC(}l‘dlllg to this dermaroglyphic
system, four pairs as partly similar, and two
pairs as dissimilar.

From the standpoint of zygosity diag-
nosis, the fingerprint studies of ‘:tm..La
(1930, 1933) proved of particular value,

Between r. and 1. hands of the same subject. . A
Berween r. hand of the first & r. hand of the sunml twin.
Between L. hand of the first & 1. hand of the second twin,
Berween r. hand of the first & 1. hand of the second twin. .
Between 1 hand of the first & r. hand of the second twin,
Berween both hands of twin parmers. ..

While one-egg twins were found to have
at leasr six ﬁngi:rs with similar dermato-
glyphic patterns on both hands, rwo-egg
twins had six or less (Fig. 129). The finding
was explained on the basis of a strong fa-

twins, 168 points in two-cgg twins). The
observed intra-pair similarity in MZ pairs
did not extend to “minute details.”

Based on the number of ridges, the quan-
ritative analysis yielded even more striking
||1tc1u1nup differences. Dividing his ridge
counts into 17 categories, Newman obtained
the following ‘comparative results:

MZ DZ

0932001 093001

.92 001 034008

932001 050007

091002 047 0,07

A9 =001 402008

L Des=0.01 0 46008

According to Schreiber (1930), himself

an u‘]cnnml twin, a study of his family (the
p'!I‘EI‘l["q and their five children, 1nr.]ud|r1:-_{ a
pair of rwins) confirmed that the hng{,r—
prints of twin partners are “not identical”
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Fig. 130. Similar lefr ring fingerprines of female ME twins, with some minute differences (Newman).

but anatomically more similar than
those of other family members. Additional
corroborative data were provided by Hara's
(1932) study of 45 MZ and 48 DZ pairs of
twins, by Sanders’ (1932) report on two
female sets of MZ triplets, and by the
quantitative analyses of Geipel (205 MZ,
129 same-sex DZ, and 76 opposite-sex DZ
pairs) and v. Verschuer (1934).

The ﬁllgtrprillt:-a of two pYgopagous pairs
were studied by Cummins and Mairs (1934)
and Cummins ( 1936). Those of the Gibb sis-
ters (Fig. 72) were found to be more simi-
lar to the fingerprints of the father than of
the mother. In addition, there were some
interesting  intra-pair  differences which
were ascribed to the given disturbance in
embryonic development. In fact, the thumb
print of one twin resembled that of a sister
rather than of her cotwin.

Wendt (1955), applyving a method called
“Individuelle Musterwert,” studied the intra-
pair similarity of fingerprints in 100 MZ and
100 same-sex DZ twin pairs. None of the

ane

MY pairs had dissimilarity values of more
than 5§ (19 |:~;t't|'.¢ showed no L“‘.i.‘-ij.l'l'lil."lrit}' and
51 less than two dissimilarities) while DZ
pairs showed complere similarity in only
five cases, the others being distribured over
various degrees of dissimilarity (33 dissim-
ilarities in one case!). i

Palm prints of 200 same-sex (100 one-cgg,
100) t‘n.!.'u-cgg} and 50 uppnﬁ{t{:—ﬁcx pai[':-;
were investigated by Meyer-Heydenhagen
(1934). In MZ vwins, intra-pair similarities
were found to be :ulfﬁr:icntl}' consistent to
form a rehiable basis for zvgosity classifica-
tion in 90%, of the cases. Homolateral simi-
larity was observed only in certain asym-
metrical features and did not exceed the
degrees of internal resemblance with re-
spect to other characteristics.

In a set of Canadian MZ quadruplets, both
palm- and foot-prints were reported by
MacArthur a2nd MacArthur (1937) to be
entirely dissimilar.

“Almost complere™ intra-pair similarity
in the ti-:rm:rmgl}'plﬁcx of MZ twins was
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Fig. 132, Right hand fingerprints of DZ owins.
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described by Lotze (1937), as against the
usual disﬁi:nilnrit}' observed in DDZ pairs
(Figs. 131 and 132). A major difference
Wias seen nrll}' in the |H'511L\ of the fourth
fingers. The investigator concluded that a
correct zygosity diagnosis could be made
dL‘IIJllluuluplm.alh ‘in a large number of

cases.” He added, however, that some
! T
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doubrful cases remain in which monozy-
gFosity - may  be decided unl_\' after consid-
ering other characters.

Using Geipel’s method, although with
SOIIE 1l]ihgit'i[!gﬁ. Ennenbach (1939) studied
intra-pair differences in fingertip pad struc-
ture (Pelsterfild) 1n a series of 25 MZ and
25 DZ pairs (Figs. 133 and 134). Classifica-

v

[+

Fig. 133. Fingertip pad structure (Folsterbild) in MZ owins

{ Ennenbach) :
oped (shaded):

Srrongly developed (black);

medially devel-

undeveloped (white).

a
a0

.«
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Fiz. 134. Fingerup pad structure in DZ twins (Ennenbach),
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tion of the pad structures as strongly devel-
oped, medially deu:lnp::d or underdevel-
oped rev caled that 24 MZ pairs and only
I+ DZ pairs fell into the same category,
with average intra- pair differences of 4.0
and 11.5, rr.spctm ely, for the one-egg and
two-egg groups. A difference of 15 ntr‘mu:ru
on this scale was considered indicative of

I8

dizygosity. In fact, 22 DZ pairs and only
two MZ pairs proved to be dissimilar ac-
cording to this quantifying system, thus
confirming the value of nil.l‘ll'i“ll.'l:-gh]:lhli.b
within the scheme of the modern similarity
method.

Further corroborative evidence was pro-
vided by Schiller (1942) who analyzed the
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Fig. 135. Palmar creases in MZ pairs showing various combinations of homao-
lateral, bilaveral and mirror-image simlarity (Schiller).
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Figs. 136 and 137. Palmar creases in female MZ rwins (Schiller), with normal
configuration in one rwin (upper figure) and with simian crease in the other
(lower Agure), particularly well developed on the lefr hand.
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palm prints of 128 MZ and 189 DZ pairs.
Complete intra-pair similarity, with precise
correspondence i direction, depth and
length of palmar creases, was observed in
74.4%. of MZ pairs and in none of the DZ
pairs. There were various combinations of
homolateral, bilateral and mirror-image simi-
larity as schematically shown in Figure 135.
While 6.4%. of MZ pairs and 28.4° of DZ
pairs were classified as partly similar, 19.2%]
of MZ pairs and 71.8%, of DZ pairs ap-
peared to be entirely dissimilar.

Schiller also studn:d the frequency of the
simian crease (Figs. 136 and 137), which
is a horizontal line dividing the upper and
middle thirds of the palm, particularly in
cases of mongolism and other patlmlnglt.,al
conditions. Adding her own observations (4
pairs) to those of Perlstein (1927), Griin-
berg (1928), Bertmann (1932), Weninger
(1930, 1933), Meyer-Heydenhagen (1934),
Portius (1937) and Geyer (1939), she con-
cluded that 12 of the 18 MZ pairs reported
in the literature had shown intra-pair simi-
larity as to possession of a simian crease.

Tillner (1954) studied the frequency of
the simian crease (and its transitional funm}
and its similarity in a large population ir-
cluding 375 MZ, 360 same-sex and 226 op-
posite-sex DZ pairs, as well as 2045 single-
born individuals. The himﬂﬂriﬂ and dis-
similarity figures for the three zygosity
groups of twins clearly indicated the heredi-
tary nature of the simian crease and of its
transitional forms.

It may also be mentioned in this connec-
tion that thorough dermatoglyphic analyses
were made by Ford, Brown and 'tltern
(1941) in a pair of MZ twins with py loric
stenosis, and by Ford and Frumkin (1942)
in a one-egy p-:rir concordant as to mongol-
15171,

Osato and Awano (1957) reported a study
by Saito (1950), on the degree of sim-
i];urir}' of finger and palm ndges in a ma-
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terial composed of 138 twin pairs (65 MZ,
48 same-sex DZ, 25 opposite-sex DZ). Both
finger and palm ridges revealed a higher de-
gree of intra-pair similarity in the M7, than
in the DZ group (75.4° of M7 pairs showed
an'mhnn in at least er-:rhr hnmn as Com-
pared to 45.7%, of same-sex DZ. pairs and
36.0° ufnppnmtc sex DZ pairs). Examining
MZ twins belonging to different age groups
it was found that similarity as to finger
ridges was higher between 6 and 8 vears of
age than in later age groups.

5. THE EYE AND ORBITAL REGION

Among twin studies dealing with the eye,
v. Verschuer's (1927) report on 60 MZ and
45 DZ pairs included data on such varia-
tions in eyebrows as length, relative posi-
tion, height and shape of the arch, inter-
brow distance, configuration, color and the
like. Intra-pair dissimilarity in regard to
these characteristics was observed in 22 DZ
|‘.I-:1il‘."i and in un]}' one 1'nunu:p:}'gutic (el o

In Waardenburg’s (1930) series of 137
MZ and 55 same-sex DDZ pairs, detailed ocu-
lar measurements were taken in a group of
23 one-egg pairs. Marked intra-pair simi-
larity was established with respect to con-
current eyebrows, the direction of the prin-
cipal meridians, the distance between the
medial canthus and the lower lacrimal ori-
fice, and every disorder of refraction, of
the cornea as well as total refraction, thus
r::mﬁrnm‘.t;, the genetic theory of refrac-
tive disturbances of the eye. In addition,
measurements  of distance between
pupils revealed no intra-pair difference in
nine pairs; a difference of less than 0.5 mm.
in eight pairs; of 0.5-1.0 mm. in four pairs;
and 1.5-3.0 mm. in two pairs.

According to v. Rireh’s (1937) data on
43 MZ, 49 DY and 5 unclassified sets of
voung twins, inl:r:npm'r ﬁimilnrir}' was gen-
erally pronounced in the one-egg group
with respect to eyebrows, periocular skin

the
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Figs. 138 and 139. Similar ocular characteristics in MZ twins, shown with eves open (upper figure)
and p:lt‘t]}' closed (low er f-:il_::llrl;,',l,

Figs. 140 and 141. Dissimilar ocular characreristics in DZ twins (Sieder), with eyves open (upper
figure) and partly closed (lower figure).

pigmentation, corneal diameter and color
of the inis, with corresponding similarities
between two-cgg partners tending to be
less than one half. Another concomitant
of monozygosity was a trend toward re-
versed asymmetry in certain eyebrow char-

ACteristics.

Equally derailed observations regarding
evebrows, evelids and eyelashes (Figs. 138-
142} were made by Sieder (1938) in a ser-
ies of 20 MZ and 20 DZ pairs. Some com-
parative results of this investigation are
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Fiz. 142. Concordance as to epicanthus in MZ rwins (Sieder).

Table XLII

OCULAR VARIATIONS IN 20 MZ AND
20 DZ PAIRS (SIEDER)

Number of
Dizsimalar

Characteriatic Patra

| MZ | [LFA

Greneral appearance e A I H
Fatpads. e s e s + 110
Form of evebrows. . . ...... ... ; [ =3 8
Position of evelid fold . e 0 G
Form of evelid fold. .. Lo ] G
Form of medial canthus. .. ... .. el IR | 3
Total height of upper evelid. . ... .. | BT |6 ¢
Height of orbital section e 1 3
Height of tarsal section. . ............. 2 +
Diemarcation of superior orbital suleus . | |28 LR
Demarcation of orbito-palpebral suleus) 0 4
'I'hi:‘k]u':\.:\t nf |-u1.'|*rir1.|.-, fold............ 2 | 7
Size of covering fold. . ... ... ... .... - I ¥
Form of lateral canthus. . ... ...... | 1 ‘ 2
Tarsal sulcus. . e e R L A
Form of lower eyelid.................| 8 | 8

prus.i:nl:c;‘l in Table XLIIL In addition, Sieder
obtained the following mean intra-pair dif -
ferences (in mm.) with Martin's method:

Wz DZ
Distance berween lareral canchi 1.2 25
Distance berween medial canthi A5 il
Disrance berween pupils B 1.9
Heighr of upper evelid 1.1 1.5

Sieder’s conclusions were formulated as
follows:

1. Except for the formation of far pads,
the structure of the soft parts of the eve 15
largely determined by genetic factors.

2. Since the soft parts of the eye do not
develop as independent structures, they are
subject to variations in phenotypic expres-
sion.

3. .-\l[huugh one-cgg twins show a high
dcgrcc of il]l‘l’.‘.‘l-];‘.l:li]‘ ximi!m‘ilj.' as to the
nun'}lhnlug}' of the soft parts of the cve, a4
ZVgosity diagnosis cannot be based on these
characteristics alone.

Janke’s (1940) study of 72 MZ and 71
DZ pars (plus one unclassified set) was
largely concerned with problems of zy-
gosity diagnosis. As to the characteristics
of the eyebrows, complete intra-pair simi-
larity was observed in 98.59% of one-egg
pairs and 10.29%, of two-egg pairs; incom-
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plete similarity in 1.41 and 19.127 respec-
tively; and marked dissimilarity only 1n the
two-egg group (70.597 ). T Iu: Lurrcs.pnml—
III:_{ percentages for i|'|tr;1—}r.]ir 5i|]1i|;|rir_-|,- in
evelids varied from 71.79 in MZ twins to
10,0 in DZ twins, while the relatve de-
grees of similarity as to evelashes were so
high even in the two-egg group that they
were regarded
itlg a x}'gmir}' classification.

as unsuitable for establish-

The importance of the color of the iris

as a classificatory criterion was stressed by
Sicmens as well as ln |7l1|1.lh|;~|Lr,
described a one-egg pair that was herero-
t:hrunmrit: at birth thlumic with blue eyves,

The latter
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brunette with brown eyes) but equally
brown-eyed ar the age of 15 years. The
temporary difference in the pigmentation
of the iris was ascribed to extrinsic influ-
ences in the prun;lrn] period.

In a series of 292 DZ twins, Dahlberg
classified the color of the iris according to
the same scheme as used with hair color.
He recorded 9.2°. of the subjecrs as brown,
82.9%, as light and 8.9
establishing by calculations the independ-
ent determination of eve color in genet-
cally dissimiliar twins.

Color and structure of the iris were also
studied by Freerksen (1938) in 9 MZ and

as intermediate,

e il

Fig. 143, Similar iris in female MZ owins.

Fig. 145. Dissimilar iris in male DY vwins.

Fig. 146, Dissimilar iris in male DZ owins,
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12 DZ pairs, by v. Verschuer (1933) in 256
MZ and 194 DZ pairs classified according
to the color tables of Martin and Marrin-
Schultz (‘Table XLIII), and h_\.' Hchxl'ncgcrlc

Table XLIII

INTRA-PAIR VARIATIONS IN THE COLOR OF
THE IRIS (v. VERSCHUER)

| MZ nr

Color of iris similar. . ... ....... | 86, T | 1347
12 997 1557

0.4% | 72%

Color of iris slightly dissimilar.
Color of iris dissimilar

(1938) in 21 MZ and 19 DZ pairs (Figs.
143-146). Freerksen r::p:}rn:r.l consistent in-
tra-pair similarity in iris strucrure (although
not in all minor derails) in one-egg twins,
and Schwaegerle was able to make a correct
zygosity diagnosis in 36 pairs, using various
aspects of the iris structure as the only
criteria.

Martin’s color table was employed by
Stocks (1933), too, to measure intra-pair
differences in iris color. difference of
four or more points was found only in two-
egg twins.

6. THE EAR AND THE NOSE

In the opinion of Dalla Volta and Chia-
rugi, the characteristics of the outer ear
are less variable than ﬁngcrprinb; and there-
fore more suitable for zygosity classifica-
tion. U:«mg four different measurements in
a series of 19 sets of twins, Dalla Vol
(1924) demonstrated that intr*u-p:nir simi-
larity and dissimilarity as to the given ear
lobe features currcspum;l with the ZVgosity
type of twins.

Dahlberg’s (1926) study of outer ear
characteristics, carricd out with the aid of
photographs, was extended to both intra-
person and intra-pair comparisons (MZ and
DZ rwins as well as 100 unrelated persons
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paired off according to various kinds of
similarity ). While unrelated and two-egg
pairs showed many differences, onc-cgg
twins were distinguished by marked intra-
pair similarity, thus precluding a significant
effect of nongenetic factors on the struc-
turization of the outer ear. Dahlberg em-
phasized rthis fact especially for purposes
of an early zygosity diagnosis, since the
facial features of twin infants are rarely
sufficiently well defined to serve as a useful
criterion.

In Quelprud’s (1932) genetic analysis of
human ear variations (180 pairs of twins),
19 measurements of the outer ear revealed
a total mean intra-person and intra-pair dif-
ference of 1.2 mm. in the one-egg group,
and a corresponding difference of 1.7 mm.
in the two-egg group. Of 96 MZ pairs, 74
were similar as to the :-.'hnpc of the ears,
while 20 were slightly dissimilar, and two
definitely  dissimilar. The corresponding
distribution in the two- -egg group was 1,
14 and 65 pairs.

Compared to the helix and Darwin’s tu-
berele, the antihelix and its upper branch-
ings were found to be least easily affected
by external influences. The sulcus berween
helix and antihelix as well as the tragus and
antitragus appeared to be .n;rruururali'}- quire
stable, with the shape of the incisura inter-
tragica depending on the development of
tragus and antitragus (Figs. 147-150). The
prominence of the pinna was also shown
to be a genetically determined character.

Darwin’s tubercle was studied by both
Meirowsky (1926) and Quelprud (1934).
In the latter’s investigation of male and
female students, Hessian families and twin
subjects from Berlin (116 MZ, 89 same-sex
DZ and 38 opposite-sex pairs), the varia-
bility of the character proved to depend on
age as well as sex. While the size of the
tubercle increased with advancing age in
the male, the opposite was observed in the
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Figs. 147 and 148, Similar ear lobes in vwo pairs of MZ twins, for easier comparison shown in a side-by-
side-position, with the lefr ears reversed and a shorr horizontal line drawn from the lower margin of
the orbir to the upper margin of the exrernal anditory mearus.

; _ \\ o | 8 |
Fig. 149, Dissimilar ear lobe configuration in DZ Fig. 150, Similar prominence of pinnae in MZ
owins. rwins (Quelprud).
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Fig. 151. Development of Darwin's tubercle

before and afrer age 20, in Hessian popularion

and twins (Quelprud) (Jahre = years; Zwil-
lingsmarerial = turn material).

female (Fig. 151). On the other hand, the
averages of the absolute values for twins
of either sex were higher than those for
the Hessian population, indicating the effect
of some special factor operating in the pre-
natal i.h:rl:]np[l]r:nl of twins.

Quelprud’s dara on the size and intra-
pair distribution of Darwin’s tubercle are
Tables XLIV and XLV.

summarized in

Table XLIV

MEAN INTRA-PAIR DIFFERENCES IN THE

SIZE OF DARWIN'S TUBERCLE (QUELPRUL)
Hlllhr" f.‘_lulrm'cr.f-:'r
_.”-;l':- | .\.!'I .‘:iJ'

Pairs |DZ Pairs DZE Poairs

i1 5] 1.10 ] .32
(1] 1.14 1,29

Between homolateral ears
!h_'l ween et r;r|::|1-|‘:L| PIFs

Twin studies of the nose were reporred
by Leicher (39 MZ and 27 DZ pairs) and
Verschuer (191 MZ and 129 DZ p;lirh}.
In Leicher’s sample, complete intra-pair
similarity was found in 31 MZ and 12 DZ
pairs as regards such essential feartures as

the !L'ngrh, breadch, }nmirinn, h|‘t'.lp!.' and
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Table XLV

PRESENCE OR ABSENCE OF DARWIN'S
TUBERCLE (QUELPRLUIL})

DZ of

Firrst Torn Recond Twin DZE r!r‘
MZ Same | (Fpposite
R L. H | L Ser Ser
- - - 14 10 3
- - - 32 1 bt
- - -- a5 17 11
-~ — ) 1 2
] 3 1
k . 1
1 1= 4 ]
I + 11 b 5
- 13 11 ¥
- - b 12 3
Total number 114 84 a8

point of the nose, the form and appearance
of the nostrils, and the :..l1-.1|:|L' and u;.‘unﬁ:_i{lir:l-
tion of the septum. Slight differences were
seen in eight MZ pairs, and distincr differ-
ences in 15 DZ pairs.

According to v. Verschuer’s analysis, no
intra-pair differences in nasal characteristics
were detectable in 162 MZ pairs, minor dif-
ferences in 29 MZ }mirs, and gross differ-
ences in 86 DZ pairs. The observed varia-
rions in one-cgg twins were ascribed to pre-
natal changes in cranial development, but
were generally so inconsiderable that they
did not seem to detract from the high dnu-
nostic value of nasal characteristics, which
were :i?'i?ﬁllll'll'il Tin l.ik'}'ll_'l'ld. M1 rl'll.: ETT[‘{_‘{ I::I'I'- art
least five genetic factors.

The fact that the noses of one-ege twins
may remain similar in shape, l]i,'h]:lit(_" cer-
ram differences in profile and cranial di-
ameters, was reported by Siemens (1927)
who described the adolescent pair shown
in Figure 152.

7. ORAL CAVITY AND TEETH
The outlines of the lips were studied by
v. Verschuer (1933) in 190 MZ pairs. There
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Fig. 152. Similar shape of nose in female MZ twins, aged 16 (Siemens).

were no significant differences in 162 pairs,
and minor differences in 28 pairs.

The characteristics of the tongue were
found to be so stable that Siemens included
them in his scheme for determining zy-
gosity. In v. Verschuer's series of 186 MZ
pairs, no intra-pair differences were ob-
served in 155 pairs, shght differences in 21
pairs, and considerable differences in 10
pairs. The corresponding distribution in the
two-egg group was 57, 18 and 50 pairs.

Hypertrophy of the papillae of the
rongue was described as a discordant con-
dition in one DZ pair and two MZ pairs by
Siemens and Hunold (1924) and in five DZ
pairs by Kdosters (1927). On the other hand,
the larter investigator reported concordance
in three MZ and three DZ sets. Additional
papillary studies were carried out in Japan
by Kikuchi (1935) in a series of 10 MZ
pznir:-; that showed marked intra-pair simi-
larities, and by Ogawa (1940) in feruses in

connection with investigations of the paro-
tid glands.

As to the structure of the tonsils, both
palatal and pharyngeal, Curtius, Korkhaus
and Thielmann (1930) reported greater in-
tra-pair similarity in one-egg than in two-
egy rwins ( T'able XLLVI). A certain incon-
sistency in the data on pharyngeal tonsils
in the [Wo-egg group was ascribed to the
quantitative limitations of the sample.

Table XLVI]
TWIN DATA ON TONSILS (CURTIUS,
EORKHAUS AND THIELMANN)

Palatal
Tonsils

Pharyngeal
Degree of
Simalarity ~

MZ | DZ | MZ | DZ

Tonsilx

Similar 30 7 24 7
Moderately dissimilar + + 2
Very dissimilar 4 | 14 1
Total -] 25 7 7
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Twin studies of the oral cavity were
often combined with data on the jaws,
fauces and teeth. As early as 1846, Hider
described two twin sisters with equally
rose-colored teeth, atrributed by Korkhaus
to a transparent pulp due to a disturbance in
denrin devclnpmcnt.

In a series of four MZ and three DZ pairs,
Bergfors (1923) found only minor intra-
pair differences in the ﬁha}';r: and arrange-
ment of the teeth in the one-cgg group, and
more significant differences in the two-egg
group.

More extensive studies were carried out
by Siemens and Hunold (1924) in 56 MZ
and 35 DZ twins of school age. The dental
anomalies nvestigated were divided into
the following categories: changes in form
or size, structural anomalies, quantitative
or positional changes, and malformations,
The distribution of concordance and dis-
cordance was reported as follows:

Gigantisim of a canine
Carabelli’s tubercle

Hyperplazsia of denral tubercle
Hypoplasia of enamel

Symmetrical agenesis of upper lateral incisor

Symmetrically maleurned recth
Asymmerrically malturned teeth
Diastema of upper jaw

Malformed palatine foramina

In the opinion of the investigators, sym-
metrically malturned reeth are largely de-
termined by genetic factors, while asym-
metrical varieties are not.

Additional denral twin dara of Siemens’

g1

school were Pl.ll.lll'sl'lﬂd h'l. Pracger (26 MZ
p:ur-,J Riepenhausen (36 MZ and 52 DZ
pairs) and Kosters (33 MZ and 73 DZ pairs)
in 1924, 1925 and 1927, respectively. Praeg-
er’s series included one MZ pair concordant
as to supernumerary teeth, as well as some
other one-egg }mirs with concordance for
dental hypoplasia and a congenital lack of
an upper bicuspid. According to Siemens
(1928), these observations indicated a ge-
netic basis for Carabelli's tubercle, a sym-
metrical agenesis of teeth and the familial
type of diastema, and a nongenetic etiology
for hypoplasia of enamel and such posi-
tional defects as dislocation of teeth or a
vertical-axis-malturning.

Unusual degrees of intra-set similarity as
to various forms of orthodontic 1rrLLu|1n-
ties (occlusion, malturning of two upper
right teeth in the same direction, etc.) were
seen by Schroeter (1927) in a ser of rrip-

lets, by Korkhaus (1942) in five sets of
Concordans Discordam
1 MZ pair

1 MZ pair
DZE pair

1 MZ pair
7 MZ pairs I MZ pair
2 MZ pairs (partly)
i 127 pairs 6 DZ pairs
2 DZ pairs (partly)
1 MZ pair
27 ME pairs 11 MZ pairs
4 DY pairs 18 ¥ pairs
9 MZ pairs 19 MZ pairs
6 IV pairs 16 ¥ pairs
13 MZ pairs 13 M7 pairs
8 DZ pairs 12 IDZ pairs

I MZ pair
tnplets and two sets of quadruplcn and 'cu,
Ete'mcr (1927) in two pairs of one- egg
twins.
Other orthodontic twin dara were con-
tributed by Bachrach and Young (1927)
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from a series of 107 MZ. 70 same-sex DZ
and 62 opposite-sex pairs (with discordance
rates of 26.2= 2.9°) in the one-egg group
and 51.5=3.0°. in the tWo-egg group, and
with similar positional irregularities in one-
egg rwins either on the same or opposite
side); by Stanton (1928) with interesting
observations on a pair of one-egg twins
(labial lll'.t||‘.l(15;i[iun of upper lateral incisors)
and by Gaoldberg (1929, 1930) with com-
parative findings on a series of 15 MZ pairs
in the age group 3! to 24 years (greater
homolateral intra-pair differences in dental
arches than contralateral intra-person dif-
ferences) and on another series of 50 MZ
(reversed asymmetry
genital lack of upper lateral incisors in two
pairs, as to malturned medial incisors, and
other anomalies).

Korkhaus' twin studies (1929, 1930,
1931) extended to variations in deciduous
and permanent dentition, the structure of
teeth (formation of crown and roots), mal-
formations of jawbones, and the like. With
respect to the structure of the masticatory
surface of the crowns, the investigator ob-
served “a surprising d-::grcr: of intn—pwir
similarity in one-egg twins,” especially 1
the molars and l'.li{_l:lﬁpld'-. and on the pqht.ﬂ
side of the incisors. The similarities made
“one twin almost an exact copy of the
other” and included the direction of pat-
tern lines and rtheir finest branches, the
height and deviation of ridges, the forma-
tion of minute protuberances and the extent
of dentinal hrpcrpl'wi'w By comparison,
the degree of intra-pair ‘-Ilﬂll’lrl‘f‘. in two-
egg twins was far more limited.

P:Iil“-i as to 3 con-

Twin data on two unusual formations,
the dental rubercle and Carabelli’s tubercle,
were analvzed by Korkhaus (1930), wv.
Verschuer (1933) and ?ei;‘er (1934). Intra-
pair similarity in one-cgg twins was re-
purtcd by ,.-"uuc] (14 pairs) and Korkhaus

|mu*~.j as to the dental rubercle, and by
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v. Verschuer (69 out of 70 pairs) as to Cara-
belli’s tubercle. In the two-egg group, 4
pairs were similar, 6 pairs dissimilar and 2
pairs undetermined as to the dental rubercle,
and 30 pairs were similar, 52 pairs dissimilar,
and 16 pairs undetermined as to Carabelli’s
tubercle.

The average intra-pair percentage differ-
ence in the width of upper medial incisors
was computed by Korkhaus as .16=.02 in
22 MZ pairs, and as 2.13=.35 in 19 DZ pairs.
Corroborative evidence for the genetic de-
termination of the width of incisors was
provided by Wolf’s (1938) dara, although
his estimate of the average intra-pair per-
centage difference in one-egg twins was
somewhat larger (.41=%.07) than that of
Korkhaus. As to the total size of the reeth,
especially that of the crowns, Korkhaus
doubted the ugmhmmc of environmentally
conditioned wvariations, except for lateral
incisors and wisdom reeth.

On the assumption that the structure of
teeth could be appraised by rtheir color,
Korkhaus (1930) used a color wheel to ob-
tain twin data (with Curtius) on dental col-
oration. The observed intra-pair similarity
in one-egg twins far exceeded that in two-
cer twins (Table XLVII). Those minor
variations seen in three MZ pairs occurred
in elderly persons and were ascribed to
prolonged external influences which mav
slowly modify the genetically determined
basic color. :

Table XLVII

INTRA-PAIR VARIATIONS IN THE COLOR
OF TEETH (KORKHAUS)

No. of S Slight Strang 1isz-
Pairs Il”'r-u'..llf | fh:ffr'r’rﬂﬁ'w s H:rn'flrf
MZ| 51 8| e -
D b 11 fi | 16
D L 2 2 | 5




ANATOMICAL STUDIES OF TWINS

In view of Wheeler's theory of a con-
nection berween color of teeth and pigmen-
tation in other parts of the body, Korkhaus
studied the correlation berween dental col-
oration and the color of hair and eves. How-
ever, Pearson’s correlation coefficients re-
lating eve, tooth and hair colors were found
to be small and srn[iﬁric:l]l}' not signiﬁcnnt.
It was concluded, therefore, that the as-
sumed rf:h'riun*;hip wias 'il'.l'l_lriul.l‘i.

While discordance as to supernumerary
teeth was observed by Korkhaus in one [DZ
p:nr. concordance with respect to  the
agenesis of certain teeth was described by
him in one DZ and two MZ pairs. In one
of the latter pairs, one twin lacked the lat-
eral incisors, and the other the second bi-
cuspid. In another series of 14 MZ and 11
DZ pairs, concordance as to roentgeno-
graphically verified agenesis of incisors and
bicuspids was reported by Korkhaus and
Zeiger in all MZ and 4 DZ pairs.

]nrm-pn{r similarity as to certain forms
of malturning in one-egg twins was ex-
plained by Korkhaus as the resulr of “a
primary torsion of the dental germ plasm.”
Concordance as to symmetrically malturned
teeth was recorded in 117 out of a total of
192 MZ pairs (Siemens and Hunold, Kork-
haus), and as to asymmetrically malturned
teeth in 100 out of a total of 245 MZ pairs.
Virtually no case of concordance with re-
spect to pathological forms of malturning
was seen in the two-egg group.

True forms of dental diastema were also
regarded as genetically determined. In
Korkhaus' series of 102 MZ and 47 DZ
pairs, concordance was found in 12 one-
egg and 2 two-egg pairs, and discordance
in 1 onc-egg and 7 two-egg pairs.

Further dental twin data were presented
by Ritter (1933, 1937 ), Bratengeier (1934),
Araki (1935), Fuler and Ritter (1940),
Noack (1941) and Haar (1942).
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Ritter reported discordance as to super-
numerary teeth in one MZ and two DZ
p1ir~.- and as to agenesis of reeth in six MZ
pairs (explained by variations in pene-
trance of a wvery unstable Ln:m:m factor
that may cause a “microscopic” form of
the anomaly) and in nine DZ pairs (with
“in{;:}u]}llt;t;,' discordance”™ in two pﬁirs".l,
In another series of 96 MZ and 122 DZ pairs,
Ritter observed concordance as to {Jl.li*il'l)ﬂ'-
nathism in 2 MZ pairs (with discordance in
4 DY p:ur.u}, as to prcrgnﬂthmn in 1 D2 and

MZ pairs (with discordance in 12 DL
pairs); and as to superior deviation of in-
cisors in 4 MZ pairs.

Bratengeier measured the width, lcngth
and thickness of teeth in 20 MZ and 18 DZ
pairs, finding higher degrees of intra-pair
similarity in the one-egg group. His dara
on the width of teeth are shown in Table
XLVIIL

In a one-egg Japanese pair aged 28, Araki
described concordance as to a qupcrnum—
erary conc-shaped tooth embedded in the
pnhtl. at the level of the right medial in-
cisor.

While Noack’s series of 3 MZ and 7 DZ
pairs was too small to vield statistically sig-
nificant intergroup differences with respect
to the roof of the palate, the dimensions
of dental arches and different types of bite,
a large series studied by Euler and Ritter
showed complete intra-pair similarity as ro
Carabelli's tubercle in all MZ and 10 DZ
|'.--;:n':;~ ||1r:mnp|f.:ti: dissimila rtt}-' in 4 DZ pairs,
and complete dissimilarity in 8 DZ pairs.

Haar's analvsis of the width of incisors
in 13 MZ and 14 DZ pairs revealed evidence
of a gene-specific basis with marked modi-
fiability by external factors, especially in
the female. The same inv estigator described
concordance for dental calculi and hypo-
plasia of the upper lateral incisor as well
as simultancousness in the eruption of teeth
in one-c¢gg twins. The observed mean intra-
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Table XLVIII

MEAN INTRA-PAIR VARIATIONS IN THE WIDTH OF SOME TEETH (BRATENGEIER)
,|||'|'.'J'.-'u.lI |‘IH'|'.'(|'"’ _F,,-.'.l':'r'mr frlr'.l.-.'u." {anine
Nao. Normal Limils N, Normod Limits No, I Normal Limits

[ pper jow

ME L 21 1.88+0. 30 ] 4,24 410 68 b bR L LR L
i 20 2 M40 52 20 3 544072 5 0. 82+0 20
DZE L 15 63241 18 B 22+1.38 7 7.82+2.10
i 18 534 0 090 15 G 16+£1.02 B 3. 08+1 28

Lower ju.-:

MZ L 20 2 14+0 34 i) 1.0240.16G 11 592+1.26
H 20 2 540 40 2 1. 0G40 16 11 .72+ 0,80
DY L 17 G 4G+1 10 18 i, 3041 O 12 G.92+1 .42
[ ] 5. 9240 88 1% 5 53240 02 12 4+ 351090

}mir difference in un-:ruprr:d teeth was .15 pair similarity as to the structure of Cara-

in MZ and .32 in DZ pairs. belli's tubercle and the fusion of some teeth
This writer described similar varieties of in another MZ pair (Figs. 154-156).
diastema (probably falling within the lim- One of the most thorough studies was

its of normal variability) in one-egg twins  that of Lundstréom (1948) on dental size
(Fig. 153), while Nico (1950) noted intra- and occlusion in a Swedish sample of 100

=]

Fig. 153. Similar varieties of diastema in seven-yvear-old MZ twins (Gedda).
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Figs. 154-156. Denral arches of nine-vear-old female MZ cwins, with similarly
belli's tubercles in the second deciduous and hrst permanent molars on both sides, and with fused

constructed Lara

lateral incisors and canines on both sides in one rwin, and one side only in the second twin (Mico).

MZ and 102 same-sex DZ pairs ranging in
age from 8 to 40 years. For the :111;|]_'-. sis of
occlusion data, only children in the age
group 12-15 were considered. The repre-
sentativeness of the sample was open to

some doubt,

The types of variation evaluated were
the t-:-]lm.\ing: (1) between right and left
sides of one individual; (2) berween one

eog twins: (3) between two-ege rwins, In
-
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etiological terms, the fulhm'inﬁ modes of
1.:1rnh|||u were distinguished; (1) contra-
lateral 1nrr1-p-:|'wn variations due to extrin-
sic, intrinsic or genetic influences (asym-
metrical variability according to Dahlberg);
(2) environmental modifications; (3) ge-
netically controlled variations (asymmetri-
cal and environmental). The characteristics
investigated included single-tooth charac-
ters, total width, spacing and position, width
and length of dental arches, inclination of
upper medial incisors on the bire, height of

pnlutul roof from the hite plate, mesiodistal .

bite, and sagittal or vertical forms of over-
hire.

As to the width of upper medial incisors,
the following mean differences were com-
puted: intra-person, .19 mm.; intra-pair in
MZ group, .22 mm.; intra-pair in D7 group,
52 mm.; asymmetrical varability, .12 mm.;
environmental variability, .12 mm.; and ge-
netic variability, .34 mm. The u:rrf:*.puml-
ing figures fnr upper lateral incisors were
.37, .38, .58, .25, .05 and .35 mm., and those
for canines were .18, .21, .39, .12, .06 and
.25 mm. For all teeth, the range of intra-
pair variations was from .32 to .34 mm. in
the two-egg group, and from .14 to .34
mm. in the one-egg group. The range of
nongenctic variations was given as .08 to
18 mm., and that of genetic variations as
.2 to 38 mm.

Lundstrom concluded, therefore, that
genetic factors play a significant part in the

Table

TWIN DATA OX
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causation of these dental characteristics and
are ar least as important as environmental
influences. This conclusion was reached al-
though the sample apparently included a
number of clearly pathological types of
malocclusion.

8. CARDIOVASCULAR SYSTEM

Prenatal cardiological twin data, dealing
with the size, weight and veins of the heart,
the distribution and branchings of the cor-
onary arteries, and the shape of the fora-
men ovale, were presented by Tsuchizya
(1938, 1939). I':lupll.‘c the numerical limita-
tions of the series of twin feruses studied
(10 MZ, 4 DZ and 3 unclassified pairs), the
Japanese investigator reported greater intra-
pair similarities in one-cgg than in tWo-cgg
CWins.

Roentgenographic heart studies in the
postnatal period were carried our by v.
Verschuer and Zipperlen (1929) as w ell
as by Curtius and Korkhaus (1930). [ht
results of the latter study (35 MZ and 2
DZ pairs), ».hcmlng q hwh degree of intra-
pair similarity in the one-egg group, are
summarized in Table XLIX.

Gurevich’s (1936) series consisted of 107
MZ and 86 DZ pairs ranging in age from
4 to 11 vears, According to lus Ll.‘ll’.l varia-
tions in the size of the heart as measured
diametrally appeared to be chiefly related to
such “extrinsic” factors as height, weight,
and circumference of the chest. In the opin-

XLIX
THE SHAPE OF THE HEART

ICURTIUS AND KORKHALUS)

M
_'\'.lrr.lrf.n'l‘ r!F f‘rrq'rx
Very similar <+ | 24
Moderately similar. .. (i
Ihssimalar | e e et 3

Total. . s 3 &3

D
Per Cent Nunther of Pairs FPer Cent
[ 4 15 .10
17.0 13 [Ha Ll
14.5 3 14.0
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ion of Weitz, however, there is a pro-
nounced similarity between the hearts of
one-egg twins, with a difference often of
less than one millimeter in horizontal di-
ameters. Even such an unusual condition
as a drop-shaped heart has been I‘t'purn_'d
by v. Verschuer and Zipperlen (1929) ro
occur in both members of a one-egy pair
(Fig. 157).

Gedda, Bresadola and Volta (1937) stud-
ted 11 MZ and 16 DZ pairs by means of
both standard chest x-rays and transverse
laminagrams. Their findings indicared a
greater similarity of the cardio-vascular
shadows :mmnl_{l MZ twins. The authors
thought that this might be ascribed to a
lower incidence of functional variants in
transverse laminagrams,

I{_;I:-"

Ito (1948), as FL‘}T:H"[L'Li by Osato and
Awano (1957) studied the environmental
variability of the heart and the first secrion
of the aorta in 139 twin p;iir.‘i { 30 male and
34 female M7, 27 male and 22 female DZ,
26 ni‘_l:,'-u:s.itl:—m:_x pairs). The form of the
heart was very stmilar in 59.3°. of MZ and
87% of DZ pairs, simsilar in 32.8°. of MZ and
40.8%° of DZ }mirm~ and dissizmilar in 7.2
of MZ and 42.8% of DZ pairs. The form of
the first section of the aorta revealed prac-
tically the same degree of 3i|]|i|:l]'i[_~.'. The
almpéa revealed a higher genetic condition-
ing than the measurements.

While intra-pair variations in the veins
and peripheral nerves of the arm were
studied by Kadanoiff (1939), the anterior
facial and frontal veins were the subject of

Fig. 157, Similar heart shadow configurations in M7 rwins,
with identical drop-shaped form in the second pair (v. Ver-
schuer and Zipperlen),
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Ogawa’s (1939, 1940) investigations of Jap-
anese twin fetuses. The extent of intra-pair
similarity in one-egg twins as to the essen-
tials of venous structures is exemplified by
the author’s findings shown in Plates X and
XI (frontal branch of the superficial tem-
poral vein).

The {:unﬁgurnti[m of renal, mammary
and cerebral blood vessels was investigated
by Wagenseil (1930) in an aborted set of
Chinese triplets of undetermined zygosity,
by Yoskicka (1935) in a pair of one-egg

TWINS IN HISTORY AND SCIENCE

twins, and by Higeta (1940) in twin fetuses.
In a series of 90 MZ pairs, the morphology
of skin vessels was examined by v. Ver-
schuer (1933) in terms of the coloration of
the cheeks, not only for the purpose of ob-
taining additional evidence for a zygosity
diagnosis (as suggested by Siemens), but
also for ascertaining such dermatological
conditions as acrocyanosis and curis mar-
morata. The analysis showed intra-pair
similarity in 70 pairs, slight dissimilarities in
15 pairs, and considerable differences in 3§

Fig. 158, Capillaroscopic similarities in male MZ twins, aged 63, shown in
the lefr fourth fingers in the upper photographs, and in the lips in the lower
iLehmann and Hartliel ),
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pairs, ::unﬁrming the belief of Weirz, Cur-
tius and Schokking that external factors re-
sponsible for tangible variations in the given
characteristics are usually easy to identify.

Microscopic twin data on the structure
of capillaries were gathered by Maver-List
and Hubner (1925), Lotting (1931). Schil-
ler (1936) and others. The consensus was
that there had been abundant evidence of
a greater capillaroscopic intra-pair simi-
larity in one-egg than rwo-egg twins. In
Schiller’s series of 80 MZ pairs, complete
similarity was found in all pairs, not only
with respect to capillary patterns, but also
as to the volume of blood flow observed,
while 27.7%. of the two-egg pairs showed
incomplete similarity, and the rest complete
dissimilarity.

The capillaroscopic data of Lehmann
and Harclhieb (1937), from a series of 50
MZ, 37 same-sex DZ and 13 opposite-sex
pairs, were obtained from fingers and lips
(Fig. 158). While 84°. of one-egg pairs
were classified as similar, over 907, of two-
egg pairs showed intra-pair dissimilarities
(Table 1.). The results of an analysis of

Table
INTRA-PAIR VARIATIONS (LEHMANN AND HARTLIER)

CAPILLAROSCOPIC

1oy

the |:|1m1ifj.'ing effects of environmental fac-
tors are summarized in Table LI.
"'hp".ﬁ'.]l‘i‘ﬁl’l";' the f:-.1|-i|]-.u".' structures of
the majority of DZ pairs differed irrespec-
uvely of comparable environments, while
those of most MZ pairs remained similar
despite diverse living conditions (Figs. 159-
162). Limited dissimilarities in one-egg
pairs were ascribed by the investigators to
such exrernal influences as may be associ-
ated with occupational (electrician—baker),
nutritional (well nourished — undernour-
ished) or somatic differences (discordance
as to congenital heart disease or similar
pathological conditions).
Osato and Awano (1957) r{:].mrtr:d lb'u'—
1~.In s studies on similarity of the capillaries
70 twin p-uu (38 ‘Lla'" 17 same-sex and
15 opposite-sex DZ). The published tables
of similarity percentages indicate very clear-
Iv that form and measurements of the cap-
illaries are largely conditioned by heredity.

9. NERYOUS SYSTEM

Comparative data on the structure of the
brain cortex were presented by Sana (1916)

Slight Marked
Similarily Dhessimilarily Dissvmalarity
"\' P : .IT i s _'L' i .
DA 4% 54 0 i 14.0 1 2.0
(A Sumv-ru-x 1 .7 13 | 35.1 | 23 G2 .2
Opposite-sex 1 N 2 15 4 11 | 6.9
Table LI
CAPILLARY STRUCTURE IN TWINS (LEHMANN AND HARTLIER)
Number af

I"r;pr-ﬂgrr_r; Siruelure Eneironment Proire MZ ns

BT T e e vara - ki rn gL g Ihifferent o] ] | 2
Dvissimilar. ... .. Equal a2 4 a8
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Fig. 159, Capillaroscopic similarities in 14-vear- Fig. 160. Capillaroscopic similarities in 12-year-
old male M? rwins (righe fourth fingers and old male M¥ twins (right index fingers and
lips). lips).

Fig. 161. Capillaroscopic dissimilarities in fe- Fig. 162. Capillaroscopic dissimalarities in male
male DZ rwins, aged 31 (righe fourth fingers DY vwins, aged 14 (right middle l:tm_.:q_-n-. and
and lips). lips: Lelimann and Hartlieh) .






Plates X and XI. Marked prominence of the superficial temporal vein (frontal branch) in a

of B-year-old MZ twins (observed by Gedda)



Plate XI1.
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and Rdssle (1937) on the basis of small
series of rwins, and by Wagenseil (1930)
for a set of triplet fetuses (at various stages
of cortical differentiation). However. the
pieces of information made available by
the rwin study method in this IMportant
area have not been conclusive enough to
warrant detailed descriprion.

10. RESPIRATORY SYSTEM

The structure of the larynx was studied
by Luchsinger (1944) in 29 MZ and 12 DZ
pairs, both by measuung devices and laryn-
crmu:rp:mlh Intra-pair similarity was ob-
served in most onc-egg pairs (20 and 26
pairs, respectively by the two methods) and,
to some extent only, in four two-egg pairs.
A common occurrence in DZ pairs was an
entirely dissimilar projection of the Adam’s
apple, indicating different cartilaginous
structures. Another interesting finding, as-
cribed to prcnaml influences, was a laryngeal
asymmetry in one member of a pair of one-
egg rwins concordant as to mental defi-
ciency.

Intra-pair similarity as to various struc-
tural characteristics of the lungs was re-
orted by Curtius and Korkhaus (1930) for
63°. of MZ pairs and 18%, of DZ pairs
(Table LII). Also, sinilarly fused upper
and middle lobes on the right side, with
cqu;]] bronchial :.:nnﬁgur:lrium c:}rrr::ipumi-

Table LII
CONFIGURATION OF LUNGS
(CURTIUS AND KORKHALS)

ME D
No.of | Per |No.of | Per
Pairs | Cenl | Pairs | Cewd
Very similar 22 | 63.0 4 | 18.0
Moderately similar 11 305 11 51.0
Dhissimilar . 2 6.5 7T | 510
Total cerenis| 35 [200 22 100
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ing to Heiss' second type, were described
by Wagenseil (1931) in a set of triplcts_

(Gedda, Bresadola and Vol (1957),
their previously reported study by means
of transverse laminagrams, found that the
shadow of pulmonary hili 1s more similar
among M7 than DZ twins.

In 2 ‘-iTLI-Ll"n.' on environmental variability
of the chest and Iunm. rcpnrtcd iu Osato
and Awano (1957 }, Yoshizumi lto
found, on the basis of data from 130 twin
}'rnn berween 6 and 22 vears of age (63 MZ,
45 same-sex and 22 opposite-sex DZ) that
while both lung height and Iun:r surface are
only partly conditioned by h-:n.:im the
latter shows less environmental v: 1r1*||1111tx

and

11. ABDOMEN

In the triplets studied by Wagenseil
(1931) the right lobe of the liver was fm.lnd
divided in all three fetuses. On the other
hand, mlh two tl‘lph.t*. showed a lobule in
the ¢|u.1dr.1tr: lobe, and one of them had two
precaudate fissures (anterior and posterior)
in addition. The third triplet had one pos-
terior precaudare fissure. Another differ-
ence involved the branching of the vena
cava.

Intra-pair similarity in one-egg twins was
reported by Weitz (1924) :md Morikawa
(1938) as to form and size of the stomach,
and by the latter investigator also with re-
spect to the ];H.]nl"ll. antrum and canal and
the cardiac part of the stomach. While com-
plete similarity was seen in the majority
of one-egg twins, it never occurred in a
tWo-egg pair.

More recently Osao and Awano (1957)
reported Ito’s researches on stomach shape
by means of x-ray plates from 48 twin pairs
(13 male and 11 female MZ; 11 male, 8 fe-
male and 5 opposite-sex DZ). Analyzing
total findings for 16 traits, it .1p|wari.d that
the shape and measurements of the stomach
are highly conditioned by herediry.
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Renal structures in twins were studied
by Yoskioka (1935) and Nagata (1938).

12. ENDOCRINE SYSTEM
Morphological characteristics of the thy-
roid were analyzed by Curtius and Kor k-
haus (1930) in a series of 42 MZ and 27 D7
pairs. These summarized in IHNC
LI, pointed to the operation of some ge-

data,

Table LITI

DEVELOPMENTAL CHARACTERISTICS OF
THE THYROID (CURTIUS AND KORKHALS)

M 4
No. of] Per |No. of Per
Puairs | Cent | Pairs | Cent
Similarity . .. 1 W a5 2 19 | 50 4
Slight similarity L1 I 2 4 3 158 5
Ihizsimilarity s A ] | 2.4 3 11.1
gt I I |
Fotal 42 (100 25 |10

neric factor or facrors in agreement with an
earlier hypothesis of Siemens, v. Verschuer
and Weirz.

Both thyroid and thymus glands were
studied by W 1m:rw:1l in the previ-
ously mentioned set of triplets and revealed
various similarities and dissimilarities.

Quantitative twin data on the pituitary
gland were reported by Mine (1937).

15, THE BLOOD

Of the constituents of the blood studied
by Glatzel (1931) in an infant series of 44
MZ and 37 DZ pairs, it was chiefly ery-
throcytes, polvnuclear tlQ‘LIl’I’ﬂ}!hl'h MOno-
cytes and hemoglobin concentration that
were found quantitarively to follow a ge-
nerically determined pattern. No such evi-
dence was obtained for lvmphocytes,
cosinophils or basophils; nor, for that mart-
ter, for the total number of white blood
cells.

TWINS IN HISTORY AND SCIENCE

Similar studies were carried out by Taka-
hashi :rcpurrcd tn' Osato and Awano, 1957)
on erythrocyte size (from a material of
100 twin p’ura] and on the proportion of
blood constituents (from a marerial of 120
twin pairs). The puhli*‘.ln:d data indicare
that erythrocyte size is largely conditioned
hx he ruhn hut also \.uxr,l;'prlhlt: tO environ-
mental influences. While genetic condition-
ing could be shown in the hemogram and
I ||'|'|ngr“1m the influence of }'lflf."{.il'l"'.. could
not be clearly appraised for blood platelet
count and FLI’ILLI'HL_\. te Ccount,

The correlation between leucocyres and
Arneth’s formula was compured h_\.: Turpin
in 62 MZ and 67 DZ pairs, first in collabora-
tion with Piton and Caratzali (1939, 1941)
and later with Bernyer (1947). The ob-
served 7 values were .8 for one-egz and 42
for two-cgg twins (.38 for same-sex and
33 for opposite-sex DZ pairs, but slightly
higher than the correlation berween ordi-
nary siblings). The given variations were
explained on a generic basis.

Torrioli-Riggio and  Reggiani  (19356)
studied Arneth’s formula in 98 twin pairs
(60 M7, 38 DZ) and 2 triplet sets (one MZ
and one DZ). Of the 60 MZ pairs, 39 were
healthy, 11 were concordant as ro disease
and 10 were discordant as to disease. The
authors found that in the formula’s group I
genetic factors had a limired influence while
disease had a very marked influence. In the
formula’s other four groups the intluence
of generic factors prevailed.

]:‘nl’h twin data on blood groups were
puh]hhcd especially by Schiff (1914), Ot-
unlmrg (19223, Iiu:.hm.:.n (1922),
and Garlaseo (1923), ]h ke and HudEL
(1929), and Schiff and v. Verschuer (1931,
1933). The consensus was that intra- pair
similarity as to isoantigens distinguishes one-
egg twins.

The most comprehensive studies were
those of Schiff and v. Verschuer. who ex-

Aino
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tended their work to the M and N facrors,
to the suhgmupﬁ A, and A. and o the pres-
ence of group specific saliva substances.
Their first serics consisted of 73 MZ. 62
same-sex DZ, and 26 opposite-sex pairs, and
the second of 202 MZ and 244 DZ pairs.
Consistent intra-pair similarity as to all sero-
]n"ical characteristics studied was shown in
this material to be a highly specific feature
of one- egg twins, while any dissimilarity
undoubtedly meant dizygasity. -
The distribution of intra- p*ur similarity
and dissimilarity was the same in two-egg
twins of the same or opposite sex and single
born siblings, except for the A and B and
M and N systems in regard to which the
observed dissimilarities between tw O-cgg
twins were lower than statistically expected.
Significant variations in isoantigens or other
hematological characteristics due o exver-
nal influences, including prenatal ones, were
regarded as doubtful by the investigators.
In a similar study based on 67 MZ and 39
D7 pairs and 93 sets of full sibs, the present
author (1951) obtained the following per-
centages for intra-pair similarity as to the
presence of imn‘m:igcns: MZ twins . . . 100;
DZ twins . . . 64; siblings . . . 58. Once again,
two-ege twin partners proved to be shghtly
maore similar than urdin:;r}' sibs.
Quantitative analyses of isoagglutinins
were carried out by Bihler (19335, 1940)
in two series of twins, one consisting of 22
MZ and 18 DZ p.ﬁr.a, and the other of 150
MZ and 200 DZ pairs. Determinations of the
1ggll_1ti|mtinn titers for agglutining « and g
revealed intra-pair similarity in 120 MZ and
80 DZ pairs. In another brmh dealing with
B fractions in 61 MZ and 74 DZ pairs, 16
sera were found to contain fraction #,. The
given twin subjects belonged to 7 MZ and
16 DZ pairs. In other words, of 61 one-egg
pairs, three were alike as to the presence of
the @, fraction, 54 were alike as to its ab-
sence, and four were unlike. In the two-egg

203

group, 58 pairs were alike in i;ickil!g the 24
fraction, and 16 pairs were unlike as to its
presence. This distribution led Biihler to as-
sume a strictly genetic basis for the different
titers of iw;}:t:rf;:rrll_ltjninx e and @ and, to a
lesser degree, of isoagglutinin 8, as well.

Using v. Ponsold’s method, Avres de
(1944) made qualitative and
quantitative agglutination tests in a series of
201 pairs of undetermined zygosity, testing
for the A;, As, B, O, M and N factors
(Figs. 163-166). While the red cells of one-
egg twins showed no intra-pair differences
in agglurination time, regardless of the con-
centration of the serum, there were distinct
differences in the two-egg group, which
became more pronounced with increasing
dilution of the serum. Cells of blood group
O were the only exception in that they re-
vealed slight intra-pair dissimilarities even
in the one-egg sample. At any rate, the
investigaror concluded that the qlmntlmtn e
aspects of the agglutination reaction are de-
termined genetically in both the ABO and
M and N systems.

On the whole, it is justifiable to state on
the basis of all available twin dara that one-
egg twins have the same antigens in the
stroma of their red cells. A rare exceprion
ascribed to an abnormality in feral develop-
ment was Panagiotou’s (1938) [‘m'r' of ap-

Avevedo

PJIETI['\. E]]{JI“}."\.”{ITIL r".'l.!ﬂ\ l'lf W I][}I]'l_ {JI]]'\
one showed evidence of antigen B inherired
from the mother.

Another notable case, described by Schiff,
concerned a ser of triplets in whom blood
group determinations led to a di;\gnus:is of
superfetation. With the maother belonging
to group O, impregnation by two men was
assumed, since neither a2 man imlunging to
groups A or B nor one belonging to group
AB could possibly have fathered triplets
falling into the three different blood groups
reported.

Twin data on the Rh factor were pre-
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Figs. 163 and 164. Hematological comparisons of M7 and DZ
twins (Ayres de Azevedo), as to blood group A, in the upper
diagmm. and blood group B in the lower. Feitunterschied =
Intra-pair difference in agglutination time. Gruppe=Group.
Fakvor=Factor. 2Z2=17. EX=MZ.

sented especially by Strandskov and Dieder- 11. SPECULARITY (REVERSED
ich (1945), altlmugh other studies will be e T iy
cited in the LI1.1|m,r dealing with method- ASYMMETRY)
ology. In the Chicago series, all 53 MZ pairs In view of the fact that the phenomenon
were cither equally Rhy or Rh—, while of specularity (mirror image, reversed
in the two egg group 59 pairs were L['I[Id"\ asymmetry ) has both anatomical and func-
Rh-+, five pairs Rh-—, and five pairs dis- tional HHPI!LJTIHHH it is of particular im-
similar. portance in the study of twins. Just as the
More recently, studies on blood groups image of an object reflected by a mirror
in twins have become the rule, in the sense  reverses the two sides of the n"nj-:-cr, S0 it
that practically any twin research program may happen in twin partners that they show
includes blood grouping and typing as the signs of reversed laterality.
first routine test of zy gosity. Specularity  may involve asymmetrical
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Figs. 165 and 166. Intra-pair agglurination differences, as
to blood group 0 in the upper diagram, and blood factor
M in the lower (Avres de Azevedo). Zeitunterschied=
Intra-pair  difference in agglutination tme. Gruppe—
Giroup. Faktor=Facror. ZZ=DZ. EL=MZ.

(occurring only on one side of a person)
as well as symmetrical (occurring on both
udcu} characteristics. r'tu:nrdmgh. the
given characteristic will either be found
only on the n]-_npmu:c sides of two twins or,
when distinguished by definire differences
on the two sides of an individual, will show
reversed differences of this kind 1in twin
partners.

One of the earliest cases of specularity
pruduced experimentally was that of Dar-

este (1877) who obrained a situs inversus
by heating fertilized eggs on one side only.

More recent experiments were carried our
by \[urg.m on ascidian eggs which upon
isolation of the first two blastomeres under-
went  gastrulation  with signs of mirror
imaging in the muscle cells of each blasto-
mere. Equally successful were the previ-
ously mentioned experiments of Spemann
(1901, 1903 ) who produced conjoined rwins
with asymmetrically reversed organs by in-
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ducing triton eggs to und{:rgn incomplete
duplication (Figs. 56-59).

Double malformations resulting  from
teratological gemellogenesis  (see Chaprer
VII) provided many interesting instances
of reversed asymmetry. Discordance as to
dextrocardia was reported by Allen and
Pancoast (1875) in the Siamese xiphopagi,
Chang and Eng (Fig. 67), and by Chapot
and Prevost (1901) in another .‘-;i]nhnp:lguu:i
pair, Mary and Rosaline. According to
Kiichenmeister’s (1888) autopsy findings in
two thoracopagous pairs, the conjoined
twins shared a thoracic t::n'ir_\.' and had a
single pericardium with two hearts, the
axes of which were turned in opposite di-
rections (one to the right and the other to
the left).

The various forms of reversed asymmetry
observed in normal twinning were divided
t]". .lhl."fﬂ. :'ELf_lllf.IlnL [k} H-I:}l,l'“_.l'“ 'LI-._ 5 svsiem
of classification, into anatomical, functional,
and psychological types of mirror imaging.
However, a fourth tvpe should be "lddtd to
this *-.chcmc nrum.h. the pathological va-
rieties.

The anatomical tvpe of mirror imaging
which involves various organs and organ
structures was well c‘:cmphrui by Ley's
(1929) pair of one-egg twins w ho were
concordant as to early total deafness, with
multiple signs of reversed asymmetry in
addition. The similar shape of the twins’

Characteristic

Counterclockwise whorl in
borh twins
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crania (A. and J.) was evidenced by the
fﬂllum'iug MEeAsUrements:

Largest cephalic A I
circumference 53 cm. 52 cm.
ephalic 1 15.6 15.6
Cephalic index _5 —0.907 0,002
17.2 3
Upon  further scrutiny, however, Al's

right hemicranium was found to be larger
than his left, with a reversal of this asym-
metry in J.’s cranium. This specularity was
demonstrated by reversing and remounting
the halved negatives of photographs shown
in Figure 167. Other signs of specularity
involved the twins’ fingerprints and handed-
ness preference. Although both twins were
ambidextrous on rr:l:zrivc!}-' :aimple tasks, J.
used the right hand and A. the left for such
exacting tasks as the farthest throwing of a
ball, thereby showing a combination of
anatomical and functional forms of reversed
asymmetry.

In three other one-egg pairs, this author
saw mirror imaging in the development of
asymmetrical breasts and in the first denti-
tion of several teeth.

Specularity in the hair whorl, which is
clockwise in 74.5% and counterclockwise
in 25.5°, of the German population, was
studied by v. Verschuer (1949) in a series
of 163 MZ pairs. The following distribu-
tion was observed in this analysis:

Theoretical

Supposition
{with 3 sigwera
Observed Tinrits )
§R.9%5 e e

Counterclockwise whorl in one twin

and clockwise whorl in the other
Clockwise whaorl in both rwins

31355
0.8%%

IROEI IR
6.5+=3%1.8%
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Fig. 167

ITIHIII"‘L'I.I'.

. Hemicranial mirror-imaging in MZ twins whose phortographs were halved, reversed and re-
original photographs in the middle, conjoined righe halves on the lefr, and conjoined lefr

halves on the right (Ley).

Hence, twins showed no statistically sig-
nificant deviation from the random distri-
bution of this generally asymmetrical char-
aCTeristic.

Among the most striking instances of
anatomical specularity in one-egg twins is
completely or incompletely reversed asym-
metry of the viscera as reported by Miller
{IH‘)H. Araki (1935), Cockayne (1940),
Newman (1940) and others. In Araki’s Jap-
anese pair, whose father had a set of normal
twins among the children of his second wife,

one twin showed total situs imversus vis-
certimr (verified by x-rays and electrocardio-
gram), in addition to lefr-handedness and
scrotal situs imversus, while the other twin
was normally developed as well as right-
handed. "L:_u:rdlmr to (1940,
only five cases of separate one-egg human
twins had been reported as exhibiting s.i.v.
in one of the rwin partners. He also stated
that these conditions were discovered main-
Iy during ’i'lltflphlt“r of stillborn twins or
:::F those l'h‘ll,‘ died in Lﬂﬂ'l. mfu'lc'.,

Mewman
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The genetic aspects of situs inversus
viscerum in relation to twinning were in-
vestigated by Mattisson (1933) in families
which included a case with this type of
specularity (Table LIV). While twin births

Table LIV
SITUS INVERSUS VISCERUM IN TWINS
(MATTISSON)

[ Neo. of (ppagite- | Same-
Kindred | Indi- Tewin #er s
| il wels Births Pairs Pairs
I 245 2 2
11 i 1 [ I
111 122 2 1 1
v 144 3 | 2
Total Nao. 23 | bt | 2 | [}

were not increased in these families, the
proportion of MZ pairs seemed ro be higher
than expected (507, instead of the c:-.'pct:rf:d
25 .... 30%, according to Weinberg's dif-
ferential method). It was assumed, there-
fore, that there might be a relationship be-
tween s.i.v. and one-egg twinning, although
the need for a staustically representative
sample was clearly acknowledged.

A special form of situs inversus 1s called
isolated congenital dextrocardia when only
the heart is involved. Dnt-cgg twin pairs
with this type of mirror imaging were re-
ported by Schotr (1891}, Paltauf (1901)
and Dstcrtag and Spaich (1935). While
Schott’s observations were made in 45-year-
old male twins, and those of Paltauf in twin
feruses, the twin sisters desceribed by Oster-
tag and Spaich were 28 years old and dis-
rulgumhnd by the fact that the dextro-
cardiac twin was an excellent sportswoman
and athletically more proficient than her
COTWI.

In the functional form of mirror imag-
ing, one twin partner is seen to use the left

side of the body for certain voluntary
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movements, while the other twin uses the
customary right side. Referring chiefly to
left-handedness, the phenomenon also ap-
plied to the preferred use of the lefr eve, of
the left foor in kicking, of the left half of
the body in swimming, of the left side in
masticating or smiling, and the like.

As to handedness specularity in twins,
Siemens (1924) as well as Lauterbach
(1925) believed rthat left-handedness and
twinning were causally related. In Siemens’
series of 37 MZ pairs, 1 pair was left-left,
26 pairs right-right, and 10 pairs right-left.
Of 31 DZ pairs, 2 pairs were left-left, 16
right-right, and 13 right—]cft.

However, no significant differences in
the frequency of left-handedness were ob-
served by Wilson and Jones (1932) either
berween one-egg and two-egg tw ins or be-
tween twins in general and single born per-
sons. With throwing and writing as the
main criteria for dcn::rmmmg this functional
type of mirror imaging in a sample of 70
MZ, 69 same-sex DZ and 54 opposite-sex
twin pairs and 521 single born subjects, the
observed percentages of lefr-handedness
were 5.5 = 7% and 12.0 = 2.29% In twins
and 4.1 = .6°%, and 6.5 = .7% in nontwins
respectively for throwing and writing. The
one-egg group included 1 left-lefr, 56 right-
right and 13 right-left pairs, while there
were 2 left-left, 97 right-right and 24 right-
left pairs in the rwo-egg group.

Another study of functional specularity
was conducted by Komai and Fukuoka
(1934) in a series of 118 MZ, 28 same-sex
DZ and 17 opposite-sex pairs and in a com-
parable control group of Japanese children
of school age. With six criteria for derer-
mining hand preference, and one criterion
{ football) for that of the foot, the preferred
use of the left hand or foot was found to be
more frequent in two-cgg twins than in
nontwins or one-egg twins. While the fre-
quency in DZ twins ranged from 10 to
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30%, the corresponding percentages in MZ
twins and single born subjects were 11 and
10.

According to Rife’s (1933, 1938, 1939,
1940) data on 369 rwin pairs and 687 single
born students and their families, the ob-
served increase in the frequency of left-
handedness in twins appeared to be ex-
plained by certain intra-pair differences
rather than by the number of pairs with
two left-handed members. While the fami-
lies of nontwins (with a total of 3542 per-
sons) yielded a left-handedness rate of
7.5%, the corresponding values for one-egg
and two-egg twins were 11.4 and 15.4%.

More precisely, of 223 MZ pairs, 6 were
lefe-lefr, 176 right-right, and 41 right-left;
and of 146 DZ pairs, 3 were left-lefr, 104
right-right, and 39 right-left. On the other
hand, the erqucncv of lefr-handedness
among the parents and sibs of one- egg rwins
was significantly lower than that observed
in the families of single born subjects, show-
ing just the reverse of what might be ex-
pected if the same factors were responsible
for left-handedness and twinning as as-
sumed by Lauterbach.

Although unable to explain the reduced
frequency of left-handedness in the families
of MZ twins and the absence of a similar
difference berween the families of DZ twins
and nontwins, Rife believed (despite ad-
mitted imperfections in handedness diag-
nosis) that left-handed persons are more
likely than right-handed ones to give birth
to a left-handed child. Even in twins, hoth
one-egg and two-egg, pairs with mirror
imaging in handedness have a significantly
higher proportion of left-handed relatives
than pairs with two right-handed members.
However, since there is no evidence for an
increased proportion of left-handers in fam-
ilies that have produced a pair of twins, it
would seem that varianons in handedness
are quantitative (polvgenic) in their mode
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of inheritance.

In order to explain left-handedness on
this multi-factor basis, Rife hypothesized
that many persons might be genorypically
intermediate as to their handedness poten-
tialities. Lacking a definite preference for
right- or left-handedness, they are easily
shifted in one direction or the other by out-
side influences. In twins, such external cir-
cumstances as peculiar positional arrange-
ments or lack of space in uters, while having
little or no effect on those whose hand pref-
erence for one or the other side is clearly
determined genotypically, would often re-
sult in mirror imaging by shifting one twin
toward left-handedness.

Accordingly, one-egg twins of a distinct-
ly right- or left- handed variety are unlikely
to show intra-pair differences (mirror im-
aging) in handedness; but two-egg twins
distinguished bv different genotypes are
apt to display handedness specularity when-
ever they are genetically intermediate in
their handedness potentialities and then are
shiftable by environmental conditions.

In Zazzo's (1945 ) opinion, most MZ pnirs-:
show no handedness ﬂpccul-lrin'_ nor is
there any significant difference in the pro-
portion of Jleft-handers berween one- egg
and two-egg twins. With a left-handedness
rate of 16%, in twins (Wilson and Jones),
and with a similar rate in his control ¢ group
of 500 single born subjects (even “with-
out considering their higher proportion of
potential left-handers) 309, of randomly
paired members of any population with a
16°. rate of left-handers would be expected
to present mirror imaging as to handedness.
The corresponding proportion of specular
pairs would be 20%0 if the general rate of
left-handedness were 10%.. Zazzo conclud-
ed, therefore, that twinning and random
pairing vield “exactly the same proportions
of mirror imaging.”

In a study of handwriting in a series of
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113 MZ and 160 DZ pairs of twins, Roman-
Goldzicher (1945) classified handedness ac-
c::-rdillg to certain directional characteris-
tics in the sty le of w I‘I[II"LE The results of
this analysis (Table T‘L) placed "IPPI’I‘}\I—
mately one-half of all twin subjects in the
left-handed category, and a majority of

Table LV

DISTRIBUTION OF HANDEDNESS TN
TWINS (ROMAN-GOLDZIEHER )

MZ nE
Handedness -
No, u_f Per No, lZl_ir Per
Pairs Cent Pairs ent
Right-right 16 14. 30 19.
Right-left | H2 | T4, | 95 | 59.
Left-left [ s [ g CL

pairs (73 and 597, respectively) in the
group of twins showing mirror imaging as
to handedness.

According to Dahlberg’s (1948) review
of the subject, the proportion of left-hand-
ers among twins, although varying from
one sample to another, seemed to be gen-
erally higher in MZ than in DZ pairs, with
an intergroup difference of 4.2 = 1.1%.
However, there should be no one-egg pair
showing specularity in handedness “were
left-handedness a trait inherited in the class-
ical sense.”

Analogizing from the observation of ana-
tomical and functional modes of reversed
ASYIMIMerry, some investigators speculated
about the p:muhle cffects of a psychological
type of mirror imaging. In line with Bourter-
wek’s (1934, 1936, 1938) theory based on
two series of 40 and 100 MZ pnirs, right-
handed twin partners were thnught to be
more Vigorous and energetic, more logical
in a masculine sense, and more artistically
inclined than their left-handed cotwins, de-
scribed as generally weaker, more senti-
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mental, and more interested in the sciences.
Similar psy Lhnluglcal differenees indicative
of “mirror imaging” were observed by
Graewe (1941), while Zazzo (1945) spoke
of complementary rather than reversed per-
sonality characteristics. In Zazzo’s opinion,
left-handed people in a predominantly
right-handed culture  are discriminated
against to such an extent that this disadvan-
tage will have “an inevitahle impact on their
personality development.”

Pathological forms of mirror imaging
(reversed asymmetry in p;ll:h-:nlngir.::ll con-
ditions for which twin partners are con-
cordant) are apparently as common as the
anatomical and functional varieties and are
probably due to similar causes. The given
category is highly diver sified and includes
such crmlﬂqlc.llh' different conditions as

rachitic  scoliosis, congenital torticollis
(Isigkeit), unilateral exophthalmos (En-
gerth), congenital anomalies of the eye

(Pillar), anisometropia ( Jablonski, Miinch.
\\':!:lrdcnhurg}. pn:r}'gmm and strabismus
(Bodtke), phlebectasic or goitrous localiza-
tions (Curtius and Korkhaus, Kriiger), in-
guinal hernia (Stransky), infantile pnr'lh 515
(Hofmeier, Messeri), Dupuytren’s contrac-
tures (Then Bergh), congenital malforma-
tions (Abelin}, and so forth. Figure 168
shows a striking case of mirror imaging as
to paralytic poliomyelitis, originally report-
ed by Messeri.

Of the various hypotheses which were
proposed to account for the still obscure
phenomenon of mirror imaging in twins,
l)'lhlhcrg\: (1926, 1929, 1943, 1948) ex-
pl"m::mm of asymmetrical genoty pu:al in-
fluences due to positional changes in the
process of inheritance was based in part on
Przibram’s (1908) hrccding ::xp::rimcntﬁ
with heterochromous Angora cats (vellow
and blue eve colors). When cats with one
vellow :m{.i one blue cve were mated with
;i}'lI]I]!CE'I‘iC:I]l}' blue-eved or vellow-eved
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ZL1

Fig. 168.

Reversed asymmetry in

MZ twins concordant as

to paralveic poliomyelitis ( Messeri) .

animals, some of the offspring were hetero-
chromous in turn, while others had two
blue or two vellow eyes.

Dahlberg observed that it is generally be-
lieved that pigmentation in the stroma of
the iris is inherited in animals as well as 1n
man, and hardly influenced by environment-
al factors. This makes it very unlikely that
the observed asymmetry may be due to
some environmental influence before or
after birth, which would also have recurred
in three successive generations.

Przibram’s finding that a parent with a
blue right eye and brown left eye could fa-
ther descendants with brown nghr eves and
blue left eves indicated that a genotypic
asymmetry may be expected to switch
through the generations from the right to
the left side or viceversa.

In another approach, Dahlberg (1945)

used an analogy with the genetics of dextral
and sinistral coiling in the water snail, Lim-
naca peregra (Fig. 169). With a maternally
transmitted recessive gene apparently re-
sponsible for dextral coiling, the Swed-
ish scientist postulated genotypically  de-
termined forms of reversed
even in one-egg twins, despite their genetic
identicalness. His scheme explaining mirror
mrl"lnt_{ as to handedness (“motor asymmet-

Y 1s prmntui in Figure 170. If one imag-
ines that, during the du:.inpnu.nr of 'slf
rwins,
twin can be transmitted to the other—possi-
bly by means of some connection between
the germinal layers, which later disappears—
and the position of the twins is such that the
cephalic extremities face in opposite direc-
rions, one may thus realize thar all rthis could
cause a reversal of the asymmetry of the

ASVINIMETIry

an :'Ih\!T'ITII-L'.‘TI‘lL.lL (II"E_{.!.I'H;-'..I[IE}I'I. Uf one
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Fig. 169. Schematic representation of inheritance of dex-
eral and sinistral coiling in the water snail (Dahlberg).

Fig. 170. Schematic representation of motor asymmetry {Dahlberg).
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E. 171,

Group picture of MZE and DZ pairs, including the conjoined Godena twins, Lucio and

Simplicio, showing no greater similariey than ordinary MZ rwins ( MNewman.

genotype, and so, because of their ['L'L‘ipt'ni:;il
F:.n:.il:jun, the one twin becomes rE:__]'hI.‘—l\:!!ldtd
and the other left-handed.

As to the
may be observed in rwins with respect to a
specular trait, Dahlberg (1929) differentiat-
¢d the fn"nuing: (a) in both twins on the

various combinations whieh

same side; (b) in the two twins on opposite
sides; (¢) on both sides in one twin, and on
neither side in the other: (d) on both sides
in one twin and on one side in the other:
and (¢) on one side In one twin.
-\{;::unlins:: to Mewman's ( 1928) ﬁrniingh
on reversed asvmmetry in twins (50 MZL
pairs), there was some Int'-::nti!.'r relarion be-
rween dcg.'{l'm:n of intra-pair resemblance and
the ft'-:ql.w:ru_'_\' of mirror imaging, masmuch
as twins resembling each other most Cil]hl..'l:'l.'
were found to be least inclined to show
imaging. The same 'm'-'L'-«;rlg:]tnr
(1931) observed that right-handedness was
usually associated with a simistral whorl of
the hair, and vice versa, and that the right-

MIrror

sided partner of conjoined twins was always
the one who had a larger head and face. In
the Godena twins (Fig. 171), for instance,
Simplicio on the right was brachycephalic,
and Lucio dolichocephalic.

Since a similar variation may exist be-
tween the right- and left-handed members
of ordinary one-egg pairs, Newman as-
sumed thar a right-handed twin with a larg
er head and face alw ays originated from the
right half of the zygote. He also believed
that one-egg twins (including conjoined
and  monstrously  malformed ones)  may
range from most similar to least similar
pairs.

This hypothesis was based on the assump-
tion that when twinning occurs before gas-
trulation, the two halves are of equal po-
tentialities.  Such owins will be wvircually
identical and show no signs - of reversed
asymmetry. However, with the division of
the zvgorte taking place during gastrulation,
that 15, at a ome when bilateral symmerrs
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has already been established, the two halves
are sufficiently differentiated to produce a
right and a left side of the organism. The
more advanced the formation of bilateral
symmetry at the time of division, the less
likely that the original state of equipoten-
tality can be reestablished.

With both halves |'1rudu¢;ing a t;nmplcn:
mdividual in more or less advanced stages
of symmetry in development, signs of re-
versed asymmetry in a given pair will be
present to a correspondingly greater or les-
ser extent. Were division to take place at so
late a stage of development as to remain in-
complete (double malformations), various
differences between the two organisms
would be expected, since both halves are al-
ready differentiated with respect to the
right and left sides. Therefore, Siamese
twins are less apt to be exactly alike than
ordinary one-cgg rwins.

In another explanation based on Komai's
r.‘\:pt;rimt:nt*. on over 1,000 salmon E‘I]]hr\.'ﬂ‘i
Newman emphasized that the frl:qucm:x of
situs inversus viscertim had been found to
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be |1IEhLI‘ in separate tw in embryos than in
nontwin embryos, while that in conjoined
embryos in turn exceeded the rate observed
In separate one-cgg twins. The given inter-
agroup differences were ascribed to a com-
mon denominator such as retarded develop-
ment due to external causes. On the whole,
it was assumed on the basis of available ex-
perimental data that abnormal outside fac-
tors might be rupumli}]c not only for s.Lv.
in nontwins, but also for twinning irself
and such phenomena in twins as mirror im-
aging, deformities, developmental rerarda-
tion and double malformations.

It is justifiable to conclude. therefore,
thar the overall pr:}hl:l:m of reversed asym-
metry in twins has not vet been adequate-
Iy cxlulmncd. The theories offered vary
from entirely extrinsic (Newman) to strict-
Iy genetic (Dahlberg) modes of causation.
The prevailing view would seem to be,
however, that both endogenous and envi-

ronmental factors mav be ar waork. This

prnrlu:siﬁ % cpimmizcd by Rife's -:xpl:m:l-
rion of hand pn:ff:rcm:l: (motor asymmet-
t‘:l..'}l.
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Fig. 92 illustraring, 129
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Figs. 113-114 showing, 157
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D twins, study of, 134-135
dichoriality of, 134
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intra-pair similarity in, 187-189
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Ear lobes, similarity of, 188
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Figs. 147-148 picturing, 188
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F-ctopic rwin pregnancies, 151
Edelen, EW., 57, 58,65, 217
Embryoblast, differentiation of, 121
FEmbryoblast, division of, 121
|".II|||J‘}'{}[:-|:!:~.:1‘_ formation of, 121
Embryology, experimental, 101
FEmbryology of twinning, 100-133
embryogenesis of MZ twins, 118-125
embryogenesis of plurizygotic twins, 125-133
experimental polyembryony, 101-106
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Embryonic development, 40
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Fig. 81 showing x-rays of, 116
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in southern districes of France, 80
random hirth statiscics, 82
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family dara, 83
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Favreau, 26, 138, 146, 147, 152, 153
Fecundity, as factor n twinning, 75
Feingold-Jarvil, 30
Féré, 25
Ferguson, 151
Fernandez, 31, 39, 123
Ferri-Maneini, 20
Ferroni, 139
Fertilized eggs, treatment of, 101
Fetal dystocia, 153
Fig. 110 showing, 153
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Footprints, one-egg similarities in, 175
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in AME twins, 207
Fig. 167 picturing, 207
| !El:l'md}'l'lmnic l."{il..'fluﬂih:’iul'rl.. 143
in monochorionic twin placenta, 143
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Fig. 44 showing, 76
Marernal factors in H\'in:l'ling, 6HE-TT
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Meiosis, maturational, 131

Meiosis, process of, 95

Meirowsky, 171, 187

Mellen, 87, BB

Melmann, 54

Membranes in twin pregnancy,134-138
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Fig. 104 illustrating, 140
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Muntzing, 31
Mutation, current concept of, 67
Murtel, 140
MZ and DZ i‘l:lltl"!'h group |1i['tur¢ of, 213
Fig. 171 showing, 213
MZ and DZ twins, accumulation of, 94
Fig. 54 showing, 94
ME feruses, positions of, 117
MZ dichorial twins, 136
Figs. 100-102 picturing, 136
percentage deviations in, 162
cephalic diamerer, 162
height, 162
weight, 162
MZ quadruplets of Dasypus Novemcinctus, 41
Fig. 18 showing embryonic development of, 41
M7 :':Iillhil‘l!h:i, f!':.':lm;n-c_\' :}f, 149
MZ owins, 92, 123, 124-125, 132, 135
dichorial pairs in, 135
emergence from single ovum, 123
genetic origin of, 92
in multiparous animals, 132
monochorionic pairs in, 133
single zygore in, 124-125
division of, 124
MZ vwins, division resulting in, 137
MZ twins, embryogenesis of, 118-125
historical theory n:ul'u:urn'ing, 118
MZ vwins, genetic identicalness of, 95
MZ rwins, genotypical equality of, 95
MZ rwins, pronounced similarity of, 155-158
Figs. 111, 112 showing similar facial fearures, 156
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MY vwins, similar, 129-130
with dissimilar parrner, 129-130
Fig. 93 illustrating, 130
in same pregnancy, 129-130
MY rwins, study of, 134

Magara, 202

Mamarter, 32

Meefe, 61,82

Neel, 29

Melson, %6

MNervous system, 199, 201
birain c'{;r:t_\', comparative data on, 199

Mervous SysLenn in pregnancy, 145
ux:iggc‘rntud {i}'ﬁhmcriun of, 145

Newman, H.H., 27, 29, 37, 39, 40, 41, 42, 57, 96, 97,

112,123, 158, 177, 178, 207, 213, 214, 216
Michols, 57
Mico, 194, 195
Moack, 193
Nongenetic influences on rwinning, 94
MNorinder, 31
Nose, rwin studies of, 189
Mortrti, 31
MNucleus, divisions of, 100

Obonai, 27, 173, 176

(cclusion dara, 195-19%6

Oicular characrerisrics in DZ rwins, 184
iFigs. 140, 141 showing, 184

Ocular measurements, 183

Ocular variations in MZ and DZ pairs, 185
Table XLII presenting, 185

Oife, 132

Oyawa, 173, 190, 198

Oguchi, 27

Ok, 27, 60

Oldemburg, 3

Oliver, %1

Omez, Y., 138, 144, 147, 153, 215

Ondina, [, 149, 217

One-egg rwins, 167

One-cgg rwins, dermatoglyvphics of, 176

Onrogenesis, 119, 120
investigation of, 120
process of, 119

Qocytic twins, 132

Owophorous follicles, eruption of, 123
in production of multiple feruses, 125

Fig. 8% showing rabbic ovary, 123

Opposite sex twins, accumulation of, 88
Fig. 53 illustrating, 88

Oral caviry and rteech, 189-196
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Oral cavity, rwin studies of, 191

Oirel, 6

Orr, 19

Orthodonrie irregularities, 191

Osaro, S, 164, 183, 197, 199, 201, 202, 2146

Osborn, 29

Csimao, 20

Ossification, in hands and feer, 164-165
in one-egg and two-egg twins, 164-165

Figs, 118-121 illustrating, 163

intra-pair differences in, 163

Ossificarion nuclel, bilateral absence of, in lunate

bhone, 170
Ossification nuclel, dul]hlillg of, 166
Figs. 118-121 illustrating, 163
Ossification, process of, 166
Ossificarion, rate and rhythm of, 166
Okstertag, 26, 208
s, 151
Orrenberg, 202
Owva, human, 121
Owvum, ferrilized, of Tricon, 102
Fig. 56 showing separation of, 102
Owen, 34

Pacheco, 27
Palatine foramina, malformed, 191
Palmar creases in female M7 owins, 182
Figs. 136, 137 showing, 182
Palmar creases in MZ pairs, 181
Fig. 135 showing similarity, 181
Palm prints, 178
Palrauf, 208
Panagioton, 203
Pancoast, 110, 206
Papillae of tongue, 190
Papillary corium patterns, 176
formation of, 176, 177
in embryos, 176-177
Paracentrotus lividus, experiments with, 101
Passerini, 108
Passyukoft, 25
Pasteels, 123
Pacellani, 27, 53, 62, 67
Paternal heredity, in production of twins, 83
Patt, 319
Parten, 122, 137
Patterson, | Th., 29,39, 123, 214
Paulsen, 171
Peacock, T.L.. B
Peiper, 83
Peluffo, 31
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Pelvic development, in female MZ twins, 168
Figs. 123, 124 showing, 168, 169
Pelvie diamerers, in twin frequency, 69
Penrose, 25
Periocular skin pigm{;nta{inn, 183=184
Perlstein, 111, 183
Perrarch, 110
Perromyzon planeri, experiment with, 102
Pfandler, 32
Pfister, 32
Phenotypical manifestation of gene-specific
rrair, 99
P}u:rl,:punu:i, 112
Philoprogenetiveness in Family C, 75
Fig. 43 showing study, 75
Pignarelli, 27
Pillat, 210
Pinard, 144, 146, 147
Pinnae, 187-188
genetic determination of, 187
similar prominence of, 188
Fig. 150 showing MZ rwins, 188
Piton, 170, 202
Pituitary gland, 202
Placenta, extraferal circulatory portions of, 138
Placental circulation, study of, 141
Planansly, 30
Plicher, 5
Plinius, 22
Pluriembryony, in production of similar twins, 125
Pluriovular follicles, 127-128
in biovalar gemellogenesis, 128
Pluriovulation, 125, 126
Pluriovulation in women, 127
Plurizygotic twins, 125-133
embryogenesis of, 125-133
Poinrin, 68
Polar bodies, 128, 132
fertilization of, 128
of different animal species, 132
importance of, 132
Polar bodies, emission of, 128-12%
afrer impregnation, 129
Polar bodies, importance of, 100
Polar body, chromosomes in, 129
Polar body, fertilizable, 129
Polar body, second, 129
Poll, 26, 173
Polman, 25
Polydactilism, 99
Polyembryony, 38, 100-101
in production of one-egg rwins, 100-101
swinning by, in mammals, 38
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Polyembryony, ux}mriuwnml, 104
Polyembryony in Xenarthrs, 38-39
Polyhydramnios, 140
Folyhydramnios, early acute, 146
Polynuclear neutrophils, 202
Polyovulation, 38, 91
in production of DE owins, 91
twins deriving from, 38
Polysymptomatic similaricy method, 97
P"]:.'L:Irlﬂ.. relarive, 140
Pansold’s method, use of, 203
Pool, R.AL, @ 217
Pope, 33, 36, 110
Popoif, 68
Porak, 138
Portius, 153
Powers, 7
Poyer, 26, 119, 158
Praeger, 191
Precaudate fissure, posterior, 201
Pregnancy of Dasypus Novemeinetus, 42
Fig. 19 showing advanced stage in, 42
Pregnant uterus containing dichorial twins, 22
Fig. 2 showing, 22
Premarure births, cause of, 144-145
mechanical and chemical load, 144-145
Presentation, dara of, 147-148
Tables XXXI, XXXII showing, 147
Presentation, maodes of, 147
Table XXXII showing, 147
Presentation, types of, 147
Table XX XI showing, 147
Presentations, abnormal, 151
Prevost, 206
Primitive line, formarion of, 123
Prinzing, F ., 64, 70,73, 81, 216
Prinzing's theory, 73
Prvor, 97, 169
Praibram, 210, 211
Puech, 68, 69
Pulmonary tuberculosis, 26
Pvloric antrum, 201
Pyloric stenosis in MZ rwins, 183
Pygomelus, teratoadelphic, 108
Fig. 66 showing, 108
Pygopagi, 110-112
Fig. 71 showing, 111

Quadruplet births, 62

ratio of to triplers, 62
Cuadruplers, one-cgg, 131

Fig. 96 showing diagram, 131
Quadruplers, two-egg, 130
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Quantitative variations, in expressivity of gene, 99
Quelprud, T, 187, 188, 189, 216

Ouenor, 132

COucéreler, 163

Quintuplet births, ratio of to quadruplet births, 62

Rabinowitsch, 70

Rabl, 126, 128

Raimondo da Capua, 21

Ramer, 30

Ratio, mutual frequency, between various degrees

of multiple births, 61

Hellin's formula, 61

Rédeky, 27, 75, 94

Reggiani, L., 202, 217

Regnard, 9

Reisner, 30

Remusat, A, 10

Resinells, 139

Resinelli-Ferroni, 137

Respiratory system, 201

Revell, %6

Revaleella, 152

Reynolds, 169

Rh factor, twin dara on, 203-204

".i]]l.'ll'b('ll'll'-[):hﬂjgt'lﬂ!i, 153

Ribs, ankylosis of, 166

Richner, 32

Rife, [LC, 29945, 00 2060, 124

Ringelhan, 107

Ritrer, 193

Boobin, 110

Rodrigucz, 110

Rohrer, 163, 164

Roman-Goldzieher, K., 24, 210, 214

Romanus, 31

Humir'lgq.:r. 173

Rosanoff, 29

Roscher, 3

Rosin, 132

Rosner, 132

Rossle, 26, 201

Roth, 30

Rounl, 173

Rouzaud, 147

R owe, 96

Royston, 80

Rumpe, 70

Ruppin, 61

Ruthart, 44

Ryvkin, 25

Saceo, 27
Sacral vertebra, permanent detachment of, 166
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St. Augustine, 23
Hairo, 183
Salas-Martines, 31
Sanchis, 27
Sand, George, 10
Sander, 30
Sanders, 96, 178
Sangalli, 110
Sanguineti, 36
Sank, 30
sappho, 4
Sarlcar, 96, 97
Sarina, 31
Sawitzky, 151
Scharz, IF, 138, 139, 216
Scheerer, 26
Scheidemann, 96
achidr, 158
Schiff, 132, 202, 203
Schiller, M., 170, 171, 172, 181, 182, 183, 199, 212
Schiller’s dara, 170
Schittenhelm, 26
Schlagninhaufen, 32, 97
Schmide, GAL, 104
Schokking, 25, 170, 199
Scholl, F.K., 170, 214
Schott, 208
Schreiber, 177
Schreiner, 100
Schroerer, 191
Schulrz, 65
Schwaegerle, 187
Schwalbe, 107
Schware, 164
Schwarzenbergh, 31
achwesinger, 29
Scientific study of twins, 21-32
historical developmenr of, 21-32
belief of philosopher-astrologer, 23
explanation for phenomenon, 21
medical research workers, 23
twins and astrologers, 22
Scotland, I"rmluunr:}' of rwinning in, 53
Table I showing, 53
Seemann, 23
Separated double formartions, 106
Shapiro, 19
Sheear, 5.E., 217
Sheep, increase in multiparity in, 41
Sheep, injection af, with pregnant marc
serum, 43-44
Sheep, twinning in, 41, 43
environment for conditioning, 43
feeding for conditioning, 43
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hormonal stimulation, 43
Siamese twins, 34, 107
presence of in iris, 34
Fig. 11 showing, 3§
representing misdeveloped uniovular twins, 107
sickler, 6l
Sieder, H., 173, 184, 183, 216
memens, H, W, 24, 25, 26, 44, 57, 86, 97,
186, 189, 190, 191, 193, 198, 202, 208, 216
Simian crease, fre-.pu:m::.‘ of, 183
Similarity method, 136
Simonides, 4
Sinclair, 97
Single-recessive factor, for twinning, 85
Bonnevie theory, 85-86
Sinuses, frontal, 170
Sinuses, e.imiiﬂril:.' af, 164
in D and MZ twins, 164
Sirus inversus viscerum, 207, 208, 214
genetic aspects of, 208
in Japanese twins, 207
Table L1V, 208
Sjorgen, 31
Skeletal system, 164-170
roentgenogram studies, 164-170
sinuses and mastoid process, 164
Skerlj, 73
Skin characreristics, 170
Skin, hair, dermatoglyphics, 170-183
Slater, E. T, O, 25, 89, 92,93, 216
Smellie, 143
Snyder, 29, 98
Soborea, ], 118, 120, 128,129, 130, 216
Soderstrom, 31
Somaglia, 27, 147, 148, 149
Sonrag, 96, 169
Southwicl, 8¢, 92
Southworth, 34
Sovénvhazy, 139
Soya, heredity of color in, 34
diembryony in, 34
Spaeth, 24
Spaich, 208
Spain, frequency of twinning in, 55, 57
Table VI showing, 57
Specularity, anatomical, 207
dpeculanity, expernmenal prod uction of, 205-2046
Specularity, functional, 208
Specularity, involving ﬁngc rprines, 206
handed-ness prcfnrencn. 206
Specularity, phenomenon of, 204
anatomical and funcrional implications of, 204
Specularity (reversed asymmerry ), 209-214
anaromical, 207

134, 170,
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experimental production of, 205-206
funcrional, 208
jm-uh-jng ﬁngr_-rprjnr!-', o
handed-ness preference, 206
I'.l]“:nn:ml.r,'t!tm of, 204
anatomical and functional implications of, 204
Spemann, H., 102, 103, 104, 105, 106, 119, 205,216
Speranski, 113
Spermatogenesis in gemellogenesis, 100
Spermarozoa, two-headed, 119
f'_ip-im:,, rwin studies of, 166-167
intra-pair similaricy, 167
variations in normal spine, 166
on gl_'llur'l;.'. hasis, 166-167
Sparea, 25
Sriber, 147
Sranton, 192
Steiner, F., 26, 123, 136, 137, 191, 216
Srern, 71
Sternoxiphopagus, 116, 118
Figs. 84, 85 picturing, 118
Thyroid glands, enlargement of, 116
Sriles, 29
Srillbirchs, 149
Table XX X111 .'\thZH.\'i:I'lg tabulared dara, 149
Stillbirths, rare of, 150
Table XXXIV .'.hu\.'l."mg, 150
Stillbirth sraristics, differential, 149-150
causal factors for, 150
for white and nonwhire pt:l}:au]:lrim'l., 144
in Umited States, 149-150
in males and females, 150
Stllbirths, zygosity differences in, 149
Srockel, 62, 128
Srocks, A. W., 77, 162, 163, 176, 177, 187
Stomach, form and size of, 201
Srrandskov, H. H., 29, 57, 38, 39, 62, 65, 149, 204, 214
Stransky, 24, 210
Strassmannm, 126, 132
Strurer, 121
Streerer’s ovum, 121
Fig. 86 showing, 121
Stumpfl, 24, 26
Strupler, 32
Suomalainen, 23
Superfecundation, 45, 127
in Guernsey cow, 45
instances of, 127
in animals and humans, 127
Superfetation, diagnosis of, 203
Superfetation, phenomenon of, 127
Surton, 29, 163
Sverdrup, 31
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Sweden, frequency of twinning in, §2, 53
Table Il showing, 52

Svngamy, 100

Syphilis, as cause of owinning, 67-68
symptoms of, 68 i

szendi, 24

Tacitus, 4, 19
Takahashi, 147, 149, 202
Tako Komai, 174, 175, 176
Tammeo, 48, 141, 142, 143
T anaka, 27
Taniguchi, T, 27, 155, 217
Tardieu, 110
Tarnier, 153
Tauber, 147
Teeth, agenesis of, 193
in MZ pair, 191
Teeth, asymmertrically malturned, 191
genetic factors in, 191
Teeth, color of, 192
Table XLVIIL, 192
T eeth, eruprion of, 193
Teeth, supernumerary, 191, 193
concordance and discordance in, 193
in MZ pairs, 191
F'eeth, symmetrically malturned, 191
generic factors in, 191
Teeth, width, length and thickness of, 193
Table XLLVIII, 194
Tecth, width of, 194
Table XLVIIL, 194
Tenton, T, 5, 217
'I'r:ratnd}'mi. 112-113
case descriprion of, 112
skeleton of, 112-113
Fig. 74 shuwing., 113
Teratodymus, photos of, 116, 117
Fig. 82 illustrating, 117
Teratology, 107
Teratopagi, group of, 108
Fig. 68 illustraring xiphopagi, 109
Then Bergh, 210
Thiclmann, 190
Third circulation, 139, 141
absence of, 141
ASVIIIMELry in, 1i9
existence of, 141
Thomas, 44
Thompson, 30, 172
Thorndike, E. L., 29, 128, 217
Thorndike’s twin darta, 128
staristical :l!'!'ﬂl_'l.'!\-ll!i- of, 128
Thums, 26
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T hurstone, 29
Thyrod, 1'1_:1‘::'{}FJ-['|II,'I'II:;IE characreristics of, 202

Table LI, 202

T hyroid, morphological characreristics of, 202
Tillner, 1., 183, 217

Timacus, 4

Timofeef-Ressowski, 99,217

Tisserand, 170

Titus Livius, §

Tomilin, M. L., 49, 50, 217

Tongue, characteristics of, 190

Tonsils, palatal and pharyngeal, 190

Tonsils, twin data on, 190

Table XLV, 190

Torkos, 110

Torriolo, 27
Torrioli-Riggio, G, 202, 217
Triplet barths, 62

ratio of ro twins, 62

Triplets, dissimilar, 130

from rwo ova, 130
Fig. 94 showing, 130

Triton taeniarus egg, 102-105

experiments with, 103
|":igh'. 56-59 5|1|:H.1.'|'ng, 102, 103
segmentation of nucleared half, 105
subsequent development of nucleated half, 105
Figs. 60-62 showing, 105

Triton taeniatus twins, artificially produced, 106

Fig. 63 showing developmental stages, 106

Trophoblast, 121
Tsuchizya, 27, 196 .
Tubercle, Carabellr’s, 191, 192

rwin data on, 192

Tubercle, Darwin's, 187

study of, 187, 159

Tubercle, dental, 191

hyperplasia of, 191

Tubifex, polar bodies in, 132
Turpin, 26, 150, 170, 202
Turquan, 55

Twain, Mark, 10

Twin birth staristics, 64
Twin births, 134

generic and obsterrical classifications of, 134

Twin births, compararive rates of, 68-69

according to zygosity and maternal ages, 68
Table XXI, 69

Twin burths, differenrial fr-:qucm:}' of, 65

Table XVII, 63

Twin births, frequency of, 74-76

according to maternal age, 74
according to number of pregnancies, 74
Table XXIII showing data, 74
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related to age of multiparae, 76
related to age of primiparae, 76
Fig. ++ xhuwing diagr;]rn, 76
Twin births in city of Rome, 66
differential frequency of, 66
Table XIX showing, 66
Twin births, increase in, 70
Twin births in It aly, 66
Table XV showing, 66
Twin births, occurrence of, 62
T'win births, quantirative increase in, 70-71
Twin family method, 30

Twin frcl]l.ll.‘ll:.‘".'.. g'{:i.:lgil‘aljhitﬂi variations in, 81-82

climatic changes, 82
due to ethnic facror, 82
laritude, 52
Twin El'ﬂlu:‘:m::;, rtgiun:lt fluctuacions in, BO-§1
average marriage age, 81
registration rechnigues, 80-81
Twin mortality darta, 150
Table XXXV showing, 150
Twin parasite, anencephalic, 108
l-‘ig. 05 :il'um-ing. 108
Twin placentac, 134
Twin pregnancies, ectopic, 151
Twin pregnancies, variations in duration of, 144
Fig. 109 showing, 144
Twin pregnancy, age of mother in, 77
as determining factor, 77
Twin pregnancy, complications of, 148-151
abortion, 148
albuminuria, 148
circularory disturbances, 148
cclampsia, 148
hydatidiform mole formations, 148
papyraceous degeneration, 148
polyhydramnios, 148
stillbirch, 148
Twin pregnancy, diagnosis of, 145-146
during first half of pregnancy, 145-146
clinical signs in, 145-146
during second half of pregnancy, 146
ausculration, 146
palpation, 146
x-ray technique, 146
Twin pregnancy, duration of, 144-145
mature twins, comparison of, 145
with single birth, 145
statistics in, 144

Twin pregnancy: its physiology and pathalogy,

134-154
character and position of membranes in twin
pregnancy, 134-138

complications of twin pregnancy, 148-151
diagnosis of twin pregnancy, 145-146
during the first half of pregnancy, 143-146
tluring the second half of pregnancy, 1446
ectopic twin pregnancies, 151
feral membranes in dichorial twin pregnancy, 138
feral membranes in monochorionic twin
pregnancy, 139
feral position and presentation, 146-148
general observations, 151-154
Twin research, 30
in the Unired Sares, 30
Twins, 16-17
works dealing with, 16
detachment from reality in, 16-17
interpretation of realicy i, 16
Twin studies, 24-27, 30-32
aging and longevity, 30
deaftness, 30
East European and Balkan Starves, 25
endogenous psychoses, 30
England, 25
Finland interest in, 23
France, 25-26
Germany, 26-27
in Benelux countries, 24-235
use of similarity method, 24-25
Italy and Iberian countries, 27
Japan, 27
male Imrmrscxualil:y‘ n
mental deficiency, 30
neurologic and ophrhalmologic aspects of, 2
North America, 27-31
pulmonary tuberculosis, 30
Seandinavian countries, 31
South and Central America, 31
Sovier Union interest in, 25
suicide, 30
Switzerland, 31-32
Twin study method, 98
Twinning, among cousins, 92-93
Twinning, artificially induced, 38
Twinning, basic causc of, 91
Twinning by males, transmission of | 87
Fig. 52 showing Mellen reporr, 87
Twinning, distribution of, 88
in 110 Roman twin families, 83
Table XXV II showing, 88
ri‘u'im!ing. etiologic background factors in, 67-90
Twinning, etiology of, 80
Twinning factor, 92, 93
nongenctic conditions, 93
transmission and recessiveness of, 92
Twinning, genetic determination of, 86
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Twinning, hereditary factor for, 129
Twinning, heredity in, 91
Twinning, induced, 104
Twinning in man, 120
']'winning. mechanisms resulting in, 132
schemartic review of, 132
Table XXX showing, 133
'I"n'inning. natural, 38
Twinning, occurrence of, 213
Twinning, one-egg, 86
g-r_':‘ltlit,‘. basis for, 86
Twinning phenomenon, 52-90
factors determining multiparity, 67
familial patrern in, 89-90
genetic basis of, 90
frequency of, 52-90
quantitative rhythm in, 67
Twinning, phenomenon of, 24
Twinning phenomenon, transformist theory of, 67
Twinning, possible variations of, 133
Table XXX outlining, 133
Twinning, process of, 129
Twinning statistics, 65
Twinning, uniovular, 123
Twins, anatomic pruhlcln of, 27
Twins, anatomical studies of, 155-214
Twins, anthropologic problem of, 27
Twins, delivery of, 151-154
pathologic aspeets of, 151-154
physiologic aspects of, 151-154
Twins, dissimilar, 125, 127
embryogeneric mechanism in, 125
failure of inhibitive mechanism in, 127
origin of, 125
h}' |:]ur]'{}\'1l|:iri{}r'|. 125
superfecundation in, 127
instances of, 127
Twins, embryogenesis of, 10
Twins, experimentally produced, 102
Fig. 57 showing, 102
Twins, frequency of, in cows, 45
Twins, hemarologic problem of, 27
Twins, identical, fertilizarion in, 130
Twins in comedy and tragedy, 8-10
theatrical use of, 8
by Greek authors, 8
in England, 8-10
Twins in fables and in fiction, 10-15
in America, 11, 14-15
in China, 10
in England, 13-14
in France, 11
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in Germany, 10
in Iraly, 10-12
Twins in history, 18-21
Commodus and Anroninus, 19
in France, 20
in Germany, 20
Jacob and Esau, 18
Pharez and Farah, 18
Sr. Benedicr and St Scholasrtica, 19
Twins in myth and folklore, 3-8
American folklore, 6-8
Indian tribal histories, 6-8
as biological rarity, 3
in human species, 3
Assyrian and Babylonian civilization, 3
Etruscan and Roman mythology, 4
Gireck and Roman mythology, 3-5
Indian mythology, 3
Twins in mythology and the arts, 3-17
art and science, 15-17
in comedy and tragedy, 8-10
in fables and in fiction, 10-15
in myth and folklore, 3-8
Twins in plant life, 33-36
datura stramonium seeds, 33
embryos, 33
in alfalfa, 34
in flax, 35
in iris, 34
i linseesd, 35
in mango secds, 34
in soya, 34
in Triticum vulgare, 34-35
oosphere, division of, 33
before fecundarion, 33
polvembryony in barley, 36
single fertile mascrospore, twins originating
from, 33
single fertilized oosphere, production of two
embryos from, 33
tetragenesis, variant factor in, 33
Twins in plant and animal life, 33-51
amimal rwins, 37-51
bovine, 44-49
Foats, A0-41
maonkeys, 49-51
sheep, 41-44
Twins, investigation of, 155
methodological aspects in, 155
Twins, misdeveloped uniovular, 107
Twins, live and stllbirths in, 148
Table XXXIII slit:t\'iilg tabulated data, 148
Twins, onc-egg, genotypical identicalness of, 160
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Twins, primary division of,
into MZ and DZ pairs, 95
Twins, psychometric studies of, 26
Twins, :i:igniﬁq:ﬂ.nrr of, 26
in p.li:l.'f:hulugic:a! sphere, 26
T'wins, similar, producrion of, 125
Ir}' |:]|,|ri'1:mhr‘1.'{m}', 123
Twins, Triton, 103
Fig. 58 showing laver stage development of, 103
Twins, Triton, artficially produced, 103
Fig. 59 showing, 103
Twins, two-cgg, 87, 160
frequency of, 87
gross dissimilaricy with, 160
Twins. uniovular biamnioric monochorionie, 121
frem division of embryoblasr, 121
Fig. 87 illustrating, 122
Twing, variation in incidence of, 83
Twisselmann, 104
Two-egg twinning, in man, 128
frequency of phenomenon, 128

Unifunicular monochorionic twins, 144
reciprocal damage in, 144
Uniovular and biovular twins, 24
Uniovular embryogenesis, of Dionne quintuplers,
124
Fig. 88 illustrating, 124
Uniovular oscyric twins, 132
Uniovular triplets, 130
with one dissimilar member, 130
Fig. 93 illustrating, 130
with similar MZ twins, 130
Uniovular twins, 26, 135, 137, 144
embryogenic structures in, 135
Fig 103 illustrating, 137
problems of concordance in, 26
septum formation in, 144
Uniovular twins, prenartal development in, 139
Unired Stares, frequency of twinning in, 57-59
ratio caleulations, §9
sources of informartion, 59
Tables X, XI showing, 58
Uruguay, frequency of twinning in, 59, 61
Table X1I showing, 61
Uthmaller, 80

Vaccarezza, 31

Vaceari, A, 27, 144, 147, 149, 153, 217
Valenta, 77

Van Beck, 46, 48

van Bogaerrt, 25

Vandenberg, 29, 163

Van den Burg, 112

Van Steenkiste, 41

Narro, 4

Vascular network in monochorionic placenta, 142
l"i‘i_:. 106 showing, 142

Veit, 549, 6l

Venezuela, frequency of rwinning i, 39, 6
Table X111 showing, 60

Verey, 107

Yerhal, 25
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