IPROGRESSHINM
(CLINICAL amal -
BIOLOGICAL RESEARCIH.
OLUME 698" ;

T S R R T R o

TWIN RESEARCH 3

Part B. Intelligence,
Personality,and
Development

R -

ED‘ITORS Luigi Gedda Paolo Parisi,
and Walter E. Nance

ALAN [R. LI SS HN@ NEW Y@RK




TWIN RESEARCH 3

Proceedings of the Third International
Congress on Twin Studies
June 16 — 20, 1980
Jerusalem

Part B
Intelligence, Personality, and Development

Editors

Luigi Gedda
The Gregor Mendel Institute of
Medical Genetics and Twin Studies
Rome

Paolo Parisi
The Gregor Mendel Institute of
Medical Genetics and Twin Studies
Rome

Walter E. Nance
Department of Human Genetics
Medical.College of Vitginia
Richmond, Virginia

Alan R. Liss, Inc., New York



Address all Inquiries to the Publisher
Alan R. Liss, Inc., 150 Fifth Avenue, New York, NY 10011

Copyright © 1981 Alan R. Liss, Inc.

Printed in the United States of America.

Under the conditions stated below the owner of copyright for this book hereby grants
permission to users to make photocopy reproductions of any part or all of its contents for
personal or internal organizational use, or for personal or internal use of specific clients.
This consent is given on the condition that the copier pay the stated per-copy fee through
the Copyright Clearance Center, Incorporated, 21 Congress Street, Salem, MA 01970, as
listed in the most current issue of “Permissions to Photocopy” (Publisher's Fee List,
distributed by CCC, Inc.) for copying beyond that permitted by sections 107 or 108 of the US
Copyright Law. This consent does not extend to other kinds of copying, such as copying for
general distribution, for advertising or promotional purposes, for creating new collective
works, or for resale.

Library of Congress Cataloging in Publication Data

International Congress on Twin Studies (3rd : 1980 :
Jerusalem)
Twin research 3.

(Progress in clinical and biological research ;
v. 69)

Includes indexes.

Contents: pt. A. Twin biology and multiple
pregnancy — pt. B. Intelligence, personality, and
development — pt. C. Epidemiological and clinical
studies.

1. Pregnancy, Multiple — Congresses. 2. Twins —
Congresses. 3. Twins — Psychology — Congresses.

4. Diseases in twins —Congresses. |. Gedda, Luigi.
Il. Parisi, Paolo. lll. Nance, Walter E. IV. Title.
V. Series. [DNLM: 1. Research — Congresses. 2. Twins —
Congresses. W1 PR668E v. 69 / WQ 235 159 1980a]
RG567.157 1980 610°.88045 81-12376

AACR2

3 Volume Set ISBN 0-8451-0069-6
Part B Intelligence, Personality, and Development ISBN 0-8451-0159-5



TWIN RESEARCH 3

Part B
Intelligence, Personality, and Development



PROGRESS IN CLINICAL AND BIOLOGICAL RESEARCH

Series Editors Vincent P. Eijsvoogel Seymour S. Kety
Nathan Back Robert Grover Sidney Udenfriend
George J. Brewer Kurt Hirschhorn Jonathan W. Uhr
RECENT TITLES

Vol 52: Conduction Velocity Distributions: A Population Approach to Electrophysiology of
Nerve, Leslie J. Dorfman, Kenneth L. Cummins, and Larry J. Leifer, Editors
Vol 53: Cancer Among Black Populations, Curtis Mettlin and Gerald P. Murphy, Editors
Vol 54: Connective Tissue Research: Chemistry, Biology, and Physiology, Zdenek Deyl and
Milan Adam, Editors
Vol §5: The Red Cell: Fifth Ann Arbor Conference, George J. Brewer, Editor
Vol 56: Erythrocyte Membranes 2: Recent Clinical and Experimental Advances, Walter C.
Kruckeberg, John W. Eaton, and George J. Brewer, Editors
Vol 57: Progress in Cancer Control, Curtis Mettlin and Gerald P. Murphy, Editors
Vol 58: The Lymphocyte, Kenneth W. Sell and William V. Miller, Editors
Vol 59: Eleventh International Congress of Anatomy, Enrique Acosta Vidrio, Editor-in-
Chief. Published in 3 volumes:
Part A: Glial and Neuronal Cell Biology, Sergey Fedoroff, Editor
Part B: Advances in the Morphology of Cells and Tissues, Miguel A. Galina, Editor
Part C: Biological Rhythms in Structure and Function, Heinz von Mayersbach,
Lawrence E. Scheving, and John E. Pauly, Editors
Vol 60: Advances in Hemoglobin Analysis, Samir M. Hanash and George J. Brewer, Editors
Vol 61: Nutrition and Child Health: Perspectives for the 1980s, Reginald C. Tsang and
Buford Lee Nichols, Jr., Editors
Vol 62: Pathophysiological Effects of Endotoxins at the Cellular Level, Jeannine A. Majde
and Robert J. Person, Editors
Vol 63: Membrane Transport and Neuroreceptors, Dale Oxender, Arthur Blume, Ivan
Diamond, and C. Fred Fox, Editors
Vol 64: Bacteriophage Assembly, Michael S. DuBow, Editor
Vol 65: Apheresis: Development, Applications, and Collection Procedures, C. Harold
Mielke, Jr., Editor
Vol 66: Control of Cellular Division and Development, Dennis Cunningham, Eugene
Goldwasser, James Watson, and C. Fred Fox, Editors. Published in 2 Volumes.
Vol 67: Nutrition in the 1980s: Constraints on Our Knowledge, Nancy Selvey and Philip L.
White, Editors
Vol 68: The Role of Peptides and Amino Acids as Neurotransmitters, J. Barry Lombardini
and Alexander D. Kenny, Editors
Vol 69: Twin Research 3, Proceedings of the Third International Congress on Twin Studies,
Luigi Gedda, Paolo Parisi and Walter E. Nance, Editors. Published in 3 Volumes:
Part A: Twin Biology and Multiple Pregnancy
Part B: Intelligence, Personality, and Development
Part C: Epidemiological and Clinical Studies

See pages 289 — 290 for previous titles in this series.



Contributors to Part B

Frank Barron [127]
Department of Psychology, University of California, Santa Cruz, CA
95060

C. Bastin [137]
Department of Medical Psychology, University of Liége, Liege, Belgium

Silvia Borella [131, 149]
The Gregor Mendel Institute of Medical Genetics and Twin Studies,
Piazza Galeno 5, 00161, Rome, Italy

Thomas J. Bouchard, Jr. [21, 179, 227]
Department of Psychology, University of Minnesota, Minneapolis, MN
55455

Gilbert F. Cardwell [169]
Department of Psychology, DePaul University, Chicago, IL 60614

J.C. Christian [35]
Department of Medical Genetics, Indiana University, Indianapolis, IN
46223

C.A. Clifford [163]
Department of Psychology, Institute of Psychiatry, DeCrespigny Park,
London, SE5 8AF, England

L.A. Corey [61]
Department of Human Genetics, Medical College of Virginia,
Richmond, VA 23298

J.C. DeFries [25]
Institute for Behavioral Genetics, University of Colorado, Boulder, CO
80309

L.J. Eaves [61, 73, 87]
Department of Experimental Psychology, University of Oxford, Oxford,
OX1 3UD, England

Elke D. Eckert [179, 227]
Department of Psychiatry, University of Minnesota, Minneapolis, MN
55455

Siv Fischbein [43, 211]
Department of Educational Research, Stockholm Institute of
Education, Box 34103, S-100 26 Stockholm, Sweden

The boldface number in brackets following each contributor’'s name
indicates the opening page number of that author’s paper.

ix



x | Contributors to Part B

D.W. Fulker [163]
Department of Psychology, Institute of Psychiatry, De Crespigny Park,
London, SE5 8AF, England

Arleen Garfinkle [51]
Institute for Behavioral Genetics, University of Colorado, Boulder, CO
80309

Luigi Gedda [1, 149]
The Gregor Mendel Institute of Medical Genetics and Twin Studies,
Piazza Galeno 5, 00161 Rome, Italy

Hugh M.D. Gurling [175]
Department of Psychiatry, Institute of Psychiatry, De Crespigny Park,
London, SE5 8AF, England

David A. Hay [235]
Department of Genetics and Human Variation, La Trobe University,
Bundoora, Victoria, 3083, Australia

A.C. Heath [73]
Department of Experimental Psychology, University of Oxford, Oxford,
OX1 3UD, England

Leonard L. Heston [179, 227]
Department of Psychiatry, University of Minnesota, Minneapolis, MN
55455

Joseph M. Horn [17, 121]
Department of Psychology, University of Texas, Austin, TX 78712

Jaako Kaprio [189]
Department of Public Health Science, University of Helsinki, 00290
Helsinki 29, Finland

Margaret Keyes [227]
Department of Psychology, University of Minnesota, Minneapolis, MN
55455

Reuven Kohen-Raz [251]
Division of Special Education, School of Education, Hebrew University,
Jerusalem, Israel

Markku Koskenvuo [189]
Department of Public Health Science, University of Helsinki, 00290
Helsinki 29, Finland

A.R. Kuse [9]
Institute for Behavioral Genetics, University of Colorado, Boulder, CO
80309

Heimo Langinvainio [189]
Department of Public Health Science, University of Helsinki, 00290
Helsinki 29, Finland

John C. Loehlin [17]
Department of Psychology, University of Texas at Austin, Austin, TX
78712

Jouko Lénnqvist [189]
Department of Psychiatry, University of Helsinki, 00290 Helsinki 29,
Finland



Contributors to Part B / xi

Hugh Lytton [255, 283]
Department of Educational Psychology, University of Calgary, Calgary,
Alberta, T2N 1N4, Canada
Adam P. Matheny, Jr. [279]
Department of Pediatrics, School of Medicine, University of Louisville,
Louisville, KY 40292
Karen Matthews [121]
Department of Psychiatry, University of Pittsburgh, Pittsburgh, PA
15261
Judy Z. Miller [169]
Department of Psychology, Indiana University, Bloomington, IN 47405
Robin M. Murray [163, 175]
Department of Psychiatry, Institute of Psychiatry, De Crespigny Park,
London, SE5 8AF, England
W.E. Nance [61]
Department of Human Genetics, Medical College of Virginia,
Richmond, VA 23298
Pauline J. O’Brien [235]
Department of Genetics and Human Variation, La Trobe University,
Bundoora, Victoria, 3083, Australia
Robert Plomin [25, 269]
Institute for Behavioral Genetics, University of Colorado, Boulder, CO
80309
Michael F. Pogue-Geile [169]
Department of Psychology, Indiana University, Bloomington, IN 47405
Susan Resnick [227]
Department of Psychology, University of Minnesota, Minneapolis, MN
55455
Adrianne M. Reveley [175]
Department of Psychiatry, Institute of Psychiatry, De Crespigny Park,
London, SE5 8AF, England
Richard J. Rose [35, 61, 169]
Department of Psychology, Indiana University, Bloomington, IN 47405
Ray Rosenman [121]
Stanford Research Institute (SRl International), Menlo Park, CA 94025
Sandra Scarr [99]
Department of Psychology, Box 11 A Yale Station, Yale University, New
Haven, CT 06520
Lauri Tarkkonen [189]
Department of Public Health Science, University of Helsinki, 00290
Helsinki, 29, Finland
M. Timsit [137]
Department of Clinical Neurophysiology, University of Liége, Liége,
Belgium
M. Timsit-Berthier [137]
Department of Clinical Neurophysiology, University of Liége, Liége,
Belgium



xii / Contributors to Part B

Anne Mari Torgersen [261] .
Department of Child Psychiatry, Ulleval Hospital, Oslo, Norway
Svenn Torgersen [155]
NAVF’s Center for Research in Clinical Psychology, University of Oslo,
P.O. Box 1039, Blindern, Oslo 3, Norway
I.A. Uchida [35]
Department of Pediatrics, McMaster University Medical Center,
Hamilton, Ontario, L85 4J9, Canada
Steven G. Vandenberg [9, 51]
Institute for Behavioral Genetics, University of Colorado, Boulder, CO
80309
Denise Watts [255, 283]
Department of Psychology, Board of Education, Calgary, Alberta, T2G
2L9, Canada
Patricia L. Webber [99]
Counseling Bureau, University of Minnesota, Minneapolis, MN 55455
Richard A. Weinberg [99]
Department of Psychoeducational Studies, University of Minnesota,
Minneapolis, MN 55455
Lee Willerman [17]
Department of Psychology, University of Texas, Austin, TX 78712
Ronald S. Wilson [199]
Department of Pediatrics, University of Louisville School of Medicine,
Louisville, KY 40292
Michele A. Wittig [99]
Department of Psychology, California State University, Northridge, CA
91330
P.A. Young [87]
Department of Genetics, University of Birmingham, BI5 2TT, England



Twin Research 3
Contents of Part A: Twin Biology and Multiple Pregnancy

The Twinning and Fertility Paradox / Gordon Allen

INCIDENCE AND FACTORS OF TWINNING

The Probable Explanation for the Falling Twinning Rate in Scotland / /an
MacGillivray

Analysis of Twinning Rates in Japan / Eijji Inouye and Yoko Imaizumi

The Changing Incidence of Twinning: One Century of Italian Statistics / Paolo
Parisi and Giancarlo Caperna

Some Observations Concerning the Decline of Dizygotic Twinning Rate in France
Between 1901 and 1968 / Denis Hémon, Colette Berger, and Phillippe Lazar

Twinning Rates in Virginia: Secular Trends and the Effects of Maternal Age and
Parity / Michael Mosteller, J. Ives Townsend, Linda A. Corey, and Walter E. Nance

Errors of Weinberg'’s Difference Method / Gordon Allen

Parental Age, Sibship’s Size, and Sibship’s Sex Ratio in Twins: A Progress Report /
L. Gedda, M.T. Lun, R. Carrega, and E. Roselli

Demography and Genetics of Human Twinning in the Utah Mormon Genealogy / D.
Carmelli, S. Hasstedt, and S. Andersen

Reproductive and Menstrual Characteristics of Mothers of Multiple Births and
Mothers of Singletons Only: A Discriminant Analysis / Grace Wyshak
Multiple and Singleton Pregnancy: Differences Between Mothers as Well as

Offspring / G. Corney, D. Seedburgh, B. Thompson, D.M. Campbell, I. MacGillivray,
and D. Timlin

The Age Distribution of Dizygotic Twinning in Humans and Cattle: Etiologic
Implications / Philip R.J. Burch

EMBRYOLOGY OF TWINNING

Malformations Unique to the Twinning Process / Walter E. Nance

Lessons From Multiple Pregnancies in Mammals / Kurt Benirschke

Cytogenetic and Antigenic Studies in a Pair of Twins: A Normal Boy and a Trisomic
21 Girl With Chimera / S. Gilgenkrantz, C. Marchal, Ph. Wendremaire, and M. Seger

On the Timing of Monozygotic Twinning Events / Charles E. Boklage

A Study of Mirror Imaging in Twins / L. Gedda, G. Brenci, A. Franceschetti, C.
Talone, and R. Ziparo

MULTIPLE PREGNANCY

Reproductive Performance in Twin Sisters / Barbara Thompson, Ben Sauvé, lan
MacaGillivray, and Doris Campbell

xiii



xiv /| Contents of Parts A and C

Preconceptional Prediction of Twin Pregnancies / Phillippe Lazar, Colette Berger,
and Denis Hémon

Echographic Imagery of Amniotic Membranes in Twin Pregnancies / R. Bessis and
E. Papiernik

Plasma Steriod Changes in Twin Pregnancies / R.L. TambyRaja and S.S. Ratnam
The Analysis of Spontaneous Abortion Using a New Half-Sib Model for Qualitative
Traits / W.L. Golden, R.M. Winter, L. Eaves, K. Berg, and W.E. Nance

The Outcome of Twin Pregnancies in Aberdeen / lan MacGillivray and Doris M.
Campbell

The Northwestern University Multihospital Twin Study: Ill. Obstetric
Characteristics and Outcome / Gary S. Berger, Louis G. Keith, Robert Ellis, Richard
Depp, and Donald M. Keith

The History of the Florentine Sextuplets: Obstetric and Genetic Considerations /
M.L. Giovannucci-Uzielli, C. Vecchi, G.P. Donzelli, V. Levi D'’Ancona, and E. Lapi

Contents of Part C: Epidemiological and Clinical Studies

Methodologic Problems in Matched-Pair Studies Using Twins / Zdenek Hrubec

EPIDEMIOLOGICAL STUDIES: SMOKING, DRINKING, AND SUBSTANCE
EXPOSURE

Twin Azygotic Test: An Application to Italian Twin Data / L. Gedda, C. Rossi,

G. Brenci, and R. Ziparo

Twin Studies: Are Sequential Methods Useful? / Jacob E. Bearman
Characteristics of Smoking-Discordant Monozygotic Twins / Gary D. Friedman,
Mary-Claire King, Arthur L. Klatsky, and Stephen B. Hulley

Structural Analysis of Smoking, Alcohol Use, and Personality Factors in MZ and DZ
Twin Pair Relationships / Heimo Langinvainio, Jaakko Kaprio, Markku Koskenvuo,
and Lauri Tarkkonen

Cigarette Smoking, Use of Alcohol, and Leisure-Time Physical Activity Among
Same-Sexed Adult Male Twins / Jaakko Kaprio, Markku Koskenvuo, and Seppo
Sarna

Preliminary Findings From a Twin Study of Alcohol Use / C.A. Clifford, D.W. Fulker,
H.M.D. Gurling, and R.M. Murray

Twin Similarity for Usage of Common Drugs / Nancy Pedersen

Twin Studies on Substance Abuse: An Overview / Marc A. Schuckit

Adoption Studies of Alcoholism / Donald W. Goodwin

Investigations Into the Genetics of Alcohol Dependence and Into Its Effects on
Brain Function / H.M.D. Gurling, R.M. Murray, and C.A. Clifford

A Twin Study of Psychomotor Performance During Alcohol Intoxication: Early
Results / N.G. Martin, J.B. Gibson, J.G. Oakeshott, A.V. Wilks, G.A. Starmer,

J. Craig, and J. Perl

Olfactory Sensitivity in Twins / Helen B. Hubert, Richard R. Fabsitz, Kenneth S.
Brown, and Manning Feinleib

Morphine and Experimental Pain in Identical Twins / Edward H. Liston, John H.
Simpson, Lissy F. Jarvik, and Donald Guthrie



Contents of Parts Aand C / xv

CORONARY HEART DISEASE

Twin Research in Coronary Heart Disease / Kare Berg

Stress and Coronary Heart Disease / Einar Kringlen

Coronary-Prone Behavior in Adult Same-Sexed Male Twins: An Epidemiological
Study / Markku Koskenvuo, Jaakko Kaprio, Heimo Langinvainio, Matti Romo, and
Seppo Sarna

The Hamilton Twin Study: Comparison of Serum Lipid Levels in Monozygotic and
Dizygotic Twins by Chorion Type / Manning Feinleib, Joe C. Christian, Lillian
Ingster-Moore, Robert J. Garrison, W. Carl Breckenridge, and Irene Uchida

Blood Pressure in Norwegian Twins / Arvid Heiberg, Per Magnus, Kére Berg, and
Walter E. Nance

CHRONOGENETICS, AGING, AND CANCER

Twin Studies and Chronogenetics / L. Gedda and G. Brenci

The Age-Dependence of Disorders of Aging: Implications for Studies of Twins /
Philip R.J. Burch

A Longevity Study of Twins in the Mormon Genealogy / Dorit Carmelli and Sheree
Andersen

Results of the 40-Year, Longitudinal Study of a Series of Twins of Berlin (450
Monozygotic and Dizygotic Twin Pairs) / Gerhard Koch

Studies of Cancer Etiology in the Danish Twin Population. |. Breast Cancer /
Niels V. Holm

Cancer in Adult Same-Sexed Twins: A Historical Cohort Study / Jaakko Kaprio,
Lyly Teppo, Markku Koskenvuo, and Eero Pukkala

ANTHROPOLOGICAL AND CLINICAL STUDIES

The Variations of Heritability as a Function of Parental Age / FA. Lints and

P. Parisi

Genetics of Quantitative Variation of Human Scalp Hair Diameter /

A.B. Das-Chaudhuri

Are Distances Between DZ Twins for Polygenes and for Major Genes Correlated? /
Elisabeth Defrise-Gussenhoven, Charles Susanne, Yvette Michotte, Joseph
Brocteur, and Bernadette Hoste

Studies of Mutability in MZ Twins / L. Gedda, G. Brenci, C. Di Fusco, A. Noto, and
E. Roselli

Results of a Monozygotic Cotwin Control Study on a Treatment for Myopia /

J. Theodore Schwartz

Basic Survey on Atomic-Bomb-Exposed and Nonexposed Twin Pairs: Pilot Case
Study From a Sociohistorical Viewpoint / Shoji Watanabe, Hiroshi Ueoka, Masaki
Munaka, and Naomasa Okamoto

Pilot Case Study on the Natural History of Disease in Atomic-Bomb-Exposed Twins
in Hiroshima / Yukio Satow, Hajime Okita, and Naomasa Okamoto



Preface

The Third International Congress on Twin Studies, held in Jerusalem in June
1980, was a successful event because of its site and because of the number and
quality of contributors, as reflected in these proceedings. But its relevance and suc-
cess were perhaps also partly due to its taking place at a particular stage in the
evolution of human biological sciences. The latter, and medicine among them, can
no longer do without the lead offered them by genetics, since the study of the in-
dividual needs to be approached within the context of the generational tissue.
Without genetics, it is impossible to understand what takes place in the phenotype,
or to forecast what will occur in the offspring.

The boom in genetics can be compared to that of nuclear physics. In fact, the
study of nonliving matter requires the understanding of nuclear forces, just as the
study of living matter requires that of gene forces. The energy of the gene is the
force behind any gene information, and the interweaving of the primary gene pro-
ducts is the loom on which the generational tissue is produced, from which life and
its variability depend. Our understanding of these processes, as deep as it may be,
is still comparable to what one gathers looking through a keyhole. The study of
twins, with its many modern refinements, can frequently offer a broader
understanding of the genetic times and processes involved in the human design,
both at the physical and the psychological level.

Any research into human biology can draw water from this well, as is made
clear by the variety of the contributions to these proceedings, and of those already
published in the 30 years of life of the journal I established in 1952, Acta
Geneticae Medicae et Gemellologiae (the proceedings of the First International
Congress on Twin Studies, held in Rome in 1974, were published in Volume 25 of
this journal in 1976), as well as by the increasing membership and impact of the
International Society for Twin Studies. This has been largely the result of a truly
collaborative effort, to which many have contributed, from many countries and
various areas of interest. They cannot all be mentioned but I should like to at least
acknowledge the efforts of Gordon Allen, organizer of the Second International
Congress on Twin Studies held in Washington in 1977 (the proceedings of which
were published by Alan R. Liss, Inc. in 1978 in three volumes entitled Twin
Research, edited by Walter Nance with coeditors Gordon Allen and Paolo Parisi),
and lan MacGillivray, organizer of the Aberdeen Workshop in 1979, respectively
Past President and President of our International Society, as well as those of
Walter Nance and Paolo Parisi, the coeditors of these proceedings.

Luigi Gedda

xvii
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The Human Twin

Luigi Gedda
The Gregor Mendel Institute of Medical Genetics and Twin Studies, Rome,
Italy

For the geneticist, or for anyone else, to make a speech in Jerusalem means
a cultural effort that is extraordinary. Like every other researcher, the geneti-
cist must locate his scientific investigations in the context of a truth that em-
braces nature and the history of man. Those of us who are concerned with twin
studies, however, cannot simply leave our concrete and specific field to deal
with theoretical themes; rather we must extract from our research those con-
cepts that bridge the gap between the particular truths we seek and that total
truth man desires in order to resolve the mystery that surrounds his existence.

I would like to submit to the distinguished personalities who are honoring our
Congress with their presence, as well as to my very dear colleagues, the idea
that the best project for creating a link between our field of interest and the
other interests of modern culture would be to survey the state of our knowl-
edge about the personality of the human twin.

Therefore, I will not talk about the application of the method of twin studies,
but about the identical twin, the MZ twin individual. That is, I will not talk
about those dizygotic twins like Esau and Jacob, who were different. These di-
zygotic twins are, of course, real twins, and about twice as frequent as the
monozygotic twins. But [ will refer only to the twin who has another twin
identical to himself, and who represents the classical model of the phenomenon
of twins.

The person who derives from the same egg as another person, an egg that
has been fertilized by the same spermatozoon, is first of all a very singular
being from the phylogenetic point of view. This is because, in the classification
of living things, the son of man is almost always unique.

From the statistical point of view, this exception occurs in about 3.5 births
out of every thousand and is of clear genetical origin. That is to say, we are
dealing here with a hereditary phenomenon that often is repeated in the families
where it is present.

The human twin is thus a rarity of the human species in the sense that its
conception is not immediate in the same way that the conception of a nontwin
is. The twin is not conceived at once, when the spermatozoon fertilizes the
egg, but after a brief intervening time, when the product of fertilization divides
into two embryonic, totipotential groups of cells. Thus, the conception of the
monozygotic twin takes place in two stages, whereas the conception of other
persons occurs in a single stage.



