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1 The Two Types of Twins 

SOME twins resemble each other so closely that it is difficult to 
distinguish between them. This fact has been recognized since 
antiquity, and the confusion of twins has been a favourite theme 
of comic dramatists since the Menaechmi of Plaut us (c. 200 B.C.) 
which was the main source of Shakespeare's Oomedy of Errors. 
Other twins can be easily distinguished, like Jacob and Esau, 
whose story is told in the Bible (Genesis 25-27) and who differed 
in temperament ('And Esau was a cunning hunter, a man of the 
field; and Jacob was a plain man, dwelling in tents'), in appear
ance (,Behold, Esau my brother is a hairy man, and I am a 
smooth man'), and in speech ('The voice is Jacob's voice, but 
the hands are the hands of Esau'). 

The accepted explanation of these facts is that there are two 
types of twins, the first derived from the division of a single 
zygote (fertilized ovum) at some stage in the development of 
the embryo after fertilization, and the second from the indepen
dent release and subsequent fertilization of two ova. Twins of 
the first type will be genetically identical, while those of the 
seoond type will be no more alike genetioally than ordinary 
brothers and sisters. The two types of twins are in consequence 
often known as identical and fraternal twins, but in scientific 
usage they are more often called monozygotic and dizygotic 
twins to indicate their origin from a single zygote or from two 
zygotes; the latter usage will be adopted in this book. 

The existenoe of these two types of twins has been taken as 

, 



2 Biology oj Twinning in Man 

common knowledge among scientists for a century (Price 1950, 
Corner 1955). However, it has also been suggested that there 
may be a third type of twin derived from the fertilization of two 
ova which have not been independently released but have been 
formed by the division of a single ovum before fertilization; 
such twins would usually be intermediate between monozygotic 
and dizygotic twins in their degree of genetic similarity. In this 
chapter we shailliret consider the evidence which demonstrates 
the existence of monozygotic twins, and we shall then di&!Uss 
whether all other twins are dizygotic 01' whether there is also a 
third type of twin intennediate between monozygotic and 
dizygotic twins. 

Evidence of monozygotic twinning in man 

Proof of the existence of monozygotic twins rests on several lines 
of evidence, hath genetic and anatomical, none of which is com
pletely conclusive by itself but which, taken together, show 
beyond an doubt that many human twins are monozygotio. 

Indirect evidence of monozygotio twinning is provided by the 
fa<;t that many twins are found at birth to have been enclosed 
in a single chorionic membrane. This condition is most easily 
explained by supposing that the twins arose by division of the 
embryo at some stage in development after the formation of 
the choriou; it will be discussed fully in the next chapter. 
Additional evidence is provided by the occurrence of conjoined 
(Siamese) twins which probably arise by incomplete division of 
the embryo. Embryologists have also found several early twin 
embryos which provide direct proof that human twins may 
arise from a single ovum; an excelllmt review has been written 
by C"rner (1955). But the most extensive and moot convinCing 
evidence of the existence of monozygotio twins is genetic rather 
than anatomical. 

The simplest piece of genetic evidlmce is provided by the 
sex combinations of twins. The sex of an embryo is determined 
by whether the ovum is fertilized by a spermatozoon carrying a 
female-determining X chromosome or a male-determining Y 
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chromosome. These two types of spermatozoa occur with ahuost 
equal frequency, which is the reason why nearly equal numbers 
of boys and girls are born. (In fact there is a slight excess of 
boys, but it is too small to affect the argument.) It follows that 
mono7;ygotio twins must always be of the same sex, while twins 
of any other type, for which two separate spermatozoa are 
responsible, are equally likely to he of the same sex or of 
different aexes. In fact more like-sexed than uulike-aexed twins 
are born. For example, theRegistrar-General's Statistical Review 
of England and Wales for 1960 records that 9,086 pairs of twins 
were born in that year, of whom 5,894 were like-sexed (either two 
boys or two girls) and 3,192 were unlike-sexed (one boy and one 
girl). The existence of the unlike-sexed hins shows iunnediatdy 
that not all twins are monozygotic. On the other hand, the 
preponderance of like-aexed twins can most easily be explained 
by postulating the existence of a number of monozygotic twins 
nearly equal to the excess of like-sexed over unlike-sexed twins. 
'l.'his excess is 2,702 or ahaut thirty per cent of the total. Further
more, the total number of maternities in 1960 was 791,584, so 
that the relative frequency of monozygotic twins can be 
estimated as about 3·4 per thousand maternities. This method 
of estimating the frequency of monozygotic twins is known 
as Wein1)erg's method; it ·will be discussed more fully in 
Chapter 4. 

After sex the most valuable genetic characters in the stady 
of twins are the blood groups, since they are relatively easy to 
determine, they are under complete genetic control, and their 
mode of inheritanoe is well understood. One of the most exten
sive studies of the blood groups of twins was made by Ceder}<lf, 
];'riberg, Jonssou and Kaij (1961) who sent a questionnaire to 
200 pairs of like-sexed Swedish twins asking them, among 
other things, whether, when gTOWing up, they were 'as like as 
two peas' or only of ordinary family likeness. In 72 cases both 
twins st-ated that they had been as like as two peas, and in 113 
cases both twins stated that they were only of ordinary family 
likeness; the replies of the remaining 15 pairs were either 
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the BaJ'Ile ovary whioh would give rise to dizygotic twins. The 
degree of likeness will be between these two extremes for genes 
located in an intermediate position. The·exact degree of likeness 
for any particular gene will therefore depend on its distance 
from the centromere; but on the average, secondary oocytary 
ova will not be genetically identical but will be mOre alike than 
two independent ova from the same woman, while primary 
oocytary ova will be more alike than two ova from different 
women but less alike than two independent ova from the same 
woman. Hence, when these ova have been fertilized by different 
spermatozoa, secondary oooytary twins will be less alike than 
uniovular dispermatic twins but more alike than dizygotic 
twins, while primary oocytary twins will be less alike than 
dizygotio twins but more alike than two unrelated individuals. 
The different types of twins can therefore be ranked as follows 
in increasing order of their genetic similarity: primary oocytary, 
dizygotic, secondary oocytary, uuiovular dispermatie, monozy
gotic. 

There is some biological evidence for the occurrence of this 
third type of twinning. In flatworms, Francotte (1898) and 
Wilson (1925) have described the occurrence of giant first polar 
bodies which could be fertilized and develop into normal 
embryos and Gustafson (1946) has deseribed the development of 
secondary oocytary twins in sea-urchins. The oocurrenoe of 
giant first and seoond polar bodies has been described in several 
mammals (Anetin 1961) and it seems likely that they are 
fertilizable, although it is uncertain whether they would develop 
into twi:ruJ or into a single mosaic individual becaUfle of the 
presence of a thick membrane, the zona pellucida, round the 
mammalian ovum until the time of implantation. A remarkable 
recent development in human genetics has been the discovery 
of mosaic individuals with two genetically distinct cell lines 
which must have originated from different sperm. The first case 
described was a girl with a hazel left eye and a brown right eye; 
half her cells were found to be XY and haJf XX, and she also 
had two populations of red cells with different blood groups. 
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The genotypee of her parents showed that the differences in eye 
colour and blood groups must have eome from her father's side 
and that two sperm must have been responsible for her engen
dering. Several other examples of dispBrmatic mosaici.m have 
been reported and are reviewed by Race and Sanger (1968). In 
most cases it can be shown that the two types of cell present 
differ on the mother's as well as on the father's side and thus 
probably originate from the fertilization by two sperm of an 
ovum and of One of the polar bodies. It can be conclUded that 
the mechanism postulated for the third type of twinning 
probably exists in man, but that it leads to mosaic individuals 
rather than twins; however, the possibility that twins may also 
be produced by these mean.s cannot be excluded and we must 
now oonsider whether this possibility is supported by the facts 
available. 

A considerable amount of evidence has been collected about 
the frequency with which non-identical twins are alike in 
different blood group syst<lms. The data are summarized in 
Table 1.2, together with the expected degree of concordance 

Pable 1.2. Ganem-dance fo1' blood (ffOUPS in non-identical twins 

Numoor of Per cent Expected Reference 
Blood group twins tested concordant percentage 

ABO 377 e7 66 1,2,3 
A,A.BO 397 59 62 4,5,6,7,8 
MN 344 61 59 1,8 
:;rNS 132 48 48 5,6 
Rh (0, D, E, c) 131 50 50 5,6 
Rh{C,D,E,c.c) 100 56 49 B 
P 70 74 78 5 
Lewis 57 70 80 5 
Duffy 70 61 74 I; 
Kell 70 86 91 5 
Haptoglobin 100 62 61 8 

Total 1848 62·0 62·4 

References, 1. &hiff and V""""huer (1933). 2. Cledda(1951), p. 486. 9. Osborne 
and de Geo:rga (1957). 4. Sutton (1958). 5, S.imr,(wIls. Graydon. Jakobowicz 
and Dcig (1960). 6. Wal.sb and Kooptzoff (I95fi). 7. Race and San""" (1962). 
8. Cederl.! " cil. (1961). 
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in dizygotic twins (see Appendix). There is good agreement 
between the observed and the expected proportions, so that the 
data do not reveal any evidence of the existence of a third type 
of twin. The presence of secondary oocytary or uniovular twins 
would be expected to increase the frequency of concordance, 
while the presence of primary oocytary twins would decrease 
this frequency. The data also fail to reveal any increase in the 
frequency of concordance for the ABO blood groups through 
incompatibility (Stern 1960). 

A more sensitive test is provided by the distribution of the 
number of blood group differences in twins who have been 
tested for several systems. Table 1.3 shows this distribution for 

Table .1.3. DistrilmUon of the number of differences in fOWl' blood (IYOUP 
systflmB in 197 pairs of like-se:JJed twins (Ceder15f.t aI. 1961) 

Number of differences 0 1 2 3 4 
Observed frequency 89 89 45 19 5 
Expected frequency 40 44 21 4, 

the like-sexed twins in the study of Cederlllf, Friberg, Jons.son, 
and Kaij (1961) who were tested for the .'\EO, MN, Rhesus, 
and haptoglobin groups, together with the theoretical distribu
tion among twins who differ in at least one group on the assump
tion that they are all dizygotic; Table 1.4 shows the same 

Table 1.4. Distribntk", of the number oj differences in three bWod 
group systMtuJ in 99 pairs oj non-idimt.ical twin:; (Simmons et al. 1960, 

Walsh and Koaptzofl1955). 

Number of differences 0 
Observed frequency 19 
Expected frequency 15 

1 
83 
39 

2 
34 
35 

3 
13 
10 

distribution for twins in two other studies who were tested for 
the ABO, MNS, and Rhesus systems and who were known to 
be non-identical on other groun(ls (through difference in sex, 
or some other blood group, or in physical appearance). In both 
Cases there is good agreement with the theoretical distribution, 
so the data again fall to reveal any evidence of the existence of 
a third type of twin. 

The Two Types of Pwi1llf l1i 

Another line of evidence of considerable value is provided 
by the ooourrenoe of mongolism in twins. 2ltfongoliilm is a con
genital abnormality characterized by a variety of physical 
peculiarities, mostly due to retarded growth, and by severe 
mental deficiency. It is a relatively common condition; among 
Europeans about ono baby in 700 is born a mongol, although 
the incidence in the adult population is muoh smaller because 
of its high mortslity. It has been shown quite recently that 
mongolism is caused by the presence of an extra chromosome, 
probably chromosome 21. !ilost mongols have throe of chroroo- . 
some 21 instead of the usual pair. This condition is known as 
trisomy and is usually due to non-disjunotion (i.e. failure of 
homologous ohromosomes to separate) during meiosis, so that a 
gamete with two 21 chromosomes is produced which gives rise 
to a zygote with three suoh chromosomes; another gamete with 
no 21 ohromosome must be formed at the same time but the 
zygote to which it gives rise with only a single 21 chromosome 
is probably inviable. Non-disjunction may occur at elther the 
first or the second meiotio division. A less common type of 
mongolism is caused by the attachment of an extra 21 chromo
some to one of the other ohromosomes by translocation. The 
correlation of mongolism with maternal age and studies on its 
familial incidence indicate that the chromosomal abnormality 
usually occurs in the ovum rather than in the sperm (penrose 
1963). 

Monozygotic twins must be conoordant for mongoliilm unleas, 
as happens rarely, the chromoaomal abnormality occurs after 
fertilization. Concordant dizygotic twins, on the other hand, 
require two separate chromosomal abnormalities and will there
fore be rare. If these abnormalities occurred independently the 
ratio of concordant to discordant dizygotic twins shonld be 
about half the frequency of mongolism in the population, that is 
to say about 1 in 1400. (The frequency must be halved, beoause 
discordant twins may occur in two ways, the first mongol and 
the second normal or vice versa.) This figure must, however, be 
increased considerably to allow for the lack of independence 
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due to the facts that mongolism is more frequent among older 
mothers and among mothers who have already had one mongol 
child. Carter and Evans (1961) found 5 mongols among 312 
births following the birth of a mongol child. The expected 
frequency of concordant dizygotio twins is probably about half 
this frequency, that is to say about one per cent. 

The degree of concordance in the postulated third type of 
twins must be considered with some care. If these twins are 
uniovular dizpermatic, derived fr01l1 the division of the ovum 
before fertilization, they will be concordant if the chromosome 
abnormality is in the ovum and discordant if it is in one of the 
spermat<>zoa. The same :rule applies to secondary oocytary 
twins if mongolism is due to translocation or to non-disjunction 
at the first meiotic division, but if non-disjunction ocours ill the 
ovum at the second meiotic division, one of the products of this 
division will contain no 21 chromosome and will probably be 
inviable so that secondary oocytary twins will not develop. On 
the other hand, primary oocytary twins will probably be 
inviable for the same reason if the chremosomal abnormality 
is due to non-disjunction in the ovum at the first meiotic 
division or to translocation on the mother's side, and "rill be 
discordant otherwise_ In brief, therefore, uniovular dispermatie 
and secondary oocytary twins should often be concordant while 
primary oocytary twins will not be concordant. If uniovular 
dispermatio or secondary oocytary twins exist there should 
therefore be an increase in the frequency of concordant unlike
sexed twins above the frequency of one per cent expected by 
chance. 

A cOl1Siderable amount of information about mongolism in 
twins has been accumulated and is summarized in 'rable 1.5 

Like-sexed 
Unlike-sexed 

Table Vi. Mongolism in fiwi'1l8 

Concordant 

38 
S 

Discordant Total 

111 
98 

149 
101 

11 

(Smith 1955, Allen and Barol! 1955, Keay 1958, Hanhart 1960, 
McDonald 1964). The prepondBrance of like-sexed twins among 
the concordant pairs indicates that nearly all of them are 
monozygotic. One of the cases of unlike-sexed concordant twins 
was reported by Nicholson and Keay (1957) and two by 
McDonald (1964), although the diagnosis is open to question in 
one of them (McDonald, personal oommunication). Thefrequenoy 
of concordance among u.nl.ilw-aexed twins can therefore be 
eHtimated as two or three per cent, which is not appreciably 
greater than the frequency of one per eent predicted on the 
assumption that they are all disygotic, particularly when it is 
remembered that most of these cases have been obtained from 
individual case reports in the literature in which concordant 
unlike-sexed twins are likely to be over-represented because of 
their rarity interest. Furthermore, Nicholson and Keay (1957) 
did a large number of blood -greup determinations on their 
unlike_xed concordant pair from which it can be concluded 
that the twins differ on the mother's side in at least one blood 
group system (the Duffy system) and therefore cannot be 
uniovular diBpermatic twins. The evidence from mongolism 
therefore indicates that neither uniovular dispermatic nor 
secondary oooytary twins occur with appreciable frequeney in 
man. (It may be noted in passing that the frequency of monozy
gotio twins in Table 1.5 is about 38{250 or fourteen per cent, 
which is only about half the expected frequency. However, if the 
concordant pairs a.re counted twice instead of once, as they 
should be under complete aseertainment, the frequency of 
monozygotio twins becomes 76{291 or twenty six per cent. 
A slight excess of dizygotic twins is expeeted because of the 
inoreased age of mothers of mongols.) 

In summary, several linea of investigation have failed to 
reveal any evidence of the existenee of a third type of twinning 
in man. It can be concluded that such twins mwro be rather rare 
if they occur at all and that nearly all, if not all, non-identical 
twins are dizygotic. It must be mentioned, however that dizy
gotic twins may have different fathers and may thus only be as 

"] 
I 
I 
J 
I 
I 

I 
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alike as haJ:f-sibs if a woman has had interconrse with two men 
in a short period of time. In 1810 Archer reported that he had 
observed a white woman who had had intercourse with a white 
man and a negro within a short period and who was delivered 
of twins, one of which was white and the other a mulatto. More 
recently Andreassi (1947) has discussed the case of a married 
woman who had extra-maritalinteroourse and who wa"delivered 
of a boy-girl pair of twins; by examination of their blood groups 
it was shown that the husband was the father of the boy and the 
other man of the girl. This phenomenon of superfecundation by 
different men must, however, be very rare. (Superfecundation 
is the fertilization of two ova released simultaneously by 
spermatozoa relea.sed in different ooital acts. Superfoetation, 
on the other hand, is the fertilization of two ova released in 
different menstrual cycles. Conolusive Grldenoe has never been 
obtained of the occurrence of superfactation which would 
require the suppression of the inhibition of the corpus luteum 
of the first pregnanoy on subsequent ovulation.) 

Appendix: The Diagnosis of Zygosity 

It seems likcly that an experienced observer can claasify twins 
as monozygotic or dizygotio with considera):>le aoouracy by 
assessing their physioal similarity, but it is often desirable to 
use a more objective method based on the determination of 
blood groups together with other characters whose mode of 
inheritance is well established. This method was outlined by 
Raoe and Sanger (1954) and was developed further by Smith 
and Penrose (1955), and by Sutton, Clark, and Schull (1955); 
the logioal basis of the method has also been discussed by 
Bulmer (1958). 

The method employed by the above authors is as follows. 
We first calculate Lor and LD, the likelihoods of obtaining the 
observed phenotypes of the twins given the phenotypes of all 
the relatives studied, on the hypotheses that the twins are 
monozygotic and dizygotic respeotively. We then multiply 
these likelihoods by m and d, respectively, the known relative 
frequencies of monozygotic and dizygotio twins in the general 
population; for Cauoasoid populations we may write, approxi
mately, m = 0·004, d = 0·008, but if the age of the mother 
when the twins were born is known it is preferable to use the 
age-specifio twinning rates. We then assert, using Bayes' 
theorem, that Por, the posterior probability of the twins being 
monozygotio, is mLM!(mLM+dLD) and that PD, the posterior 
probability of the twins being dizygotic, is dLn/(mLM+ilLn). 
In order to calculate these probabilities it is only necessary to 

, 
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know the ratio, dLD/mLM, which represents the relative odds 
in favour of the twins being dizygotic. Since the prior probabili
ties are known relative frequencies, the posterior probabilities 
have the following frequency interpretation: in the population 
of all families having phenotypes identioaJ. with those of the 
observed family, the proportion of monozygotic twins is PM. 
and the proportion of dizygotic twins is PD. 

For example, let us suppose that the family consists of father, 
mother, a pair of girl twins, and another child, and that they 
have been tested for the ABO, MN, and Rhesus blood groups 
with tbe following results: 

Father A; M; Rh+ 
Mother 0; MN; Rh-
Single child 0; XN'; Rh-
Girltwlns 0; M:N; Rh+ 

From the blood groups of the single child the father must have 
the genotype AO; MM; Br. The genotypes of both parents are 
therefore known and we can calculate the likelihoods of getting 
the observed phenotypes of the twins, on the alternative hypo
theses that they are monczygotio and dizygotic, as follows: 

Character L" LD LnIL", 

Sex il: t ~. 
ABO " ! ! 
~ i\ ;l; ! 
Rhesus ! ! 

, 
" ToW i\r 11256 i\r 

If we assume that dim = 2 then the odds against the twins 
being dizygotic are 8: 1 so that PM. = 8/9 and PD = 1/9. More 
information could of course be obtained by examining further 
blood groups. 

In the above example the genotypes of both psrents could be 
deduced from their phenotypes together with the phenotype 
of the single child. Rowever, if the single child had been Rh + 
we would not have known for certain whether the father was 
BB or Br and we would have had to argue as follows. The 
frequency of Rh - individuals in the population is about sixteen 
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per cent, from which the frequency of the r gene can be estimated 
as (0'16)' = 0-4. (This follows from the Rardy-Weinberg Jaw 
which states that if the frequencies of the Band r genes are 
p and q respectively, then the frequencies of the genotypes 
BB, B,·, and rr in a population mating at random are p2, 2p'1, 
and '12.) 'The frequencies of the geuotypes BB, Br, and IT can 
therefore be estimatad as 0'36, 0·48, and 0·16 respectively, from 
which it follows that among Rh + individuals about 31'7 are BB 
and 4/7 Br. Furthermore the frequency of BB meu among Rh+ 
men married to Rh- women who have one Rh+ child is 0·6, 
since such parents will always have Rh+ children if thefather 
is BB whereas their chance of having a Rh + child ifthe rather 
is Br is i; the result follows from Bayes' theorem. We can nOw 
calculate the likelihood that a pair of twins produced by such 
parents will both be Rh + ; this likelihood is Q'6+l X 0·4 = 0·8 
if the twins are monozygotic and 0·6+:1: X 0·4 if they are dizygotic. 
The likelihood ratio would therefore be 0·7/0·8 = 0·875 instead 
of 0·5. 

A similar method can be used to calculate the likelihoods 
when the parental blood groups are not knovl'Il. To illustrate 
the method we shan calculate the likelihood that both twins 
are of group M. Such twins can be produced by three mating 
types, MMxMM, MMxMN, and .tfNxMN, the frequencies 
of which will be: 

p 2Xp2 = p" 2Xp2X 2pq = 4p"'l, and 2pqx2pq = 4p2q2 

where p is the frequency of the M gene; the factor 2 occurs for 
the mating type MMxMN since this includes the two 
possibilities that the father is MM and the mother MN or 
vice verSa. The chances of obtaining an M child from these 
matings are 1, t, and t respectively. The likelihood that a pair 
of dizygotic t",ins will be of group M is therefore 

p4+p3q+tp2q2 = p2(1_iq)2 

whereas the likelihood for monozygotic twins is p2; the likeli
hood ratio is (I_iq)2 which is equal to 0·59 if q is given its 
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typical European value of 0·47. Tables of the likelihood ratio 
for all the COIlll!1on blood groups have been calculated by S:rnith 
and Penrose (1905). 

In addition to the blood groups and similar discrete characters 
valuable information can be obtained from several continuous 
physioal characters whose mode of inheritance is well known 
and which are largely under genetic control. The most important 
of these characters is the total finger ridge count, which will be 
discussed further in Chapter 7. If d is the difference in ridge 
count between a pair of twins then the variance of d is 20" (l-p), 
where <1 is the standard deviation of ridge count in the population, 
which is about 52 (Holt 1955); and p is the correlation between 
twins, which is about 0·95 for monozygotic and 0·475 for dizy
gotic twins (see Chapter 7). The standard deviation of d is there
fore about 16 for monozygotic and 53 for dizygotic twins. If dis 
appro:x::irnately normally distributed, which is a reasonable 
assumption since its distribution will certainly be sYIlll!1etrical 
even though the underlying distribution is slightly skew, then 
the likelihood of an observed value of Ii, can be calculated as 
</>(d/16l/16 for monozygotio twins and ",(d/S3l/53 for dizygotio 
twins, wbere </> is the standard normal density function. If 
Ii, = 10, for example, the likelihood ratio oan be caloulated as 
0·36. This method can obviously be extended to other oontinuous 
characters. 

The method of calculating the likelihood for blood groups 
described in the last paragraph can also be used to find the 
probability of concordance for dizygotic twins. The calculation 
of the probability of concordance for the MN blood groups 
is set out in Table 1.6. The frequenoies of the different possible 
mating types are shown in the second oolumn, on the assump
tions that mating occurs at random and that the frequencies of 
the three genotypes obey the Hardy-Weinberg law. Multiplying 
these probabilities by the conditional probability of concordance 
for a given mating type and adding over the poBsible mating 
types we obtain the predicted concordance of I-tpq(4-3pq), 
which is equal to 0·59 if we substitute the values of p = 0·53 
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and q = 0·47 typioal of European populations. This method 
can obviously be extendod to find the predicted concordanoe 
of the other blood -group systems shown in Table 1.2, depending 
on the mode of inheritance of the system and the frequencies 
of the alleles in the population. 

We shan finuIIy consider the distribution of the number of 

PaOle 1.6. Caloulaiion of the expected concordance 0/ dizWotic twins in 
. lhe MN blood groups 

Parental Probability of 
geno~ Frequenoy collcordantt~ Product 

-
MMxMM p' 1 p4 
MMx]IfN 4p 3q 1 2p'g 
MjY!xNN 2p'g' 1 2p'g' 
MNxMN 4p'q' i ltp'q' 
MNxNN 4pq' l 2pq" 
NNxNN if' 1 q4 

Total l-iPq{4-3pq) 

differences in four blood group systems shown in Table L3. 
The expected proportions of dizygotic twins who will be alike 
in the ABO, MN, Rhesus, and haptoglobin groups have been 
calculated by the above method and are respectively 0·62, 0·59, 
0·49, and,.O·61. Henoo the expected proportion who will be alike 
in all four groups is the product of these probabilities, which is 
0·109. (This probability would drop to 0·05 if the Gm serum 
group were included, but this cannot be done here beoause only 
those twins alike in the other groups were tested for this group.) 
The expected proportion who should differ in ouly one group is 
obtained by adding the probabilities of the four different ways 
in which this event can happen (unlike in ABO but alike in the 
other groups, unlike in MN but alike in the other groups, and 
so on). In this way we obtain the distribution shown in Table 1.7. 

Table 1.7. DistrillutWn of the number 0/ differ<mCf!S in fo",r blood group 
81fstems among diZ1flJoIic twins 

Number of ditferenoo. 0 1 2 3 4 
Probability O'10g 0·327 0·360 0-113 0·031 

s 
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Omitting the first gronp, which contains both monozygotic and 
dizygotic twins, and dividing by 0·891 to make the probabilities 
add up to I, we obtain the predicted distribution among the 
remainder shown in Table 1.8. Multiplying by 108, the obseI'Ved 

Table 1.8. Truncatea distribution omitting the ({,aup with no 
differerwe8 

Number of differences 0 1 2 3 4 
Probability 0·367 ()0404 0·194 0·035 

number of twilli! with at least one difference, we obtain the 
""Pected frequencies shown in Table 1.3. The predicted 
distribution in Table 1.4 was obtained in the same way except 
that the group with no differences could be included since the 
twins were known to be non-identical on other grounds. 

2 The Embryology of Twinning 

IN the last chapter it was shown that there exist two types of 
twins, monozygotic tv.ins derived from the division of the 
embryo at some stage in its development after fertilization, and 
dizygotic twins derived from the independent release and 
subsequent fertilization of two ova. In this chapter we shall 
consider in more detMl how and why these two types of twins 
arise. We shall consider first the origin of monozygotic twins, 
and begin by discussing the foetal membranes of twins, which 
provide valuable evidence about the stage of development at 
which monozygotic twins arise. 

The foetal membranes 

To understand how the foetal membranes of monozv"otic twins .0 

are formed and how they cast light on the origin of the twins 
we must first describe briefly the development of the membranes 
in the normal embryo. lNg. 2.1 :is a diagrammatic representation 
of the early stages in the development of the embryo. After 
fertilization the zygote divides repeatedly to form two·celled, 
four-celled, eight-celled, and sixteen·celled stages (Fig. 2.1, 
(a) and (b»; the sixteen-celled stage, which is reached by about 
the fourth day, is celled a morula from it" resemblance to a 
mulberry. Fluid is now secreted into the morula and forms a 
hollow cavity in its centre; this stage, which :is reached by 
about the sixth day, is known as the blastocyst (Fig. 2.1 (e». 
The blastocyst is formed of two parts, an outer shell of cells, 

.--. 
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the trophoblast, and the inner oel1 mass which is situated 
inside the trophoblast at one pole of the blastooyst and whioh 
is destined to beoome the embryo proper; the trophoblast will 
later form the chorion, or outer foetal membrane, and the foetal 
contribution to tbe placenta. 

Until now the embryo has been surrounded by a thiok mem
brane, the zona pellucida, which was originally formed around 

(a) (b) 

Zona pel,iucida 

W'-Chori.,ni.e cavity 
~:#L--Trophoblast-.... ~~;P 

(c) (d) 

FiG. 2.1. Early stages in the development ofthe embryo. 

(al Two-celIed stage, day 1; 
(0) bla.stocyst, day 6; 

(b) morula., day 4 .. 
(d) early implantation, day 11. 

the ovum in the ovary, and has been floating freely either in the 
Fallopian tube or in .the uterus. On about the seventh day the 
zona pellucida disappears and the embryo begins to implant 
itself in the tissues of the uterus. Shortly after implantation 
has begun a cavity appears in the inner eell mass which separates 
the precursor of the amnion above from the embryonic disc 
below (Fig. 2.1 (d»; the embryo proper is derived from the 
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embryonic disc while the amnion later becomeB a smooth 
membrane which oompletely surrounds the embryo in a fluid 
bath. 

There are thus two membranes surrounding the foetus, the 
chorion and the amnion. The chorion develops from the 
trophOblast which is differentiated towards the end oithe first 
week of foetal life, while the amnion, whioh lies inside the 
chorion and immediately surrounds the foetus, is not differenti
ated until the second week. There are therefore three critical 
stages at which the division of the embryo to f01'lIl monozygotic 
twins J:I1ay occur. If the division Occurs at the two-celled stage, 
by separation and independent development of the two cells, 
or at some stage up to the morula stage before the differentiation 
of the trophoblast, the twins will develop separate choria and 
amnia and will be embryologioally indistinguishable from 
dizygotic twins which havc developed from the fertilization of 
different ova. If the inner cell mass divides into two after the 
differentiation of the trophoblast but before that of the amnion, 
the resulting twins will ha'l'e a common chorion but separate 
amnia. Finally, if the division occurs in the embryonic disc 
after the differentiation of the anmion the twins will have a 
oommon ohorion and amnion. 

The placentation of twins is illustrated diagrammatic~ll.l'~in· 
Flg. 2.2. The placentae of dichorial twins will be separate, as 
in Fig. 2.2 (a), if the embryos become implanted far apart .in 
the uterus, but they may become fused, as in Fig. 2.2 (b), if the 
embryos are implanted close together; in the latter ease the 
membranes dividing the twins will be composed of amnion
chorion-chorion-amnion. Diohorial twins. may be either dizy
gotic twins or monozygotic twins which divided in the first few 
days of pregnancy. If the division occurs towards the end of the 
first or the beginning of the second week of pregnancy the twins 
will be l):lonochorial, diamniotic as in Fig. 2.2 (e); in this case 
the placenta must be single and the membrane dividing the 
twins will be formed of two layers of amnion only. Finally, if 
the division occurs after the middle of the second week of 
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pregnancy the placenta will be of the monochorial, mono
amniotic type {Fig. 2.2 (d» in which no membrane divides the 
twins. 

The chief difficulty in determining the type of placontation 
in practice lies in distinguishing between a fused dichorial 

(0) (b) 

(c) (d) 

FIG. 2.2. Placentation of twins, 

(a) Two chorla, two a:tnl1ia., separate placentae; (0) two chol.'ia, two 
amni:a,. :fused placenta; (e) one chorion, two aJllllia.; (d) one chOriOll~ 

one amnion. 

placenta (Fig. 2.2 (b)) and a monochorial, diamniotic placenta 
(Fig. 2.2 (e)). Strong and Oorney (1967) summarize the difference 
between these two types of placenta as follows: 'The oomponents 
[of the dividing membranes 1 are usually apparent from a 
naked-eye examination. In a monochorial plaoenta, the two 
layers of amnion appear translucent and peel away from each 
otber as far as the umbilical cord, leaving no membrane in 
between. In a dichorial plaoenta, the septum is more opaque, 
and stripping the amnia leaves either a single fused or two 
separate layers of chorion firmly attached to the foetal surface 
of the placenta. Histology of the dividing membranes is more 
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time-consuming but gives an ahnost infallible result.' The 
histology of the foetal membranes is considered in detail by 
Bourne (1962). 

Another diffieulty of interpretation arises from the fact that 
in some mammals the chorial membranes between a pair of 
twins may fuse together and then disappear entirely, converting 
a diohorial into an apparently monochorial placenta. The best
known example is provided by cattle in which Lillie (1917) 
showed that ne,;,rly all twillS have a monoehorial, diamniotie 
placenta despite the fact that moat of them are dizygotic. The . 
single chorion is formed by the fusion and disappe»rance of the 
chorial dividing membranes early in foetal life and leads to the 
formation of vascular anastomooes between the twillS; if they 
are of opposite sex the female twin becomes a sterile free-martin 
because the sex hormones from the male twin inhibit the 
differentiation of its i!6XUal organs. Lillie a!.so showed that sheep 
twins are usually monochorial for the same reason but that the 
blood vessels do not anastomose and so the female is normal in ' 
unlike-sexed pairs; it has since been shown that free-martins 
sometimes occur in sheep (Stormont, Weir, and Lane 1953). 
Rather more surprising is the situation in the marmoset in 
wlrich nearly every pregnancy results in the birth of dizygotic, 
monochorial twins (Wisloclti 1939). The single chorion results, 
as in the case of dizygotio oattle and sheep twins, from the 
fusion and disappearance of the ehorial dividing membranes 
early in foetal life, and there is also considerable anastomosis 
of the foetal circulations, but there is no free-martin effeot in 
female marmosets from unlike-sexed pairs; it seems that the 
foetal male sex hormone is less powerful in primates than in 
ungalates, as is confirmed by the fact that unlike-sexed human 
chimaerae twins are sexually normal and completely fertile. 

This disappearance of the ohorial dividing membranes in 
these mammals which usually bear either twillS or singletons 
might lead us to expect the same in man, but in fact it seems 
rather rare, at least among disygotie t",ins, and hence presum
ably among dichorial monozygotic t",ins. In a total of 763 pairs 
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of dizygotio twins reported in six investigations (Steiner 1935, 
Vermelin and Ribon 1949, Potter and Fuller 1949, Potter 1963, 
Edwards and Cameron 1967, Strong and Corney 1967) there 
were only two apparently monochorial pairs (Potter and Fuller 
1949), and even they might have been dichorial since the 
placentae were not examined histologically. It can be oonolnded 
that disappearance of the chorial dividing membranes and the 
consequent conversion of a dichorial into a monochorial 
placenta occurs rarely if at all in man. Towards tho end of 
pregnanoy, however, the adjacent ohorlal membranes in a 
dichorial placenta may fuse together to form a single layer and 
may then thin out so much as to give the impression to the 
naked eye that only anmiotie tissue is present in the dividing 
membrane. For this reason microscopic examination of the 
membranous wall is necessary before the absenoe of ohoria! 
tissue may be accepted as certain (Corner 1955, Bourne 1962). 

It is also possible that monoanmiotic twins might arise by 
fusion and subsequent disappearance of the amniotio dividing 
membranes in a dianmiotic, monochorial placenta. This is a 
difficult question to answer because monoanmiotic twins are 
rather rare and are always monozygotic, but most obstetricians 
believe that monoamniotie twins do not arise in this way but 
by division of the embryo aft"r the formation of tho amnion. 
This belief is supported by the facts that the cords of such twins 
arise very cl""" together (Corner 1955) and that the anmiotic 
dividing membranes are always separate and show no signs of 
fusion in diamniotic, monochorial placentae. Furthermore, 
even in speoles such as cattle, sheep, and marmosets, in whioh 
the chorial dividing membranes disappear, this is not followed by 
disappearance of the anmiotic dividing membranes, and each 
foetus is enclosed in its own anmion. 

It oo:n be concluded that the type of placenta in monozygotic 
twins probably provides a reliable guide to the stage of develop
ment at which the division of the embryo occurred. We shall 
consider first the frequency of monoohorial and dichorial 
placentse in monozygotic twins; it will be remembered that 
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monozygotio twins will be dichorial if they arise from a division 
which ooouxred before the differentiation of the trophoblast (from 
whioh the ohorion is derived) towards the end of the first week . 
of pregnanoy and monoohorial if they arise from a division 
which occurred after that time. 

The resnlte of ten investigations on the "horial types of 
monozygotic twins are summarized in Table 2.1. There is some 

Paliie 2.1. Phe frequency oj dichorial and m01wchorial placemae in 
_!fllatic twins 

Di- Mono- Per cent Method of Reference 
choriaJ. . chorial dlchoriDl 'Zygosity diagnosis 

24 32 43 Physical similarity steiner 1985 
21 52 28 " " 

Voute 1985 
IS 43 30 " " 

ESS<ln-Ml)ller 1941 
13 52 20 Blood groups Corney, Robson aru:l 

Strong 1968 
44 U6 28 Blood groups a.nd Edwards and Cameron 

Weinberg's method 1967 
33 119 22 Weinoorg's method Essen-Moller 1941 
69 109 39 " " 

Vermelin and Ribon 
1949 

ll2 46 il2 " Pott<>r aud Fuller 1949 
33 77 30 " " 

Benlr.chke 1961 
77 117 40 " 

Potter 1963 

354 763 32 Total 

variability in the proportion of dichorial twins because of the 
small size of the samples, but it is no greater than would be 
expected from random sampling errol'S. In the first five investi
gationsin the table the t",ins were diagnosed as monozygotic 
either by physical similarity in childhood or by blood-group 
determinations. There may be a slight bias in favour of dichorial 
twins in these data because they do not include twins who were 
stillborn or who died in infancy; as we shall see in the next 
chapter the death rate is higher in monochorial than in dichorial 
tv;.ins in this period so that the proportiou of dichorial twins 
may be slightly lower at birth than among twins who survive 
into ohildhood. The last five investigations in Table 2.1 include 
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data on all twins, whether live or stillborn, but only their sex 
type is known; the number of dichorial monozygotic twins has 
been estimated as the difference between the numbers of Jike
sexed and unlike-sexed dichorial twins, while all the mono
chorial twins have been assumed to be monozygotic since, with 
hl'u exceptiollil in the data of Potter and Fuller (1949), they 
were alllike-sexed.There is no appreciable difference between 
the two types of investigation, and it can be concluded that 
about one-third of all monozygotic twins are dichorial. 

We turn now to the number of amnia. Twin pregnancies with 
a single amnion are rather rare. 'l'he results of ten investigations 
are summarized in Table 2.2 and show that the frequency of 

Table 2.2. The frequency 0/ monoamniot"G twins 

Monoamniotic 
twins 

3 
o 
4, 
3 
3 
5 
3 
1 
3 

18 

43 

All twiu.B Reference 

238 Steiner 1935 
210 Potter and Fuller 1949 
100 Wenner 1956 
130 Llbrach and Terrill 1957 
246 Kirk and CaJlagan 1900 
824 Raphae11961 
250 Bcn:ixschke 1961 
567 Potter 1963 
326 Corney, R<>bson and Strong 1968 
581 "Wharton~ Edwards and Cameron 

1968 

3470 '1'ota! 

monoamniotic twins among all twins is just over one per cent. 
Since monoamniotie twins are all monozygotic and since about 
one third of all twins are monozygotic, it can be concluded that 
the frequency of monoamniotie twins among monozygotic twins 
is about four per cent. 

Monoamniotic twins arise from division of the embryo after 
the formation of the amnion towards the end of the second 
week of pregnanoy. They are usually separate, but inoomplete 
division of the embryo at this stage sometime~ gives rise to 
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conjoined (Siamese) twins. C<>njoined t'wins are rare, but it 
is difficult to obtain a precise estimate of their frequency. 
Potter (1960) reports that two sets of conjoined twins were 
delivered at the Chicago Lying-in Hospital between 1931 and 
1961 in the course of over 100 000 deliveries; another set was 
found among the abortions. It m1lllt be borne in mind, however, 
that hospital statistics tend t<> exaggerate the incidence of 
twinning because of preferential admission. The Registrar
General's Statistical Review of England and Wales records 
that 50 seta of conjoined twins were stillborn in a total of 
5 116000 births in the years 1961-6, but to these must be added 
an unknQwn number which were born alive even though they 
only lived a few hours. It seems reasonable to conclude that the 
frequency of conjoined twins is rather more than 1 in every 
100 000 births; this is equivalent to about 1 in every 400 
monozygotio twin maternities. 

It oan be ooncluded that about one third of all monozygotic 
twins are dichorial; these twins presumably divided at or 
before the morula stage, that is to say before about the fifth 
day of foetal life. Ofthe remaining two thirds which are mono
chorlal nea:rly all are diamniotic; they must have divided after 
the morula stage but before the differentiation of the amnion, 
that is to say between about the fifth and the tenth days of 
foetal life. Only a very small proportion of monozygotic twins, 
of the order of four per cent, are monoamniotic; it is likely 
that these twins divided soon after the differentiation of the 
amnion and of the embryonic disc, perhaps between the tenth 
and thE"fourteenth days of pregnancy. Most of these mono
amnioti<7 twins are sepa:rate but some of them, perhaps about 
five per cent, fail to divide completely and are conjoined. 

It is also of interest t<> collilider the number of placentae. 
Monoch<?rial twins must have a single placenta, but dichorial 
twins oan either have two placentae or a single placenta formed 
by the fusion of two plaoentae (Fig. 2.2); whether or not the 
placentae fuse depends on whether the embryos become 
implanted close together or far apart in the uterllll. Table 2.3 
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Table 2.3. TM frequency oj a ";ng", lused plaCR:llia in dichorial twins 
(Steiner 1935, Strong and Corney 1967) 

Type of Fused Separate Per cent with 
twin pla.centa plIWeni;ae fused place:n.ta. 

Mono~ 

zygotic 21 28 43 
Dizygotic 124 169 42 

summarizes the results of two investigations on the frequency 
of a single, fured placenta in dichorial tviins. It will be seen that 
the frequency iJ; no higher among monozygotic than among 
dizygotic twins, provided of course that they are dichorial. This 
fact confirms that monozygotic dichorial twins are formed by 
division of the embryo before implantation; it also indioa.tes 
that the zona pellncida which surrounds the embryo for the 
first few days of its existence must ha.ve disappeared sufficiently 
long before implantation to allow the twins to become iroplanted 
in independent positions in the nterus. 

The most important consequence of the method of placenta
tion is its effeet on the foetal circulation. In about ninety per 
cent of monochorial placentae there is some sort of connection 
between the foetal circulations of the twins (Strong and Corney 
196;). The two commonest types of connection are: (1) a 
connection between the umbilical arteries of the twins running 
between the two cords on the surface of the placenta, and (2) 
an arterio-venous shunt between the foetal circulations where
by an artery from one foetus supplies " ootyledon of the 
placenta which i.. drained by a vein from the other foetus. Such 
an arterio-venous shunt, if it is not compensated by a How of 
blood the other way, means that one twin is bleeding slowly 
into the other twin. and causes the 'transfUBion syndrome' 
in which the transfnsed twin is plethoric while the transfusing 
twin is pale and anaemic because of the differenoe in haemo
globin values between them. The heart and kidneys are UBually 
muoh larger in the plethorio twin, who may also have hy
dramnlos; there is often, but not invariably, a considerable 
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difference in birth weight between the twins. It has been 
estimated that between fifteen and thirty per cent of mono
chorial twins suffer from the transfusion syndrome to a greater 
or lesser degree (Rausen, Saki, and Strauss 1965, Strong and 
Corney 1967, Benirschke and Driscoll 1967). Even apart from 
this factor it is likely that an interconneot&! foetal circulation 
will be an inefficient vascular arrangement in monoohorial 
twins. ill dichorial twins, on the other hand, the foetal ciroula
tions are almost never conneoted; it has been eetiroated that 
the frequency of vascular communications in £ured dichorial 
placentae is between I in 100 and 1 in 1 000 (Strong and Corney 
1967). When such a oonneetion occurs in dizygotic twins it 
probably gives rise to the blood ommaerism mentioned in the 
previous""hapter. In monoamniotic twins the cords frequently 
become twisted together or knotted; this usually leads to their 
death and account" for the very high mortality iu such twins. 

The causes of monozygotic twinning 

We must now consider why the embryo sometimes divides into 
two at this early stage in its life history. This ill a difficult 
qnestion to answer since the frequency of monozygotic twinning 
ill remarkably constant under a wide range of conditions; as we 
shall see in Chapter 4, the only factor which seems to inftuence 
it at all ill the age oftha mother. However, it is likely that the 
oonetancy of the monozygotic twinning rate in man is due to 
the constancy of the environment in which the mammalian 
embryo develops and to its protection from outside disturbance. 
In non-mammalian eggs such as fum eggs which develop outside 
the mother the frequency of monozygotio twinning is much more 
labile and can be altered more easily by ohanges in the external 
environment. Furthermore, it ill very difficult to detcet the 
ocourrence of monozygotic twins in multiparous mammals like 
rate and- guinea pigs on whioh experiments are usually done. 
W" mUBt therefore rely largely on experiments in non-viviparous 
species to study the faotors which lead to monozygotic twinning. 

In 1921, Stockard, who had worked mainly on fish eggs, put 
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forward the theory that all types of congenital abnormalities 
which are not hereditary are due to developmental arrest and 
that the type of abn=ality which resulted from such arrest 
depended not on the agent which caused it but on the develop
mental stage at which the arrest oCOUITed; the tissues or organs 
which were proliferating most actively at that time would be 
most likely to develop abn=ally when growth resumed. On 
this interpretation monozygotio twimllng is to be regarded as 
a oongenital abnormality caused by developmental arrest 
occurring very early in embryonic life before tisaue differentia
tion has begun. Stockard based this theory on the foot that he 
could produce twinning experimentally in the eggs of the sea 
minnow and of trout by retarding their development at a very 
early stage, by depriving them of oxygen or keeping them at a 
low temperature; the same treatments at a later stage in 
development produced localized congenital abnormalities suoh 
lIS cyclopia (the presence of a single, central eye). Similar results 
have been obtained in starfish (Newman 1923) and in chioken£! 
(Sturkie 1946). 

As evidence that this theory applied to mammals, Stockard 
oonsidered the method of reproduction in the armadillo. As we 
saw in the last chapter, the nine-banded armadillo regularly 
pxoduces monozygotic quadruplets, and the mnlita armadillo 
normally produces eight or more offspring Ilerived from a 
single ovum. It is therefore of interoot that~implantation of the 
ovum ts delayed in both thoo,;sPe<Ji"S' The -niri,,:banded 
arm1tdmo mates in July and the ovum develops to the blast-o
cyst stage in about a week. It does not, however, become 
implanted immediately bnt ro!llJl,ins quiescent until early 
November, when it implants, divides into four and then 
develops normally until birth in 11arch or April iN eWIllan 1917, 
Hamlett 1932). There is probably a similar quiescent period 
in the mnlita armadillo, although the evidence is indirect 
(Hamlett 1932). 

Stockard's interpretation of thooe facts is that the division 
of the embryo into four embryos in one species and into eight 
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or more in the other is a direct cOn£!oquence of the developmental 
arroot during the long period of quiescence, which is in turn 
due to lack of oxygen calliled by the failure of the embryo to 
becomo ~ implanted immediately. This interpretation was 
atta.oked by Hamlett in 1933, mainly on the grounds that 
delayed implantation is also known to occur in roe deer and in 
badgers, but is not accompanied by monozygotic twinning in 
either case. This criticism had in fact been foreseen by Stockard, 
who suggested that either the period of quioocenoo in the deer 
occurred at a time when the embryo was insensitive to it, or 
that the deer embryo only possessed a slight genetic tendency 
to divide compared with the armadillo. Further light is thrown 
on this argument by a discusruon of the evolutionary reaSOnB 
for the development of delayed implantation. 

It is likely that in most species in whioh it occurs dela;yed 
implantation has arisen as an evolutionary adaptation to 
lengthen the period of gest.ation in order that both mating and 
birth may occur at favourable pOl'iods of the year. Many species 
of seal come ashore onoo a year during the summer to breed, 
when the ferneles give birth to their young, suckle them, and 
then mate over a period of six to eight weeks (Harrison1963). 
If implantation were not delayed it would be necessary for the 
seals to como ashore a second time during the willtsr in order 
to mate, which would obviously be disadvant.ageous. In terres~ 
trial mammals in which implantation is delayed, suoh as the 
badger and the roe deer, mating occurs during the spring or 
summer and is followed by a quiescent period until the winter 
when the embryo implants, develops, and is born in the early 
spring. It has beeu plausibly suggested that in these species 
delayed implantation is an adaptation which allows birth in 
the early spring when the young have the longest time to 
develop to maturity before the onset of winter, without requiring 
mating to occur in the winter, which mlght be unsuitable as a 
breeding season because of climatic conditions and a shortage 
of food (Fries 1880). However, as Hamlett (1935) pointed out, 
this explanation presupposes severe winter conditioJ1S which 
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are unfavourable both to survival of the young and to mating, 
and cannot be applied to tropical speoies such as the armadillo. 

A olue to the simultaneous development of polyembryony 
(division of the embryo) and delayed implantation in some 
armadillos may possibly be provided by their evolutionary 
history. Armadillos, together with ant-eaters and sloths, belong 
to a rather aberrant order of mammals caJIed the Edentates 
which live in South Amerioa. It seems likely that the production 
of a single offspring is the primitive oondition in this order; all 
members of the order have a single, undivided uterus, which is 
usually regarded as an adaptation to producing single young, 
and single births are the rule ill ant-eaters and sloths (Asdell 
1964). Several species of armadillo, however, produoo more 
than one young at a time. In the genus Dasypus, repl-esented 
by the nine-banded armadillo (D. novemci'iW/Ju8) and the mulita 
armadillo (D. hybridus), polyembryony is the rule, as we have 
already seen. In the genus Euphradus, on the other hand, 
dizygotic twills are usual. In E. villosus, Fernandez (1915) 
observed twenty-nioe twins and five singletons ill thirty-four 
pregnant females, and inferred that the twills were dizygotic 
from the fact that in ten pairs which he was able to sex, seven 
pairs were of unlike sex and only three pairs were like-sexed. 
In E. se:ccinctus, the reports summarized by ABdeU (1964) 
together with repOrts by Chapman (1901) and Newman (1917) 
give a total of three sillgJe births, six twiru!, and one triplet; it 
seems likely, although there is no direct evidenoo, that the 
twins are dizygotic as ill E. villo8U8. Data on other species are 
rather scanty, but it is probable that single births are the rule 
ill the giant armadillo, Priodoml38 g;,gante:us, and ill the genus 
Tolypeut<l8 (AsdoU 1964; :Newman 1917). 

It seems reasonable to suggest t,hat it was originally advan
tageous for tho Edentates to produce single offspring, possibly 
because they were tree-dwellers as Romer (1959) suggests, but 
that the way of life adopted by the armadillos, ill partioular 
their habit of constructing burrows ill which the young ean be 
nursed, has made it advantageous for them to produce larger 
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litters. (The evolutionary signiiicance of litter size will be 
discussed more fnlly ill Chapter S.) This challenge has boon 
met ill the genus Euphractus by illereasing the number of ova 
released from the ovary, and in the genus Dasypus by poly
embryony. It may also be suggested that, if delayed implanta
tion favours lilUbsequent division of the O'\7l1m, then it may have 
evolved as a side-product of selootion for polyembryony in the 
genus DafJYPus. The absence of polyembryony ill other speoies 
ill which delayed iolplantation occurs may be due to selection 
against it since the optiroallitter size has already been reached. 
However, this argunIent is highiy speculative, and it is quite 
possible that the association of polyembryony and delayed 
iolplantation in the armadillo is just a coincidence. 

It has been claimed that there is direct evidence for Stockard's 
theory in man. The ovum sometimes becomes implanted in the 
FaIlopiJl.n tube before it reaches the uterus, and A:rey (1922) 
has shown that in a series of unilateral tubal twill pregnancies 
the proportion of monochorial to dichorial twins is about fifteen 
times as great as it is ill uterine pregnancies; he concluded that 
monozygotic twillning is more likely to occur in tubal than in 
uterine pregnancy, and he explained this by supposing that the 
unfavourable conditions in tubal pregnanoy lead to twillning.~ 
There is, however, a serious flaw ill this argument. Byexclnding 
bilateral tubal twin pregnancies Arey mUBt have excluded many 
dizygotic but no monozygotic twills; and by excluding preg
nanacies ill which one twill occurred ill the tube and the other 
in the nterus he mUBt have excluded many dichorial but no 
monochorial twins. Both these sources of bias wouid lead one 
to expect a high proportion of monochorial twins in unilateral 
tubal twin pregnancies. 

Another finding which is of illterest in this context is that 
the frequency of cougenital maJformatioUJl is about twice as 
high in monozygotic twiru! as in single births, while there is no 
illcrease in dizygotic twills (Heady and Heasman 1955, Barr and 
Stevenson 1961, Stevenson, Johnston, Stewart, and Golding 
1966). It is tempting to attribute this fact to a oommon factor 
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which is responsible both for monozygotic twinning and con
genital malformations, but it might equally well be due to less 
favourable conditions in monochorial placentae. 

In conclusion, there is strong exp-eXiB:lent'!Levidence that 
developmental retardation at a very early stage caused by 
f~~tors such as lack of oxygen can lead to monozygotietwinning 
in lower vertebrates; and it seems reasonable to regard this 
type of twinning as silnilar in its aetiology to the congenital 
abnormalities. But these considerations do not take us very 
far towards explaining why a particular embryo should divide 
in this way. It is true that this division occurs at a stage in 
development just before or during implantation, when the 
embryo may be I1.uming short of oxygen or nutrients; but there 
is no direct evidence that this is the cause of monzygotic twin
ning in mammals, although some circumstantial eviden~e is 
provided by the simultaneous occurrence of polyembryony and 
delayed implantation in two species of armadillo. 

The causes of dizygotic twinning 

Dizygotic twins result from the release from the ovaries of two 
ova which are both fertilized and which both develop to birth. 
A change in the dizygotic twinning rate can therefore be caused 
by a change either in the frequency of double ovulation, or in 
the proportion of times on which both ova are fertilized, or in 
foetal mortality. The rather scanty evidence available about 
the second and third factors will be discussed later; in this 
section we shall cousider only the primary cause of dizygotic 
twinning, that is to say double ovulation. 

The number of ovarian follicles which ripens during each 
oestrous or menstrual cycle is not an .intri'nsic property of the 
ovary but is regUlated by the gonadotrophic hormone of the 
anterior pitnitary gland. The first evidence that the ovary is 
controlled by some factor outside itself was obtained by John 
Hunter in 1787 when he took two similar sows, removed one 
ovary from one of them, and then allowed them to mate with 
the same boar. The average litter size of the half-spayed sow 

The Embryology of Twinning 41 

was almost the same as that of the normal sow, so that its 
single ovary must have produced nearly twice as many ova 
per litter as one of the ovaries of the normal sow. Hunter's 
experiment has been repeated in several other species with the 
same result. It has also been shown that the ovary of an 
immature animal will function normally when transplanted 
into a mature animal, from which it can be inferred that there 
is some substance present in the mature but not in the immature 
animal which stimulates the ovary to function. 

These facts suggested that ovarian function is controlled by 
some factor circulating in the blood. It was first shown by Smith 
(1926) that this factor is a hormone secreted by the anterior 
pituitary gland. Removal of this gland (hypophysectomy) leads, 
among other things, to a cessation of ovarian function which 
can be reversed by implanting fresh gland or by injecting 
purified extracts of the gland. Such treatment also leads to 
sexual maturity in immature animals. The hormone responsible 
for this action is called gonadotrophin. (In fact there seem to 
be at least two gonadotrophic hormones, the follicle-stilnulating 
hormone and the luteinizing hormone, but this complication 
will be ignored here; the reader is referred to standard textbooks 
of physiology for fuller information.) 

In normal, adult animals injection of gonadotrophin leads 
to the release of a larger number of ova than usual; such super
ovulation has been demonstrated in many species including 
rabbits, rats, sheep, and cattle, and work is in progress to use 
this as a method of increasing productivity in farming 
(Hammond 1961). It has recently been shown that the same is 
true in man. Gernzell and Roos (1966) treated about a hundred 
women ,who had long-lasting amenorrhaea (absence of men
struation) with injections of gonadotrophin. Forty-three 
pregnancies resulted, of which twenty were of single children, 
fourtee,?- twins, two triplets, three quadruplets, one quintuplet, 
two sextuplets, and one septuplet, although many of the higher 
multiple births were aborted; this is clearly far in excess of the 
usual frequency of multiple births, and there is no doubt from 
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collitexal evidence that it is due to multiple ovulation rather 
than polyembryony. Similar results have been obtained by 
other authors. 

Further evidenoe that the frequency of double ovulation in 
man is controlled by the level of pituitary gonadotrophin is 
provided by the fact that the frequency of dizygotic twinning 
and the amount of gonadotrophin in the blood both increase 
with maternal age. This subject will be discussed more fully in 
Chapter 4. 

Ovarian function is thus controlled by the gonadotrophic 
hormones of the anterior pituitary gland. Pituitary activity in 
its turn is controlled by the hormones oestrogen and pro
gesterone secreted by the ovary; these ovarian hormones in 
fact inhibit the secretion of gonadotrophin. This is the oouse 
of the compensatory hypertrophy of the remaining ovary after 
unilateral ovarieotomy; when one ovary is removed the amount 
of ovarian hormone secreted is halved, which oauses more 
gonadotrophin to be seoreted with a resulting inorease in the 
activity of the remaining ovary. Such a negative feed-back is 
typical of the self-regulating devices of the body. This inhibition 
of the pituitary by ovarian hormones is the principle underlying 
the use of oral contraceptives. For forther information on this 
highly compliooted gubject the reader is again referred to 
standard textbooks on physiology. 

The number of ova released is thus controlled by the amount 
of pituitary gonadotrophin, but the mechanism through which 
this control is exereised is far from clear. At the beginning of 
each menstrual oycle a number of ovarian follicles begin to 
develop in each ovary, but normally ouly one of them grows 
into a mature Graafian follicle destined to ovulate, while the 
rest at one stage or another stop growing and undergo atresia. 
The situation is similar in all mammals in that tho number of 
mature Graafian follicles at the time of ovulation is muoh 
smaller than the number of ovarian follioles which begin to 
ripen at the beginning of the ovarian cycle. It seems likely that 
the atretic follicles are in some way inhibited from developing, 
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possibly by oestrogen secreted by the developing follicles, but it 
is uneert<>in how this mechanism works or how it ensures the 
development of the number of mature ova characteristio of the 
species .. ,Rowever, a considerable amount of information exists 
about the distribution of the number of ova between the two 
ovaries, which may east light on whether or not the two ovaries 
behave independently. 

In multiparous species it has been found that the number of 
corpora lutea is randomly distributed between the right and the 
left ovaries; this has been demonstrated in the mouse, the 
commo1l shrew, the lesser shrew, the bank vole, and the rabbit 
(Bramball 19(6). It indicates that the ovaries are acting 
independently of each othor and that the number of ova in 
one ovary does not affect in any way the number in the other. 
The mechanism which controls the number of ova which 
develop must be a looal mechanism acting locally in each ovary 
(given of course a constant level of gonadotrophin). The total 
number of ova is the sum of two independent contributions, 
one from each ovary. 

This prinoiple of the independence of the two ovaries is 
found even in species such as the marmoset, whioh regularly 
produces twins derived from the release of one ovum from 
eaoh ovary, but it olearly oannot hold in a uniparous speoies; 
to ensure that one OVUnl is released the two ovaries must act as 
a unit. Several ways of achieving this end have been adopted 
by uniparous species. In some bats only one ovary is functional, 
the left ovary in the Indian vampire bat and the right ovary in 
the horseshoe bats (Asdell 1964). This mechanism is not found 
in other orders, although One ovary may be slightly more active 
than the other. It is not known whether the two ovaries ovulate 
equally often in women, but in the Rhesus monkey Hartman 
(1932) found thirty-two ovulations in the left ovary compared 
with thirty-four in the right. 

Another mechanism for convertirig the two ovaries into a 
single unit has been adopted by seals in which there is striot 
alternation of ovulation from one oycle to the next (HaITison, 
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Matthews and Roberts 1952). It seems that the corplli! luteum, 
which persists for a considerable time, inhibits the development 
of Graafian follicleB in its own ovary but not in the other ovary 
during the next cycle; there is thus only one ovary functional 
in each cycle. This strict alternation is not found except in 
seals, although there may be some tendency towards altsrnation. 
Thus Hannnond (1927) found alternation in sixty-five per cent 
of cases in cattle, and Hartman (1932) found alternation in 
seventy-one per cent of cases in the Rhesus monkey, compared 
with a chance expectation of fifty per cent. 

I:" niparol1s species which have not suppressed the function 
of one ovary either permanently as in.some bats or temporarily 
as in seals must have eBtablished some central control (preBum
ably hormonal) whereby the development of a Graafian follicle 
in one ovary inhibits the development of a similar follicle in the 
other ovary; as we have seen, such central control does not 
exist in multiparous species, although they have local control 
whereby the Graafian follicles inhibit the development of more 
follicles in the same ovary. We can obtain some information 
about the relative importance of local and central control in 
uniparous species by considering the frequency with which 
twins, when they do occur, are derived from ova in the same 
ovary or in different ovaries; if central control is predominant, 
then twins will be equally likely to be of unilateral or of bilateral 
origin, while the retention of some local control will be reflected 
in a preponderance of bilateral twins. 

In a survey of a large number of pregnant sheep uteri from 
packing houses, Henniug (1939) fotmd 137 cases of double corpora 
lutea of which 75 were unilateral and 62 bilateral, which is in 
reasonable agreement with the expectation of equality if central 
control is predominant; in a rather smaller series Marshall (1903) 
fonnd 5 unilateral and 7 bilateral cases of double ovulation in 
sheep. In cattle the evidence is conilicting. Kupfer (1920) found 
9 unilateral and 8 bilateral double ovulations, but Lillie (1917) 
found 22 cases of bilateral double ovulations and no unilateral 
cases. Further information is required, but it is possible that 
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there are breed differences in the relative importance of central 
and local control. Little information is available about the 
relative freqnell''Y of bilateral and unilateral double ovulations 
in women, although it should not be too difficult to obtrun; the 
only case known to me in which this information is available 
was reported by Allen, Pratt, :Newell, and Bland (1930) who 
found two early ova after washing 011t the Fallopian tubes, one 
ovum in each tube, and verified that there was aJso one corpus 
luteum in each ovary. 

In conclusion, it may be suggested that the number of mature 
ova rcleased is determined by ,. balance between the action of 
pituitary gonadotrophin whioh stimulates the ovarian follicles 
to develop, and the inhibitory action exerted by ripening 
follioles on the development of other follicles. In multiparous 
species this inhibitory action is only exerted locally in the same 
ovary, but in uniparous speoies it is also extended to the other 
ovary, except in those speoies which have suppressed the 
funotion of one ovary either permanently or temporarily. In 
women, one Graafian follicle usually beoomes dominant and 
inhibits' all the others, but if this inhibition fails, either through 
exoessive pituitary stimulatiou Or for some other reason, two 
or more' ova will be released from which dizygotic twins or 
higher multiple births may develop. 



3 The Course and Outcome of 
Pregnancy 

IN this chapter we shall compare the course and outcome of 
pregnancy in single and multiple births. It will be fonnd that 
multiple pregnancies fonn a natural experiment that casts 
valuable light on the physiology of normal hll11llLn pregru>ncy 
and on the oaUBeS of stillbirth and infant mortality. We shall 
begin by discussing the closely related subjects of birth weight 
and length of gestation which respectively throw light on the 
factors controlling foetal growth and the onset of labour. We 
shall then consider the reasons for the increased mortality in 
multiple births, and finally dismISS whether there are any 
lasting effects on surviving twins. 

Birth weight and length of gestation 

It is well known that twins weigh less at birth and are born 
earlier than single births, and that these differences become 
progressively greater in triplets and quadruplets. Representa
tive data on the birth weight and length of gestation in single 
and multiple births are shown in Tables 3.1 and 3.2. There is 
some variability, particularly in the birth weights, but in 
round figures it can be concluded that the mean birth weights 
of singletons, twins, triplets, and quadruplets are about seven, 
five, four, and three pounds respectively, and that the corres
ponding lengths of gestation are abont forty, thirty-seven, 
thirty-five, and thirty-four weeks. 

The decrease in the birth weight in multiple births is clearly 
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due, at least in past, to the lower leugth of gestation. To deter
mine the importance of this factor I have computed the 
standardized mean hirth weight of single births with the same 

Table 3.1. Mean birth weight (p",.."ils) in multiple births 

p",* 
TyPe 

illllampJe Single Twin 
Quad~ 

'l'rlplet ruplet Ref.,.""" 

U,S,A. ~hjte) All live birth!!: N .. , ,·9 National figill.'6$, 11#00 
v.S,A, Coloured} All liTe births 5'. 5·0 8'8 National fig~ 1900 
Italy AU births H a-5 National figures, 1961 
IHrmi:ngham~ All birtJns H .·s 4·0 3-I McKeOWll and Record 

.England '''''' LondQI4 England HO!Ipjt?i reoo.tt1s 1'2 5·0 X1tm 1952. MIn and 
Pentoae HID1 

Pam. Italy :Maternity Clinic '1-1 5·2 Fraecaro 1956. 1957 
Sinmvare Hospital reoo:rds 0·0 5'0 lWlliI!: 19594 

(hineM) 
Singapore liOf!pltal records 6·2 4·2 Millis 1959a (In""'¥l 
Ilmdan, " 19etia Hoapltal rlXlords. a·s H x.._n and J,btet 

bOOked CAses ISS5 

distribution of length of gestation as multiple births. 'l'he 
results of this calculation are set out in Table 3.3. It has 
necessarily been assumed in th" standardization that the mean 
birth weight of babies born after a given length of gestation is 

Table 3.2. Mean length of ge8tation (day.) in muUiple births 

Plaee' 
Typ, 

of srunple Sing16 Twill TrIplet 
Quad. 
ruplet Reference 

Birmingham, AU births 280 262 247 237 McKeown and Record - lw2 
Pavia. Italy Maternity clinic 277 255 Fracearo-l!t56, 1957 
London. England HOlJpital records 280 251 Ka.rn 1952, J:Un-n lIDd 

Penrose 1M'7 
ChI¢Q.gQ, U.S.A. Rospiwl records 282 256 Pottet and Crund*n 

1941 

the same as the mean weight of all foetuses of that age. Thill 
assumption is unlikely to be true exaotly beeause the onset of 
labour may be late if the foetus is small, or may be early due to 
adverse conditions which have also retarded the growth of the 
foetus; the ourve of birth weight against length of gestatio;" 
oannot for these reasons be used as a foetal growth curve. 
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Nevertheless, the magnitude of the differenee between the 
observed weight of multiple births and the standardized w-eight 
of single births with the same distribution of length of gestation 
leaves no doubt that a large part of the reduction in the birth 

Talile 3.3. Mean birth weight (pounds) in muJtiple In,,!,,. standardized 
for length of gestai'ion 

Standardized Crude 
Type of Birth birth weight birth weight 

birth weight (singletons ) (si:ngJetons ) Reference 

Twins 0-8 6·6 '7·4 McKeown and Record 
1952 

T;\w" 5·0 6·6 7-2 Ka;rn 1952 
Twins 5·2 6·3 7·1 Fraceal'O 1956, 1957 
Triplets 4'0 5-7 7·4 MeKeowu and Record 

1952 
Quadrup. 3·1 5·0 7-4 McKeown and Record 

1952 

weight in multiple births is due to some factor other than the 
shorter length of gestation. 

This eonclusion :is confirmed by Fig. 3.1, which shows the 
relationship between the birth weight and the length of gesta
tion in two investigations. It has already boon remarked that 
these curves cannot be regarded as foetal growth curves and 
that in consequence no conclusions can be drawn from their 
detailed shape; in any case the relationship between the curves 
for single and twio births is rather different in the two investi
gations. Nevertheless, the facts that the birth weight is lower 
in twios than in single births at all lengths of gestation, and 
that the same :is true in higher multiple births in Fig. 3.1 (al, 
clearly indicate that much of the reduction in birth weight is 
due to some factor other than the lower length of gestation. 

Before discussing what this factor may be it:is interesting to 
consider whether there :is any difference in birth weight between 
monoehorial and dichorial twios. Several investigations have 
shown that the mean birth weight is slightly lower in Jike"sexed 
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8 
Singletons 

Twins 

Triplets 

4 

£.~~-
_-- Quadruplets 

280 300 320' 

Singletons 

6 ----Twins 

4 

1-_-'----_~',. ---c"---,-"..,.___c_~ 
o 200 220 240 260 280 

--<---,i 
300 320 

Length of gestation (days) 

FlG. 3.1. Mean birth weight in multiple births by length of gestation 
(a) from McKeown Mld Record (1952), (b) from Ka= (1952) and Kal'n 

and Pemos<> (1951). 

than in unlike-sexed twins; the weighted average of the 
differenees found in six studies is O·15±O·03 pound (Kru-n 
1952, 1953, 1954, McKeown and Record 1952, Fxaccaro 1956, 
Guttmacher and Kohl 1958). The most plausible expla,nation 
of this difference :is that it :is due to a difference between mono
chorla! and dichorial twios; there is no reason why dichorial 
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monozygotic twins should dilfer in. thoir birth weight from 
dizygotic twins since they are embryologically indistinguishable. 
If this argument is accepted it is necessary to postulate a 
difference of about 0·45 pound between monochorinl and 
dichorial twins, since about one-third of like-sexed twins are 
monochorial among Europeans. The existence of such a differ
ence has been confirmed directly in foUl' investigations which 
all show that monochorial twins are, on average, about half a 
pound lighter than dichorial twins (Oho 1934, de Siebenthal 
1945, Potter 1963, Naeye, Benirschke, Hagstrom, and Marcus 
1966); the weighted average of the dilferences is in fact 
0·47 • 0·04 pound. It also seems likely, from observations on 
the birth weight of triplets by sex type, that similar conclusions 
hold good for higher multiple births (McKeown and Record 
1952). 

There are two possible explanations of the reduction in the 
birth weight of monochorial compared with dichorial twins. 
The first is that the placenta of such twins, being derived from 
only one chorion, is smaller than the combined placentae of 
diohorial twins which are formed from two ohoria. However, 
the rather scanty evidence available indicates that there is 
little dilfel'ence in the combined placental weights of mono
chorial and dichorial twins (Vaccari 1908, Naeye 1964). This 
rather rellUl,rkable fact demonstrates clearly that foetal demand 
plays the dominant part in determining placental size. It there
fore seems likely that the reduction in weight in monochorial 
twins is a consequence not of the size of the placenta but of 
the unusual melJwd of placentation, and in particnlar of the 

, vascular communication between the twins diseussed in the 
last chapter. Even apart from the transfnsion syndrome it is 
likely that an interconuected foetal circulation will be an 
inefficient vaseular arrangement and may well be the cause of 
the decreased weight of monochorial twins. 

We must now consider why dichorial twins are under-weight 
compared with single births, even after allowance has been 
made for their lower length of ge,>-tation. Three explanatiolli1 
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have been put forward to account for the retardation in foetal 
growth in twins and higher multiple births (Dawes 1968): (1) 
that overcrowding in the uterus limits the area a valiable for 
placental growth and so limits the size of the foetus throngh 
placental insufficiency; (2) that the mother is unable to provide 
sufficient nourishment, or perhaps hormones, to support the 
growth of two or more foetuses at the same rate as a single 
foetus; (3) that the blood supply to the uterns is insufficient 
to support as rapid growth in multiple as in single pregnancy. 
On the first hypothesis reduction in placental weight, regarded 
as a crude index of placental sufficiency, is regarded as the 
canse of the reduction in foetal weight, whereas on the second 
and third hypotheses it would be regarded as a consequence of 
the reduction in foetal weight which reduces the demand On 
the placenta. 

McKeown and Record (1953) have shown that the placental 
weight of twins is lower than that of singletons at all lengths of 
gestation, but that when foetal weight is plotted against 
pJacenta!'weight twins are lighter than singletons with the same 
placental weight, even after allowing for their dilferent lengths 
of gest-ation; in other words, the p .. .rcentage reduction in 
placental weight in twins is smaller than the percentage 
reduction in foetal weight, so that the ratio of placental weight 
to foetal weight is higher in twins than in single births. It will 
be seen from Table 3.3 that the mean weight of twins is about 
5·2 pounds, compared with a weight of 6'0 pounds in singletons 
after removing the effect of the dilference in length of gestation; 
this represents a reduction of about twenty per cent. The 
corresponding figures for the placental weights of twins and 
singletons, calculated from the data of JI'lcKcown and Record 
(1953), are 1·14 and 1·30 pounds respectively, representing a 
reduction of twelve per cent. 

McKeown and Record (1963) concluded from the above facts 
that the reduction in foetal weight is partly, but not entirely, 
accounted for by the reduotion in placental weight. However, 
we have already seen that placental size is determined by foetal 
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demand and we should therefore expect a reduction in plaoental 
weight if foetal growth is retarded through some other canse; 
the foot that the reduotion in placental weight is proportion
ately smaller than the reduotion in foetal weight therefore 
suggests that the retardation in foetal growth is the oanse and 
not the consequence of the retardation in placental growth. If· 
this oonclusion is aocepted then the hypothesis of over-crowding 
in the uterus must be rejeoted. An additional argument against 
the overcrowding hypothesis is the fact that the birth weight 
of dichorial twins does not depend on whether they have a 
single fused placenta or two separate placentae; for example, 
it can be calculated from tho data of Potter (1963) that the 
median birth weight of dichorial twins with a fused placenta was 
5· 27 pounds oompared with 5·33 pounds in twins with separate 
placentae; the difference is negligible. On the hypothesis of 
overcrowding one would expect a lower birth weight when the 
twins are implanted close together with a fused placenta than 
when they are implanted far apart in the uterns with separate 
placentae. 

It therefore seems likely that the retardation in foetal growth 
is due te undernutrition, either through lack of nutriments or 
hormones in the blood or through the insufficiency of the blood 
supply to the uterus. Two linea of evidence suggest that the 
latter factor is to blame. :Morris, Osborn, and Wright (1955) 
have found that the utero-placental ciroulation is slower in 
twin than in single pregnancy, and Walker and Turnbull (1955) 
have found increased haemoglobin and red cell levels in twins 
at birth which they interpret as evidence of intra-uterine 
anox:ia.. 

We must finally cousider the reason for the decreased length 
of geatation in multiple births. The factors which determine 
the onset of labour are imperfectly understood, but it SCCIllB 

likely that they are largely hormonal. The placenta secretea 
large amounts both of progesterone which inhibita and of 
oestrogen which promotes uterine contraction, and the current 
theory is that during pregnancy progesterone blocks the 
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uterine contractions, but that this blockage is overcome at the 
end of pregnancy either through increased production of 
oestrogen or through decreased production of progesterone 
and that'labour then follows. According to this theory the size 
of the foetus plays uo part in determining the onset of labour; 
it has in fact been shown in Rhesus moukeys that, if the foetus 
is removed half way through pregnancy but the placenta and 
membranes are left intact, pregnancy continues for the normal 
period (about six months) and 'birth' then follows (van 
Wagenen and Newton 1943). However, it SOOmE likely that 
uterine distension also plays a subsidiary role in determining 
the onset of labour since hydramnios, in which the amniotic 
sac becomes grossly distended with excess fluid, often leads te 
prematere hirth (Eastman and Hellmann 1966). The most 
reasonable hypothesis is that hormonal facta!'!! play the 
leading role in determining the onset of labour, but that 
mechanical factors, and in particular the degree of distension 
of the uterus, play a subsidiary role through changing the 
sensitivity of the uterus to the hormones which control its 
contraction. 

We have already see.Il that the mean birth weights of single
tens, twins, triplet,;, and quadruplets are about seven, five, 
four and three pounds respectively, so that the total foctal 
weights at birth arc about seven, ten, twelve, and twelve 
pounds. The most likely explaoation of the progressively 
earlier onset of birth in higher multiple births is that it is due 
te uterine distension caused by the greater t<:>tal foetal weight; 
it may be suggested that the uteruB will not, on average, 
tolerate a total weight greater than about twelve pounds. An 
interesting fact which supports this theory is that when one 
twin is present in each horn of a bicornuate uterus (see Chapter . 
8) the delivery of the second twin may be delayed for several 
weeks after that of the first twin; it seelllB likely that the two 
horns of a divided uterus can react independently of each other, 
and that when the uterine distension is relieved by the expulsion 
of one twin pregnancy can continue in the other horn for the 
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natural period of a single pregnancy. However, the pDBBibility 
cannot be ignored that the early onset of labour in mnltiple 
births may be due to a change in hormoual balance caused by 
the larger amount of placental tissue. 

Mortality 

Mortality in early life is oonsiderably higher in multiple than 
in single births. Table 3.4 shows that the stillbirth rate is about 

Pabl. 3.4. 8tUlbirth rate per thousand births (1939-57) and infant 
mortality per thouswnd lit'" births (1950) in England and Wale.s 

(Registrar-Genera!'s Statistical Reviews, Heady and Heasman 1959) 

Stillbirtb rate 
Neonatal mo:rtallty 
PostnOOlll1tal mortality 
Mortality in second year 

t Based on four deaths only. 

Single Quad-
births Twi.ns 'l'l.'iplets l'uplets 

26 
16 
11 
lH 

58 
89 
22 

2-5 

86 
280 
(14lt 

120 

twice as high in t"ins as in single births, about three times as 
high in triplets, and four times as high in quadruplets. The 
differences in neonatal mortality (in the first month of life) are 
even greater, being about five times as high in twins as in 
single births, and nearly twenty times as high in triplets. The 
differential between multiple and single births is less marked 
in the remainder of the first year of life (the postneouatal 
period) and has disappeared in the second year of life. 

Stillbirth is defined as death of the foetus before it is oom
pletely expelled or extracted from its mother; death may ooour 
either before the onset of labour (antepartum death) or during 
labour (intrapartum death). Among single births antepartum 
deaths account for rather less than half of all stillbirths (Butler 
and Bonham 1963) but in twins they form about three-quarters 
ofthem (Guttmacher and Kohl 1958). It oan be ooncluded that 
the increase in the stillhirth rate iu multiple births is due to an 
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increase in the frequency of intra-uterine deaths .occurring 
before labour. It seems likely that this increased mortality 
before birth is due to the same factors which cause the retarda
tion of foetal growth. 

I,iva-b9m twins are at a double disadvantage compared with 
single babies since they are not only retarded in growth but 
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Fm. 8.2. Neonatalmortallty/lOOO live births in the U.S.A. in the first 
quarter of 1950, by birth weight. (Redrawn from Montagu (1952).) 

they are also born about three weeks eady. It is therefore not 
surprising that infant. mortality sbonld be increased to an even 
greater extent than the stillbirth rate. (Stillborn twins are also 
born early, but this cannot be regarded as the cause of a death 
which occurs before the onset of labour.) It is interesting to 
consider the relationship, shown in Fig. 3.2, between neonatal 
mortality and birth weight, which is a crude index of the joint 
effects of retarded growth and early labour. Neonatal mortality 
declines with increasing birth weight until it reaeh~,.s a minimum 
value at about eight pounds in single and seven pounds in 
mnltiple births; above this weight mortality rises again. This 
increase in mortality at high birth weights :is independent of 

, 
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the increase in mortality which occurs when gestation is unduly 
prolonged., eluce bixth weight and length of gestation are unoor
related when the normal length of gest<1tion is exceeded.. The 
high mortality of babies who are heavier than average may be 
due to maternal or plaoental insufficiency caused by excessive 
foet.c1l demand, but further reseMch is required on this subject. 

It will also be seen from Fig. 3.2 that mortality is lower in 
multiple than in elugle births at bixth weights under two and 
a half kilogrammes (five and a half pounds) but is higher at 
birth weights aboye this value. Record, Gibson, and lYIoKeown 
(1952), who obtained similar results in Englliili data, suggested 
that the higher mortality in single births at low birth weights 
is due to the fact that single births of fiye and a half pounds or 
less are unusual and are likely to have been precipitated by 
factors such as severe congenital malformations, toxaemia, and 
placenta praevia which predispose to early death; on the other 
hand, twins of the same weight are normal and will not be 
speoially assooiated with foetal and maternal complications 
whioh predispose to early death. In support of this view they 
were able to show that the higher death rate among elugle births 
at low bixth weights was largely due to the high inoidence of 
foetal and maternal eomplications among them. Tho higher 
mortality in multiple th.an in single bixths at bixth weights 
above fiye and a half pounds is due to the fact that mortality 
begins to rise with birth weight earlier in multiple than in 
single pregnancies, presumably because the combined weight of 
the foetuses places a greater strain on the mother. 

Sinoe monochorial twins are more retarded in growth than 
dichorial twins and suffer the additional hazard of the trans
fusion syndrome we might expect their mortality to be greater. 
Table 3.5 shows that this is the case. The death rates among 
monochorial twins in the last column have been e..~timated on 
the assumption that the inorease in the death rate among like
sexed twins is entirely due to an .inorease among mOlloohorial 
twins and that such tV>1nS form about on~ third of all like-sexed 
twins. Direct evidence of the increased mortality in monochorial 
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twins has been provided by l'iIaeye, Benirschke, Hagstrom, and 
::Irareus (1966) who show from extensive hospital records that 
the perinatal mortality is about twice as high in monochorial 
as in dichorial twins (139 and 66 per thousand respectively), 
which is in good agreement with the results of Table 3.5. 
(Perinatal deaths include stillbirths and deaths in the first week 

Table 3.5. Stillbirth·rate and infant martality per thousand Ify sex type 
of twins, England and Wales, 1950 (Heady and Heasman 1959) 

Unlil<e- Like· Monochorial 
sexed sexed twins 
twins twins (esti:mated) 

Stillbirth ra.te 43 62 100 
Neonatal mortality 77 96 128 
PastneoItatal mortality 23 22 20 

of life. It is unfortunate that the bastard word 'perinatal' has 
become entrenohed in the literature instead of the more correct 
word 'cixoumnatal'.) It will be seen from Table 3.5 that the 
inurea.se in mortality in Dlonochorial oompared with diohorial 
twins is proportionately greatest in the stillbirth rate and has 
disappeared after the first month of life. This is in contrast with 
the inorease in mortality in multiple compo.red with single bixths 
shown in Table 3.4 which is proportionately greatest in the 
neonatal period. This can be explained by the faot that mono. 
chorial twins haye an inferior prenatal en17ironment compared 
with dichorial twins but are not usually bom earlier. It seems 
likely that the transfUl!ion syndrome is the main oause of the 
increased mortality sinoe among thirty-eight twins with this 
syndrome diagnosed by Rausen, Seki, and Strauss (1965) there 
were twenty-one stillbirths, four neonatal deaths, and only 
eleven surviving infants. 

The data in Tables 3.4 and 3.5 only relate to bixths oeeurring 
after the twenty-eighth week of pregnancy. It has been shown 
by N aeye, Benir.oohke, Ha.gstrom, and Marcus (1966) that about 
four per cent of monochoria.l and one and a. half per cent of 
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diohorial twin pregnancies terminate between the twenty-fourth 
and twenty-seventh weeks of pregnancy; almost none of these 
twins survived. Very rew single pregnanoies terminate in thls 
period (SteveIlllon and Warnock 19(9). It follows that if Tables 
3.4 and 3.5 included all births terminating after, say, the 
twentieth week of pregnancy they would show a rather higher 
differential mortality between multiple and single births, and 
between monochorial and dichorial twins. It i. likely that the 
increased frequency of monochoria! compared with dichorial 
twins who are born before the twenty-eighth week is due to 
the traIlllfusion syndrome since Rausen, Seki, and StraUBB (1965) 
"found that five out of nineteen cases had a gestational age 
between twenty and twenty-seven weeks. 

It is rather difficult to obtain reliable information about the 
frequency of twin pregnancies which abort before the twentieth 
week of gestation, but it does not seem that they are any more 
likely to do so than single pregnancies (Benirschke and Driscoll 
1967). This impression may be misleading, however, since the 
death of one twin in the second or third month of pregnancy, 
when . most spontaneous abortions occur (Stevenson and 
Warnock 1969), may well escape recognition. 

Indirect evidence about prenatal mortality is provided by 
the sex ratio of multiple births about which data for several 
countries are shown in Table 3.6.There is a small but ooIlllistent 

Table 3,6_ Tlte 8e;; ratio in multiple births 

Country Single Twin Triplet 

England and Wales 0·515 0·508±0'001 0·480 ± 0·009 
France 0·514 0·506±0·001 0'471±0'009 
Italy 0-515 0'508±0'001 0'487 ± 0-008 
V.S.A., ,Vhite 0·514 0'507 ::'::0·001 0·498 ± 0·006 
U.~.A.~ Negro. 0-507 0·501::'::0'001 0-502±0-012 
.Japan 0-519 0'520±0'004 0'515±0'041 

fall in the sex ratio among twins, and a rather larger fall among 
triplets, though the latter is less coIlllistent because of the small 
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numbers on which the fignres are based. The well-known racial 
differences in the sex ratio are also apparent. One possible 
explanation of these facts is that a female embryo may be more 
likely to divide than a male embryo to form monozygotic twiIlll 
and triplete, which would cause a fan in the sox ratio in these 
multiple births but would leave ·the sex ratio among dizygotic 
twins and trizygotic triplets unchanged. This is quit., a plausible 
explanation since monozygotic twinning is aetiologically similar 
to the congenital abnormalities, among which wide differences 
in the sex ratio exist. However, three lines of evidence indioote 
that this is not the correct explanation. Firstly, if the faJ! in 
the sex ratio is confined to monozygotic twiIlll, it should be 
twice as large in Japan, wherc two thirds of the twiIlll are 
monozygotic, as in European countries where only about one 
third of the twiIlll are monozygotic. In fact Japan is the ouly 
country in whioh no fall in the sex ratio has been demonstrated. 
Secondly, if this hypothesis is correct, the sex ratio should be 
considerably smaller among like-sexed than among unlike
sexed triplets since all the monozygotio triplets muet be like
sexed while three quarters of the trizygotic triplets will be of 
unlike sex (see Chapter 5). In fact, in the combined data for 
England.and Wales, Italy, and the U.S.A. the sex ratios for 
like-sexed and unlike-sex:ed triplets are almost the same (0·491 
and 0·494 respectively). Thirdly, an examination ofthe relation

. ship between the sex ratio of twins and maternal age reveals no 
significant trend, despite the fact that the proportion of 
dizygotic twins increases sharply with age. 

It can be concluded that the likelihood of monozygotic 
twinning is independent of the sex of the embryo and that the 
rall in the sex ratio in multiple births is due to some factor which 
affects both types of twiIlll and alI three types of triplets to a 
similar extent. It seems likely that thls factor is an increased 
prenatal mortalIty which is greater for male than for female 
foetuses, since it is known that in single pregnancies the ohance 
of abortion is greater for male than for female foetuses 
(SteveIlllOn 1969). Part of the increased prenatal mortality in 
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multiple births is undoubtedly due to premature termiuation 
of pregnancy between the twentieth and twenty-eighth weeks 
of pregnancy rather than to 'true' abortion before the twentieth 
week, but it is impossible to estimate how much. 

Complications of pregnancy 

Twins thus experience a greatly increased mortality both 
before and after birth because of their retarded growth, their 
premature delivery, and because of the transfusion syndrome 
in monochorial twins. In addition to these factors they lruffer 
from a higher frequency of abnormalities of pregnancy and 
birth than single babies. This is not the place to disCUJ!S all the 
complications which may arise in twin pregnancy, nor have I 
the knowledge to do so, but some mention must be made of the 
more important of them. 

The most important maternal complications of twin preg
nancy aro'toxaemia and hydramulos. Toxaemia is a maternal 
disorder characterized by high blood pressure, oedema, and the 
presence of albumen in the urine; if untreated it may lead to 
convulsions. Its cause is obsoure, but aocording to one theory 
it is primarily due to the failure of the blood supply of the 
uterus to keep pace 'With the demands of the foetus (Swyer 
1954). If this theory is correet it is not surprising to find that 
toxaemia is more common in twin pregnancies. It is rather 
diffioult to measure its incidence exaotly, because different 
criteria, have been used to define the disorder, but it seems to 
occur in about five to ten per cent of single pregnancies, and 
about three times as often in t".:m pregnancies (Bender 1952). 
In single pregnancies perinatal mortality is considerably 
increased by toxaemia, but this does not seem to be the case 
in twin pregnanoy. Aocording to Bender (1952) 'this was 
became toxaemia was uncommon in those pregnancies ending 
before the thirty-third week which contributed most heavily to 
the foetal mortaility. In other words, many of the pregnancies 
in whioh the babies were lost did not continue long enough for 
toxaeIll.W. to develop as a complie.ation'. 
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Hydramnios is the occurrence of an excessive amount of 
amniotic flnid. The normal quantity of flni~ is about one litre, 
but in hydramnios three or more litres may be present. Its 
frequency depends on the diagnostio criteria used, but on 
average it seems to occur in about one per cent of single and in 
about five per cent of twin pregnancies, although the latter 
figure should more properly be expressed as two and a half per 
cent of twin births since it may ocoux in either twin (Bender 
1952, Stevenson 1960). It has been suggested that the increased 
frequency of hydramnios is confined to monochorial twins and 
ill an expression of the transfusion syndrome, but the evidencoill 
inconclusive; Guttmaeher (1939) found no increase in the 
frequency of monochorial twins in hydramulotic twin preg
nancies. Perinatal mort<ility is greatly increased in hydramnios, 
largely because of the increased frequency of congenital mal
formations, in particular anencephaly, but also becanse of 
prematurity (Bender 1952, Stevenson 1960). The cause of 
hydramnios is unknown and much further work remains to be 
done. 

It was once thought that the length of labour was increased 
in twin pregnancy because of distension of the uterus, but it is 
now known that this is not the case (Bender 1952). The moot 
important complication of labour in twins is malpresentation. 
Most babies are born head first (vertex presentation), but it 
sometimes happens that they are lying with their buttocks first 
at the beginning of labour (breech presentation) or across the 
uterus (transverse presentation). Delivery is mOre difficult in 
these positions, and it is UBlUally necessary for the obstetrician 
to assist delivery in some way. Perinatal mortality is greatly 
increased in breech and transverse presentations, although 
part of the increase is due not to the method of presentation 
bnt to other factors, such as prematurity, which predispose 
both to abnormal presentation and to early death. 

The approximate frequencies of these types of presentation 
in single and twin birthe are shown in Table 3.7 together with 
the perinatal mortality in twins. It will be seen that there is a 
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big increase in the frequencies ofbreooh and transverse presenta
tions in twins, and that the perinatal mortality is about twice 
as high in breech as in vertex presentations; the numbers were 

Table S.7. Presentation and perinatal mortality in tui",. (Guttmaoher 
and Kohl 1958) 

Presentation Frequency (per cent) Perinatal mortality per thousand 
Single Twin First twin Second twin 

Vertex 
Breech 
Tra.ns;'lrerae 
Other, 

95 
3 
;! 
l! 

63 
30 
4! 
2! 

84, 
176 

112 
206 

inadequate to calculate mortalities for other types of presenta
tion. The combinations of the three main types of presentation 
in 1 212 pairs of twins are shown in Table 3.8, t<:>gether with 

PaDle 3.B. Preslmlation of 1 212 pairs of twins and their expecUij 
distri7nttivn on the ussuwption of independence (Guttmacher and 

Kohl 1958) 

Presentation 

Both vertex 
One vertex, one breech 
Both breech 
One ve:rtex~ one transverse 
One breech, one tl'lIDSVOrse 

Both transverse 

Frequency 

568 
4,4,9 
106 

59 
23 

7 

Expected 
frequency 

557 
464 

97 
65 
27 

2 

the frequencies predicted on the assumption that the presenta
tion is independently determined in each twin; the agreement 
with prediction is good, exoept for an excess of double transverse 
presentations. However, when the twins present in different 
positions, their presentation inftuenoes the order of birth. When 
one twin presents in the vertex and the other in the breech 
position, the twin in the vertex position is delivered first about 
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one and a half times as often as the other twin, and when one 
twin is longitudinal (either vertex or breech) and the other 
transverse, the longitudinal twin is delivered first about eight 
tinles as often as the transverse twin (Browne and Browne 
1960). It is for this reason that perinatal mortality is reported 
separately for first and second twins in Table 3.7. It seems likely 
that vertex presentations axe the mIe in singie births partly 
throngh gravity, smce the head is the heaviest part of the 
foetus, and partly because the uterus is widest at its top end 
whereas the foetus is widest at its buttocks. In the highly 
distended uterus of twin pregnancy, however, it.is easier for the 
foetus to be accommodated in the breech and tra:tlEverse 
positions. 

It will also be seen from Table 3.7 that mortality is higher 
in the second than in the first twin. This fact h ... been denied 
by some authors, bnt Wyshak and White (1963) have colleoted 
together data on over 12 000 pairs of twins reported in twenty
eight papers and have shown conclusively that there is an 
increased mortality in the second twin. Furthermore the 
increase in mortality occurs both in stillbirths and in neonatal 
deaths: ill over 6 000 pairs of twins reported in thirteen papers 
in which stillbirths and neonatal deaths were reported separ
ately, the stillbirth rates for first and second twins were 34 and 
49 per thousand respectively, while the neonatal death rates 
were 72 .and 89 per thonsand. There are several reasons for the 
increased mortality of the second twin. Firstly, when one twin 
dies in the uterus before birth (such twins are usually recognis
able as macerated foetuses), there is a tendency for the living 
twin to be born first (MacDonald 1962, Potter 1961, Beni:rsehke 
and Driscoll 1967, Butler and .Alberman 1969). Secondly, when 
twins axe lying in different positions in the uterus there is a 
tendency for the twin in the normal, vertex position to be born 
first. 'Thirdly, the second twin probahly suffers a greater risk of 
anoxia because of the increased length of ·labour and becanse 
of the possibility that the placenta may separate after the birth 
of the first twin. On the other side of the balance sheet is the 



64 Biology 0/ P'win1!ing in Mrm 

fact that the first twin probably has a greater risk of birth 
injury sinoe it must dilate the cervix whereas the second twin 
passes, through an already dilated cervix. It is not possible to 
separate the effects of these different factors with the data at 
present available, 

Post-natal development 

We have seen that the retarded foetal growth and early delivery 
of twins play a large part in determining their increased 
mortality, and it is of interest to consider whether twi:ru! who 
survive are in any way affected by these faetors. It has also been 
suggested that the fact of being brought up together as twins 
may have an effect on the development of their intelligence and 
personality, We must therefore discuss briefly whether there 
are any differences in the physical and mental development of 
twins and singletons after birth. 

In an important longitudinal study Drillien (1964) has shown 
that at birth there is a difference of about two and a haJf inches 
in height between babies weighing under four and a half pounds 
and those weighing over five and a half pounds; this difference 
is still present at five years of age but has been reduced to about 
one and a half inches. There was no difference in height at any 
age between twins and singletons of the same birth weight, but 
the difference ill birth weight has led to a difference in height 
between five-ycar-old twins and singletons of just under an 
inch. lI'fost of this difference persists since Husen (1959) found 
that Swe<iish male twins called up for army service are about 
half an inch in height below the average. It can also be calcu
lated from Drillien's data that five-year-old twins are about 
three pounds lighter in weight than singletons, 

It can be concluded that the 'retarded foetal growth of twins 
has a small but lasting effect on their post-natal physical 
development. Of far greater importance, however, is the 
increased risk of gross physical or mental handicap. Infants of 
low birth weight have an increased risk of such handicap, 
particularly if their birth weight is less than about five pounds. 
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'l'hus Drillicn (1968) found that at seven years of age about 
twenty per cent of children with birth weights between three 
and a haJf and four and a haJf pounds were moderately or 
severely handicappeu, whilst this frequency rose to over fifty 
per cent for children whose birth weight was less than three and 
a quarter pounds, Childree classified as moderately or severely 
handicapped were ineducable or required special educational 
provision on account of physical defect or mental retardation 
or attanded ordinary school hut sulferedfrom oerebralpalsy andl 
or epilepsy. The frequency of handicap was about the same in 
single and twin ohildren of the same birth weight, but the overall 
frequency of handicapped children must be higher in twins 
because of their lower birth weight. This fact has been confirmed 
in several investigations. Thus Berg and Kirman (1960) found 
75 twins among 1 390 mentally defective patients, representing 
a frequency of 5·4 per cent, compared with an expected£requency 
of about 2·0 per cent in the general population after allowing 
for stillbirths and infant deaths, Similarly Illingworth and 
Woods (1960) found 23 twins among 593 mentally retarded 
children, which represents a frequency of 3·9 per cent, while 
.Allen and Kallmann (1955) found a rather lower frequency of 
3, 1 per cent in New York, but even this figure is oonsiderably 
higher than the frequency of twi:ru! in the general population. 

It can be concluded that twins are ahout twice as likely as 
singletons to be mentally defeotive, In the case of cerebral 
palsy, in which low birth weight is particularly implicated, the 
frequMCY of twins is even higher. In an extensive investigation 
in DMmark Hanson (1960) found 161 twins among 2 389 eases 
of cerebral palsy, giving a frequency of 6·7 per cent, which is 
over three times the population frequency. Similar result£ have 
been found by other authors (Rua."8ll 1961, Illingworth and 
Woods 1960, Asher and Schonell 1950, Greenspan and Deaver 
1953, Yue 1955). 

The increased incidence of congenital malformations in mono
zygotic but not in dizyogotic twins has already been discussed 

. ,in the last chapter, 
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We turn now to the possible effects On intelligence and 
personality which may be produced by the fact of having a 
twin brother or sister. It has been shown by Day (1932) and 
Davis (1941) that twim; are retarded in speech development 
compared with singletQns of the same age, sex, and sooial class. 
This retardation is probably due to the fact that mothers of 
twiml have less time to devote to them than she would have 
for a singlet<>n and may be inclined tQ leave them to play by 
themselves; in conseqnence twiml have less contact with adults 
and may even develop a sort of private language only under
stood by themselves. It is known that the development of 
speech is markedly affected by the degree of contact with 
adults; thus only ohlldren show a striking superiority in 
language development, and ohlldren from institutions a marked 
retardation (Nisbet 1953). 

It has been shown in several investigations tha.t twinJl are on 
average less intelligent than singletonJl by about five IQ points 
(Byrll!l and Healy.1936, Husen 1953, Mehrotra and Maxwell 
1949, Sandon 1957, Tabah and Sutter 19(4). It seems likely 
that most if not all of this defioit is due either to their retarded 
speech development or to the same factors which cause this 
retardation. It is known that inoreasing family size has an 
adverse effect on intelligence, as does a short interval between 
births (Tabah and Sutter 1954), probably because the children 
receive less individual attention from their parents. These two 
factors are sufficient to account for the lower intelligence of 
twinJl since they belong, on average, to larger families (including 
theIllJlelves) than singletons and are born simultaneously. It is 
therefore suggested that tbe increased frequency of gross mental 
retardation in twins is due to their retarded foetal growth and 
premature delivery, but that the slightly lower intelligence of 
normal twins is due to differences in their upbringing. 

It has also been suggested that twiml may differ in personality 
from singletons, but there is little reliable evidence to support 
this view. It has been shown that twiml are no more likely than 
anyone else t<) develop psychiatric disorders (Slater and Shields 
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1953, Shields 1954), and it cau be concluded that the effeet of 
twinning on personality is probably small. As Shields (1954) 
remarks, 'boing a twin may be of much the Same kind of 
importance as being an only child or being the eldest or the 
youngest of a family'. Zazzo (1960) has suggested that twins 
are more timid and are less likely t<) marry than singletons, but 
confirmation of his findings is required. 

Finally, some mention must be made of the suspicion that 
monozygotio twin. are frequently 'mirror images' of one another; 
for example, one twin may be left-handed and the other right
handed, or one twin may have his internal organs on the wrong 
side of the hody (situs inversus visce:rum). It was at One time 
believed· that mirror-imaging was caused by division of the 
embryo after its left and right sides had been established, but 
recent evidence shows that it does not occur more frequently 
than would be expectsd by chance. (See Husen (1959) and 
Zazzo (1960) for handeduess, and Torgersen (1950) for situs 
inversus.) 



4 The Frequency of Twins 

IN this chapter we shall consider the various faotors, such as 
age, race, and nutritional state, which determine the frequency 
with which twins are born. In order to distinguish between 
monozygotic and dizygotic twinning, which differ completely 
in their response to these factors, most authors have relied on 
Weinberg's method, based on the numbers of twins of like and 
of unlike sex. This method has already been used in previous 
chapters, but it now seems appropriate to evaluate its use more 
critically since it will be employed so extensively in the rest of 
the chapter. 

Measuring the twinning rate 

If a pair of twins differs in a single inherited character, such 
as sex, eye colour, or blood group, they must be dizygotic. On 
the other hand, a pair of twins can never be proved with 
certainty to be monozygotic (except by skin grafting) since 
dizygotic .twins could agree in a large number of characters by 
chance; as the number of concordant characters increases, 
however, the probability that the twins are monozygotio 
becomes very high (see the Appendix to Chapter 1). In order 
to make a diagnosis of zygosity with reasonable aocuraoy it is 
thus necessary to investigate a large number of genetie chara<lters 
or to do a skin graft. It is, however, obviously impoasible to 
pursue such detailed investigations on a large group of twins, 
particularly at birth; it is also impossible to determine zygosity 

The Fre'fIJffIWII 0/ Twins 69 

by physical resemblance at birth. Another method of dizgnosis 
must therefore be found in a statistical study of the frequencies 
of monozygotic and dizygotic twin births. 

It was once the practice of obstetricians t() make a diagnosis 
ofzygosity on the evidence of the after-birth, on the assumption 
that monochorial twins must be monozygotic and that 
dichorial twins must be dizygotic. However, it has been 
shown in Ohapter 2 that the second part of this assumption is 
incorrect since monozygotic twins may be either monochorial 
or dichorial; this method will therefore overestimate the 
frequenoy of dizygotic t·wins. The only reliabl" method of 
diagnosis in large numbers of twins is the so-called 'differential 
method' which was first systematically used by Weinberg in 
1901; this method had been known to M. Bertillon as early as 
1874 but had been rejected by him because it appeared to give 
too high a frequency of monozygotic twins compared with 
estimates made from the evidence of the after-birth. It took 
some time before it became generally accepted that the evidenoe 
of the after-birth was misleading and that Weinberg's method 
was correct. 

To apply Weinberg'S method, all that need be known are 
the numbers of twin maternities of like and of unlike sex_ All 
the monozygotic twin.s will of course be like-sexed; on the 
other hand, if equal numbers of boys a.nd girls are born, half 
the dizygotio twins should be like-se"ed and half of unlike sex. 
Consequently the number of dizygotio twin.s can' be estimated 
by doubling the number of uulike-ooxed twins and the number 
of monozygotic twins by the difference between the numbers 
of like-sexed and of unlike-se"ed twins. Thus if Land U are the 
numbers of likc-se"ed a.nd unlike-sexed tvdn maternities in a 
total sample of N maternities, the monozygotic and dizygotic 
twinning rates are estimated as: 

(L-U) 
m = '--:;-:--'-

N 

and 
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d=2U 
N 

Bialagy of Twinning in Man 

respectively. For example, out of a total of 791 584 maternities 
in England and Wales in 1960 there were 9 086 twin'maternities 
of which /) 894 were like-sexed (either two boys or two girls) 
and 3 192 unlike-sexed (one boy and one girl). The monozygotic 
and dizygotic twinning rates are estimated as: 

,m = (5894-,:n92)/791 584 = 0·0034 

Ii = 2x3192/791584 = 0·0081 

In practice it is often more convenient to express these figures 
as twinning rates per thousand maternities, that is to say as 
3·4 per thousand and 8·1 per thousand respectively. It should 
be noted that these rates are based on the numbers of materni
ties, not of births. It should also be noted that they include 
stillbirths as well as Iivebirths. 

This method is based on the assumption that the sex ratio 
is t and it might seem desirable to make a correction for the 
fact that this is not exactly true. The neoessary correction is 
however so small that it can be ignored. If the probability of 
a male birth is P, then the probability that dizygotic twins 
will be of the same sex, either both boys or both girls, 
is P' + (1-Pl2 and the probability that they will be of different 
sexes is 2P(1-P). If we write P = 1+8, where e is the deviation 
of the sex ratio from t, then these probabilities can be rewritten 
as !+2e' and !-2e" respectively .. If e is small, then 2.2 will be 
negligible. For example, if P 0·514, a fairly typical value for 
the sex ratio, then e = 0·014, 2.2 = 0·0004, and the probability 
that dizygotic twins will be like-sexed is 0'5004 instead of 0'5; so 
small a discrepancy can be safely ignored. 

It has also been assumed that the sexes of the two twins are 
determined independently and with the same probability in all 
parents. Part of the preponderance of like-sexed twins could be 
explained by supposing that sometimes boys are much more 
likely to be conceived than girls and that on other occasions the 
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opposite is true. Although there are slight variations in the sex 
ratio depending on factors such as the age of the parents, no 
variatioll has ever been demonstrated of sufficient magnitude 
to caUlle an appreciable distortion in Weinberg's method. 

Finally, the effect of pre-natal loss has been ignored. It is 
clear that, if data on twin births are used, including if possible 
both live and stillbirths, then Weinberg's method estimates 
the freqnencies of monozygetic and dizygotic twins at birth. 
These will probably be less than the corresponding frequencies 
at conception (or shortly after conception in the case of mono
zygotic twins) because of differential prenatal loss before the 
twenty-eighth week of pregnancy when births become 
registrable. Similarly, the frequency of twins in the adult 
population will be less than their frequency at birth beoaUl!6 of 
their high mortality in the first year of life; furthermore, 
mortality is higher in monozygotic than in dizygotic twins, so 
that the relative frequency of monozygotic compared with . 
dizygotic, twins will be less in the adult population than at birth. 
These facts have already been discnssed in previous chapters. 
Unfortunately Renkimen (1967) draws from them the mistaken 
conclusion that Weinberg's method is defective. If Weinberg's 
method is applied to data on birtlL., it will give unbiased 
esthnates of the frequencies of monozygotic and dizygotic 
twins at birth, provided that prenatal loss is the same among 
unlike-sexed and like-sexed dizygotic twins, thus maintaining 
their numerical equallty; this assumption seems very plausible. 
It is not a defoot of the method that these frequencies differ 
from the corresponding froquencies in the adult population. 

The approximate equallty of,like-seli:ed and unlike-sexed 
dizygotic twius has been confirmed empirically in sheep. It is 
known that nearly all sheep twins are dizygotic since two 
corpora lutes are almost always found, although monozygotic 
twins do occur very rarely (Henning 1937, 1939, Rae 1956). In 
an extensive survey Johansson and Hansson (1943) reported 
12 076 like-sexed and 12 31>9 unlike-sexed sheep twins (Ra<l 
1956). In human twins where zygosity has been deternrined by 

• 
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blood grouping it hM been confirmed by Potter (11l63) that 
Weinberg's method is essentially correct. 

There is thus good reason to suppose that Weinberg's 
method provides uubiased estimates of the monozygotic and 
dizygotic twinning rates at birth, provided of course that the 
original data are unbiased. It must be remembered, however, 
that these estimates are subject to random sampling error and 
may differ considerably from the true twinning rates when the 
number of observations is small. Beoause twinning is a rather 
uncommon event the numbers of like-sexed and unlike-sexed 
twins in a fixed number of maternities will, to a good approxi
mation, follow the Poisson distribution whose variance is equal 
to its mean. By the ordinary rules for oomputing variances we 
therefore find that: 

V(m) _ V(L-U) -'- (L·+U) 
_ - N2 ~ '-1""N;;;2:-'-

(m+d) 

The standard errors of m and d are of COurse found by taking 
the square roots of the varianoes, and must then be multiplied 
by a thousand if the rates are expressed as rates per thousand 
maternities. It should be observed that the sampling variance 
of m is proportional to the totol twinning rate, which means 
that the monozygotio twinning rate is difficult to measure 
accurately by this method if monozygotic twins form only a 
small proportion of all twins. It should also be observed that 
m and it are negatively correlated since the number of unlike
sexed twins occurs in the formulae for both of them but with a 
different sign. 'fhis negative correlation means that m is likely 
to be an overestimate of the true value when d is an under
estimate, and vice versa. 

In interpreting twinning rates it is also necessary to bear in 
mind the possibility of bias. -There are two main sources of 
data for estimating twiualng rates by Weinberg's method, 
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national birth statistics obtained from birth registration 
records, and maternity hospital records. These figures should 
not be _ accepted uncritically if there is any reason to doubt 
their reliability. There is a tendency for twinning rates based 
on national birth statistics to be too low due to under-reporting 
of twins, and for rates based on hospital figures to be too high 
owing to preferential admission of women with twin pregnancies. 
This tendency is iliustrated in Table 4.1, which shows Japanese 

Tabl. 4.1. The twinning rate per tkt>usaM in Japan 

Source of MOllO~ Mono-/ 
iUl.ta zygotic Dizygotic Dizygotic Reference 

Birth statistics, 2'1 1·3 1·6 Komai and Fukuoka 
1928-33 1986 

:.s:osp. :recorda, 7·0 3·8 1·8 Komaf and Fukuoka 
pre-war 1936 

Midwives' records, a-s 2·7 1·4, KOlllJl,i and FukuQka 
1926-81 1936 

Birth statistics, 4·1 2·a 1·8 Bulmer 1960b 
1956 

twinning rates b""ed on (a) pre-war national birth statistics, 
(b) pre-war hospital records, (c) pre-war midwives' records, and 
(d) post-war national birth statistics. It will be seen that the 
ratio of the monozygotic to the dizygotic twinning rates is 
uearly constaut, but that the rates themselves vary widely. 
Komai and Fukuoka (1936), who collected the pre-war data, 
considered that the midwives' records were probably reliable, 
but that the national bmh statistics were under-reported, and 
the hospital records biased in the other direction due to 
preferentisl admission of mothers with twins. 'rhis supposition 
is confumed by the post-war national birth statistics (Bulmer 
1960b), which are known to be more reliable than the pre
war statistics, and which are nearly the same as the pre-war 
midwives' records. 

It can be stated in general that in reliable data the dizygotio 
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twinning rate may vary widely under different circumstances 
but that the monozygotic twinning rate is remarkably constant 
and usually lies between three and a half and fourperthousand; 
if it lies outside this range there is presumptive evidence for 
suspecting the data. This cannot of course be taken as an 
inflexible rule since the reasoning would become circular, but 
it provides a reliable guide in practice. 

&laterna1 age and parity 

As early as 1865 the Scottish physician Matthews Duncan had 
shown that the relative frequency of twins inereaaed both with 
the age of the mother and independently with the number of 
children she had previously borne, usually called her parity; it 
was later shown by Weinberg (1901) that this increase is almost 
entirely confined to the dizygotic component of the twinning 
rate. These facts have subsequently been oonfirmed by many 
authors. To demonstrate them here I shall rely mainly on 
Italian birth statistics for the period 1949-54 which are presented 
in unusual detail giving a simultaneous breakdown of twin 
births by sex type, by maternal age in single years, and by 
parity (Bulmer 19590,). We shall mst consider the monozy
gotic twinning rate. 

The relationship between the monozygotic twinning rate 
and maternal age in Italy is shown in Fig. 4.1; the original data 
have been combined into three-year age periods in order to 
reduce the sampling variation. It will be seen that there is a 
small but consistent increase in the monozygotic twinning rate 
with the age of the mother, from about three and a half per 
thousand in young mothers to about four per thousand in 
older mothers. Table 4.2 shows that this trend is confirmed by 
data from other countries. 

Since maternal age and parity are highly correlated it :is 
necessary to remove the effect of maternal age by some method 
of standardization in order to see whether there is an indepen
dent effect of parity. Fig. 4.2 shows the relationship between 
the monozygotic twinning rate and parity, after standardization 
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FIG. 4.1. The moru>zygotic twinnl".; rate by age of mother (Italy, 
1949--54). 

for maternal age by the direct method (Hill 1966). It can be con
cluded that parity has little or no effect on the monozygotic 
twinning rate. 

It was argued in Ohapter 2 that the causes of monozygotic 
twinning are similar to those of the congenital malformations, 
and it is therefore of interest t() compare the effects of maternal 
age and parity on the monozygotic twinning rate with their 

Table 4.2. The relationsh.ip between the mo'IWZWotic /iwi"ninll ,aJ.e and. 
maJ.rnal age 

.Age of mother 
COuntry Under 25 25-35 Over 35 Reference 

De:w:nark,1896-1910 3·6 g·8 4·4 a.dda 1951 
Fra,nce, 1902-10 3·0 3·4, 3·6 aedda 1951 
France, 1920-49 3·3 3·6 3·9 Bulmer 1958& 
England and Wales, 3·4 3-5 3·S Bulmer 1958a 

1938-155 
U.S.A. (White), 1938 3·6 3·8 4·8 Bulmer 1956" 
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effects on the incidence of congenital malformations. In a 
review oftha latter subject ~IcKeown (1961) has shown, firstly, 
that the incidence of most (though not all) cougenital malfor
mations increases slightly with maternal age from about ten 
per cent less than the average incidenoe in mothers under 
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FIG. 4.2. The monozygotie twinning rate by parity, standardized for 
maternal age (Italy, 1949-54). 

twenty-five to about ten per cent more than the average 
inoidence in mothers over thirty-five; and, secondly, that the 
incidence of most malformations is highest in first pregnancies 
(it may be as much as forty per cent higher than the average), 
drops sharply to a minimum in second and third pregnancies, 
and then either remains constant or begins to increase again in 
fourth and subsequent pregnancies. (The effects of parity were 
standardized for maternal age, and vice versa.) The stillbirth 
rate shows a similar pattern (Morris and Heady 1955). These 
facts suggest that the intra-uterine environment is less 
favourable in older than in younger mothers, parity being held 
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oonstant, due to ageing, and that it is less favourable in primi
parae than in multiparae, age being held constant, due to the 
beneficial usage effect of the first pregnancy. 

The monozygotic twinning rate shows the expected slight 
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FIG, 4.3. The dizygotic twlnIililg rate by age of mother (Italy, 1949-54). 

increase with maternal age, but fails to show any effect of parity . 
The main distinction between monozygotic twinning and the 
congenital malformations is that twinning occurs at a much 
earlier stage of foetal development, at about the time when the 
embryo is becorcing implanted.. It may therefore be ll11ggested 
that the adverse effect of maternal age acts throughout the 
whole period of foetal life, but that the adverse effect of 
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primiparity acts only in the later stages after implantation, 
and so dOOll not influenoe monozygotio twinning. 

We shan now consider the effects of age and parity on 
dizygotic twinning. The relationship between the dizygotic 
twinning rate and maternal age in Italy is shown in Fig. 4.3. 
It will be seen that the rate rises from nearly zero at puberty 
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FIo. 4.4. The dizygotic twlnnng rate by parity, standardized for maternal 
age (Italy, 1949-54). 

to a maximum at about thirty-seven, and then flills abruptly 
again to zero at the menopause. Fig. 4.4 shows the relationship 
between the dizygotic twinning rate and parity, after standard
ization for maternal age by the direct method; there is a clear 
inorease in the rate with parity, though the effect is smaller 
than that of age. Finally, Fig. 4.5 shows a breakdown of the 
dizygotic twinning rate simultaneously by maternal age and 
parity; the data have been grouped into three-yearly age groups 
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and into three parity groups, and rates based on less than 15 000 
maternities have been omitted, in order to minimize sampling 
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Flo. 4.5. The dizygotic twinning rate by age and parity (Italy, 1049-54.) 

errors. The general relationship between the dizygotic twinning 
rate and maternal age at each parity level is the same 8Iil in 
Fig. 4.3, which ignores parity, but tbe ourve is shifted upwards 
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as the parity iocreases. The relationship between the dizygotic 
twioning rate and maternal age has been confirmed io many 
other countries, but few countries publish data suitable for 
analysiog the effect of parity. 

It was suggested io Chapter 2 that the secretion of pituitary 
gonadotropbio is the main factor whioh oontrols the dizygotic 
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FIG. 4.0. Mean excretion of gonadotrophin in adult, pre~menopa.usal, 
women. (Albert et 01., 1956.) . 

twinning rate. In tryiog to explaio the relationship between 
tlle dizygotic twinning rat .. and maternal age it is ,therefore 
natural to ask whether the gonadotropbio level vanes with 
age. Gonadotrophios are first detectable at the begiouing of 
adolescence, and it seems likely that the changes associated 
with adolescence are initiated by the secretion of gonadotropbio, 
which is itself under the control of the bram (Tanner 1962). In 
adult, pre-menopausal women Albert, Randall, Smith, and 
Johnson (1956) have shown that the exoretion of gonadotrophin 
increa.ses with age from about five rat units per day io the under
twenty age group to twenty rat units per day io the over-forty 
age group; their results are shown in Fig. 4.6. Mter the menO
pause the exoretion of gonadotrophin iocreases sharply to about 
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fifty rat units per day, probably due to the release of the 
pituitary from inhibition by ovarian hormones. 

The ioerease io the dizygotio twinning rate from zero at the 
menarche to a maximum at about age thirty-seven may there
fore be due to iocreaaing sec:retion of gonadotropbio. The sharp 
faJ1 io the dizygotic twinning rate from its maximum at 
thirty-seven back to zero at the meopause is probably a con
sequence of failiog ovarian function as the menopause 
approaches. The menopause itself is caused by the oessation 
of ovarian function when the ovaries run out of follicles and it 
is not unreasonable to suppose that it is preceded by a period 
of waniog ovarian function when the ovaries are unable to 
respond fully to gonadotrophio stimulation because they are 
beginning to run short of follicles. 

The mechanism of the iocrcase io the dizygotic twinning 
rate with parity is unknown, hut it is net difficult to imagioe 
how the hormonal changes which occur io pregnancy might 
cause a permanent change io the activity of the pituitary or 
the ovary; it has io'fact been suggested by Lorame (1963) that 
the iocreased secretion of gonadotrophio is primarily deter
milled by parity rather than by age, which would iovalidate 
the explanation of the iocrease of dizygotic twinniog with age. 
It seems to be a general rule in mammals that the average 
litter size iocreases with i>.he number of previous litters iodepen
dently of mat .. rnal age. For example, io virgio mice which were 
allowed to breed for the first time at the age of ten to twelve 
months, the average number of corpora lutea was 9·5 and the 
average litter size /)'7; the oorrespondiog figures for mice of 
the same age which had borne four to six litters previously 
were 11·2 and 7·1 (Nishimura and Shlkata 1960). Similar results 
have been found io pigs and rats (Hammond 1961). Average 
litter size also ioeroas"" with the age of the mother io most 
mammals, but it usually rises from a low value at puberty to a 
level plateau whioh is maintaioed as long as reproduction 
continues, rather than risiog contiouously to a peak and then 
falling as it does io man. This differenoe may be oonnected 
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with the fact that a well-defined menopause does not seem to 
occur except in man. 

The age of the father has SO far been ignored in this discussion 
although it is possible that it may have an effect on tbe twin
ning rate. Tables of twin maternities broken down simultane
onsly by age of mother and father are available for the U.S.A., 
Egypt, and New Zealand. Mter standardisation for maternal 
maternal age there is a small but definite increase in the twin
ning rate with father's age in the first two countries but not in 
New Zealand (Bulmer 1959a). Part at least of the increase 
with father's age in the first two countries is probably an 
indirect expression of the increase in the twinning rate with 
parity sinoe ",ives whose husbands are older than themselves 
will, on the average, have been married longer, and so have 
had more children, than wives of the same age whose husbands 
are younger than themselves. It is thus doubtful to what 
extent the age of the father has a direct biologioaI effect on the 
twinning rate, but it seems safe to conclude that it is small if it 
exists at all. There is certainiy no evidence that the frequency 
of dizygotie twioning decreases as the age of the father inereases, 
as would be predicted on the theory that the frequency with 
which two ova are both fertilized is dependent on the quality or 
quantity of the sperm. 

Another rather curious finding is that there is a higher 
twinning rate among women who conceive in the first three 
months of marriage than among women who do not conceive 
until later (Bulmer 1959a). There are several possible 
explanationa of this fact, one of which is that it may be due to 
superfeoundation (see p. 18). Unfortunately nothing is known 
about the frequency Of double ovulation, but it seems quite 
likely that sometimes oniy one of the two ova released may be 
fertilized; if coitus occurs again fairly soon the other ovum may 
be fertilized and may thus lead to the production of dizygotic 
twins through superfecundation. If this were the case one 
would expect to find a higher frequency of dizygotic twinning 
in couples who have very frequent intercourse. The higher 
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twinning rate among women who conceive in the first few 
months of marriage might therefore result either from a high 
frequency of int~ourse at that time or from the fact that 
couples who have intercourse frequently are more likely to 
conceive quickly. Another possibly related finding is that, 
after standardization for maternal age, the t",inning rate is 
higher in uIlJll.al'ried than in married mothers in Scandinavia 
(Eriksson and Fellman 1961). 

Raclal dill'erenees 

The human species is divided by anthropologists into three 
great racial groups, the Caucasoids, the Negroids, and the 
Mongoloids, which correspond roughly with the white, black, 
and yellow races of popular nomenclature. The Canoasoid race, 
which is the most diverse of tho three and whioh is characterized 
by white or brown skin and by straight or wavy hair, comprises 
the inhabitants of Europe, of Africa north of the Sahara, of 
Southwest Asia, and of most of India, together with emigrants 
from these places to other parts of the globe, particularly 
Amerioa. The Negroid race, charaaterized by black, woolly 
hair, black skin, thick, out-turned lips, and protruding jaw, 
has its home in Africa south of the Sahara. The Mongoloid race, 
characterized by dark, straight hair, yellow skin, broad head, 
and an epicanthic eye-fold, has its home in Eastern Asia with 
off-shoots among the American Indians and the Eskimos. There 
are also a few minor groups, such as the Australian aborigines, 
but nearly all the inhabitants of the worId belong to one of the 
three major racial gronps. 

The monozygotio twinning rate is nearly constant at abont 
three and a half per thousand in all races. The dizygotic 
twinning rate, on the other haud, varies widcly; as a broad 
generalization it can be stated that the dizygotic twinning rate 
is about eight per thousand in Caucasoids, about twice as large 
in Negroes, and less than half as large in Mongoloids. There 
are also smaller variations within these racial groups. We shall 
now conaider the available data in detail. 
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Reliable and extel1llive population statistics are available on 
the twinning rate in many European countries, Some reoent 
figures are shown in Table 4.3. They are a;rranged in ascending 
order of the dizygotic twinning rate and they have all been 
standardized for maternal age. It will be seen that the mono
zygotic twinning rate is about three and a half per thousand in 

. Table 4.3. Phe twitrming ,.,.te in Europe, standarilizR.iJ for maternal age 
(Bulmer 1960b) . 

Country Period Dizygotic Monozygotic 

Spain 1951-53 5'9 3·2 
. Portugal 1955-56 6·5 3·6 
France 1946-51 7·1 3-7 
Belgium 1950 7·3 8·6 
Austria 1952-56 7·5 3·4, 
Luxembourg 1901-53 7·9 3'0 
Switzerland 1943-48 Ii<! 3·6 
Holland 1946-55 8·1 3'7 
West Germany 1950-55 8·2 3·3 
No:t"Way 1946-54 8·3 3·8 
Sweden 1946-55 8·6 3·2 
Ita.ly 1949-55 8·6 3'7 
EngJ.a;nd and Wales 194_5 8·9 3·6 
East Germany 1950-55 9·1 3·3 

all countries, and that the dizygotic twinning rate has a tYl'ical 
value of about eight per thousand, with a centre of rather low 
values in south-west Europe. 

In view of the low dizygotic twinning rate in the Iberian 
peninsula it is of interest to examine the geographical distrihu
tion of the twinning rate in the neighhouring country of France in 
detail. Fig. 4.7 shows the distrihution of the dizygotio twinning 
rate in the ninety departments of France. It "ill be seen that 
the rate is low ill the south-west near the Iberian horder and 
gradually increases as we move towards the north-east. There 
are also two isolated areas of rather high twinning rate in the 
]\JI"ssif Central and in Brittany. The latter is partioularly 
interesting since there is good reason to suppose that the 
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Bretons are ethnically distinct from the rest of France. The 
area of high twinning rate in this part of France coincides almost 
exactly with the area of high B blood-group frequency found 
by Vallois (1949). In particular, the only department in 

Dizygotic 
twinning rate 
per thousand 
maternities 
0<6 
~6-

7-
1lliIII8-
.9+ 

FIG. 4.7. The distribution of the dizygotic twinning ra.te in Fr""",. 
(Bulmer, 1960b). 

Brittany in which the dizygotio twinning rate is less than 
eight per thousand is Loire-Inferleure. Vallois found that thill 
was the Breton department with the lowest frequency of the B 
blood group, which he attrihuted to the fact that the Loire is 
the natural route for immigration into Brittany so that the 
population of thill department is most likely to be of mixed 
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ancestry; it also contains Nantes, the largest city in Brittany 
and the most likely to attraQt immigl'ants from elsewhere in 
France. There is thus good evidence that the high dizygotic 
twinning rate in Brittany is a reflection of an ethnic difference. 
But compared with the rest of Europe the twinning rate in 
Brittany is normal and the rate elsewhere in France is low. It 

Table 4.4. The twinning rate in India and Pakistan, based "'" hospital 
figures 

Number of 
City Monozygotic Dizygotic twins 

Ahmedabad 5·3 7·6 225 
BangaJore 2·9 7-8 493 
Baroda. 2·5 6·2 118 
Bombay 4·3 6·8 1643 
Bombayt 0-0 7·2 490 
Oalcutta 3·8 8·1 876 
Oalcuttat 2·8 11·0 268 
Dihrugarh 3·5 7-{} 105 
IIyberabad 5·0 7·9 258 
Lahore 7·8 15·5 108 
Lucknow 5·2 8·0 109 
Kagpur 0·4 11-1 164 
Patua 6·2 11·2 115 
Trivandrum 7·9 g·O 278 
Visakhapatn<1111 4·7 8·5 801 

Total 4·3 HI 5611 

t Stevemron. Johnston, Stewart. and Golding (1966). 

therefore seems reasonable to conclude that the low twinning 
rate in Spain, Portugal and south-west France reflects an ethnic 
distinction of the popnlati011 of that area. It is possible that this 
fact has an explanation in terms of the migrations of peoples 
in prehistory, but at the moment this remains a matter of 
specnlation. 

The Indians form the second great sub-group ofthe Caucasoid 
race. Unfortunately no Indian population birth statistics are 
available, but Table 4.4 shows twinniog rates based on hospital 
records throughout India and Pakistan. All the figures were 
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sent to me through the kindness of the medioa.! staff of the 
hoapitals concerned, to whom I here record my gratitude, with 
the exception of the additional sets of figures for Bombay and 
Calcutta, which are quoted from Stevenson, Johnston, Stewart, 
and G<Jlding (1966). In interpreting these figures it must be 
remembered first that many of them are based on rather small 
numbers, secondly that they have not been standardized for 
maternal age, and thirdly that they are liable to inflationary 
bias since they are based on hospital deliveries. The degree of 
bias may well vary from one hospital to another depending on 
their criteria of admission of pregnant women; it seems likely, 
for example, that the bias is exceptionally large in Lahore 
since both the monozygotic and the dizygotic rates are nearly 
twice the average. In the light of these oonsiderations the 
twinniog rates seem to be fairly homogeneous throughout the 
area. The overall monozygotic and dizygotic rates are 4·3 and 
and 7·8 per thousand respectively. The monozygotic rate is not 
much higher than normal and it therefore seems likely that the 
bias in these figures is, on the average, small It can be con
cluded that the dizygotic twinniograte for Indians lies at the 
lower end of the European range. 

We turn next to the negro race. It has been known for some 
time that the twinniog rate is higher in American negroes than 
in white Americans. This is shown graphically in Fig. 4.8, from 
which it will be seen that the dizygotic twinning rate is about 
one and a half thnes as large in negroes as in whites at all 
maternal ages; there is no consistent difference in the mono
zygotic rates. There is oonsiderable mixture of white blood in 
American negroes and one might therefore expect that the 
dizygotio twinning rate would be even higher in pure-blooded 
African negroes. 

A number of African hospital twinning rates have been 
published and are summari7.ed in Table 4.5. The same reser
vations must be made in interpreting these figures as for the 
Indian figures; in particnlar the sample size is in many cases 
very small. It is clear, however, that the dizygotic twinniog rat" 

7 
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FLa. 4.8. The twinning rate among American whites a;nd negroes~ by 
lXUItemal ago (Bulmer, 1958a). 
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is high. Furthermore, the dizygotic twinning rate among the 
Bantu-speaking pooples of Central and Southern Africa seeIllil 
to be fairly constant at a value of about twenty per thousand. 

Table 4.5. The twinwing rate in ilfri.ca, based on hospital figures 

Monozy- Dizy- No. of 
A:rea Tribe gobie gotic twins Reference 

BA..'{TU 
Transvaal Swazi 4, 24 28 Jeffreys 1953 
Natal Zulu 7 21 116 Jeffreys 1953 
Zululand Zulu 1 21 92 Bulmer 196Gb 
N. Trausvaa.!. Sbangaan 9 32 41 Jeffi:eys 1953 
~. Trausvaa.!. Xosa. 0 27 29 Jeffreys 1953 
Bechuanaland Tswana 8 10 8'7 ;re1mlys 1953 
Johannesburg 4 16 710 J e1mlys 1953 
;roll.anrH;sburg 5 22 290 Bulmer 196Gb 
Durban. 2 21 66 J efireys 195.Q 
Pretoria. 3 17 197 Stevenson et al. 

1966 
Cape Town 'Capo 8 5 40 Stevenson. et' al. 

coloured! 1966 
S. ROOd"",,, Mashona .2 27 100 Ros.1952 
Leopoldville 3 19 SOO Bulmer 196Gb 
Eliaabethville 4 13 270 Bulmer 1900b 
Tanganyika Hangaza 4 20 39 Roberts 1964 

WEST AFRICA NORTH OF THE BANTU UNE 
Br. Camarens Banso 3 13 72 Jefireys 1958 
E. Nigeria. lbo 10 23 109 Cox 1963 
S. Nig.ril; Ibo 5 22 90 JaffreY" 1953 
Ibadan, YOl'uba. I) 40 603 Bulmer 1960b 

Nigeria. 
lleslJ.a" Yoruba 5 49 158 Knox and Morley 

W. N1geril; 1960 
Igbo-Ora, Yo:r:uba. 4 42 177 Nymnder 1969 

W. Nigeria. (All births) 
Kano~ Rausa 5 10 44 Jaffreys 1953 

N. Nigocia 
Gambia. 7 10 57 Bulmer 1960b 

The low rate among the 'Cape coloured' population of Cape 
Town is an exception which prOVel! the rule since tbese people 
are largely of Malay origin (Stevenson, Johnston, Stewart, and 
Golding 1966). North of tbe Bantu line the rates are more 
variable .. The astonishingly high rate among the Yoruba of 
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Nigeria is probably genuine, since it has been independently 
reported from two hospitals, and since the figure obtained by 
myself is based on quite a large sample of 'booked' cases only, 
61I1ergency cases having been excluded; maternity beda are 80 

short in Africa that a bed must be booked at a very early stage 

Table 4.6. The twwtning rate in Asia, 

Ethnic MQnrr Dizy- DizygQtie 
group zygotic gotw Monozygoitn Reference 

2-1 1·. 0'. :Birth .statistics, pre-wa:r Komai and FuItuakn. 
7·0 3'S 0·' Hospital NCOrds K~~~~tukuok& 
3'8 2·7 0'7 Mid wivea'l't\OOrds 

1936 
Komai and.F'll1mDb 

.. 
1936 .., 2'8 0'. Birt.h statii;.tiCSy 19513 Bulmer 1900b .-, 2-' 0-4 Illrth statistics, Ra:wAii. Morton. Chlmg" and 

post-war lfi 1967 

2-0 1-4 0·7 lm'th s~ti8tica. Fnrml)a$, Xomai and Fuluwlm pro.- ,"". ... 4-1 0-6 - Hospital recorda. Miills 1969-b 
S=~,. 4-8 2-8 0-' H'Zl rooOtda, StevenSon It al. a,.. ,-

'-7 0-3 ,.. 
Il'l!l:ltal reoo"" SteV6tl&Qlt a al. 

0-3 
0":l.Kong 1966 

6·1 2"1 BirYl I t:istles,. Hawaii, Morton at al, 1961 
llOOt·wa.f 

" 

0-7 '-8 0-8 lIoa»ital records Komai and Fulruoka 
1936 

H 7-9 ,-. lIospital :ooootds Kang and Coo 19U2 

3-' .-, 1-4 IntervIewofmothers Kang and Cho 1962 

N '-2 0-7 HO!!]}ltat reeorda, l1:ataya Stevenson et ttl. 
N 2-7 0-4 Rospltal recl1tds, Manila, 

1986 
SWVeJ1$(}ll. Ole al. 

a-o 1966 
2.2 0-7 Birth $tatistiC3, Hawa.ii, M:orton. et al. 1967 

'-7 H 
J)()3t-war 

3-9 Birth stathtres. Hawaii, l1:orton et al, 1967 
post-war 

of pregnancy before tv.1nning can be diagnoKCd. Furthermore, 
the data of Nylander (1969) are based on all births. 

We must finally consider the Mongoloid peoples of Asia. 
The available data ":'0 set out in Table 4.6. They are mostly 
based on reasonably large numbers, but as we saw in- discussing 
the Japanese figures earlier they are subject to considera,ble 
bias, the rat"s based on hospital figures tending to be too high 
and those based on birth registration, partieularly before the 
war, tending to be too low. When allowance has been made for 
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this bias it seems likely that the monozygotic rate is about 
four per thousand in ail cases, but that the dizygotio rate is very 
low, probably about two and a half per thousand in many 
Asiatic peoples, although it may be rather higher in some. The 
data are not reliable enough to justify furiher analysis of 
possible differences between different ethnic groups withln the 
Mongoloid race. 

rn summary, then, the monozygotic twinning rate is constant 
but the dizygotic twinuing rate shows large racial variations. 
The three maiu racial groups of ma.nkind bave their oharae
teristic dizygotic twinuing rates, low in the Mongoloid, high in 
the Negroid, and intermediate in the Caucasoid. There are alBa 
smaller variations within these races, some of which at least 
seem to be of racial origin. It will be shown in Ohapter 6 that 
the dizygotic but not the monozygotic twinning rate i. 
genetically determined, and it therefore seems likely that these 
racial differences are of genetiC origin. Little is known of the 
evolutionary factors whioh through natural selectiou have led 
to these differences, but we_.haJ.l return te this subject in 
Chapter 8. It is, however, interesting to observe that there is a 
general rule among mammals that withln a species, the. raee 
(or breed) which is larger in bodily size will have the larger 
litter size. This rule is obeyed in m&n since negroes are in 
general tall aud lYlongoloids short with CaucaBoids in between. 

Nutrition 

Undernutrition caUSeS a decrease in the litter size in many 
mammals. It is well known that sheep fed on a low-plane diet 
have fewer twins than sheep fed on a high·plane diet (Hammond 
1961), and the practice of flushing sheep, that is te say feeding 
them up before mating in order to increase the number of 
lambs, is widespread. In. wild animals the litter size is larger in 
years when food is plentiful than when it is scarce; this has 
been found in arctic foxes, lions, elks, deer, and prairie deermice 
(Lack 1954). 

There is little information about the effect of undernutrition 
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on the twinning rate in man since reliable vital statistics are 
UBu&IIy not available during periods of starvation, but data 
have been published on the twinning rate in several oountries 
during the Second World War (Buhner 1958b). The mOno
zygotic and dizygotic twinning rates before, during, and after 
the war in France, Holland, Norway, and Sweden are given in 
Table 4.7 together with the total twinning rate in Denmark 

Trible 4.7. The twinning rate during the SeCO'Jl(1 Warld War~ stan~ 
dardized for matmu:d age (Bulmer 1958b) 

Country l'eriod Monozygotic Dizygotic 

1984-40 8·5 7·1 
France 19U-45 3·7 6·4 

1946-50 3·7 7·1 

1936-40 3'6 7'9 
lIollMd 1941-45 3·9 6·8 

1946-50 3'7 7·7 

1936-40 8·8 8·8 
Norv;ray 1941-45 3'9 7·1 

1946-50 4·0 8,2 

1936-40 3'4 9·6 
Sweden 1941-45 3'"7 8·7 

1940-50 3·2 8·7 

1936-40 14:-8 
Denmark 1941-45 14-7 

1946-50 14·1 

where no sex breakdown is available; the rates have been 
standardized for maternal age, There is little or no change in 
the monozygotic rate in any conutry, but there is a definite 
f&II in the dizygotic rate during the war compared with both 
the pre-war and the post-war periods in Franoe, Holland, and 
Norway which suffered considerable undernourishment under 
German occupation. In neutral Sweden there was a fall in the 
dizygotio rate during the war but it was not followed by a rise 
afterwards and is probably attributable to some other cause. 

The Freque'IWJJ of Twin8 93 

In Demnark, which was leniently treated by the Germans 
during its occupation and suffered little undernutrition, there 
is no evidence of a f&II in the twinning rate. It is also of interest 
that the fall in the twinning rate in Ji'mnee does not seem to 
have affected Brittsny and Normandy, which are believed to 
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FIG. 4.9. The twinnlng rate in HollMd during the Second World War, 
.tMdardized for maternal age, (Bultner 19591>.) 

have suffered little during the war because they are woo 
highly agricultural areas (Buhner 1959b), 

There is thus considerable evidence that the dizygotic 
twinningratefellduringtheSeeond World War in those countries 
whioh suffered from undernutrition. This conelusion is strength
ened by oonsideration of the yearly twinning rates in Holland 
shown in Fig. 4.9. The dizygotio twinning rate was depressed 
from about eight to about seven per thousand during the whole 
war, but there was also a sharp f&II to below six per thousand 
in 1945 whioh corresponds to conceptions during the 'famine 
winter' of 1944-45 when there was severe starvation in western 
Holland due to severance of communications after the Allied 
invasion. 
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It has alBo been claimed by Hytten and Leitch (1964) that 
there was a fall in the dizygotic twinning rate in Hiroshima 
and Nagasaki in the period after the dropping of the atomic 
bomb. However, the evidence is rather inconclusive since 
reference to the paper by :Mort{)U (1955) from which the figures 
were taken shows that stillbirths and neonatal deaths have been 
excluded; this fact almost certainly explains at least part of the 
reduction in the twinning rate. 

There is thus considerable evidence that undernutrition 
causes a decrease in the litter size in mammals and a decrease 
in the dizygotic twinning rate in man. This decrease is probably 
a eonaequence of diminished secretion of gonadotrophin by the 
pituitary, which is known t{) follow prolonged underfeeding in 
experimental auimals (Burrows 1949, Keys, Brozek, Henschel, 
:Mickelsen, and T~ylor 1950). It is pOSSible, however, that part 
of the decrease in litter size in mmnmalB is due to increased 
foetal mortality, but this explanation cannot apply to man 
since there is no decrease in the monozygotio twinning rate. 
Another possible explanation which cannot be ruled out is a 
decrease in male fertility. 

5 Higher Multiple Births 

TllJilRE is no theoretioal limit to the number of children that 
may be born at one time, but reliable report!! of births higher 
than five are extremely rare, if pregnancies following gonado
trophin treatment for infertility are excluded. Even quintuplets 
are very rare, although they undoubtedly occur from time to 
time; the most famous example are the Dioune quintuplets, 
who were probably monozygotio (1IacArthur 1938). In this 
chapter, however, we shall oonfine our attention to triplets and 
quadruplets about whom there is enough information to justifY 
a statistical study of their frequency of occurrence. 

In 1i!95 Hellin formulated the law that if the frequency of 
twins is 1 in 89, then the frequenoy of triplets will be about 
1 in 89", the froquency of quadroplets I in 893, and so on. This 
empirical law had in fact been established for triplets and 
quadruplets by several students of national birth statistics 
before HeIlin, and received ample confirmation later (Jenkins 
1937, Gedda 1951). However, Hellin's law takes no account of 
the different types of triplets and quadroplets which may 
occur or of variation with maternal age. Several attempts have 
been made to remedy these defects (Jenkins 1927, Jenkins and 
Gwin 1940, Allen and Firschein 1957, Bubner 1958a, Allen 
1960a). The most satisfactory method seems to be that of 
Allen (1960a) which represents an extension of Weinberg'S 
differential method supplemented by some plausible assump
tions. We shall now apply this method to try to determine the 
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frequencies of the different possible types of triplets and 
quadruplets, and we shall then discuss what model can be 
constructed to explain the results. 

The frequency of triplets 

There are three types of triplets, monozygotic triplets derived 
from a single ovum which divides twice, dizygotic triplets 
derived from the release of two ova, one of which then divides, 
and trizygotic triplets derived from the release of three ova. 
All the monozygotio triplets must be of the same sex, half the 
dizygotic triplet .. will be of the same sex and half of unlike sex 
(either two boys and one girl or one boy and two girls), while 
on~ quartor of the trizygotic triplets will be of the same sex 
and three quarters of unlike sex. This is shown diagrammatically 
in Table 5.1. 

TalJIe 5.1. The iJvree type8 of triplets 

Type Monozygotio Dlzygotio 'l:'J.oizygotic 

Origin 0 0 0 0 0 0 
/"'-. /"'-. 

0 0 0 0 
/"-

0 0 

Like..gexed 1 1 i 
U n1iked.."",."d 0 i £ 

Unfortunately there are three types of triplets and only two 
sex types, so that Weinberg's method of estirru:bting monozygotic 
and dizygotic twins cannot be extended to triplets unless some 
further assumption is made. It seeIllJ3 reasonable to suppose, 
however, that if m and it are the monozygotic and dizygotio 
twicning rates, then the frequency of dizygotic triplets will be 
2mtl; for the probability that two ova will be released is it and 
the probability that one or other of them will divide to produce 
dizygotic triplets is 2m. If the total number of births is N, 
then the number of dizygotic triplets will be 2Nmd_ When 
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age-spe0i6.o twinning rates are available it is best to estirru:bte 
the numbers of dizygotic triplets separately for each maternal 
age group and then to add them up in order to allow for the 
variation of the twinning rate with maternal age, but the effect 
of ignoring this refinement is probably small. 

Having estimated the number of dizygotic triplets as 1'., 
say, we now argue that half of them will be like-sexed and half 
unlike-sexed. Hence, if U is the number of unlike-sexed triplet", 
then (U -iT,) will be the number of unlike-sexed triplets 
who are not dizygotic; but this is three quarters of the trizygotic 
triplets, so that the total number of trizygotic triplets can be 
estimated as 

T. = t (U -liT,). 
The number of monozygotio triplets can now be estimated by 
the remainder, that is to say by 

T, = L+U-1'.-1'. = L-iU -?fT. 

where L is the number of like-sexed triplets. The sampliog 
variances of these estimates can be found approximately by 
assuming that L and U are independent Poisson vartstes and 
that T. is known exactly (cf. p. 72). 

This methOd of estimation was suggested by Allen in 1960. 
Its validity depends on the correctness of the arummption that 
the frequency of disygotic triplets is 2md. This assumption 
would be very plausible if we eould measure the frequencies of 
twins and triplets shortly aftsr conception before any of them 
had died, but uofortunatcly we oan only measure their frequen
cies at birth, and there is no way of telling how many twins were 
once triplets or how many singletens were once twins or even 
triplets. If there is appreciable pre-natal mortality the assump
tion on which the method rests may thus be invalid. However, 
the internal consistency of the results obtaiced by this method 
lead me to believe that it is essentially correct. 

Data On the numbers of triplets by sex-type have been 
published by four countries, England and Wales, U.S.A., Italy, 
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and Japan; the data are shown in Table 6.2 together with 
e!;timates of the frequenoies of the three types of triplets 
obtained by the above method. It is particularly interesting to 
compare the Japanese figures with the others in view of the low 
frequency of dizygotic twins in that country. The frequency 
of monozygotic triplets is fairly constant at about twenty per 
million in all four countries; this would be expeeted. since the 

Table 5.2. The numbers oj triplets in different countries and' the 
e.'ltimated frequencies oj the !hree types oj triplet 

England 
and Wales U.S.A. Italy Japan 

1938..;32 1922-51 1933-54 1956 

Like ... ".d triplets 931 4090 1494 73 
Unlike-se"ed triplets 999 3741 1596 28 
Dnygotic triplets 1092 4138 1556 34 

(estimated) 
TotaJ ma.ternities 17·70 71·05 20·82 1·82 

(millions) 
Monozygotic triplet 13 21 21 28 

frequency (por million) 
Dizygotic triplet 62 58 75 19 

freqWl""Y (per million) 
Trizygotic triplet 34 31 52 8 

frequency (per million) 

monozygotic twinning rate shows little racial variation. The 
frequency of dizygotic triplets is again fairly constant at about 
sixty per million in the three Caucasian countries, but falls 
sharply to about twenty per million in Japan; this is a direct 
consequence of the low dizygotic twinning rate there, since the 
frequency of dizygotic triplets has been calculated from the 
frequencies of monozygotic and dizygotic twins. The most 
interesting result is the frequency of trizygotic triplets, which 
is fairly oonstant at about forty per million in the three 
Caucasian countries, but drops to ten per million in Japan ; 
this result would also be expected in view of the low dizygotic 
twinning rate there. The rather high frequencies of dizygotic 
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and trizygotio triplet,; in Italy compared with England and 
WaJ.es and U.S.A. is probably a result of the higher average 
maternal age, since the /igores are not oorrected for this faetcr. 
The rather low frequency of monozygotic triplets in England 
and Wales is unexplained, but may be a sampling error. 

Hcllin's law suggests that the frequencies of monozygotio 

Table 5.3. Estimatea Jrequencies oj monozygotie and trizygotic triplets 
by maternal age and their relationship to the squares oj !he frequenoies 
of monozygotic, and aizygati<; twins (England anil W·,zes, 1938-82) 

Under Over 
Mother's age 25 25-30 30-85 35-'1.0 40 

MOIUlZYgotic triplet 13 12 11 19 18 
frequency (per million) 

Trizygotic triplet 12 24 58 78 41 
frequency (por million) 

Monozygotio triplet 1·1 1·0 0·8 1·3 1·3 
rreqUfmCy/m' 

'frizygotio triplet 0·46 0'32 0'44 0·43 0·51 
fr<Jquenc-y/d? 

and trizygotic triplets might respectively be proportional to 
the squares of the frequencies of monozygotic and dizygotic 
twins. It is therefore interesting to coooider how the frequencies 
of these two type!; of triplets vary with maternal age. Data on 
the numbers of triplets broken down simultaneously by sex 
and maternal age are available for England and Wales and 
have been used to calculate the frequencies of ll1onozygotic and 
trizygotic triplets by maternal age; the results are shown in 
Table 5.a. The frequency of monozygotic triplets does not vary 
appreciably with maternal age, as might be expected since there 
is only a slight rise in the monozygotic twinning rate with age. 
On the other hand, the frequenoy of trizygotio triplets varies 
greatly with age and resembles the dizygotic twinning rate in 
its behaviour, rising to a maximum at age thirty-five t{) forty 
and then decreasing. Futhermore, the ratio of the monozygotic 
triplet frequency to the square of the monozygotic twinning 
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rate' is nearly equal to I at all ages, while the corresponrung 
ratio of the trizygotic triplet frequency to the square of the 
dizygotic t winning rate is also constant and is about 0·4 at all 
ages. 

It can therefore be conoluded that 

monozygotic triplet frequency = !e,m" 

trizygotic triplet frequency = Tesd" 

The possible reasons for this relationship will be considered 
later. The constants, ki and lea, can be estimated more precisely 
from the combined data for England and Wales, U.S.A., and 
Italy by the formulae 

le = Total monozygotic triplets 
1 2:tNm2 

Total trizygotic triplets 
lc" = i:.N d" 

where 11< and d are the age-specific monozygotic and dizygotic 
twinning rat"s in each conntry, N is the number of maternities 
in the same age group and country, and the summation sign 
indicates summation ovex age and country. 'rhe oombined 
estimates obtained in this way, with their standard errors, are 

!eI = 1·36+0·04 

"'3 = 0·47 : 0·01 

A hreakdown of the frequenoy of triplets by maternal age 
but not by sex is also avallablo for U.S.A. and France. Table 
5.4 shows the frequency of triplets by matsrnal age in these 
two countries as observed and as predicted by the formula 

Frequency of triplets = 1'36m2 +2md+O'47d2 

It will be seen that the agreement between the observed and 
tbe predicted frequenoies is very good for France and moder
ately good for U.S.A. This provides further oonfirmation of the 
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model that the frequencies of monozygotic, dizygotic, and 
trizygotic triplets are I·36m2, 2md, and O·47d' respeotively. 

We shall now consider briefly the foetal membranes of 
triplets about which a limited amount of information is avail
able. It will be remembered from Chapter 2 that dizygotic 

Table 5.4. The Jreqwmcy of triplets :per miUion maternims by maternal 
age 

Under 0_ 
Mother's age 20 20-25 25-30 30-35 35-40 40 

U.S.A., 192:Hl6 
and 1949-54 

Observed 37 61 103 157 222 147 
Predicted 34 65 105 166 234 164 

~'rance, 1920-49 
Observed 49 87 135 IS2 125 
Predicted 51 81 137 178 136 

twins are all dichorial, and that one-third of monozygotio twins 
are dichorial and two-thirds monochorial. We should therefore 
expect that all trizygotie triplets will be triohorial, and thet 
one-third of dizygotic triplets will be trichorial. and two-thirds 
diohorial. If we assume that the times of division of the embryo 
to form monozygotio triplets are independent (although this 
may not be true in practice), we should expect one-ninth of 
monozygotic triplets to be triehorial, four-ninths diohorial, and 
four-ninths monachorial. We shall also assume that mono-, di-, 
and trizygotic triplets ooour in the approximate ratios of 
I:2:3in whit" populations (see Table 5.2, p. 98) from which it 
foliows that among like-sexed triplets the three types should be 
in the ratios of 2: 3: 1, and that half the unlike-sexed triplets 
should be dizygotic and half trizygotic. We oan now calculate 
the expected frequencies of chorial typesin like-sexed and unlike
sexed triplets 1lllder the aboveassumptiolll!. In Table 5.5 the pre
dicted distribntion is compared with the observed distribution in 
thirty-eight reported cases (Saniter 1901, Williams 1926, Steiner 
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1935, Potter and Fuller 1949). It will be seen that the agree
ment is quite good (X· = 2·8 with three degrees of freedom). 

Confirmation of the above reaolts on the frequencies of the 
three types of triplets has come from an investigation of the 
blood groups of fifty-four sets of like-sexed Swedish triplets by 
Hauge, HeJ.Tlin, and Heiken (1967). It was found that seven
teen sets were probably monozygotic, twenty-eight dizygotic, 

Table 5.5. TM distribution of clwrial types in triplets 

No. of ohoria 

. (Observed 
Like-sexed Expected 

'T_m._ d(O_ed 
...,~-sexe Expected 

1 

4 
3 

o 
o 

2 

10 
10 

9 
(\ 

7 
8 

8 
11 

Total 

21 
21 

17 
17 

and nine trizygotic, which is in almost perfect agreement with 
the ratio of 2: 3: 1 predioted for like-Eexed triplets in white 
populations. 

The frequency of quadruplets 

There are four types of quadruplets derived from one, two, 
three, or four ova. Furthermore, the first two types can each 
be Bplit into two sub-types, which I call symmetrical and 
asymmetrical, according to their mode of development. Sym
metrical monozygotic quadruplets are formed from monozygotic 

. twins each of which divides again, while asymmetrical mono
zygotic quadruplets are formed from monozygotic twins one of 
which divides twice agaIn. Similarly, symmetrical dizygotic 
quadl-uplcts are formed from dizygotic twins ol.lOh of which 
divides, whereas asymmetrical dizygotic quadruplets are 
formed from dizygotic twins one of which divides twice into 
monozygotic triplets. These types are set out diagrammatically 
in Table 5.6 together with the distribution within them of the 
three possible sex types (all of the same sex, three of the same 
sex and one of different sex, or two of each sex). It should be 

o 

o 

--00 

8 
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noted that symmetrical and asymmetrical dizygotic quadruplets 
differ in the distribution of sex types within them. 

The numbers of quadruplets by sex type are available for 
England and Wales, U.S.A., France, and Italy. The combined 
data from these four countries are shown in Table 5.7 together 

Table 5.7. Numbers of quadruplets by type. See text for explanation 

Frequency per 
million 

Sex type 4:0 3:1 2:2 Total maternities 

Monozygotic 37 0 0 37 0·29 
Symmetrical dizygotic 7 0 7 14 0·11 
Asymmetrical dizygotic 20 20 0 40 0·32 
Trizygotic 13 26 13 52 0·42 
Tetrazygotic 9 31 30 70 0·56 

lJ.'otal 86 77 50 213 1·70 

with estimates of the numbers of the different types of quad
ruplets which have been obtained in the following way. The 
number of sy=etrical dizygotic quadruplets has been estu.,."ted 
on the assumption that the probability of this type is m2d, since 
they are derived from the release of two ova (probability d) 
each of which divides into monozygotic twins (probability m2 , 

on the assumption that the two divisions are independent); 
after estimating this number at each maternal age in each 
country I have divided the total number of fourteen equally 
between sex types 4: 0 and 2: 2. Similarly the number of 
asymmetrical dizygotic quadruplets has been estimated on the 
assumption that the probability of this type is 2·72m2d since 
they are derived from the release of two ova (probability d) 
one each of which divides into monozygotic triplets (probability 
2 X 1·36m2 since there are two ova which can do this); the 
total estimated number of forty has been divided equally 
between sex types 4:0 and 3:1. Finally, the number oftrizy
gotic quadruplets has been estimated on the assumption that 
the probability of this type is 1·41d2 since the probability that 
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three ova will be released is 0'47d2 and the probability that one 
of them will divide is 3m; the total number of fifty-two quad
ruplets calculated, from this formula has been divided among 
the three sex types in the ratio of 1: 2: 1. 

There now remain forty-six quadruplets of sex type 4:0, 
thirty-one of type 3: 1 and thirty of type 2: 2 to be allocated as 
monozygotic or tetrazygotic quadruplets. All the sixty-one 
quadruplets which are not like-sexed must be tetrazygotic and 
should f,,,thermore form seven-eighths of these quadruplets. We 
may therefore estimate the total number of tetrazygotic 
quadruplets as seventy and the number of monozygotic quad
ruplets as thirty-seven; no distinction can be mllde between 
symmetrical and asymmetrical monozygotic quadrnplets. 't 

A check on the validity of these calculations can be obtained 
by comparing the proportions of tetrazygotic quadruplets of 
sex types 3: 1 and 2: 2; the observed proportion of 31: 30 is not 
far from the expected proportion of 4: 3. It would however be 
too much to hope that these calculations give more than a very 
,approximate idea of the frequencies of the different types of 
quadruplets. It is nevertheless worth considering how the 
frequencies of monozygotic and tetrazygotic quadruplets might 
be related to the frequencies of the corresponding types of 
twins. If it can be assumed that the frequency of monozygotic 
quadruplets is proportional to m 3 , then the constant of 
proportionality can be estimated by dividing the number of 
monozygotic quadruplets by ~ Nm3 (cf. p. 100); in this way 
the frequency of monozygotic quadruplets is found to be 
5·4m3

• Similarly, the frequency of tetrazygotic quadruplets is 
found to be about 0·72d3 on the assumption that this frequency 
is proportional to d3 • 

t Since one degree of freedom remains it might seem preferable not to use 
the calculated number of symmetrical dizygotiC quadruplets which is based 
on the slightly dubious assumption that the two divisions are independent. 
However, it is likely that the increase in the sampling error introduced by 
estimating this frequency would be greater than the possible bias introduced 
by the assumption of independence. 
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On the above model the total frequency of quadruplets at 
each maternal age should be 

5-4n,3+3·7m"d+1·4rnd2+0·72d3 

since the terms in this sum are respeotively the frequencies of 
monozygotic, dizygotic, trizygotio, and tetrazygotic quadrup
lets. Data on the frequency of quadruplets by age are available 

Table. 5.8. The frequency of q1ll1A1ruplets per million materniii .. by 
maternal age 

Under Over 
Maternal age 

Observed frequency 
Predicted frequency 

25 25-30 30--35 35 

0·6 1·3 2·3 3·7 
0·6 1·3 2·4 3·4 

for England and Wales, U.S.A., Iilld France. The combined 
data are presented in Table 5.8 and show good agreement with 
the predicted frequencies. 

The above results :are confirmed by the limited number of 

Table. 5.B. Numbers oj quadruplet8 of known zygosity 

Type Observed Predicted 

),{onozygotic 3 5 
Sy.ro.rnetrloal dizygotio 2 2 
AsymmetJ.1cal dizygotic " 5 
'lTizygotic 8 7 
Tetrazygotic 10 9 

Total 28 28 

quadruplets in the literature whose probable zygosity diagnos.iB 
is known. This subject has been reviewed independently by 
Hamilton, Brown, and Spiers (1959) and by Allen (1960b), 
who altogether consider twenty-eight case reports. The com
bined data are summarized in Table 5.9 and show good agree
ment with the numbers prediet<ld from Table 5.7. 
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A theoretical model of multiple births 

We have found that the frequencies of monozygotic triplet .. 
and quadruplets are about I'36m2 and 5·4m' respeotively, and 
that the frequeneiea of trizygotic triplets and of tetrazygotio 
quadruplets are about O·47d" and O·72d3 respectively, where 
m and d are the frequencies of monozygotic and dizygotic 
twinE. These estimates depend on the validity of the assump
tions made in calculating the frequencies of dizygotio triplets 
and of dizygotic and trizygotic quadruplets, but confidence in 
them is confirmed by their correct prediction of the variation 
of the frequencies of triplets and quadruplets with maternal 
age and by their a",o-xeement with the limited data available on 
the ohorial types of triplets and on the numbers of triplets and 
quadruplets whose zygosity is known directly. It is therefore 
interesting to compare the.se results with the simplest statistical 
model which can be constructed to account for them. 

We consider mat the process of multiple ovulation which 
leads to the production of dizygotic twins, trizygotie triplets, 
and tetrazygotic quaih-uplets. The simplest model is that the 
production of extra ova is a completely rnndom process and 
that the number of extra ova released follows a Poisson distribu
tion. It follows that the probability that r extra ova will be 
released, so that there are t 1 ova altogether, is approlti
mate1y dl/r!. (This result is derived in the Appendix to this 
chapter.) On this model the frequencies of trizygotic triplets 
and of. tetrazygotic quadruplets should be equal to ld· and 
id" respectively. 

The estimated frequencies of trizygotic and of tetrazygotic 
quadruplets are O·47d" Iilld Q·72d" respectively. It would there
fore appear at first sight that the frequency of trizygotic triplets . 
is in good agreement with the Poisson model, but that the 
frequenoy of tetrazygotio quadruplets is increased. However, 
we have so far ignored the important fact, whioh will be 
disoUJ!sOO. in the next chapter, that the probability of having 
dizygotic twins varies greatly from mother to mother. If we 
write p for the probability of dizygotic twinning in a particular 
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mother, and d = E(p) for the average value of p in the popula
tion of mothers, then it will be shown in the uext chapter that 

E(p2) = 4d" 

E(p3) 36d3 • 

Hence, if the frequencies of trizygotic triplets and tetrazy
gotic quadruplets are tp2 and tp' res:pectively for a particular 
mother, then the frequencies of these types of multiple birth 
in the population should be 

E(lr) = 2d2 

and· 

E(lp3) = 6ds 

respectively. These theoretical values are much higher than the 
estimated frequencies. It can be concluded that the release of 
extra ova is not a completely random process but that some 
process of oontrol reduoes the number of higher multiple 
ovulations below the number which might be expected from 
the number of d(luble ovulations. Little is known abont the 
physiology of the mechanism which controls the number of ova 
released and which ensures that in man ouly one ovum is 
usually released, but in view of its probable complexity it is 
perhaps not surprising that it cannot be regarded as a com
pletely random phenomenon. 

We turn now to the division of the ovum into two, three, 
or more embryos to produoe monozygotic twins, triplets, 
quadruplets, and so on. The simplest model for such a process 
is the pure birth process, which is sometimes known as the 
Yule prooess since it was firs:t used by Yule (1924) in connection 
with the number of species in a genus, and which has boon 
used subsequently as a model fur bacterial growth, and in 
oascade theory in physics. In this model it is supposed that 
each 'particle' (for example, a species, a baoterium, II physical 
particle, or in the present context an embryo) has a small, 
independent chance of splitting into two in a short time interval. 
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It is shown in the Appendix to this chapter that under these 
assumptions the frequency of monOlllygotic triplets should he 
mO, the frequency of monozygotio quadruplets m3, and so on. 

The frequency of monozygotic triplets has in fact been 
estimated as I·36m2 , which is in quite good agreement with the 
theoretical value, but the es:timated frequency of monozygotic 
quadruplets is 5'4m3, more than five times its theoretical 
frequency. One possible explanation of this increase is that the 
chance of having monozygotio twins varies from mother to 
mother in the same way as the chanoe of dizygotio twiruring 
though to a far Blllaller extent. It will be seen in the next 
chapter that there is no positive evidence of suoh variability 
in the monozygotic twinning rate, hut it would he difficult to 
detect in the presence of the very high variability of dizygotic 
twinning and the possibility must remain open. Several other 
explanations might be put forv>....ro. to account for the increase 
in the frequency of monozygotic quadruplets, but it does not 
seem profitable to disouss them in the absenoe. of :fu:rther 
eviden"!'. It is perhaps more surprising that such a simple 
model should hold approximately for monozygotic triplets 
than that it should break down for quadruplets. 



Appendix: 

The Poisson process 

The Poisson and Yule 
Processes 

Suppose that events occur at random in time at an average rate 
of A per unit time. In a short interval of time, dt, there is a 
chance Adt that an event will occur and a chance 1-Adt that 
no event will occur, if dt is small enough to make the chance that 
more than one event will Ocour negligible. If p,(el is the prob
ability that exactly r events have occurred by time t, then the 
probability that r events have occurred by time t+dt is 

since this can happen in two ways: (1) r events occur by time t, 
and no events between times I and t+dt; (2) r-1 events 
ocour by time I, and one event between t and t+dt. (To make 
this equation true for r = 0 we must put P_1(t) = 0, since ouly 
the :first possibility exists in this case.) If we rearrange this 
equation and then let dt tend to zero we obtain the differential 

.eqW1tion. 

d~t(t) = A(P,_l(t}-P,(t» 

whose solution is 
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if we start with no events at. time zero. This is the Poisson 
distribution with mean At. 

To apply this model to multiple ovulations we snppose that 
extra ova may be relea.sed during a fixed time t. Since the 
average number of extra ova produced, At, is small we may 
write approximately 

(At)' r, d' 
P =-=-=-

T f't r! 1'1 

where P, = d is the frequency of dizygotic twins. 

The Yule process 

Suppose that partioles in a population divide at random at an 
average rate of A per unit time per particle. The probability 
that a particular particle will divide into two in the short time 
interval, dt, is Adt. If there arer particles at time I, there is 
therefore a probability rAdt that oue new particle will have 
appeared by time t+dt, and a probability l-rAdt that no 
new particle will have appeared. (It is assumed that dt i. so 
small that the chance of more than one particle splitting is 
negligible.) If P,{t) is the probability that there are rparticles 
at time t, then the probability that there are r particles at 
time t+dtis 

P(t,+dt} = P,{t)(l-rAdtJ+Pr->(t}(r-I)J.dt 

since this event oan ouly happen in one of two ways: (1) there 
are r particles at time t and none of them divides in the interval 
(t, t+dt); (2) there are 1'-1 particles at time t and one of them 
divides before t+dt. If we rearrange this equation and then let 
dt tend to zero we obtain the differeutial equation 

whose solution is 

P,(t) = ,,-"(1-,,-.0),-1 

I 

I 
~. 

'''1 !'~ 
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if there is one particle at zero time. When At is small this equahlon 
becomes very nearly 

PT(t) = (At)'-l = pr'(t). 

In these equations J. is the rate of division per partiole. In 
many cases it is not unreasonable to suppose that A is constant 
and does not vary with time. In the case of the division of an 
embryo, however, this is not true since the embryo is more 
likely to divide at some periods of its life history than at others; 
we must therefore allow A to be a function of time, J.(l). It can 
eas:i1y be verified that the solution remains the same except 
that f:;'(t)<tt must be substituted for At. If t is greater than about 
fourteen days when division of the embryo ceases (i.e. when 
A(t) becomes zero), P.(l) is the frequency of monozygotio twins, 
m. On this model, therefore, the frequency of monozygotic 
triplets should be m2 , the frequency of monozygotic quadruplets 
m3 , and so 00. 

6 The Inheritance of Twinning 

THE variability of the dizygotio twinning rate in different races 
and the constancy of the monozygotic twinning rate suggest 
that dizygotic, but not monozygotic, twinning is under 
hereditary control. It is generally believed today that this is so 
and that the mode of inheritance is oonfined to the mother. 
It was suggested by several earlier investigators that the father 
might also play a role in the inheritance of twinning, bnt it 
now seems likely that these resulm were dne to bias in the 
collection of the data; a few report,;; that monozygotic twinning 
might also be inherited can probably be attributed to the same 
cause. Before we tu:rn to the direct evidence about the inherit· 
ance of twinning, however, we shall first consider the repeat 
frequency of twinning in the same mother which provides 
valuable information about the amount of variability of twin 
proneness in the population, although by itself it can provide 
no information about whether this variability is heredit-ary or 
environmental. 

The repeat frequency of' twinning 

The repeat frequency of twimling is the frequency of twinning 
anlong women who have already had one set of twins. If all 
women have the same chance of producing tV;1.nS then the 
repeat frequency will be the same as the twinning rate in the 
general population; if, on the other hand, some women are 
more likely to have twins than others, whether for genetic or 
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non-genetic reasons, then women who have produced one set of 
twins will be women who are more prone to produce twins and 
so the repeat frequency will be higher than the general twinning 
rate. The repeat frequency can thUll be UlIed to estimate the 
variability oftwin proneness in the population, regardless Dfthe 
caUBe of this variability. 

The first, and the most extensive, data on this subject were 
obtained by Weinberg from family registers in Stuttgart at the 
beginning of this century. Weinberg extracted from these 
registers the reproductive histories of 1 586 women who had 
borne at least one pair of twins and who had been marriod at 
least twenty years. Several other investigations of the repeat 
frequency have been made, but the only one which reports the 
sex combinations of the twins in full was made by myself in 
1958; the data were obtained from the records ofthe Manchester 
lltIaternity and Child Welfare Department. The analysis of the 
combined data of Weinberg and myself is presented in Table 6.1. 

Tab!. 0.1. The repeatfrequerwy of twinning: combined data of Weinberg 
(1909) and Bulmer (19580). See teat Jor wplarwtion. 

ProposiLUI.! 

UnIikn-sex(ld twins 
Llkews¢xoo twins 

Sibling maternities Twinning rate per thouaand 
Unlike-sexed Like·se~ 

twins twins Total .Mouo'Z:yIJ<:ltie Dizygotic 

58 
74 

74 
118 

3597 
8260 

To perform this analysis each set of twins was taken in turn 
as a propositus, and the numbers of like-sexed and unlike-sexed 
twins among their siblings were eountod together with the total 
number of sibling maternities. These figures were then addod 
up, the data for like-sexed and for unlike-sexod twin propositi 
being kept separate .. The results are shown in the first three 
columns of Table 6.1. For example, a mother who has had two 
singletons and one set of like-sexed twins would contribute 2 
t{) the figure 8 260; similarly, a mother with two singletons and 
two sets of like-sexed twins would contribute 6 to the figure 
8 260 and 2 to the fi,,"1lre 116, since oooh of the twin maternities 

The I...:Mritance of Twinning 115 

is taken in turn as a propositus; aud a mother with two single
tons, one pair of like-sexed twins, and one pair of unlike-sexod 
twins would contribute :I to the figure :I 897, 3 t{) the figure 
8260, and 1 to each of the figures 74. This is essentiaJ1y 
Weinberg's sib method of estimation familiar to human 
geneticists. 

The monozygotic and dizygotic twinning rates among the 
siblings of like-sexed aud unlike-sexod twins can now be 
calculated by Weinberg's differential method and are shown in 
the last two columns of Table 6.1. The monozygotic and dizy
gotic twinning rates in the general population may be taken as 
,Hi aud 7·7 per tholllll1nd respectively; these are weighted 
averages of the rates in Stuttgart and Manchester. There is 
little or no iucrease in the monozygotic tv>inning rate among 
the siblings of either like-sexed or unlike-sexed twins, hut there 
is a .!arge increase in the dizygotic twinning rate in both groups. 
Furthermore, the increase in the dizygotic twinning rato among 
the siblings of unlike-sexod twins (29'8-7·7=22'1) is about 
twice as large as the increase among the siblings of like-sexed 
twins (17·9-7·7 = 10·2); the obvious explanation is that there 
is no increase among the siblings of monozygotio twins who 
form half the like-sexed twins. It can therefore be concludod 
that the increased twinning rate is coniinod to an increase in 
the dizygotic twinning rate among the siblings of dlzygotic 
,twins; the dizygotic twinning rate in this group is about thirty 
per thousand which is very nearly four times the dizygotic 
twinning rate in the general population. 

These facts have been confirmed in other studies, notably 
that of Greulich (1934). Greulioh investigated the families of 
495 pairs of American twins whose zygosity had in most cases 
been determined on, the basis of'similarities or differences in 
physical characters. Among the siblings of the 273 cases known 
to be dizygotic there were altogether 299 maternities of whom 
26 were twins, giving a total twinning rate of thirty-three per 
thousand, which is very closo to the total twinning rate of 
thirty-four per thousand among the siblings of unlike-sexod 
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twins in Table 6.1. Among the siblings of the 93 oases known 
to be monozygotio, on the other hand, there were only 3 pairs 
of twins in 243 maternities, whioh represents a rate of 
twelve per thousa.nd, the same as the rate in the general 
population. 

It must be mentioned that considerably higher repeat 
frequencies have been found in two investigations. Dahlberg 
(1952), using Swedish dB.ta, found total twinniog rates of 
forty-five per thousand among siblings of unlike-sexed t",ins a.nd 
thirty-one per thousa.nd among siblings of like-sexed twins. 
Similarly, Wysha];; and White (1965), using the records of the 
Mormon Ohurch, have found repeat frequencies of forty-four 
and twenty-eight per thousand among siblings of unlike-sexed 
and like-sexed twins respectively. These rates are eonsiderably 
higher than the corresponding total twinning rates of thirty
four and twenty-three per thousand in Table 6.1. It seems likely 
that this discrepancy is due to the effect of matBrnal age. None 
of the twinning rates in this chapter has been standardized for 
maternal age since the neeesaary information is not available 
except for my own inV'estigation in ManehestBr. However, it is 
likely that the distribution of maternal ages among siblings of 
twins is similar to the distribution among all maternities 
provided that maternities oceurring both before and after each 
index case are counted; this methed was adopted in the 
a.nalysis of the data of Weinberg (1909), Bulmer (1958c), and 
Greulich (1934). However, both Dahlberg (1952) and Wyshak 
and White (1965) eonsidered only maternities subsequent to 
the index twin· maternity and calculated the twinning rate 
among these subsequent maternities. The average age of these 
maternities will clearly be higher than that of maternities 
preceding the index case and will therefore be higher than the 
average maternal age in the general population; henoe the 
dizygotic twinning rate, which increases rapidly with age, will 
be spuriouely high. It seems likely that this is the explanation 
of these apparently anomalous results. 

There is thus strong evidence that there is a considerable 
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increase in the repeat frequency and that this inerease is con
fined to its dizygotic component. It Ban be concluded that the 
propBnsity to monozygotic twinniog is the same in all women 
but that the propensity to have disygotic twins varies from 
woman to woma.n. The fact that a WOman is known to have 
had dizygotic twins increases her chanee.s of having dizygotio 
twins in other pregnancies about fourfold, but if no correction 
is made for maternal age and if only pregnancies subsequent 
t{) the index pregnancy are oonsidered this figure is spuriouely 
increased. The exact significanee of this fourfold increase will 
be considered ·at the end of this section. 

Weinberg (1909) aLso presented dB.ta on the twinning rate 
among mothers of triplets which are summarized in Table 6.2. 

Table 6.2. Th. twinning rat. a,nonrJ mothers of triplets in JV iirtUmberg 
(Weinberg 1909) 

Propositus 

Unlike-sexed triplets 
LiJre.,sexed triplets 
.All triplets 

Sibling matel'llities Twinning 
Twins Total rat. per thousa.nd 

81 
52 

133 

1355 
1278 

2638 

60 
41 

51 

It will be seen that the rate is considerably higher than among 
mothers of twins, and that, as might be expected, it is higher 
among mothers of unlike-sexed triplets than among mothers of 
like-sexed triplets. It seems reasonable to assume that the 
increase in the twinning rate is confined to the disygotio com
ponent, so that the dizygotic twinning rates among the siblings 
of unlike-sexed, like-sexed, and all triplets are about fifty-six, 
thirty·seven, and forty-seven pel' thousand re.speetively. It also 
seems reasonable to assume that the twinning rate among 
siblings of monozygotic triplets (derived from the division into 
three of a single ovum) is the same as the rate in the general 
population, while the twinning rate among siblings of dizy
gotic triplets (derived from the release of two ova, one of which 
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divides into two) is the Mme as the twinning rate among 
sihlings of dizygotic twins. It remains to estimate the twinning 
rate among sihlings of trizygotic triplets, derived from the 
simultaneous release of three ova. 

It was shown in the last chapter that mono-, di-, and trizy
gotic triplets occnr in the approximate ratios of 1: 3: 2. Further
more if the dizygotic twinning rate in the general population is 
d, then the dizygotic twinning rates among siblings of mono
zygotic, dizygotic, and trizygotic triplets will be 11, 4d, and ad 
respectively, where a is a constant to be estimated representing 
the increase in the dizygotic twinning rate among siblings of 
trizygotic triplets. Hence the dizygotic twinning rate among 
siblings of all triplet .. will be 

i-(dx H-4dx3+adx2) = t(13+2a)d. 

Putting d = 0'009, which was the dizygotic twinning rate in 
Wilrttemberg when the data were collected, and eqnating the 
expression to 0'047, the estimated dizygotic twinning rate 
among siblings of all triplets, we find that a = 9·2. It may 
therefore be concluded that the dizygotic twinning rate among 
mothers of trizygotic triplets is about nine times the rate in 
the general population, aud more than double the rate among 
mothers of dizygotic twins. 

As a check on the validity of this method we oan calculate 
the predicted frequency of twins among mothers of like-sexed 
and unlike"8exed triplets. It was shown in the last chapter that 
among like-sexed triplets the three zygotic types of triplets will 
be in the ratios 2:3:1, while the uulike-sexed triplets will be 
dizygotic and trizygotie with equal probability . .Assuming the 
dizygotic twinning rates among siblings of monozygotio, 
dizygotio, and trizygotic triplets to be nine, thirty-six, and 
eighty-one per thousand respectively, we find that the dizygotic 
twinning rates among siblings of like-sexed and unlike-sexed 
triplets should he about thirty-four and fifty-eight per thousand 
respectively. These are close to the observed rates of thirty-seven 
and fifty~six per thousand. 
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Finally, Weinberg investigated the histories of twenty-two 
mothers of quadruplets in Wfuttemberg between 1790 and 1900" 
his data are reproduced in 'Tahle 6.3. It will be seen that th; 

Pable 6.3. The t'lJ}iwning ,ate among mother8 of qua.rlruplet8 in W iirltem-
berg, 1790-1900 (Weinberg 1909) 

Sex distribution Sibling maternities Twinning 
of quadruplet. 'l'wlns Total rate per thousand 

4;0 3 70 43 
3:1 ,7 45 156 
2:2 4 54 74 

Total 14 169 88 

twinning rates among these mothers are even greater than 
among mothers of triplets. By applying the arguments used in 
the previous three paragrephs to these data we can estimate 
that the dizygotic twinning rate among sihlings of tetrazygotie 
quadruplets is about fifteen per cent, whioh is about sixteen 
times the frequency In the general population. The numbers are 
clearly too small, however, and the assumptions made too 
numerous to justify us in placing much mJianee on tins estimate. 

We must now consider how these results can he used to 
provide a numerical estimate of the variability in the propensity 
of different women to have dizygotic twins. It will be assumed 
that if one woman is twice as likely to have dizygotio twins as 
another when they are both twenty, then the same win be 
true when they are both thirty, although of course the absolute 
probabilities will be greater. Under these circumstances a 
woman's propensity to dizygotic twinning can be measured by 
her average probability of having such twins, the average being 
a weighted average Over the age diztribution of maternities in 
the population. This probahility, whioh will be denoted by 
p, is a quantity which varies from One woman to another and 
can therefore be regarded as a random variable with a prob
ability density function, !(p), and in particular with a mean and 

• 
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a variance, Unfortunately, p cannot be measured dlrootly in a 
particular woman since several thousand maternities are 
necessary to measure a twinning rate accurately and so the 
properties of this distribution mUJlt be estimated indireotly. It 
is clear that the mean of the distribution is the average dizy· 
gotic twinning rate in the whole population 

E(P) = J~J(p) dp = d. 

We shall now show how the variance of the distribution can be 
estimated from the repeat frequency of twinning among mothers 
of dizygotic twins, 

In the calculation of the dizygotic twinning rate among the 
siblings of dizygotic twins each mother was counted as often 
as she had had such twins. This method of calculation ensures 
that the chance that a mother will be counted is proportional 
to her chanoo of having dizygotic twins, and so the distribution 
of p in this selectoo. group of mothers is, by Bayes' theorem, 

pf(P) pf(P) 

f~ pf(p) dp =-;j' 

The average dizygotio twinning rate among these mothers is 
the mean value of this distribution, which is 

f, p2f(p) dp _ E(p") 
d---d-' 

We have found empirically that this frequency is about 44, 
from which we can conolude that 

E(p2)ld2 = 4, 
Now 

E(P2) V(P)-j-d2 

where V(p) is the variance of the distribution, and SO 

V(p)/d2 = 3. 

Put in another way this means that the coefficient of variation 
ofthe distribution is lOOV3 = 170 per cent, which indicates a 
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high degree ofvariability. The standard deviation is dv3 which 
is equal te 0·014 if we give d its typical European value of 0·008. 

Let UJl now consider the significance of the fact that the 
dizygotic twinning rate among mothers of trizygotic triplets is 
about nine times the rate in the general population. It was 
shown in the last chapter that there is good rea,son to suppose 
that if P: is the chance that a woman will have dizygotic twins, 
then the chanee that she will have trizygotic triplets is propor
tional to p2. If this is so th,m it can be shown, by arguments 
similar to those of the preceding paragraph, tha,t the average 
chance of having dizygotic twins among mothers of trizygotio 
triplets is 

E{p3)/E(p") E(p3)/4d2• 

Equating this probability to 9d we find tha,t 

E{p3) = Mil", 

Henoe it can be caloulated that the skewness of the distribution, 
measured as the ratio of the third moment about the mean to 
the cube of the etandard deviation, is about + 6. This high 
degree of skewness indicates that the distribution has a long 
tail to the right; in other words, there are a few mothers with 
a high chanee of having dizygotio twins. This is indeed obvious 
from the fact that the estimated frequeney of dizygotic twins 
among mothers of trizygotic triplets in Wiirttemberg is as high 
as eight per cent; this figure rises to fifteen per cent, if we oan 
believe the calculation, among mothers of tetrazygotic quad
ruplets. 

The familial incidence of twinning 

Study of the repeat frequenoy of twinning has shown that the 
propensity to have dizygotic twins varies considerably from 
one mother to another. To find out whether this variability is 
of genetic or environmental origin we must consider the 
twinning rate among relatives of parents of twins. 

The most extensive, and probably the most reliable, data 
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on the familial incidence of twinning were obtained by Weinberg 
(1901, 1909) from family registers in Stuttgart and Wiirttem
burg at the beginning of this century; they are B11ll1marized in 
Table 6.4. Weinherg concluded firstly that the inheritance of 

Table 6.4. The twinning rate among first-degree rdatives 0/ twins amI 
triplets (Weinberg 1901, 1909) 

Twinning 
Twinning 

rate in 
Twins Maternities ,ate population 

Female relatives of 537 28318 19·0 12'1 
mothers of twins a.nd 
triplets 

Female relatives of 95 8896 10·7 11'2 
fatOO, .. of twins and 
triplets 

Female relatives of 174 7892 22·0 11'9 
mothers of unlike-
sexed twins 

Female relatives of 255 15201 16·8 11'9 
mothers of like-
sexed twins 

Female relatives of 81 7809 11-1 11·9 
mothers of InOIlOZy .. 
gotie twins (eat!-
mat>Qd as difterence 
between Ifk.e..sexed 
and unlike-sexed 
twins) 

twinning is confined to the female line, since he found an increased 
twinning rate among the relatives of the mothers of twins but 
not among the relatives of the' fathers (see the first two lines of 
Table 6.4). He concluded secondly, by comparing the twinning 
rates among relatives of mothers of like-sexed and of unlike
sexed twins, that t4e inheritance of twinning is confined to its 
dizygotic component (see the last three lines of Table 6.4). 

It is not surprising to find that monozygotic twinning is not 
inherited, since we have already seen that there are no racial 
differences in the monozygotio twinning rate and that there is 

,no increase in the repeat frequency of monozygotic twinnlng. 
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It is also quite easy to understand why the inheritance of 
dizygotic twinning shouid be limited to the female line if we 
suppose that the genes responsible act by increasing the 
frequency of double ovulation, perllaps through increasing the 
level of pituitary gonadotrophin. On this hypothesis, the genes 
for dizygotic twinning are carried and transmitted by both 
men and women in the normal way, bnt can only express 
theIllilelVes in women because they IWt throngh the ovaries. 
Such genes, which are "", .. ied on the autosomal ohromosomes 
in the usual way but whose expression is confined to one sex, 
are called sex-limited. Another example of a sex-limited oharaoter 
is premature baldness, which is thought to be caused by a 
dominant gene which only expresses itself in men, perhaps 
beoause it requires an adequate level of male sex hormone 
before it can produce baldness. 

Weinberg's conclusions have been confirmed in several recent 
investigations, in particular by Wyshak and White (1965), who 
used the extensive family records of the 1110rmon Church, and 
by Waterhouse (11150), who obtained a S<1mple of twins by 
publio appeal, although there is evidenoe of bias through self
selection in the latter sample. However, it has also been 
suggested, in particuiar by Greulich (1934), who found a 
twinuiug rate of 56/2 471 = twenty-three per thousand among 
sibs of fathers of twins, that the father may also playa role in 
the inheritanoe of twinning. In order to explain this discrepant 
finding I have suggested previously (Bulmer 1960a) that it 
may be due to bias caused by under-reporting of single births 
on the father's side o(the family_ Greulich obtained his informa
tion by interviewing the parents of twins about their families, 
and it aeelllil quite likely that bias has crept in through incom
plete knowledge about the father's side of the family since men 
are less interested in family affairs than women. Greulich indeed 
remarked that 'the fathers, as a group, seemed not to know as 
muoh about the offspring of their brothers and sisters as the 
mothers knew about those of their sibs. If such is the case, it 
is posrrlble that the fathers, more often than the mothers, 
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failed to recall some non-twin-produ.cers among their sibs.' 
Greulich thought the bias unlikely to be serious but produced 
no evidence to substantiate this view. 

Direct evidence of under-reporting of single births all the 
father's side of the family is provided by my own investigation 
in whioh the mothers of twins born in Lancashire in 1956-8 
were interviewed by health visitors (Bnlmer 19600,); the results 
are su:mmarized in Table 6.6. It seems very likely that ths high 

Table 6.5. The vwinning rat. f1il1!ong siblings of parents oj twins 
(Bulmer 19608;) 

Twin- Adjusted Adjusted 
Materni- ning materni- twinning 

Relative Twins ties rate ties rate 

Brothers of fu.thers 28 1676 16·7 2058 13·6 
of twins 

Sisters of fathers 37 1941 19·1 2797 13·2 
of twins 

Brothel'S of mothers 15 1507 W'O 
oftwius 

Siste1'S of mothers 41 2053 20·0 
oftw"ins 

twinning rates among the father's brothers and sisters are due 
to under-reporting of single births. It will be observed that the 
brothers of both parents have fewer children than the sisters. 
This ean be explained hy the dilference in age at marriage of 
men and women; for example, the mother's brothers will on 
the average be the same age all her sisters but will have been 
married three years less and will therefore on average have had 
fewer ohildren. Detailed calcnlations show that this factor 
would introduce a difference in the number of children between 
brothers and sisters of the order observed. (This argument 
depends, of course, on the fact that we are considering women 
whose reproductive histories are incomplete.) On this theory, 
however, the father's brothers shonld have had the same number 
of children as the mother's sisters, sinee their average length 
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of marriage will have been the same. It is therp£ore suggested 
that the ohildren of the father's sibs have been under-reported. 
If we estimate the true number of children of the father's 
brothers and sisters ae 2 053and 2797 (= 2 053X (2053/1507» 
respectively, and if we also suppose that twin maternities, 
being more memorable, have been fully reported, the colTooted 
twinniug rates among the father's brothers and sisters shown 
in the last column of Table 6.5 are only slightly above the 
expected rate of 12·5 per thousand. 

It is therefore conoluded that a true increase in the twinning 
rate ocm:trs only among the female relatives of mothers of twins, 
as expected on the hypothesis that the inheritance of dizygotic 
twinoing is sex-limited. This conclusion is confirmed by the 
fact that in mixed marriages the dizygotic twinning rate is 
determined entirely by the race of the mother and is indepen
dent of the race of the father, as ha,s been shown by Morton, 
Ohuug and ll'Ii (1967) for marriages between Mongoloids and 
Oaucasoids in Haww. These authors gnmma:rize their con
clusions as follows: 'The frequency of monozygotio twinning is 
almost independent of race. . . . However, the frequency 
of dizygotic twins is much less for Pacifio (= lifongoloid) 
populations than for Oaucasoids and depends only on the 
race of the mother, independent of the father's race. . . . This 
supports the conclusion from family studies that evidence 
purporting to show a paternal effect on dizygotic twiuniug is 
invalid.' 

We must now cousider in more detail the dizygotfu twinniug 
rate amoug female relatives of mothers of dizygotic twins in 
order to determine more precisely the mode of inheritance. 
The available data are shown in Table 6.6. (The data of 
Waterhouse (1950) have been excluded sinoe they seem to be 
biased through sclf-£e!ection, but the data of Greulich (1934) 
and Bulmer (1960a) are included since there is no evidenoe of 
bias in their figures on the mother's side of the family.) It will 
be seen that the dizygotic twinoing rate among mothers and 
daughters of mothers of dizygotic twins is a little less than 
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twice the rate in the general population, while the rate among 
sisters is increased about two and a half fold. 

To interpret these figures genetically we must convert them 
into correlation coefficients. We shall write p for the probability 

Table 1l.1l. The tu,-inning rate among relatives of molhers of dizygotic 
twins 

DizygotiC 

1l<f&terni· Twinning 
Digygotie twinning 

Re1atiVt) Author Twins ties rate 
twinning :rate in 

rate.t po»ulation Ratio 

Mothers ofmotheriil Weinberg 
of unlike-sexed tWinS 1909 

4. 1994 21·1 17'6 H ·2·4 

in Stutrmt 
Mothers a rnothm Woinbatg 42 1864 

of unlike-scud twiM 1909 
.22-;) 10'0 1()-7 1-8 

fnWilrl_~ 
J)e.ughtern ofmot er:s Welnbe:g 31 1_ 

of tmlike-sex.ed tw1na 1909 
16'!!. 12>7 'hl 1-7 

In Stuttgart 
Daughten ofmot;Mra Wyshak and 

of llIlliko-&eXOd tWinit Whlte 
65 SS22 17·0 13-5 (S'O) (H) 

1965 

Total. Mother or Daughter 180 9600 18-8 n·s 8'8 ,.. 
Sisters of mothers Weinberg .S 1882 

of unlike-sexed twins 1909 
23·9 20-4 N 2·8 

:In Stuttgart 
Sisters of mother a Weinberg 26 732 35-5 32,0 10-7 .-0 

of unlika-sa;Kod twins 1909 
In WUrtte-mburg 

G:nmltch 24-8 21'3 {2·7) Sisters oI'mothera 23 Il27.t (8·0) 
of physically 1934 
disallnilar twins 

Sisters or mothers Bulmer 32 136G 23'4 19-9' 8'. 2'2 
ot dizygotic twinsi ,.""" 

Tota4 Sisters 119 - 4610 25-8 22-8 "5 2" 

I 
Estimatsd by aubttaeting 3-0 from figure.in previous column 
Estimated from inlie.rnal evidence 
Estimated from fIgn,oos fa; sLlt&$ ofmotOOrs of all twins byas!lUJ:tLiug that one-third of the 

lat er are monozygotio And that mono.zygotic twillnillg is not inhmted 

that a woman will have dizygotic twins and p' for the corres
ponding probability in her relative, and we shall denote the 
distribution of pin, the general population by f(P), the con
ditional distribution of p' given p by g(P'Jp) and the joint 
distribution of p and p' by "(P,p'); it follows from the definition 
of these quantities that 

l.(p,p') = f(P) X g(P'lp). 
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It was shown in the last section that the distribution of p 
among mothers of dizygotic twins, counting ea<lh mother as 
often as she has had such twins, is pf!p l/d; hence the probability 
that 811ch a mother will have twinning rate p and that her 
relative will have twinning rate p' is 

and so the Expected valne of p' among relatives of such 
mothers is 

JI j'l pp'h(p, p') ,1iJ(pp') Go!Xtriance+tl,2 
,~~ dp dp = -- = --;;--'--

o 0 d d 

We also found in the last section that the variance of the 
distribution was 3tJ2; hence, if we divide the dizygotic twinning 
rate among relatives of mothers of dizygotic twins by three 
tinles the rate in the general population and then au btract t we 
obtain the oovariance divided by the variance which is the 
correlation coefficient. We can therefore conclude that the 
mother-daughter correlation is about 0,8/3 0·3 and the sister
sister correlation about 1-6/3 = 0·5. 

We must now oonsider the significance of these l'eSlllts. It is 
shown in the Appendix to this chapter that the total variance 
of a quantitative character can be split up into a genetic and an 
environmental component 

V= VG+ VE 

where V is the total variance, V G the genetic variance, and V E 

the environmental varianoe. The genetic vari!mce can in turn 
be divided into an additive variance, V A' and a dominance 
variance, V D: 

VG= VA+VI>' 

If there is no dominance all the genetic v-ariance is additive, 
but if there is dominance in some or all of the genes oontrolling 
the character, then part of the genetic variance will be additive 
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and part dominance. The relative magnitude of the dominance 
variance depends on the gene frequenoies as well as on the 
degree of dominance. In the case of a completely recessive 
gene with a population frequency '1, the rati.o of the additive to 
the dominanee variance is 2<J!(I-q). When q iJ; small nearly 
all the genetic varianee iJ; dominance varianoe, but when '1 is 
nearly I, that is to say in the case of a dominant gene with a 
low frequency, nearly all the genetic varlanee iJ; additive. When 
q = t, two-thirds of the genetic varianoe iJ; additive and one
third dominance. 

The importance of these components of variance iJ; that they 
determine the correlations between relatives. Under random 
mating and in the absence of maternal effects it iJ; shown in 
the Appendix that the mother-daughter covariance is tVA and 
the siJ'lter-siJ'lter covarianoe tVA +! V D' The correlation co
efficients are obtained by dividing these covariances by the 
total variance, V = VA + V D + V E' If all the variance is additive 
genetic, then the oorrelation coefficients attain their mAximum 
value of }. The presenoe of environmentru variance will decrease 
both coeffioients to the same extent, as might be expected, 
while the presence of dominance variance will decrease the 
mother--daughter cOITelation mOre than the siJ'lf;er-siJ;ter oorrela
tion. In the case of a completely recessive gene with population 
frequency q and in the absence of environmental variance, the 
correlations are 

Mother-daughter correlation = q/(l +q) 

SiJ;ter-£ister correlation = [q+!(l-q)l/(l+q) 

When q iJ; small the mother-<laughter correlation becomes 
zero and the sister--sister oorrelation 1; when '1 iJ; nearly 1 both 
correlations become! sinoe all the varianoe is additive; when 
q = ! the mother-<laughter correlation is 0·33 and the sister-
siJ'lter correlation 0-42. 

We must now try to interpret the estimated correlations of 
o·g for mother-<laughter and 0·5 for sister-sister. In view of 
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the rather large sampling eITors and of the very indirect method 
of estimation, and also in view of the known difficulty of using 
human correlations to partition variation into its componeuts 
because cif the complications of assortative mating and covari
ance due to common environmeut, which will be discussed in 
the next chapter, it would not be justified to press the analysiJ; 
too closely. It iJ; sufficient to observe that the excess of the 
sister-sister correlation over the mother-daughter correlation 
probably indicates a considerable amount of dominance 
variance, and that the oorrelations are not very different from 
those expected from a completely recessive gene with a popu
lation frequency of t; this is of course the same, as far as the 
correlations between relatives are concerned, as a completely 
dominant gene with a population frequency of~. 

Let us therefore assume as a working hypothesis that 
dizygotic twinning is controlled by a pair of genes, T and t, 
and that women with either of the genotypes TT or Tt have 
dizygotic twinning rate :PI' while women with the genotype tt 
have twinning rate Po. If:P. is greater than :PI it means that a 
high dizygotic twinning rate iJ; determined by the recesaive 
gene t, whereas if PI is greater than P2 dizygotic twinning is 
determined by the dominant gene T. We shall also suppose, 
in accordance with the tentative conclusion of the previous 
paragraph, that these two genes are equally frequent, from 
which it follows from the Hardy-Weinberg law of population 
genetics that the frequencies of PI and Po under random mating 
are i and ! respectively. Now it was shown in the previous 
section, from a study of the repeat frequency of twinning, 
that E(p") = 4it2 , where d is the mean of the distribution. 
Hence 

E{P) = iPI +lPo = it 

E(p") = i~+!P~ = 4d' 

The two mathematioally possible solutions of these equations 
are :Pl = 0, Po = 4d and PI = 2it, P2 = -2it. Since the 

,I 
!: 
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twinning rate cannot be negative the only meaningful eolution is 
P1 = 0, P. = 4d. This eolution implies that dizygotic twinning 
is controlled by a oompletely recessive gene and that only 
women with the double recessive genotype tt are capable of 
producing dizygotic twins. These women comprise abont one
quarter of the population, among Cauoasoids, and have a twin
ulng rate of about thirty-two per thousand, if we give d a 
typioal Caucasoid value of about eight per thousand. 

Further evidence of the recessive nature of the inheritance 
of dizygotio twinulng is provided by the fact that women of 
mixed racial origin have a dizygotic twinning rate smnller than 
would be expected with additive gene action, that is to say, 
cloBer to the race with a low dizygotic twinulng rate than 
would be expected from the alllount of racial mixture. Thus 
Morton, Chung, and llIi (1967) found in Hawaii that 'mothers 
who are hybrids between Caucasoids and Pacific (= l;fongomid) 
races have a low dizygotic frequency emsely resembling that 
of Pacifio mothers'. The same authors discuss the evidence 
about negro-white crosses provided by comparing pure 
negroes in Afrioa with American and Brazilia,n negroes who 
ha va a considerable Caucasoid admixture; they conclude that 
'negro-Caucasoid crosses, even in populations that are pre
dOminantly negro, lie oloser to the Cauoasian mean than to the 
available samples of African negroes'. " 

Unfortunately this simple genetio model is unable to explain 
the facta about the frequency of twinning among mothers of 
triplets and quadruplets which were discussed in the previous 
section. We estimated there that the dizygotic twinning rate 
among mothers of trizygotic triplets is about nine times the 
rate in the general population, and more than double the rate 
among mothers of ,dizygotic twins; if, however, there were 
ouly one type of mother capable of producing dizygotic twins, 
as the model suggests, then the dizygotic twinning rate among 
mothers of trizygotic triplets should be the same as the repeat 
frequency among mothers of dizygotic twins, since in both 
cases the mothers are known to be of genotype te. Putting this 
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in another way, we have estimated the skewness o£the distribu
tion of P to be about +5, which indicates that the distribution 
has a long tali to the right and that there is a small proportion 
of mothers with a very high chance of having dizygotic twins, 
whereas on the model described above the skewness is only 
+1·2. To account for these faots we must therefore postulate 
the existence of a rather rare third type of mother with a 
considerably higher propensity to dizygotic twinning, of the 
order of ten pc" cent or more, caused either by genetio or by 
environmental factors. At this point the limits of profitable 
speoulation have probably been reached. 

"" 
11 
Ii 
'1 



Appendix: Quantitative Genetics 

Partitioning the variance 

If y is the phenotypio value, that is to say the observed value, 
of some quantitative character, then we may write 

(6.1) 

where p. is the mean value in the population., II is the deviation 
from the mean oaused by genetio factors, and e is the deviation 
caused by environmental factors. If the genetic and environ
mental deviations are unoorrelated with each other, as they 
must be if these quantities are suitably defined (Falconer 1960, 
pp. 132--3), it follows that. the total variance can be split into 
two additive components, 

(6.2) 

where 

v v (y) total variance 

V G V (II) = genetic variance (6.3) 

VB V(e) environmental variance. 

We shall now show how the genetic variance in a randomly 
mating population can be split into two additive components, 
the additive variance (VA) and the dominance variance (V n): 

(6.4) 
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Consider first a single loous with an arbitrary number of alleles 
in which the frequency of the it!> allele is p" and let us write g'j 
for the genetic deviation of an individual who has received the 
i'h allele from Ills father and the jt!> allele from his mother. 
Clearly g" = gjl> and furthermore in a population mating at 
random the probability of flu is ptpJ. 

We shall now define 

«, = 2,{/itpj 
; 

d li = g 11-«' -«J (6.5) 

"" is the average effect of the ith gene, averaged over all genotypes 
in which it occurs, and d li is the dominance deviation, that is to 

. say, the difference between the actnal value of g,j and the value 
which would have held if the two genes were additive in their 
effoots. "'" "'1> and ali are random variables which have zero 
Expeoted values since 

E(",,} = 2,"'<1', = 2Jh{[1tp; = E(g,,) = 0 
i i,j 

(6.6) 

<x, and "'I are clearly independent since they are contributed by 
different parents. d'j is not independent of "'I> but they are 
uncorrelated since 

CoV("1> ali) = 2,,,,,d,,ptpj = 2,octp<2,d"PI (6.7) 
i, j j 

whioh is zero since 

2,diiPj = 2,gljPj-rJ.,2,P;-2,<ZIPj = "',-"', = 0 (6.8) 
j j j j 

It follows from the identity 

(see (11.5» 

that 

(6.9) 
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If we define 
VA = V("-l) + V(,,-!) 

VD = V(djf) 

if follows immediately that 

VG = VA+Vn 

(6.10) 

(see (6.4» 

The additive variance, VA' is the sum of the variances of the 
average effect" received from 'the two parents, which are of 
course equal; the dominance variance, V D' is the variance of 
the dominance deviations. 

If there is no dominance then of oourse V D = 0 and all the 
genetic variance is additive. However, if there is complete 
dominance it will not usually be true that VA = O.Consider, 
for example, the case of two alleles, with frequencies :p 
and q = I-p, when the :first allele is eompletely domirumt 
to the second. It is not difficult to show that 

(6.11) 

Thus when p = q = i, the additive variance is twice as large 
as the dominance variance. When p is small nearly all the 
genetic variance is additive. Ouly when q, the frequency of the 
recessive allele, is small does the additive variance become 
much smaller than the dominanoe variance. 

So far we have only considered the genetio variance contri· 
buted by a single locus. If two or more loci act additively in the 
sense that the total genetic deviation is simply the sum of the 
genetic deviations at the separate loci, then the variances will 
also add and Equation (6.4) will remain valid. If, however, 
there is any interaction between loci whereby the genes at one 
locus effect the deviation produced by the genes at another 
locus, then a new cause of genetic variation will be introduced, 
oalled the interaction variance, or the epistatio variance, and 
denoted by VI' In this case we must write 

(6.12) 
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It seems likely, however, that the interaction varianoe will 
usually be small and can be safely ignored; this course will be 
adopted here since its treatment is rather complicated.' With 
this provi~o, the total variance can be expressed as the sum of 
three components, 

(6.13) 

Correlations between relatives 

Relatives may resemble each other for two reaoons, firstly 
because they tend to be alike genetically, and secondly becallilo 
they may tend to share similar environmental circu:mstanees. 
Consider a pair of related individuals with phenotypic values 
1/ and 1/*, which may be written 

11 = 1'+9'+e 

1/* = I'+g*+e* 

The covariance of 11 and 11* is 

Cov(y, 11*) = Cov(g, g*)+Cov(e, e*) 

(6.14) 

(6.15) 

The first term on the right-hand side of the above equation 
reflects the genetic resemblance and the second term the 
environmental resemblance of the individuals. The environ
mental covariance may arise in many ways, and is likely to be 
particularly high in sibs and twins who share similar conditions 
of upbriuglog after birth as well as similar intra-uterine con
ditions before birth. The main purpose of this'section, however, 
is to derive the formula for the genetic covariance of relatives. 
Before doing this we must consider the eoncept of identical 
ge'lU38. 

Two genes are said to be idw,tiwl if one of them has been 
derived by direct replication from the other. Thus the child of 
a parent of genotype (a, 0) necessarily receives either a or b 
(never both) from this parent; thus parent and child always 
have exactly one identical gene in common at each 10m",. Let 
uS now consider a pair of sibs. Suppose that the father has the 
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genotype (a, h), the mother (c, d), and that the first sib has the 
genotype (a, 0). The second sib is equally likely to have one of 
the four genotypes (a, 0), (a, h), (h, 0), or (b, d). In the first case 
the sibs Will have two identical genes, in the second and third 
cases one identical gene, and in the fourth case no identical 
genes in common. Hence the probabilities that sibs will have 
0, I, or 2 identical genes in common are t, t, and i respectively 
at each locus. The average numbcr of identical genes is .one as 
in the case of parent-child, but the distribution is different. 
The a vcrage number of identical genes held in common will be 
denoted by I, and the probability that .both genes are identical 
by P. (Readers familiar with population genetics will recognize 
1 as twice Wright's 'coefficient of relationship' and four times 
Malecot's 'coefficient de pM"ente'.) Thus we mav conclnde that 
for pM"ent-child, 1 = 1, P 0, whereas for' sib-sib, 1 = 1, 
P = 1:. The values of I and P can be calculated for other 
relatives by similar methods but they will not be required in 
this book. 

We are now in a position to consider the genetic correlation 
between relatives. We shall for the sake of simplicity consider 
oulyone locus, but the results can be extended to any number of 
uolinked loci provided that there is no interaction variance. 
COrulider a pair of related individuals with genotypes (i, j) and 
(i*, j*) and with genetic deviations 

(6.16) 

The genetic covariance is 

(6.17) 
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Let us now oonsider these terms in turn. Firstly, if i and i* 
are identical, 

E(oc,ex,.) = E(oc'f) = V(oc,) = iVA (from (6.10)); (6.18) 

otherwise E(oc.oc,,) is zero from (6.6). Secondiy, E(rt,jIi,*j,) is zero 
whether or not i is identical with i* or j* from (6.7) and (6.8). 
Thirdly, if both genes are identical, 

(6.19) 

otherwise E(dlJdl*f') is zero. (When one pair of genes is identical 
this follows from (6.8». Hence a contribution of tVA is made to 
the genetio covarianoe by each pair of identical genes, and a 
further contribution of V p is made when both genes are 
identical. It follows that 

(6.20) 

We can therefore conclude that the genetic covariance between 
parent and child is tVA' whereas the genetic covariance between 
sibs is !VA+IVp • 



7 The Use of Twins Ln Genetic 
Research 

TillS book is primarily concerned with the study of twinning as 
a subject of interest in its own right, but it would be incomplete 
without Borne consideration of the use of twins as tools in 
genetic research. It was first suggested by Francis Galton in 
1875, in a paper on 'The history of twins, as a criterion of the 
relative powers of nature and nurture', that a oomparison of the 
degree of similarity of monozygotic and dizygotic twins could 
be used to assess the importance of hereditary and environ
mental factors in determining human characters. Since that 
date a large amount of material has been aocumulated, but its 
interpretation has often heen rather uncritical and there has in 
consequence been a recent tendenoy to stress the limitations of 
the twin method. There is no doubt that twin material is liable 
to bias of several kinds and that it needs to he interpreted 
with caution, but it oan nevertheless provide valuable informa
tion, particularly wben used in conjunction with other types 
of data. In this chapter we shall try to evaluate the use of the 
twin method without either minimizing or exaggerating its 
limitations. We shall begin by considering the analysis of data 
on quantitative oharacters such as height. 

Quantitative clmracters 

The main tool for investigating the inheritance of quantitative 
characters is the study of correlations between relatives, and 
we shall therefore begin by describing briefly how these 

The Use of Twin.s in Genetio Researoh 139 

correlations are measured. The correlation hetween twins is 
most easily found by calculating the variances of the difference 
and of the sum of the paired values observed. H y and y. are 
the values of the oharaoter in a pair of twins, then 

V(Y-r) = V(y)+ V(y*)-2Cov(y, y*) = 2V(y)-2Cov(y, y*) 

V(y+y*) = V(y)+ V(y*)-;-2Cov(y, y*) = 2V(yl+2Cov{y, yO). 

H follows that 

Cov(y, y*) V(y+y*)- V(y-y*) 
p = V(y) = V(y+y*)+ V(y-y*)' 

H n pairs of twins have heen observed the variances of (y-y*) 
and of (y+y*) can be est:i:ml1ted in the obvious way as 

V(y-y*) = '£.d"/n 
V(y+y*) = (Es"-ns'l)/{n-l) 

where d = (y-y*) and 8 = (y+y*). No correction factor is 
involved in the calculation of V(y--y*) since it is assumed 
that the Expected value of the differenoe is zero; however, it 
may be necessary to correct for a sex difference in unlike-sexed 
twins. The appro:rimate st,andard errors of these estimates 
have been given by Kempthorne and Osborne (1961). The 
correlations are of course calculated separately for monozy" 
gotic and dizygotio twins. H an independent estimate is 
available of the population variance, V(y), the correlation can 
be estimated from the formula. 

t V(y_·y*) 
P = 1- --V(Yj' 

Results are sometimes quoted in terms of the mean difference 
between twins, which is related to V(y-y*), on the a.s.sumption 
of normality, by the formula 

V(y-y*) = l·il7(mean difference)". 

H the mean difference between unrelated individuals is also 
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known the correlation oan be estimated from the formula 

(mean difference between t"ins)" 
1- ..... ----;:-:--:-:-7:-:-c:-----o-,:; p (mean difference between unrelated individuals)" 

It is customary to calculate the correlation ooefficient for 
parent-ohild by the ordinary formula for a oorrelation coeffioient, 
as if all pairs of values were independent. As Holt (1956) points 
out, this is not strictly true since parent-ohild pairs from a 
single family with more than one child are not independent, 
but it is unlikely that any appreciable error will be introduced 
other than a slight underestimation of the standard error. The 
parent-child oorrelation may equally well be estimated by the 
regression of ohild on parent, on the assumption that the 
variance is the same in both populations. For methodJJ of 
estimating the sib-sib correlation the reader should consult 
the paper by Smith (1957). 

We must now consider tho interpretation of these correla, 
tions. It was shown in the Appendix to the last chapter that 
the total variance of a quantitative oharacter can be split up 
into a genetic and an environmental component, 

V=T'G+V" 

where V is the total variance, V G the genetic variance, and V E 

the environmental variance. The genetio variance can in turn 
be divided into an additive component, V A' and a dominance 
component, V p' 

Vo = VAT Vp • 

The significance of these genetic components of variance was 
disoUl!Sed in the last chapter. Their importance is that they 
determine the correlations between relatives. Under random 
mating and in the absence of genetically determined maternal 
effects and of epistasis the genetic covariance between parent 
andohild is ?r T' A and the genetio covarianoe between sibs (or 
between dizygotic twins) is ?r VA +i V n; the genetio covariance 
between monozygotic twinE is equal to the total genetic 
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variance, V G' sinoe they are genetically identical. The corres, 
ponding correlation coeffioients are obtained by dividing these 
covariances by the total varianoo, T'. 

If it can be assumed that the correlations between relatives 
are entirely of genetic origin they can be used to estimate the 
relative magnitudes of the' three components of variance, 
T' A' T' n, and T' E' Particular interest lies in estimating the ratio 
of the genetic variance to the environmental variance which is 
a measure of the relative importanoe of nature and nurture, in 
Francis Galton's phraseology; it is also of interest to find the 
relative importanoe of the additive and dominanoe components 
of the genetic variance which provides some information about 
the mode of inheritance. 

Unfortunately there are several difficulties in interpreting 
correlation coefficients between relatives in this way. l'lrstly, 
it ha" been assumed that the character under study has a 
constant value in any particular individnal, whereas many 
characters, such as height and weight, vary markedly with age; 
manv twin studies have been done on children because of the 
diffi~ulty of obtaining a sample of adult twinE, and the necessity 
to allow for variation with age is obvious. Some authors, for 
example Newman, Freeman, and Holz.inger (1937) in .their 
classical study of twins, have used a partial correlation elimin, 
ating age, but as Fisher (1925) pointed out this is unjustified 
when the regroosion on age is not linear, which will usually be 
the ease. A more satisfactory method is to express each observ-.. , 
tion as a deviation from the mean value of all children of the 
same age and sex; this deviation should be standardized by 
dividing it by the standard deviation in the same age and sex 
group if this standard deviation varies with age Or sex. The 
observations are thus oonverted into standard scores, like 
intelligence quotients. 

Care must be taken in the interpretation of correlations for 
age--depeudent characters since the correlation may also change 
with age. For example, it seems :likely that the genetic factors 
which control adult height are not identioal with the factors 
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responsible for height in childhood; the parent-child correlation 
will therefore underestimate the degree of genetic determination 
and will inereaee with the age of the ohild up to its true value 
(Carter 1962), but the correlation between twins or between 
sibs of similar age will not be affected in this way. In the case 
of weight, on the other hand, one would expect to find a higher 
oorrelation between twins in childhood than between adult 
twins because, the variabillty of weight increases with age, 
probably because of an increase in environmental variability, 
80 that the degree of genetic determination decreases with age. 
This seems to be the explanation of a discrepancy between the 
findings of Newman, Freeman and Holzinger (1937) and Shields 
(1962). Both workers compared a group of monozygotic twins 
brought up apart with another group brought up together, but 
Newman found that the separated twins had much larger 
differences in weight than the unseparatoo. twins, whereas 
Shields found almost no difference between the two groups. 
However, most of Newman's separated twins were adult, while 
all the unseparated twins were children; Shields' twins were 
almost all adult and were matched for age. It therefore seems 
likely that Newman's result reflects the difference in age 
between the two groups rather than the effect of separation. 

Another major difficulty of interpretation is that relatives, 
may resemble each other not ouly beoause they tend to be 
alike genetically but also because they may tend to share 
similar environmental circumstances, Following Falooner 
(1960) we may divide the environmental variance into two 
components: 

VE = VEe + VEW 

where V Eo is the between-family varianoe and V E" is the 
within-family variance. V mw is the' environmental variance 
between relatives in the same family and is less than the total 
environmental variance, V E, by the amount V Eo whiohrepresents 
the reduotion in the environmental varianoe due to their oom
man environment and whioh is therefore called the oommon 
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environmental variance. The covariance between relatives is 
increased by the amount VEe in addition to their genetic 
covarianoe. 

The possibJe sources of common environmentru variance are 
many, but they may be broadly classed into pre-natal factors 
due to a shullar intra-uterine environment, and post-natal 
factors due to similar conditions of upbringing during infancy 
and ohildhood. The magnitude of the commOn environmental 
variance will depend both on the character and on the type of 
relative under discussion. It is likely to be larger in twins and 
sibs than between parent and ohild. 

Twins can be used in two ways to overcome the difficulties 
due to cOmmon environmental variance. Firstly, it is sometimes 
possible to oompare monozygotio twins reared apart with 
monozygotio twins reared together. This is a very valuable 
method of studying 'the effect of post-natal environmental 
differences unobscured by genetic differences, but it may be 
difficult to obtain from it a precise estimate of the common 
environmental variance. If it could be assumed that the mono
zygotic twins resred apart were placed at random in their 
adopted homes then the oorrelation between them would reflect 
only their genetic similarity; but there is always a suspicion 
that common environmentat factcrs have not been entirely 
eliminated because of 'selective plaeement' of the twins in 
similar homes. For the same reason the correlation between 
step-sibs, that is to say between unrelated children reared 
together, may reflect a small amount of genetic shullarity in 
addition to thoir common environmental variance. 

Secondly, it is possible to compare the correlations of mono
zygotio and dizygotio twins. If it oan be assumed that the 
oommon environmental variance is the same for the two types 
of twin, then it will be eliminated by taking the difference 
between their correlations; we may therefore write 

2(rM-rD) = (VG+iVD)jV 

where rM and TD are the correlations between monozygotic 
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and dizygotic twins respectively. If we can assume that 
Vn/V is zero, or if an independent estimate of this quantity can 
he found, we can therefore estimate Va/V, the proportion of 
the variance of genetic origin. (It may be noted in pa.ssing that 
the well-known formula of Holzinger (1929), which is equivalent 
to (rM-rD)/(l-rn), does not seem so ea£y to interpret.) 
However, two objections have been made against the assump
tion that the common environmental variance is the same for 
monozygotic and dizygotic twillS. Firstly, it has been argued 
that the environmental difference of monozygotic twillS is 
reduced becaWle they tend to seek similar environments ; how
ever, in so far as they do this because of their genetic similarity 
rather than jWlt to copy one another, their behaviour is a 
reflection of their genotype and must be regarded as influencing 
their genetic rather than their environmental variance. Secondiy, 
it has been suggested that the environmental difference between 
monozygotio twillS may be greater than that of dizygotic twins 
because of the imbalance of the pla.eental circulation sometimes 
found in monochorial twins (see Chapter 3). It seeIIlJ! likely that 
the effects of this factor have been exaggerated by critics of 
the twin method, but this objection could be met by comparing 
dichorial monozygotic twins with dizygotic twins if information 
about the placentation of the twillS were available. 

A third difficulty in interpreting correlatiolll! between 
relatives arises from non-random mating which will inflate the 
observed correlations if there is a positive correlahlon betwoon 
husband and wife. The simplest way of correcting the parent
child correlation for non -random mating is to divide it by 
(1 +m) where m is the husband-wife correlation. This pro
cedure can be justified in two ways. Firstly, it gives the partial 
regression coefficient in the joint regression of son (or daughter) 
on hoth parents simultaneously. (It is assnmed that the 
distributions have been standardized to have the same variance 
and that the oontributions of the two parents, and hence the 
regression coefficients, are equal.) The ealcnlation of a joint 
regression is a well-known statistical method for separating the 
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effects of two correlated variables. Secondly, a theoretical 
investigation of non-random mating by Fisher (1918) and 
J.l.1alecot (1939) has shown that tbc parent-child correlation 
can be expressed as 

(! V"IV) (I+m) (l+e+2e2+ . .. ) 

where 

t=mVnV,,/VoV. 

If e is small, as will usually be the case, then the parent-child 
oOlTelation is inoreased by a faotor only slightly larger than 
(l+m). It oan also he shown from the formulae given by 
Fisher (1918) and MaJeoot (1939) that the sih-sib, or the 
dizygotic twin, correlation can be approximately corrected by 
dividing it by (1+2rm) or by subtraoting 2r"m where r is the 
corrected parent-child correlation. The monozygotic twin 
correlation does not need to be correct"d since the genetic 
similarity between monozygotio twins is already complete and 
cannot be increased. The correlations should be corrected for 
common environmental variance before being correct<ld for 
non-random mating. Furthermore, any part of tbc husband
wife ·correlation which reflects social rather than genetic factors 
mWlt be disoounted since it will not oontribute to the inflation 
of the genetic similarity between relatives; this is the main 
practical difficulty in correcting for non-random mating. 

We shall nOW consider some specific examples to see how 
these diffimuties can be overcome in praotioe. We shall begin 
by disCWlSing the inheritance of the fingerprint ridge count, 
which provides a copybook example of what happens in the 
absenoe of any complioations. A series of familial studies of 
this character has been carried out by Holt who has summarized 
her reBUlts in two reviews (Holt 1961a, b). The ridges On eaoh 
finger are counted according to defined rules depending on the 
fingerprint pattern and are then fmmmed for all ten fingers to 
give the total ridge count. The correlations between relatives 
are shown in Table 7.1. It will be observed, firstly that the 
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parent-parent oorrelation is not signlftcant, so that there is no 
evidence of non-random mating; secondly, that the mother
child, father-child, sib-sib, and dizygotic twin correlations are 
very similar and are slightly less than t, which is the theoretical 
value when all the .variance is additive genetic; and thirdly, 

Table 7.1. Correlation. between telatiV€8 for total fingerprint ridge count 
(Holt 1961a, b) 

Tyl'e of 
relatioDShip 

Pl1l'enir-parent 
l\>Iother-ebild 
Fa.thel'~hild 
Sib-1llb 
Dizygotic twins 
~lonozyg()tic twins 
I.eft !u>udright hand 

Oorrelation coefficient 
::I: standard error 

0-05±O-07 
0·4$::;:0-04 
O'49±O-04 
O·50±O·04 
O'49±O-08 
0'95±O-Ol 
O·04±O·Ol 

that the monozygotic twin correlation is very high and nearly 
attains the value of 1 which is its theoretical value when all 
the variance is of genetic origin. 

It can be ooncluded that there is little or no distortion due 
to OOUllllOn environmental varianoe; for any common environ-_ 
mental factor must act pre-natally, since the ridge oount is 
det<lrmined by the fourth month of foetal life, and would there
fore increase the dizygotic twin and the sib-sib correlation 
above the parent-ohild correlation. It can also be ooncluded 
that there is little or no dominance oomponent of the genetic 
variance sinoe the parent-ehild correlation is as high as the 
sib-sib and the dizygotic twin oorrelations:t 

t Holt also showed that the regression of the child's ridge oount on the 
mid-parental value is linear and suggested that this provides: confirma.tory 
evidence of the a.bsence of dominance. However, if the ridge oount is deter
mined by a. large number of genetic factors without opistasis then its joint 
distrihution in mother, father1 and child must be multivariate norrnal by the 
central limit theorem and so all the regressions lhust be linew: whether or not 
thoro is dominance. 
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It therefore seems safe to interpret these data on the assump
tion that there are no complioations due to common environ
mental variance, assortative mating, or ageing. We can therefore 
estimate the ratio of genetic variance to total variance as 
ninety-five per cent from the monozygotic twin correlation. 
This figure, together with the conclusion that there is no 
dominance, leads to the prediotion that the parent---child and 
sib-sib correlations shonld be 0'475, which is very olose to 
their observed values. Confirmation is provided by the very 
similar figure of 0·94 for the correlation between the two hands 
of the same individual, although this oorrelation is not exactly 
oomparable with the oorrelation between monozygotic twins. 

We shall now consider the inheritanoe of height, which 
illustrates the difficnlties of interpretation which arise from 
non-random mating and from variation with age. The most 
extensive and reliable study of the familial correlations for 
height was published by Pearson and Lee in 1903, who found 
a parent---child correlation of 0·507 ±0-007 and a sib-sib 
correlation of 0·543+0·010. (l!'ollowing Fisher (1918) I have 
taken the weighted means, negleoting sex distinctions, which 
are not signlftcant.) The problem of age-correction does not 
arise since only adulta were included in the sample, but there 
was a correlation of 0·280 between the heights of husband and 
wife. This correlation indicates an appreciable degree of non
random mating which is likely to have increased the obserVed 
familial . correlations_ Applying the method of correction 
deaoribed above we find corrected correlations of 0·40 for 
parent---child and 0·45 for sib--sib. 

Data on twins have been reported by several authors, although 
their interpretation is complicated by considerable variability 
due to small sample size and by the fact that some of the 
investigations were done on children. Nevertheless, it can be 
concluded in general terms that the correlation between dizy
gotic twins is very similar to the correlation between sibs, but 
that the correlation between monozygotic twins is much 
higher and is about 0·95; this figure does not require correction 
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for non-raudom mating and indicates that about ninety-five 
per cent of the variability in height is of genetic origin, if it can 
be assumed that there is no common euvironmental variauce. 
Two lines of evidence indicate that the latter assumption is at 
least approximately true. Firstly, there is no correlation between 
the heights of unrelated children reared together (Burt 1966) 
and secondly, there is little difference between the correlations 
of monozygotio twim> reared together and apart or between 
siblings reared together and apart (Newman, Freeman, and 
Holzinger 1937, Shields 1962, Burt 1966). However, the 
poosibility cannot be rUled out that there is a small degree of 
common environmental varlance between sibs or twim> reared 
together. 

If it is assumed that there is no common environmental 
variance the genetic correlation between relatives (the covari" 
ance divided by the genetio varianoe) oan be estimated by 
dividing the observed correlations, oorrected for non-random 
mating, by 0-95, the correlation between monozygotic twins. 
The eStimated genetic correlations for Pearson and Lee's data 
are 0·42 for parent-child and 0·47 for sib,ib. If all the genetic 
variance were additive then both these carrelations shauld be 
t, but they will be reduced by the presence of dominance 
variance, the parent-child correlation being reduced twice as 
muoh as the silHlib correlation. In fact, the reduction in the 
parent-child cOlTclation is slightly more than twice the reduo" 
tian in the ,,;1>--sib correlation, but the data seem in reasonable 
agreement with the hypothesis that the dominance variance 
accollllts far about fifteen per cent of the genetie variance; the 
predioted correlations on this hypothesis are 0·42 for parent-
child and 0·46 for sib--sib. 

We shall next cOllilider briefly the inheritance of intelligence, 
which is both the most diffioult and the most interesting 
character to interpret. There is not space here to review the 
large lit<lrature on this controversial subject, lYtlt Table 7.2 
shows the values of the correlation ooefficient which are typioally 
observed; this table has been modified from Table 4 of Burt 
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(1966) in order to take into aocount his own results. There is 
clearly a colllliderable amount of oommon environmental 
variance between children brought up together, sinoe firstly 
the correlation between monozygotio twim> and between sibs 
drops by about 0·10 when they are reared apart, and secondly 
there is a correlation of O· 25 between step-sibs. The fact that 

Tab!. 7,2. Typical correlations berwem relati_ Jerr intitlillerwe 
(maiMjied Jrom Burt 1966) 

Type of relatiOnship 

Monozygotic twins reared together 
Monozygotic twins rea.red apart 
DiZygotic twins r_ together 
Sibs :reared together 
Sibs roared apart 
Unrelated children reared together 
Paront-child (parent tested.,. chUd) 
Husband-wife 

Correlation 
coefficient 

0·88 
0·78 
0·55 
0·55 
0·45 
0·25 
0·56 
0·50 

the correlation between step-sibs is greater than tbe fall in the 
correlation in sibs reared apart is probably due to selective 
placement of children in footer homes of comparable socio
economic level to those of the true parents, which willlaad to 
a small genetio correlation between step-sibs and to a small 
environmental correlation between sibs reared apart. It there" 
fore seems likely that the common environmental variance 
between sibs accounts for something between ten per cent and 
twenty-five per cent of the total variance; for the sake of argu" 
ment we shall suppose that the true figure is seventeen per cent, 
and we shall therefore estimate the correlation between mono
zygotic twins a .. 0·71 and the correlation between dizygotic' 
twim> or sibs as 0·38 after correotion for their similar environ
ment. 

It will also be seen that there is a high degree of assortative 
mating, 'but it seems likely that part of the correlation between 
husband and wife is environmentally determined through 
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similarity in social claBS. If we assume that the correlation 
between husband and wife after eliminating the effect of their 
common environment would be about 0·3, .and if we aloo assume 
that twioe the parent-child correlation after eorrection for 
common environment and assortative mating would be about 
the same as the corrected correlation between monozygotic 
twins, then the sih-Bib correlation should be divided by about 
1·2 to allow for the effect of assortative mating. The corrected 
value of the correlation between sibs or dizygotio twillS obtained 
in this way is 0·32. If we double this figure it is not far short of 
the corrected correlation between monozygotic twillS. It can 
be tentatively concluded that about two-thirds of the variability 
in intelligence is of genetic origin and that there is little or no 
dominance variance. These conclusions are confirmed by the 
correlation between parent and child, the parent having been 
tested in childhood, which is very similru:' to the sib-sib 
correlation. 

The above estimate of the herit-ability of intelligence can 
obviously only be regarded as very approximate. It must also 
be remembered that the observed correlations between relatives 
depend both on the tests used (an inaccurate test will produce 
a low correlation while a 'culturally loaded' test will produce a 
high correlation due to common environmental fa,ptors), and 
on the homogeneity of the group tested (the more homogeneous 
the gronp the smaller will be the range of environmental differ
ences and so the larger the relative influence of heredity). One 
would therefore expect the relative importance of the genetic 
contribution to intelligence to increase as increasing equality of 
educational opportunity leads to a reduction in environmental 
differences. 

We shall finally, consider the inheritance of birth welght, 
which illustra.tes some rather different points. In many species 
size at birth is determined largely by the size of the mother 
and only to a small extent by the genotype of the offspring. 
For example, when a large Shire horse was crossed with a 
Shetland pony the weight of the foal of Shire dam and Shetland 
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sire was abouttbe same'at birth as that of the foal of pure Shire 
parents, and the weight of the foal of Shetland dam and Shire 
sire was no greater than that of the foal of pure Shet1and 
parents (Walton and Hammond 1938); foaJs from both types 
of cross eventnally grew to a size intermediate between a Shire 
horse and a Shetland pony. These results indicate. that the 
foal's genotype cannot begin to express itself until after birth 
since it is overridden by the mother's genotype before birth. 
Similar, thongh not so clear-cut, results have been obtained in 
other species (Joubert and Hammond 1954). 

There is a fair amount of evidence, summarized in Table 7.3, 

Table 7.3, Correlations between birth weights oj surviming infants 

Type of relationship 

Full sibs 
MaternaJ ha1f~sibs 
Paternal half-sibs 
Unlike-sexed twins 
Like~sexed twins 

Full sibs 

Unlike-$ex.d twins 
Like"sexed twins 
Cou.s:ins whose mothers 

are sisters 
Other cousins 
Birth weight and height 

ofmothert 
Birth weight and height 

offathert 

Correlation 

Jwpanese data 
0·45 Morton 1955 
0,58 
a·lOt 
0·66 
0·S6 

English d<da 

.. 
" 

" " 

0·43 Karll~ La..'I}g-Brown~ MacKen-
zie, and Penrose 1951 

0·58 P"""ose 1961 
0·62 
0·18 Rob~on 1955 

O·06t 
0-19 McK~wn'~d Record 1954 

o·ost ., 
" H 

t :N'ot sign.ifican.tly different from zero. 
+ Standardized for the he.ight of the other parent. 

that in man birth weight is determined to a considerable extent 
by the mother and hardly at all by the genotype of the foetus. 
Thus. there is a strong correlation between the birth weights of 
fuJI rubs and of maternal half-sibs, but little or no correlation 
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between paternal half-sibs; the correlatioIlJJ between like-sexed 
and unlike-sexed twiIlJJ are about the same, from which it can 
be conoluded that the oorrelations between monozygotio and 
dizygotic twiIlJJ are alao about the. same; there is a correlation 
between the birth weights of cousiruJ whose mothers are sisters, 
but not between other types of cousins whose related parents 

. are brothers or brother and sister; finally, birth weight is 
correlated with the height of the mother but not with the 
rather's height. The correlation between cousins whose mothers 
are sisters indicates that at least part of the inflnence of the 
mother on birth weight is hereditary since this corresPQnds to 
a sister-«ister con'elation of the lll.aternal genotypes. We can 
therefore obtain a rough eStimate of the proportion of the 
variance which is attributable to the maternal genotype 
(ignoring dominance) as 2 X 0·18 = .36 per cent. If we estimate 
the total proportion of the variance which is attributable to 
the influence of the mother as about forty-four per cent from 
the oorrelation between sibs it will be seen that a large part of 
this maternally determined variance is hereditary. The remain
ing:fifty -six per cent of the variance must bo attributed to 
accidental causes unrelated either to the constitution of the 
mother or to the foetal genotype. These estilll.ates must of 
oourse only be regarded as very approximate. 

We must now examine more critically the oorrelations 
between twins. It will be observed that the correlation between 
unlike-sexed twins is higher than the correlation between sibs, 
and it has been suggested by Penrose (1961) that this difference 
can be ·used to estimate the effeet of the immediate maternal 
environment which affects foetuses in the same pregnancy but 
not in subsequent pregnancies. However, twins have almost 
exactly the same length of gestation, whereas sibs do not; this 
f""tor alone will inere"se the correlation between twiIlJJ since 
birth weight is correlated v>ith length of gestation. Indeed, it 
is likely that the fIgUIes in Table 7.3 underestimate the difference 
betweeu sibs and twins since they are based on surviving 
infants only, stillbirths' and neonatal deaths being excluded in 
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order to eliminate abnormal footuses. If all birthe are included, 
the correlation eoefficient for twiIlJJ rises to about 0·7 (Karn, 
1952, 1953, Fraccaro 1957); there might alBo be a similar rist 
for sibs, but it would be less since fewer non-survivors have 
been excluded. It would seem unwise to place much relianee 
on the, difference between the correlations of twins 'and sibs 
for a character suoh as birth weight on which twinning itself . 
has a large effeot. 

The other comparison of interest is between monozygotic 
and dizygotic twiIlJJ. It has already been relll.arked that the 
correlations between like-sexed and unlike-sexed twiIlJJ are 
about the same, whioh lends support to the supposition that 
the foetal genotype has little influence on birth weight, but 
care must be taken i!]. intsrpreting the correlation between 
monozygotic twins which may well be affected by the fact that 
about two·thirds of them are monochorial. In the first place, 
the imbalance of the placental circulation in some monochodal 
twins can lead to marked differenoes in birth weight, which will 
depress the correlation of monozygotic twiIlJJ. On the other 
hand, the fact that monoellorial twins are on average about 
half a pound lighter than dichorial twins, as was shown in. 
Chapter 3, will tend to increase the apparent correlation of 
monozygotic twins when the two chorial types are grouped 
together. It is clearly necessary to oonsider monoehorial and 
dichorial monozygotic twiIlJJ separately and to com pare the 
correlation of dichorial monozygotio twins with that of dizy
gotic twins in order to obtain a meanin"aful result. It shonld not 
be too diffieuIt to obtain data on the birth weights of twins 
classified simnltaneonsly by sex and chorlal type, but at 
present no adequate body of published data is available. 

Concordance and discordance 

Many traits of genetic interest are either present or absent in 
an individual. We shall usually be thinking of a pathological 
trait, such as clubfoot or diabetes, and we shall therefore 
describe individualB with the trait as affected and individuals 

i , 
! 



154 Biology of Twinning in Man 

without the trait as unaffected or normal. In this account we 
shall ignore the difficulties which arise from variations in the 
degree of severity and in the age of onset of many diseases, 
although allowance can be made for the latter. 

If both twins of a pair are affected they are said to be con
cordant for the trait, while if one twin is affected and the other 
normal they are said to be discordant; we shall not here be 
concerned with the third class of twins who are concordant for 
the absence of the trait. The frequency of concordance can be 
defined in several different ways (Allen, Harvald and Shields 
1967), but the most useful method is to define it as the proportion 
of affected individuals among the co-twins of previously defined 
index cases; this has been called the proband concordance rate 
by Allen, Harvald, and Shields (1967), since it is obtained by 
the application of the proband method of Weinberg, treating 
twin pairs as sibships of two (Weinberg 1928, Bailey 1961). 
The estimate of concordance from the observed numbers of 
concordant and discordant pairs will depend on the number of 
concordant pairs in whom both affected individuals were 
independently ascertained index patients since these pairs 
must be counted twice. The frequency of concordance is 
therefore estimated from the formula: 

c+2c* 
concordance = ----'--,-

c+2c*+d 

where c is the number of concordant pairs ascertained through 
only one of the affected twins, c* is the number of concordant 
pairs ascertained independently through both affected twins, 
and d is the number of discordant pairs. If the chance of ascer
taining an affected twin is small (this is usually referred to as 
single ascertainment) then c* will be zero and the above 
formula reduces to the conventional formula 

concordance = c/(c+d}. 

If, on the other hand, an attempt is made to ascertain all 
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affected twins in the population (this is usually referred to as 
complete ascertainment), then c will be zero and the formula 
becomes 

concordance = 2c*/(2c*+d} 

which is considerably higher than the conventional formula, 
which ignores the effect of the method of ascertainment on the 
expected frequency of concordant pairs. It is sometimes 
difficult to decide whether a pair of concordant twins have been 
independently ascertained or not and it is therefore preferable 
to attempt complete ascertainment if this is practical. It is 
dangerous to rely on case reports collected from the literature 
which are liable to be biased by the inclusion of too many 
concordant pairs. 

There are two advantages in using the proband concordance 
rate defined above. Firstly, it can be compared directly with 
the incidence of the disease .in the general population or in 
other relatives of affected individuals; for example, the con
cordance in dizygotic twins should be the same as the incidence 
among siblings of affected individuals, provided that being a 
twin does not affect the chance of having the disease, since 
siblings .are genetically as alike as dizygotic twins. Secondly, 
the proband concordance rate in monozygotic twins can be 
interpreted as a weighted average penetrance, provided that 
the incidence of the disease is unaffected either by being. a 
monozygotic twin or by environmental factors common to 
twin pairs; the latter assumption is unfortunately often 
unjustified. Let us suppose that the above assumptions are 
true and that there are several genotypes which affect the 
chance of getting the disease. We shall suppose that an indi
vidual with the ith genotype has a chance p, of developing the 
disease (this is called the penetrance of the genotype), and that 
the population frequency of this genotype is 7T,. Hence the 
probability that an affected individual will have the ith geno
type is 7T,p,j"i:.7T,p" and so the probability that the monozygotic 
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co-twm of an affooted individual will also be affected, which is 
the expected concordance in monozygotic twms, is 

Tnt,1'," "ZTr ,1' ,. 

(These result,; follow from the Bayesian argument used in the 
last chapter in connection with the repeat frequency of 
twmning.) 

The above quantity can be interpreted as a weighted average 
of the pOl1etrancoo where eaoh penetranoe is weighted not by 
11', but by ?TiP" the produot of its probability and of its own 
value. This is rather an odd sort of average, but it dooo have 
some intuitive meaning and can be used to test specific geuetic 
hypotheses. Alternatively, if we regard the penetranc.e, p, as 
the quantity whioh is inherited, the above formula can be 
written in the form 

o E(p2) 

P 

V(p)+p2 

P 

where 0 is the concordance between monozygotic twins, P is 
the population incidence of the disease, and V(p) is the genetic 
variance of p, which also includes any common environmental 
variance. It follows that, 

V(p) = P(O-P). 

It can be shmvn in a similar way that, if R is the incidence of 
the disease in the relatives of an affected person, the genetic 
covariance between these relatives, including again any Common 
environmental variance, can he estimated as P(R-P). It 
follows that the genetic correlation betwcen relatives can be 
estimated as (R-PlJ(O-P), if it can be as<lUilled that there 
is no common environmental variance. 

As an example we shall consider the inheritance of congenital 
malformations. In a recent review Carter (1965) has shown 
that the family patte:r:ns of the four beet-dooumented malfor
mations (harelip, congenital dislocation of the hip, clubfoot, 
and pyloric stenosis) are similar. There are differences in det.ool, 
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and oomplications arise from differencoo in the degree of severity 
of the malformation, from differential incidence in the two 
sexes, and from deficiencies in the data. Instead of analysing 
the data for a particular malformation we shall therefore con
sider an idealized 'typical' malformation with the following 
pattern of inheritance: (1) the population inL>idence is about 
one per thousand; (2) the concordanoe in monozygotic twms is 
about fifty per cent; (3) the concordance in dizygotic twins and 
the incidence in siblings and children of affected individuals is 
about three and a half per eent; (4) the incidence in second
degree relatives (aunts, unoles, nephews, and nieces) of affected 
individuals is about five per thousand; (5) the incidence in third
degree relatives (first cousins) of affected individuals is about 
two per thousand. The genetic correlations for penetranee 
between first-, secondo, and third-degree relativoo calculated 
from the formula in the previous paragraph are 0'07, 0'008, 
and 0-002 respectively. 

These correlations are very much lower than those predicted 
by the theory of quantitative genetics outlined in the previous 
seotion and in the last chapter. The faot that the incidence is 
as high among children as among siblings of affected individuals 
shows that there is no dominance variance, and we should 
therefore expect the genetic correlations bet-ween first-, secondo, 
and third-degree relatives t<> be :if, i, and -1r respectively. It is 
possible that the concordanoe in monozygotic twins has been 
inflated by the fact that the incidence of congenital malfor
mations is about twice as high in monozygotic twms as in the 
general population (see Chapter 8), but it seems unlikely that 
this has had a large effect, nor would it explain why the cor
relation is nine times rather than twice as high in firet-degree 
as in second-degree relatives. The only plausible explanation is 
that there is a high degree of interaction between genoo at 
different loci. The effect of such int&aetion has so far been 
ignored, but if it exists it will give rise to a new SOurce of 
genetio variance, the interaction variance, sometimes called 
the epistatic varianoe, which reduces the correlations between 
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relatives. If all the genetic variance is additive, the genetic 
variance can be written as 

VG= VA+YAA+VAAA+ ... 

where Y A is the additive genetic vari!Lllce, Y AA is the iuteraction 
variance arising from iuteractions between the additive effects 
of genes at two loci, and so on. It oan be shown (Kempthorue 
1955) that the genetic covariance between n "'-degree reiatives is 

mnYA+wnYAA+(!)nYAAA+ . .. 

To explain the estimated correlations it ";'ust be supposed that 
most of the genetic variance arises from high-order iuteractions, 
and that at least fonr loci are iuvolved siuce the correlation 
between first-degree relatives is apprmdmately equal to -for. 

A genetic model in which most of the genetic variance arises 
from high-order iuteractions is perfectly valid but it is not very 
useful or illuminating. Considerable success has been obtained 
with an alternative model in which it is supposed that the 
presence or absence of a trait ·such as a congenital !I1alforma
tion, is determiued by an underlying contiuuous variable, X, 
and that an iudividual is affected only if X exceeds some 
threshold value, T. It may be supposed that X is no=ally 
distributed and has beeu standardized to have zero mean and 
unit variance. The value of the threshold can therefore be 
calculated from the population iucidence of the disease, P; 
for example, if P = 0·001, a,g is the case for· the 'typical' 
congenital malformation considered above, then we must 
suppose that T = 3·09, which is the upper 0·1 per cent poiut 
of the normal distribution. Furthermore, if we denote the 
values of the underlying variable iu a pair of reiatives by X 
and X*, and if the incidence of the disease iu reiatives of affected 
iudividuals is R, then 

Prob [X'" > T I X> TJ = R 

from which it follows that 

Prob[X> T and x* > T] = PRo 
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If we a""Ulne that X !Llld X* follow a bivariate no=al distri
bution with correlation p, which .is equivalent to the assumption 
that the regression of X* on X is linear with coefficient p, then p 

can be determined by iuterpolation in tables of the bivariate 
normal ·distribution. ThiB tecJmique is known to statisticians 
as tetrachoric correiation. Appropriate tables will be fOlmd in 
Pearson (1931), National Bnreau of Staudards (1959), and 
Owen (1962), although Pearson's tables do not cover threshold 
values above 2·6. t 

If the above method is applied to the 'typical' data for 
congenital malformations previously quoted it will be found 
that the correiation for monozygotio twius is 0·92 and that the 
correiations for first-, second-, and third-degree relatives are 
0·43, 0·22, and 0·08 respectively. These are the phenotypic 
correlations for the hypothetioal underlying variable. If the 
correiation for monozygotic t\vius is taken at its face v-aIue as 
iudioating that ninety-two per cent of the variability iu the 
underlying variable is of genetic origiu, then the genetic 
correlations for other relatives can be obtained by dividing the 
calouiated values by 0·92; the resulting estimated genetic 
correlations for first-, second-, and third-degree reiatives are 
respectively 0·47, 0-24, !Llld 0-09. :1:"hos6 values are very close to 
the theoretical values of i, ;!;, and t predicted on the assumption 
that all the genetie variance is additive !Llld that there is no 
iuteraction between different loci. Alternatively, the correlation 

t It should be noted that this method does. not give the same result as the 
method Pl'oposed by FalconeX' (19M). The la.tter method ia: baaed on ~c 
assumptions that the oonditiorml distribution of X*, given that :x > p. 1S 

uOl'maJ. with unit variance and that only the mea.-J:l of the distribution oha.ngoo; 
the assumptions both of non.ne.1ity and of u.nit vaJ.'j&nee Me false, if X and X* 
are biva.:tia.te nol.'TllRl except in the trivial (lttOO of zero cOl'ro1iltion. Furthel'
more~ Falconer"s ~thod leads to UOllSQ.nSO results when applied to high 
conoordanees in monozygotic twins; for example, if'the popula.tion incidence 
:is one per cent, Falconer's method gives a correlation greater than one if the 
concordauceis greater t::ha.n si:s:ty-seven per cent; there seems no reason why the 
conlX)roa.noo should not we any value up to one hundred per (tent. These 
defleieru>ies Mve been reoognlzed by Faloonnr (1967). It is tllerefore ._ted 
that the method of tetrachorie correlation should be used instead. although 
the calculations involved are ra.ther more tedious. 

UA 
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for first-degree rela.tives can be doubled to give an estimate of 
the percentage of genetic variability; this gives a figure of 
eighty-six per cent, only slightly less than the figure calculated 
from monozygotic twIns. It can be concluded that the threshold 
model is successful, that the 1lllderlylng variable behaves 
genetieally like a straightforward contInuous charaoter without 
doIllirulJ::tce or recessivity and without epistasis, and that about 
ninety per cent of its variability is of genetic origin. 

It has been assumed so far that the resemblance betwccn 
relatives is due entirely to their genetic similarity and is 
auaffected by common environmental factors. In many cases 
this assumption is unjustified. As an example we shall consider 
the data of Kallma.nn and Reisner (1943) shown In Table 7.4 

Table 7.4. The incidence oJ INherCJUlo8is among relatives oJ tubfl'l"oolOUQ 
twins (Kallmann and Reisner 1943) 

Relationship to Cases of 
tuberculous twin tuberculosis 

Unrelated general 
population 

Husband or wife 14 
Parent 114 
Ra.lf'-sib 4 
Full sib 136 
Dizygotic co-twin 42 
1fIonozygotic 48 

co-twin 

Number:in group 
over 14 years old 

226 
688 

42 
720 
230 

78 

----.,---..... ---~ .... 

Percentage 
affected 

1-1 

7·2 
16·6 

9·5 
18'9) 18'7 
18'3 

61·5 

on the Incidence of tuberculosis among relatives of tuberculous 
twIns. t The fact that the concordance is much higher In mono
zygotic than in dizygotic twins strongly suggests that res:ist.anoe 

t In their original paper, H.:nUmann and Reisner (1943) corrected for 
differences in the age of onset of the disease by the abridged Weinberg method 
whioh attempts to allow for relatives who are normal at the time of study but 
who :may develop the disea.se later. It seems likely, however.! that thia method 
will over-correct. and in particular will lead to an inflated concordance in, 
monozygotic twins, booa.use the age of' onset ill relatives is oorrelated. I have 
thumfore used the crude incidence. unCO.L'rocted for age of onset. 
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to tuberculosis is genetically controlled, but it is also likely that 
both resistsnce and exposm:6 to infection will be influenced by 
socio-economic factors which are shared by members of the 
same family. We shall now consider how allowance can be made 
for these co:m:mon environmental factors on the a",,~ption 
that the threshold model is valid. 

The observed concordance of 61·5 per cent In monozygotic 
twins together with a population incidence ef I-I per oent, 
whioh corresponds to a threshold of 2·3, leads to an estimated 
tetrachoric correlation of about 0·93. Like·wise, the 6Onoordance 
of 18·7 per cent in dizygotic twIns, caloulated from the com
bIned data for dizygotic twIns and full sibs, gives a tetrachoric 
correlation of 0·59. The fact that the latter correlation is 
greater than t can be explained by tJle offect of common 
environmentru factors. If it is assumed that the effeet of these 
faotors is the same in monozygotic and dizygotic twins the 
proportion of the variance attributable to genetic factors can 
be estimated as 2 X (0'93-0·59) = 68 per cent; it follows 
that the proportion of the variance due to common environ
mental falltors is 25 per cent, and the proportion due to other 
environmental factors 7 per oent. On this model the correlation 
between second-degree relatives (e.g. half-sibs) should be 
0·25+1 X 0·68 = 0·42, which leads to a predicted Incidence 
of 9·8 per cent among half-sib. of affected Individuals; and the 
correlation between unrelated Individuals in the same family 
(e.g. st<lp-sibs) should be 0·20, which leads to a predicted 
Incidence of 4·6 per 6eUt among step-sibs of affected individuals . 

.An alternative method is to assume that the effect of the 
6OmmOn environmental factors is to lower the threshold among 
reiatives of affeoted Individuals, and to calculate the tetrachoric 
correlations from this modified threshold. The ideal procedure 
would be to determine the threshold from the incidence among 
step-sibs of affected individuals, bnt in the absence of this 
information it seems reasonable to assume a threshold which 
gives twice as large a tetrachorio correlation for monozygotic 
as for dizygotic twins. By trial and error I found that a threshold 
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of 1·8, which corresponds to an incidence among step-sibs of 
affected individuals of 3·6 per cent, gives tetrachoric correlatioIlB 
of 0·45 and 0·90 iu dizygotic and monozygotio twins; the 
predicted incidence in half·sibs of affected individuals is 9·1 
per cent. It should be observed that this method absorbs the 
common environmental variance in the reduction of the 
threshold and does not count it as part of the variance of the 
underlying variable. If we wjsh to estimate the genetic variance 
as a proportion of the total variance, including the common 
environmental variance, we can do so from the formula 
r(l-r*)/(1-1), where r is the tctrachoric correlation in 
monozygotic twins just calculated and r* is the tetrachorie 
correlation found by calculating the tbreshold from the incidence 
in the general population. Substituting the observed values of 
" = 0'90, r* = 0·93, in this formula we find that" the genetic 
variance accounts for about sixty-three per cent of the total 
variance; this is in re1li3onable agreement with the figure found 
in the preceding paragraph. It should be borne in mind, 
however, that these calculatioll.!J depend heavily on the assump
tioll.!J that the threshold model is correct and that all the genetic 
variauce is additive. (The fact that the incidence of tuberculosis 
is slightly lower among parents" than among sibs ofaffeoted 
twins does not necessarily indicate the existence of dominance 
variance; it might be due, for example, to the fact that tuber
culous individuals have fewer children because they die younger 
or to a lower degree of common environmental variance between 
parent and child than between sibs.) 

In conclusion, therefore, the threshold modcl allows us to 
convert concordances and incidences into correlatioIlB and hence 
to analyse discontinuous characters as if they Were continuous; 
for this reaoon Griineberg (1952), who pointed out the value of 
the threshold model in animal genetics, h1li3 described such 
characters as 'quasi-continuous'. Examples of other diseases 
which can be llilefully ti'cated by this method are diabetes 
mellitllil (Falconer 1967) and schizophreula. (The extensive 
literature on twin studi"" of schizopbrenia has been reviewed 
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by Gottesman and Shields (1966), although the concordances 
are calculated by the conventional rather than by the proband 
method.) It is possible to introduce further refinements into 
the analysis. For example, it (Jan be postulated that different 
degrees of severity of a disease correspond to different thresholds, 
or that a different ineidsnce in the two sexes is due to a sex 
difference in the threshold; these postulates lead to verifiable 
predictions about the incidence of disease in relatives of affected 
persoIlll when both the relatives and the index cases are broken 
down by degree of severity or by sox, There seems no doubt 
that the tbreshold model will prove a valuable tool in the 
analysis" of the genetics of di.<continuous characters in man, 



8 The Evolutionary Significance of 
Twinning 

'l'nE moot obvious fact about twins is that they aTe exceptions 
to the genera! rule that the normal humau litter size is one. In 
this chapter we shall try to discover how natural selection may 
have led to the evolution of single births in man and what role 
this factor may have played in the evolution of the human 
species. To set the problem in its proper context we shall first 
consider in general the evolutionary factors which have deter
mioed litter size in mammals, and we shall then diseuse in 
more detail the evolution of litter size in the primates, before we 
study the selective forces which may be at work in controlling 
the reproductive rate of the human species. 

The evolution of litter size in mammals 

It is likely that the lower vertebrates, fish, amphibia, and 
reptiles, which take little or no oare of their young after the 
eggs are laid, lay as many eggs as they are physiologically 
oapable of producing. There is of oourse an enormous variation 
in the number of eggs laid by different species; some fish, suoh 
as the cod, may lay several million eggs, whereas the little skate 
lays only half a dozen. However, there is a high eo:rrolation 
between the number of eggs laid and the size of the egg; fish tend 
to lay either a large number of small or a small number of large 
eggs. Thus the egg of the prolific cod is uuder 1 mni in diameter, 
while that of a skate is about one hundred times as large; since 
the volume of an egg is proportional to the cube of its diameter, 
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a million cod eggs are roughly equivalent in volume to a single 
skate egg, and the total volume of eggs produced by these two 
fish is about the same. 

We may therefore suppose that, with a given food intake, a 
species can only produce a fixed volume of eggs, which may be 
composed of a large number of small eggs or a sm.aJ.l number of 
large eggs. Now the large eggs of fish like the skate are rich in 
food materia! (yolk) on which the embryo can develop to an 
advanced stage before hatching and are protected from predators 
by a horny shell, whereas the small eggs of fish like the cod 
contain almost no yolk, so that the embryo must hatch soon 
after fertilization when the loss from predation will be enormous. 
The low mortelity of large eggs is an obvious selective advan
tage, which is counterbalanced by the fact that only a sm.aJ.l 
number of them ean be produced. It is postnlated that in a 
partioular species the compromise between these two factors 
which has actually evolved through natura! selection is that 
which leads to the largest number of offspring which survive to 
reproduce in the next generation. 

It therefore scems likely that nearly all the cold-blooded 
vertebrates lay as many eggs as they are capable of producing 
and that the number of eggslaid depends mainly on the size 
of the egg; for a given expenditure of energy a species may 
invest in a large number of small eggs with a high mortallty, or 
in a small number of large, better-equipped eggs with a low 
mortallty. In each species the compromise reached will be that 
which leads to the maximum number of surviving offspring. 
But in the higher, warm-blooded vertebrates, the birds. and 
mamIllllls, which oare for their young after birth, another factor 
must be taken into acoount. 

It is clear that a bird does not produce as many eggs as it 
can; for if the eggs are taken during laying it will usually lay 
more and can be made to lay a much larger number of eggs 
than usull,! in this way. To explain the evolution of clutch size 
in birds, Lack (1954, 1966) has argued that the parents can 
only prm;.ide a limited amount of food for the nestlings and that 
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above some limiting optimal size, lMge clutohes will have rewer 
survivors per brood than smaller clutches because of the 
increased mortality from undernourishment; the normal clutch 
size will therefore evolve through natural selection towards 
this optimal size whioh produces the largest number of adult 
survivors. Laok has provided convincing evidence of the troth 
of this thesis in birds; his data on survival in relation to brood 
size in sw:ifts are reproduced in Table 8.1. When it is borne in 

Table 8.1. Surv;.Yd in rila/iontc brood lfize in swifts (Lack 1954) 

Brood 
size 

Number of young Pel' eeut Young raised 
hatched flying pe" brood 

Alpine swift (LIp"" melba) in Switzerland 
1 58 97 1-0 
2 562 87 1-8 
3 1623 79 2'4 
4 20 60 2,4 

Common swift (Apus apu.s) ~ England 
1 36 83 0,8 
2 204 84 1·7 
S 98 58 1·7 

mind that there ;s considerable mortality after the young 
have left the nest, which is also likely to depend on brood size, 
it is almost certain that the optimal brood size is three in the 
Alpine swift and two in the common swift; these are also the 
most usual brood sizes. 

In mammals, mortality is likely to be higher in large than 
in small litters, both because the mother is able to take less 
individual care of the youog after birth and beoause they will 
be born youoger and more helpless; in addition there may well 
be increased maternal mortality due to the physical strain 
and disability placed on the mother both before and after birth. 
We shall therefore assume as a working hypothesis that for 
each species of mammal there is an optimal litter size whioh 
leads on the average to the largest number of surviving off
spring, and that the actual litter size typioal of the species 
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tends to evolve towards this optimal size through natural 
selection. 

It has been suggested that litter size has adjusted itself 
through natural selection to balance the natural mortality of 
the species. On this view it is supposed, for example, that the 
rabbit has large litters to offset its high mortality, whereas the 

. elephant with its mnoh longer expeotation of life need have 
only oneyouog at a time in order to survive; it might further 
be suggested that, if elephants had large litters, they would be 
in danger of over-running Africa and ultimately of becoming 
extinct through starvation. However, this theory is based on a 
false view of natural selection. If some elephants have a 
hereditary predisposition to produce twlos, and if these 
elephants on the average produoe a larger number of offspring 
which survive to reproductive age, then the proportion of 
twlo-producing elephants will increase from one generation to 
the next until eventually all elephants will have twins, regard
less of whether this is to the ultimate benefit of the species. 
The fact that elephants rumaliy have single births therefore 
suggests 'that one is the eptimal litter size and that twlo
producing elephants would leave fewer surviving descendants 
than elephants which produce only one young at a time. It is 
undoubtedly a fact that speoies with a low mortality tend to 
have smaller litters than those with a high mortality. But this 
does not 'explain' the evolution of litter size; it is simply a 
reflection of the fact that most natural populations are relatively 
stable in size, and that their birth-rate must therefore be eqnal 
to their death-l'll.te. 

The most suecessfnl general theory of the evolution of litter 
size was put forward rather briefly by the anatomist Frederic 
Wood Jones in his book Arboreal Man published in 1916, in 
whioh he disoussed the influence of the arboreal habit in the 
evolution of man; fuller accounts of his theory are contained 
in two articles, the first published in 1915 and the second 
thirty years later in 1945. Wood Jones'thesis was that the 
terrestrial inseetivores from whioh the primates evolved had 

.i 
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large litters, but that the adoption of an arboreal mode of life 
by the primates led, among other things, to a reduction in 
litter size because of the diffioulty of producing and caring for 
a large litter up a tree. This diffioulty can be overcome to some 
extent by building a nest, as is done for example by squirrels, 
but this solution becomes very inconvenient for larger species; 
in most primates the problem has been solved by reducing the 
litter to a single offspring which can be carried around on the 
mother's back or under her belly. 

In generalizing his theory to other mammalian orders, Wood 
Jones argued that litter size is reduced under two circulllStances: 
firstly, in mammals in which the females are highly active 
dnring pregancy, and secondly in mammals whose habits and 
enviromnent prevent them from having It natnral nursery in 
which the offspring may be tended by the mother. Thus all 
marine mammals (whales, dolphins, and seals) produce only a 
single young. The diffioulties of nnrsing the young in the sea 
are obvious, and it is thUB advantageous for the young to be 
born at as advanced a stage as possible and for the gestation 
period to be long and the laetation period short; this requires 
a reductiou in the number of young. Similarly, defeneeleBs 
animals like horses which live in open spaces and escape from 
danger by flight cannot afford to be pregnant with a large litter 
(since this wonld prevent the mother from running) or to bear 
young in a helpless, premature stage. Lastly, flying animals, 
Hke bats, which carry the young with them as they fly in search 
of food must reduce the number of offspring for the same 
reasons as ""boreal mammals. Wood Jones summarizes his 
argument by saying: 'It is only the strong and the well armed, 
or such of the weak and defenceless as happen to have homes 
and safe retreats in lairs or holes or burrows or neste that can 
afford large litters that they may nurse and tend in safety and 
at their leisure'. 

Wood Jones' theory is bioJogioally plausible and accounts 
for many of the differences in jitter size in mammals. It also 
provides a partial explanation of the small litter size of most 
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large mammals, since only small mammals can seek protection 
in nests or burrows; but it is likely that there is an additional 
reason for this faet. It is well known that the weight of an 
animal is proportional to the cub" of its linear dimensions, 
while the weight-bearing strength of its bones depends on their 
cross-sectional area and is thus proportional only to the square 
of their dimensions; hence the limbs of an elephant m1ll!t be 
disproportionately thick compared with those of a small 
mammal in order to support its weight. In the same way it 
may be suggested that a large mammal Will be reproductively 
less effioient than a small oue, and Will in consequence be forced 
to reduce the number of young which it can bear at a time, 
because the nourishment of the foetus takes place a<lrosa the 
placenta which has a snrface area proportional to the square of 
its lineardimensiolll!, while the volume of nourishment required 
by the fcetus is proportional to the cube of its dimensions. 
There may well be other factors of a simil",r, dimensional kind 
which predispoBe large mammals to have small litters. This 
argument is supported by the fact that the relative weiglit of 
the litter compared with that of the mother decreases as the 
size of the species increases, var:ring from about forty per cent 
in bats and small rodents to about five per cent in the large 
mammals (Leiteh, Hytten, and Billewicz 1959). 

In conclusion, it is postulated that mortality, both of the 
young and of the mother, increases with the size of the litter, 
and that in consequence there is an optimal litter size which on 
average leads to the largest number of surviving offspring. This 
optimal size, towards which the actual litter size characteristic 
of the species Will tend through natnral selection, Will be small 
in mammals in which the females are highly aetive during 
pregnancy and in mammals whose way of life does not allow 
them to have a nursery in whioh the young can be tended by 
the mother; the reduction oflitter size in the primates can thus 
be attributed to their adoption of an active, arboreal way of 
life. It is also likely that the optimal litter size Will be lower in 
large mammals because they are reproductively less efficient 



170 Biology of Twinning inMan 

for dimellilional reasons. With these considerations in mind we 
shall now discuss in more detail the evolution of litter size in 
the primates. 

Litter size in the primates 

It is generally thought that the Primates, the order of mammals 
to whieh man belongs, have developed over the COurse of about 
a hundred million years from primitive mammals resembling 
the modern tree-shrews of south -east Asia (La Gros Clark 1962). 
Living primates can be divided into two main groups; the pre
monkeys or prosimians (Suborder Prosimii) and the monkeys 
proper (Suborder Anthropoidea), The prosimians are the more 
primitive group and include the tree-sbrews, the lemurs, now 
oonfined to Madagascar, the lorises of tropical Africa and Asia, 
the African bushbabies, and the Asiatic tarsiers; the tree-!lhrews 
are more primitive than other prosimians and their inclusion 
among the primates is not universally aecepted. The more 
advanced suborder of Anthiopoidea includes the New World and 
Old World monkeys, the anthropoid apes (gorilla, chimpanzee, 
orangutan, and gibbon), and man himself. 

The primates are diffioult to define as an order beeause they 
have remained rather unspeeiaJized, but they are marked by 
several characteristics which are associated with their arbereal 
way of life. One adaptation to arboreal life is the develepment 
of hands and feet whieh can grasp branebes by the oppesition 
of the thumb or big toe to the other digits, together with the 
replacement of claws by nails. Another adaptation is the 
development of vision at the expense of smell; the reduation in 
the sense of smell ha<l led to a reduotion in the muzzle and It 
fore-shortening of the face, while the development of visual 
aouity has led to an ,increase in the size of the eyes t<>gether 
with a rotation from a lateral position to a position in the front 
of the bead which permitsbinooular vision. Corresponding 
ohanges have also occurred in the brain. But the adaptation 
whioh partieularly conoerns UJ! here :is in the pattern of repro
duation. 
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Most small mammals have several offspring in a litter; the 
young are born in " helpless condition and are cared for by the 
mother in a nest which they do not leave for some time after 
hirth. This pattern of reproduction is found tod.. y in tree-shrews 
and in onc group of Madagasoan lemurs (Cheirogaleinae), and it 
seems likely that it represents the primitive condition among 
the ancestors of the primates. However, most living primates 
have developed a pattern of reproduction in which a single 
offspring is born at a more advanced stage of development and 
clings to the mother from birth. The essential feature of this 
pattern is that the young are not left alone in a nest but 
accompany their mother when she goes out in search of food. 
The advantages of this behaviour ate that it gives greater 
protection to the young and greater freedom of movement to 
the parents since they are not tied to the nest. However, it 
places a strong limitation On the number of young which can be 
successfully reared since it would be difficult for the mother to 
carry several offspring on her body, and since it necessitates a 
longer length of gestation to allow the young to be active enough 
at birth to cling to their mother; both these factors favour a 
reduction in litter size. With this general pattern in mind we 
shall now review the available evidence about litter size and 
nursing behaviour in the various groups of primates. The 
reader is referred to Napier and Napier (1967) for authority for 
most of the following information, when other authority is 
not cited. 

Tree-SM(JWfJ. Twins or tripIete are usual in nearly all species. 
The young are bern hairless and with closed eyes after about 
one and a half months' gestation, compared with four to five 
months in most prosimians. They are reared in a separate nest 
from the mother and are only visited and fed by her onae every 
forty-eight hours (Martin 1966). Apart from the latter rather 
anrious specialization these most primitive primates exhibit the 
typical primitive pattern of reproduction. 

Madagascan lemurs. The dwarf lemurs (Gheirogaleus) and the 
mOuse lemurs (Microcebm), which belong to the same subfamily 
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(Cheirogaleinae), have a primitive pattern of reproduction. They 
llimally have twins or triplets and the young are born in a 
helpless condition with "loseAl eyes after two to two and a half 
months' gestation. They are reared in a nest of leaves or in the 
hollow of a tree, and they may be picked up in the mother's 
month but do not cling to her. In aJl other .M.adagascan lemurs 
single births are the rule, and most of them have the typical 
advanced pattern of reprodnction: the young are born in an 
active state "ith open eyes and covered with hair after four to 
five months' gestation, they cling to the mother from birth and 
are carried around by her all the time. This description is 
certainly true of Lemur macaco, Lemur ftil?Jus, Lemur calla, and 
PropitaecU8 verreauxi (Rand 1935, Petter-Rousseaux 1964), 
but in the nocturnal sportive lemur (Lepilemur mustelinus) the 
young stays behind on a small branch or in the hollow of a tree 
while the mother forage,s at night, and in the ru:ffed lemur 
(Lemur variegatus) the single young is born helpless (the length 
of gest.ation is unknown), is reared in a nest made from the 
mother's fur, and never learns to cling to her (Petter-R<lusscaux 
1964). It is significant that the primitive pattern of reproduction 
is found in the Cheirogaleinae which are ill some other respects 
the most primitive, as well as the smaJlest, of the Madagascan 
lem1.l.l'S, but the retention of the primitive nursing behaviour 
by the ru:ffed lemur alone in its genus is rather puzzling. 

Buslibabies. Bushbabies are arboreal, nocturnal creatures 
which leap through the trees with great agility. They spend 
the day in smaJl groups in nests made in tree-holes, or some
times in African beehives. The young are born in these nests 
in a fairly advancad stage of development after about five 
months' gestation and are capable of clinging to their mother 
from birth. However, they do not accompany the mother but 
remain behind in the nest when she goes out at night. These 
facts suggest that bushbabies once possessed a typical advanced 
pattern of reproduction but have subsequently reverted to 
rearing their young in nests; the reasons for this evolutionary 
reversion are unknown but it may be conneoted with their 
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prodigious leaping, which lnight be encumbered by the presence 
of offspring, or by their nocturnal habits. 

Some confusion ha-s arisen about litter size in bushbabies 
from failure to realize that· there are differenees between 
different subspecies of the same species. In the common bush
ba.by, Galago senegakmsis, twins are usual in the Moholl sub
species, G. 8. mohoZi, found in South Africa, but single births 
are the rule in other subspecies and in partioular in the nominal 
subspecies, G. 8. senegalensw (Hollister 1924, Lowther 1940, 
Brand 1963, Haddow and F.Jlice 1964, Butler 1967, Doyle, 
Pelletier, and Bekker 1967). In tho larger thick-tailed bush
baby, Galago crassica'l.l.daPu8, single births are the rule in most 
subspecies, but there is some evidence that twills may be 
common in the silvery bushbaby, G. c. aryentatus (Bucttuer
Janusch '1964). These subspecific differences are of great 
interest in view of the suggestion that buahbabies have reverted 
secondarily to rearing their young in nests, and it may be 
suggestrd that they are consequently in the process of evolving 
back again from single to multiple births. 

Loriees and pettas. The lor.i.ses of .Asia and the pottas of Africa 
are nocturnal creatures whioh move with great deliberation as 
if in slow motion. They have a typical advanced pattern of 
reproduction, the young being born at a fairly advanced stage 
after abo].lt .five months' gestation, and clinging to the mother 
as she ambulates through the trees. Single births are the rule, 
b].lt there is some evidence that twins may be common in the 
Mysore subspecies of the slender loris, Loris tardigradus 
lydekke:rianus. 

Tarsiers. The rather rare tarsiers of south-east .Asia are 
small, nocturnal oreatures, notrd for leaping rather like bush
babies. They do not have nests and their pattern of reproduc
tion is the typical advanoed pattern. Single births are the rule. 

New World monkeys. The New World monkeys are divided 
into two families, the marmosets (Callithricidae = HapaJidae) 
and the Cebidae. Marmosets are in general smaJler than the 
Cebidae, have olaws instead of nails, except on the big toe, and 
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have ~wo ,:"ol~r tee~h in .each half jaw instead of three. They 
also differ m htter sIze, smgle births being the rule in Cehidae 
and twins in marmosets. In both families the young are hom 
in a fairly mature stage after about five months' gestation, In 
most Cebidae the infant clings at first to the mother's belly and 
later to her back, but in titis (OallicelYus) the infant is carried by 
the father except when it is being fed by the mother; the father 
also ?lays ~ part in carrying the infant in dourouooulis (Aoutm) 
and ill sqwrrel monkeys (Sa.miri). In marmosets the young are 
invariably carried by the father from very soon after birth and 
are only reeeived by the mother for short periods for suckling, 
~he production of t»iru; by marmosets is probably an evolu
tIOnary reve.raa! rather than a primitive character since they 
possess a Ulllcornuate uterus and a single pair of nipples which 
are adaptations correlated with single births, It may be suggested 
that the production of twins has evolved because of their small 
size and squirrel-like movement; the paternal care of the 
offspring may also be relevant. 

Old Work! monkeys (lJlI4, anthropoid apes. Single births are the 
rule in all species. The young are born after about six months' 
g~tation in monkeys and seven to nine months in apes, They 
cling to the mother's belly and, unlike New World monkeys, 
th~y are not usually earr1ed on her back, at least until they are 
qUIte old. In some of the Colobus monkeys, however, the infant 
is carried in its mother's mouth for several weeks after . birth 
~efore it is transferred to her belly where it is self-supporting; 
It has been suggested that this behaviour is due to the absence 
of the thumb in these monkeys, which makes clinging more 
difficult, In many species the infant is supported by the 
m?ther's a.rm 0,. hand when she is sitting or moving rapidly; 
thIS behaViOur IS nf>t found in prositnians, in which the young 
are left to cling unsupported. 

It can be concluded that the primitive pattern of reproduc
tion, in which several young are born in a helpless condition 
and are cared for by the mother in a nest, is found today in 
tree-shrews and in ono subfamily of Madagascan lemurs. Most 
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other primates have developed a more advanced pattern of 
reproduction in which a single infant is born in a more advanced 
stage after a longer gestational period, and clings to its mother 
from birth. However, the bushbabies have reverted to rearing 
their young in nests, and the marmosets to producing twins, for 
reasons which are only partJy understood. We will now consider 
briefly what effect the change in the pattern of reproduction 
has had on other aspecta of priutate evolution. 

The 1'oouot;011 of litter size in priutates has led both to 
anatotniea! changes in the reproductive system and to functional 
changes in the pattern of reproduction. The main anatotnical 
changes are the development of an undivided, unicorn1U1te 
uterus and the reduotion in the number of mammae to the single 
pair found in all higher primates. l'!1ost mammals have a paired, 
or bicornuate, uterns in which two long horns meet in a small 
common chamber, the body of the uterus, which opens into the 
vagina; the embryos develop in the uterine horns, 'fhis type of 
uterns is found in all prosimians, a!thouglt in many species the 
horns are redueedin length compared with the body of theuterus, 
but in the higher primates (Anthropoidea) the horns of the 
uterus fuse together during embryOnic development to produce 
a unicornuats uterus oompoeed of a eingle chamber. This ill 
clearly an adapt"'tion for producing eingle offspring, as is the 
reduction in the number of mallml1>O to the single pair found in 
all higher primates and in many, though by no means all, 
prositnians. It is of interest that, even in women, the horns of 
the uterus may occasionally fail to fuse thus producing the 
primitive .condition of a bioornuate uterus. Similarly, accessory 
nipples are sometimes found along the primitive mammary line. 

One of the most important of the functional changes which 
has occurred in the pattern of reproduction in the primates is 
the extension of the period of ehildhood and adoleseenee before 
sexual maturity ill reached. Tree-shrews are sexually mature at 
about six months after birth, most other proaimians at about 
two years, monkeys of both the Old and the New Worlds at 
about four years (with the exeeption of ~oseta, which are 
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mature at about one year), canthropoid apes at eight to ten 
years, and man at sixteen to eighteen yearsc This progressive 
lengthening of the pre-mature stage of life during which the 
offspring is still dependent On maternal care is accompanied by 
an increase in the size and complexity of the brain and in the 
development of learned behaviour and intelligenoe. It is 
generally believed bhat the increase in the capacity for learning 
is dependent on the postponement of maturity since the brain 
is thereby given a longer time in which to develop. Furthermore, 
it is likely that the postponement of maturity has been made 
possible by the reduebion in litter silte. 'rhore are two reasons 
why this should be so. Firstly, the members of a large litter 
must achieve independence of their mother before the arrival 
of the next litter, whereas single offspring can continue to receive 
maternal care since the burdeu on the mother is 1_ severe. 
Secondly, it has been pointed out by Harrison, Weiner, Tanner 
and Barmcot (1964) that in multiple pregnancy the offspring 
are in competition with each other both before and after birth, 
so that rapidly developing individuals will be at an advantage 
over more slowly developing ones; when only one offspring ill 
born this source of selecbion for rapid development will be 
eliminated. Empirioal confirmation is provided by the marmo
sets, whioh regularly produce t,,1ns and which reach mat1:L>ity 
much more rapidly than other monkeys. 

N aturaJ selection In Man 

It has been assumed as a working hypothesis that the litter 
size typical of a species tends to evolve through natural selection 
towards an optimal size which leads on the average to the 
largest number of surviving offspring. We would therefore 
expect to find in those primates which usually have on8 baby 
at a time that the mortality in twins is so great that on average 
there are fewer survivors from a pair of twins than from one 
singleton. This is certainly not the case in man tooay. It will 
be seen from Table 3.4 on p. 54 that the combined stillbirth and 
infant morbaJity rate in England and Wales in recent years ill 

The Evolv.tionary 8ignifwfJIIW< of Twinning 177 

about five per cent in single birthll, seventeen per oent in twins, 
and thirby-eight per oent in triplets; the average number of 
survivors per pregancy is therefore about 0·95 for single birthll, 
1·66 for twins, and 1·86 for triplets, so that mothers of twins 
and triplets are at a ee!ective advantage over mothers of 
singletons. It must be remembered, however, that infant 
mortality has been dramatioally reduoed in the course of the 
past century whereas natural selection requires many centuries, 
if not millennia, in whioh to work. We must therefore consider 
the rather scanty evidence available about the comparative 
morbaJity of twins in past centuries. 

Data on morbality in Dublin in the years 1757-84 were pub
lished in a commnnioation to the Royal Society in 1786 by the 
Master of the Lying-in Hospital, J. Clarke. He found that the 
perinatal mortality (stillbirths and deathll before sixteen days) 
was twenty per cent in single births and thirty-nine per cent in 
twins, so that the average number of survivors per pregnancy 
was 0·80 for single births and 1·22 for twins. Information about 
mortality in the rest of the first year of life is not available, but 
there is. little doubt that it would reduce the differential between 
the average number of survivors from single and twin births 
still further. In addition maternal mortality was increased from 
one per cent in single to four and a half per cent in twin preg
nancies; the death of the mother is equivalent to the death of 
aJl her potential future children and thus exerbs a !l8vere 
ee!ective pressure. It can be concluded that in eighteenth
century urban conditions in Europe there was probably little 
difference in selective value between the productiou of twins 
and singletons. 

Prior to the eighteenth century the only data available were 
obtained from the genealogical records of the ruling families of 
Europe in the sixteenth and seventeenth centuries by Peller 
(1944). The detailed breakdown of morbality is shown in Table 
8.2, from which it will be seen that almost the same number of 
children survived to adult life from a twin as from a single 
pregnancy. When it is remembered that these data relate to a 



178 Biolow 0/ Twinning in Man 

privileged group and that we must also take into account the 
effect of differential maternal mortality, there can be little 
doubt that prior to the eighteenth century the mother of twins 
was at a selective disadvantage compared with the mother of 
a single child. If we were able to pursue our investigation back 

Table 8.2. Mortality in twin and single birtlwin the ruling lamilies 
01 Europe in tlw sixteenth and 8wemeenth centuries (Peller 1944) 

Bb,ths (still and live) 
Stillbirths 
First-week deaths 
Deaths in the rest of the first year 
Dea.ths in the second to fifth years 
Deaths in the sixth to !l.fteenth years 
SurvivOl's beyond fifteen years 
Survivors per hundred blI·ths 
Survivors per hundred pregnancies 

Single 
births Twins 

4511 
97 

336 
627 
348 
193 

2910 
64·5 
64·5 

108 
12 
30 
18 
12 
2 

34 
31'5 
6ll 

-----------_._- .. _--

to even earlier times we should probably find this disadvantage 
to be quite severe. It has been stated by Scheinfeld (1968) that: 
'The practice of killing one Or both twins was widespread among 
primitive peoples as diverse as the Eskimos, the Ainus of Japan, 
Australian aborigines, numerous Africans, and various North 
and South American Indians. Umally this practice st.emmed 
from the excessive difficulty of sustaining and rearing two 
infants at the same time, a partioular burden for people engaged 
in a constant struggle for existence. Among the Eskimos, where 
tribes were oontinually on the move in searoh of food, it was 
also extremely difficult, if not impoBSible, for a mother to carry 
two infants on her back simultaneously'. 

If we accept the thesis that mothers. of twins were at a 
selective disadvantage in plimitive times we can explain in 
evolutionary terms why twins are only rarely produced, but 
it:is puzzling that there should be considerable genetic variability 
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in the tendency to produoe dizygotic tVl'ins. We found in Chap
ter 6 that the inheritance of twinning can be approximately 
expl.a.ined on the assumption of a completely recessive gene, t, 
with a gene frequency of about t in Caucasoid populations, 
which leads to the prodnction of dizygotio twins in about three 
per cent of pregnancies in mothers with the homozygons geno
type, tt. If all twins died before adolescence, then tt women 
would on average produce 0·97 surviving offspring for each 
surnv:mg offspring produced by other women; that is to say 
they would be at a selective disadvantage of three per cent, so 
that the genotype tt would be at a selective disadvantage of 
one and a half per cent in the whole population of men and 
women. On the other hand. if mortality were the same in twins 
and singletons Or were so small that its effect could be ignored, 
then the genotype tt would be at a selective advantage of one 
and a half per cent. (The effect of maternal mortality has been 
igeored in the above analysis.) It therefore seems reasonable to 
suppose that under primitive conditions the genotype tt was at 
a selective disadvantage of about Qne per cent, whereas today 
it is at It similar selective advantage. 

It is shown ill books on population genetios (see, for example, 
Li 1955) that a receBSive gene with a frequency q and with a 
selective advautage 8 will increase in frequency by about 
8q'( I-g) per generation; if the rec"",sive genotype is at a 
disadvantage then 8 will be negative and the gene frequency 
will decrease. If we put 8 = 0·01, q = t, and allow about four 
generations per century, this means that under modern con
ditions when the recessive genotype is at an advantage we 
would expeot the gene frequency to increase by O'(H in two 
centuries, or by 0·1, that is to say from 0·5 to 0·6, in two millen
nia. It is clear that selection is very slow and that we should 
not expect any appreoiable change in the gene frequency to have 
occurred from the decrease in mortality over the past two 
centuries. This prediction is borne out by the limited evidence 
avaJIable. The frequency of twimting in the ruling families of 
Europe in the sixteenth and seventeenth centuries can be 
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calculated from Table 8.2 as 54/4565 = twelve per thousand, 
which is about the same as in Europe today (see Chapter 4). In 
Sweden, where reliable birth statistics are available since the 
middle of the eighteenth century, the t<:>tal twinning rate was 
about fifteen per thousand from 1750 to 1920, but has fallen to 
abont twelve per thousand sinoo then (Eriksson 1964); the 
decrease in the past forty years is oonfined to the dizygotic 
twinning rate and seems to occur in other Scandinavian 
countries, even after standardization for maternal age (see 
Table 4.7 on p. 92), but its caUlle is obscure. 

Natural selection, though slow, must nevertheless be effective 
if given long enough to act. Why then was the gene for twinning 
not eliminated in pre-historic times during which the produc
tion of twilli! must almost certainly have been a disadvantage! 
There are two possible answers. Firstly, it has been suggested 
that primitive men lived in small hunting communities which 
rarely interbred with one another. "Cnder such conrutions ran
dom fluctuations in gene frequency will OCClU' which may be of 
greater importance than natural selection if the population size 
is small enough. The mathematical theory of genetic drift, as 
this phenomenon is known,· has been extensively studied, in 
particular by Sewall Wright; the reader is referred to the books 
by Falconer (1960) and J.i (1955) for further details. There is 
no doubt that if the effective size of the breeding group is less 
than about a hundred, and if migration between groups is 
iufr"equent, genetic drift can keep in existence a gene against 
which there is a selection pressure of the order of one per cent. 
There is a general feeliug among human geneticists that genetic 
drift has not played an important part in human evolution, but 
in our present state of knowledge it Seems desirable to preserve 
an open mind. 

The second explanation for the preservation of the twinning 
gene is that the disadvantage of producing twins is counter
balanced by some other advantage. If the gene acts through 
altering hormonal balance, as seems quite likely, it is reasonable 
to suppose that it will produce other effects; for example, it has 
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boon suggested by Anderson (1956) that there is a correlation 
between the production of t"VI'ins and height, though this work 
requires confirmation. It is not enough, however, to postulate 
that these other effects have converted the selective rusadvan
tage of the It genotype into a selective advantage since in this 
oose we would expect the T gene to be eliminated through 
natural selection. In order to explain the occnrrenC<l of both 
alleles in appreciable frequencies we must suppose that the 
heterozygote, Tt, is at a selective advantage compared with 
either of the homozygotes, thus producing a balanced poly
morphism; the reader is again referred to the books mentioned 
in the previous paragraph for a fuller discussion. Heterozygote 
advantage hal; been suggested as an explanation of many 
human polymorphisms, including the blood groups, but the 
only well-documented case is sickle-cell anaemia which is due 
to a reCessive gene found in parts of Africa, Greece, and Sicily 
where malaria was recently endemic. The homozygote with two 
sickle-ooll genes suffers from severe anaemia which usually Jeads 
to early death; the heterozygote with one sickle cell and one 
normal gene is apparently normal, but there is evidence that 
he possesses greater resistance to malaria than the normal 
homozygote with no Bickle-cell genes. Thus the selective 
advantage of the heterozygote keeps the gene in existence at a 
stable equilibrium frequency even though in double dose it is 
lethal. It is tempting to suppose that dizygotic twinning may 
also be a balanced polymorphism due to heterozygote advantage, 
but at the moment there is no evidence to support this conjecture. 
Anoth!lr possibility is that the intermediate twinning rate in 
Caucasoids may be due to a cross between a race with a high 
twinning rate, such as the negroes, and a race with a low 
twinning rate, such as the Mongoloids. A similar explanation 
has been put forward to a<Jcount for the distribution of the 
Rhesus blood group frequencies. 
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Tuherculosis, 160-62. 

L".S..A.., 47, 58-9, 75, 82-3, 87-8, 
97-101, 104, 106. 

Uterus, bicornuate, 38, 6S, 175. 

Variance, components of, 127-8. 
132-6, 138-63. 

Vole, 43. 

Weight, 64, 141-2. 
WeinhergJs abridged method, 160. 
Weinberg's differential method. 3, 

7,31-3, 68-74, 95-6, 115. 
Weinberg's proba.nd method, 154. 
Weinberg's sib method, 115. 
Wh.a.les, 168. 

Yoruba, 89-90. 
Yule process, 108-9, 111-2:. 

Zona pe1lucida, 12~ 26, 34. 
Zygosity, dia.gnosis of, 2-8, 19-24, 

6&-74. 
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