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OPINION

Sex determination and the maternal dominance
hypothesis

Valerie J.Grant

Department Psychiatry and Behavioural Science, School of
Medicine, University of Auckland, New Zealand

The maternal dominance hypothesis has been derived from
work with humans which shows that women who are more
dominant than other women are more likely to conceive
sons. In both animals and humans dominance is a charac-
teristic or personality trait, underpinned by testosterone
and responsive to a range of environmental changes:
physical, social and psychological. Studies of the sex ratio
in the social sciences and animal behaviour either support
or are compatible with the idea that the sex-determining
role of X- and Y-chromosome bearing spermatozoa may
be preceded by factors under maternal control which
provide for differential access of spermatozoa. Findings
in reproductive physiology and physiological psychology
suggest that folh'cular testosterone or a related hormone
may play a critical role. Reproductive physiologists have
already identified maternal mechanisms which could pro-
vide the context for such a model.
Key words: maternal dominance/sex determination/sex ratio

Introduction

In the population as a whole, the perception is that the sex of
the infant is a matter of chance depending on whether an X-
or a Y- chromosome bearing spermatozoon fertilizes the ovum.
Furthermore, many researchers working on the determination
of the sex of the infant appear to believe the same, since
much of the work concentrates on the problems involved
in identifying and separating X- and Y-chromosome-beanng
spermatozoa (Beernink et al, 1993; Windsor et al., 1993;
Ericsson, 1994). From this it might appear that reproductive
physiologists are either unaware of parallel work being done
in the social sciences, or not convinced of the relevance of
the findings.

The unexplained male bias in the human secondary sex
ratio (SSR) has provided the starting point for much of the
work, and ensured that the determination of the sex of the
infant continues to be a topic of almost universal interest
Demographers, anthropologists, psychologists and evolution-
ary biologists (among others) have sought to locate and
describe unusual sex ratios in a variety of settings with a view
to offering clues to reproductive physiologists as well as
satisfying their own curiosity. Unlikely as it may seem, a
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synthesis of these findings at the present time points consist-
ently in the direction of a role for the mother. When the current
research emphasis in reproductive physiology points in one
direction and that in the social sciences in the other, there is
an opportunity to gain further insight from scrutinizing the
competing claims.

One of the strongest of these arises from the maternal
dominance hypothesis which was formulated on the basis of
the results of a series of studies carried out over the last 30
years. The results provide consistent, statistically significant
evidence to support the notion of a maternal involvement
in the predetermination of the sex of her infant (Grant
1990, 1994a).

Measuring maternal dominance

The personality trait 'dominance' may be defined as influential,
ascendant, prevailing, authoritative, or high in control. It must
be discriminated from aggressive (hostile, angry, violent,
quarrelsome, argumentative) and domineering (overbearing,
bossy, dictatorial and high-handed) (Sadalla et al, 1988),
neidier of which is relevant. Personality theorist Fiske (1971)
defined the core of dominance as 'acting overtly so as to
change the views or actions of another'. The personality tests,
self report pencil and paper measures, were constructed to
measure the dominance of a particular individual woman
relative to other women (for further details of test theory and
construction see Grant, 1992).

Subjects were all healthy women (not seeking medical
advice), and in studies undertaken after 1970, either <8
weeks pregnant or pre-pregnanL This was to ensure that
fetal testosterone in the maternal circulation, which becomes
detectable by the 8th week of pregnancy (Edwards, 1980),
was eliminated as an alternative interpretation of results.
Because it is likely that the physiological basis of dominance
is influenced by the social and psychological environment,
pre-pregnant subjects were within 8 weeks of conception.
Dates were calculated by working back from the date of
birth of a normal full-term baby to the date on which the
questionnaire was completed.

In six separate studies undertaken between 1969 and 1991,
results were in the same direction and in all studies since
1970, at or near the same level of significance (P <0.05) (see
Table I). A meta-analysis of all studies showed that women
who later bore sons were significantly more likely to have
scored higher on the tests of dominance than diose who later
bore daughters ft2 (12) = 89.5715, P <0.0001). When the
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Table 1. Mean dominance scores of women later bearing male or female infants (First published in Br J. Med. Psychol., 67, 343-351, 1994)

Study code and
date

Name of
test

Pregnancy
status

No. of
subjects

N
(m)

Mean
(m)

SD
(m)

N
(0

Mean
(0

SD
(F)

P value
(r-test)

NWX 1969
FAA 1969-70
FPA 1982-83
KOH 1983-84
FP2 1987-88
PRE 1989-91

MP.Q.
MP.Q
MP.Q
MP.Q
SA.T.
S.AT

3rd trimester
1st to 3rd trimester
8 weeks or less
Not pregnant
8 weeks or less
5 weeks or less
Not pregnant

32
17
36
16
39
15
23

14
9

19
10
22
18

1.57
2 11
2.84
2.20
4.50
4.67

102
145
142
0 63
3 07
2 95

18
8

17
6

17
20

1 11
0.63
1.94
1.50
2.35
2 95

1 18
1.06
1 14
054
1 84
2.35

0.2552
0 0310
00456
0 0414
0.0102
0 0538

N (m) = No of women in the study who later gave birth to male infants
N (f) = No. of women in the study who later gave birth to female infants.
M.P.Q = Dominance measured by means of the Maternal Personality Questionnaire.
S.A.T. = Dominance measured by means of the Simple Adjecuve Test.
Mean (m) and SD (m) =» Mean score and SD for women later bearing male infants
Mean (f) and SD (f) «= Mean score and SD for women later bearing female infants

two earliest studies (NWX, 1969; FAA, 1969-70), included in
the table for the sake of completeness, are excluded because
their pregnancies were advanced beyond the eighth week,
the level of probability stays the same {y} (8) = 64.6684,
P <0.0001).

The maternal dominance hypothesis

The consistency and strength of these results led to the
formulation of the maternal dominance hypothesis, which
states that women who are more dominant m personality (when
compared with the other women in their cultural group) are
more likely to conceive and bear sons. The hypothesis is
underpinned by two further propositions. First, that dominance
is a biologically-based personality trait which humans share
with animals (Wilson, 1975; Buss, 1988). Second, that indi-
vidual differences in dominance behaviour are highly correlated
with individual differences in concentrations of serum testoster-
one. Although most of this research has been done with male
subjects, there are now several reports of the same phenomenon
in females (e.g. Purifoy and Koopmans, 1979; Baucom et al.,
1985; Udry and Talbert, 1988; Cashdan, 1995). This in
turn is further supported by the fact that intra-individual,
environmentally-induced changes in status-related dominance
behaviours result in corresponding changes in serum testoster-
one levels (e.g. Dabbs, 1988; Mazur, 1994). This means that
both inter- and intra-personality differences arise from a
complex two way interaction between biological as well as
environmental influences (e.g. Udry et al, 1995), thus provid-
ing the basis for change over time.

The maternal dominance hypothesis seeks to account for
the fact that many women have infants of both sexes by
postulating a normal distribution for dominance and its hor-
monal basis. It is known that environmental stimuli (social
events) evoke changes in both dominance behaviours and the
corresponding testosterone levels (again in both humans and
animals; Rose et al, 1975; Mazur, 1976).

These factors mean that each individual woman would
fluctuate in dominance, and the hormonal basis for dominance
would fluctuate too. These fluctuations over time would be
small to moderate in amount, as she responded to life events
and other changes. For women scoring more than one standard
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deviation outside the normal distribution curve, there would
be a tendency for these fluctuations not to alter the sex of
consecutive infants. However for most women, whose scores
lay within one SD, normal fluctuations in dominance (and
testosterone) would take them either side of a critical threshold
or amount which led to the conception of a male or female
infant

Compatibility with findings in reproductive physiology

This hypothesis implies a major maternal influence on the
predetermination of the sex of her infant In the absence of
knowledge of a clear mechanism, it has been necessary, over
the years, to monitor findings in this area to ensure that the
hypothesis was at least compatible with findings in reproductive
physiology. During the past three decades a number of research-
ers have made suggestions which provided a possible role for
the female in determining the sex of her infant In general,
these postulated differential access, under the control of the
mother for either X- or Y-chromosome-bearing spermatozoa.

Shettles' suggestions (1960, 1970) provided for both a male
and a female role in the determination of the sex of the infant.
Although accompanied by much publicity this work was
later shown to be methodologically unsound (Gledhill, 1988).
Reliable work includes hypothesized individual differences in
the uterine environment, either chemical or mechanical or both
(see for example Eisenbach and Tur-Kaspa, 1994); or maternal
factors related to the timing of intercourse within the menstrual
cycle, (see Gray, 1991 for a review of timing studies); or
differences in the length of the follicular phase (Weinberg
et al., 1995). The authors of this last paper described three
possible ways in which their data could be explained, the first
of which was that 'the ovum produced in a cycle with a short
follicular phase might be more receptive to Y- than to X-
bearing spermatozoa, with the reverse being true in cycles
with long follicular phases'.

Saling (1991) also postulates maternal control of differential
spermatozoan access through the zona pellucida, and Mittwoch
(1989) suggests there may be a maternal factor regulating the
rate of growth of the embryo in the immediate post conception
phase. The findings of both Mittwoch (1989) and Weinberg
et al. (1995) support the data presented by Tarin et al (1995)
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who found that 'sex selection may be inadvertently performed
in human in-vitro fertilization (TVF) and embryo transfer
programmes when selecting for high quality embryos (those
with the fastest cleaving rates and/or the best morphology) at
the fresh transfer cycle'. In this work faster development was
again associated with higher sex ratios. Any or all of the above
findings could provide a physiological context which would
increase the plausibility of the maternal dominance hypothesis.

Maternal testosterone

Although there is one study showing that maternal serum
testosterone varies in the predicted direction with the sex of
the infant before the eighth week of pregnancy (Harrison and
Mansfield, 1980), there do not appear to be any others.
However, serum testosterone may be important only as an
indicator of follicular testosterone, known to occur at a much
greater concentration. According to Greenspan and Baxter
(1994) "The concentrations of luteinizing hormone (LH) and
follicle stimulating hormone (FSH) in follicular fluid are
generally lower than corresponding serum levels, but the
concentrations of ovarian steroids—androstenedione, testoster-
one, dihydfotestosterone and estradiol—may be 10-40,000
times higher than their serum levels' (p 431). In describing
androgen (and oestradiol) concentrations in the late follicular
phase of the menstrual cycle they say that it is not known
whether all these are part of development or play 'an important
role in the process that leads to selection of a single preovulatory
follicle' (p. 431).

Haning et al. (1993) have demonstrated that follicular
testosterone plays 'a role previously unrecognized in the human
as a major regulator controlling follicular aromatase' (p. 714).
They also say that 'these findings have important implications
for understanding the control of follicular recruitment and
atresia and the selection of the dominant follicle in humans'
(p. 710). If follicular testosterone or one of its related hormones
has a role in determining which follicle becomes dominant
and if Saling's (1991) suggestion about the ovum having
control of spermatozoan entry through the zona pellucida is
correct, then this provides a possible, plausible pathway
towards suggesting that maternal factors may be playing a
major role in the predetermination of the sex of the infant

All the above findings refer to events before or at conception,
suggesting a role for the mother in the predetermination of the
sex of her infant by means of ovum selection and/or differentia]
spermatozoan access. But this is not the only time when the
mother could influence the sex ratio. Citing many animal
studies Krackow (1995) argues first, that 'the uterus is prepared
by the dynamics of reproductive hormones to respond to
implantation signals during a specific part of the oestrus cycle',
secondly that 'there is considerable variation in developmental
pace between blastocysts' and thirdly, 'the crucial point', that
'the distribution of developmental stages may not be random
with respect to the sex of blastocysts'. Thus Krackow argues
that shifts in the secondary sex ratio may be under maternal
control at the implantation stage.

This idea is consistent with what is known about both early
pregnancy loss and the likely primary sex ratio In a prospective

study Miller et al. (1980) found a post-implantation pregnancy
loss of 43% in a group of 197 normal women who had stopped
contraception in order to conceive. It is also known that
'Approximately 15% of registered pregnancies end in spontan-
eous abortion' (Nielsen and Hahlin, 1995). Amongst these
losses it is highly likely that males are over-represented since
the primary sex ratio is almost certainly higher than the
secondary sex ratio. Hassold et al (1983) found in their study
of 458 chromosomally normal spontaneous abortions, after
allowing for contamination from maternal cells, that the
primary sex ratio was likely to be in favour of males. Before
the removal of hydatidifonn moles the sex ratio was 108, and
after their removal, 116, compared with the normal secondary
sex ratio of 105 or 106 males for every 100 females.

Thus Krackow's 'developmental asynchrony hypothesis for
sex ratio manipulation' is at least plausible in terms of the
wider parameters. But there would seem no need to choose
between this and the maternal dominance hypothesis since the
latter is said to be relevant before or at conception (i.e. it
postulates the predetermination of the sex of the infant (male)
by means of an ovum specially designed to receive a Y-
chromosome-bearing spermatozoon or nothing), and the former
which postulates maternal mechanisms which operate to differ-
entially foster XX or XY embryos after fertilization. It seems
reasonable to admit both hypotheses, the one operating before
and the after conception.

Given the consistency with which dominance behaviours
have been found to correlate with the conception of male
infants; the prominent role that testosterone appears to take
both in providing the physiological basis for dominance
behaviours, and possibly also in the selection and development
of a particular ovum; and the possibility that different develop-
mental rates may be synchronized with conditions in the
maternal reproductive tract, further investigation of the role of
the mother in the predetermination of the sex of her infant
and its continuing development would seem to be justified.

Evidence from other sources

Supportive evidence for the maternal dominance hypothesis
comes from a number of other social sciences. Either the
findings have already suggested a role for the female or a re-
interpretation of the data in terms of the maternal dominance
hypothesis is as plausible as the original. The most important
of these areas are the studies of the human SSR (see for
example Stern, 1973). Given that there is no evidence to
suggest that X- and Y-chromosome-bearing spermatozoa are
produced in anything except equal numbers, why would the
SSR fall consistently between 105:100 and 106:100 in favour
of males? If the SSR had been the same in humans as it is in
other mammals (100:100) it would probably not have attracted
so much attention.

Much early work was directed at discovering whether or
not there is a genetic influence on the sex ratio. Investigations
were carried out into the occurrence of single-sex sibships and
family tendency to produce either male or female infants in
successive generations. No evidence for a genetic effect was
found (Edwards, 1962; Teitelbaum, 1972). Tiny variations,
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discernible only on population sample sizes of several millions
are those connected with race, parity, and socio-economic
status (Chahnazarian, 1988; James, 1987).

However, in 1985 James made a theoretical prediction that
dominance and sex ratios could be related. By comparing
findings across disciplines (demography and evolutionary bio-
logy) he suggested that sex ratios could be associated with
dominance rank in some pnmates since both could be associ-
ated with hormone levels at the time of conception. This
observation allowed for the re-emergence of the question about
a genetic influence on the sex ratio. It was hinted at again the
following year by Clutton-Brock and Iason (1986) when they
sought to explain known variations in animal and human sex
ratio data. 'In view of the apparent lack of genetic variance
in the sex ratio in many species' they wrote, 'a hormonal
mechanism mediated by environmental factors provides a
plausible explanation of many trends'.

Since that time there have been many papers documenting
a relationship between dominance rank and altered sex ratios
in animals (for example, Clutton-Brock et al, 1984; Meikle
et al, 1984; Aureli et al, 1990; Meikle et al, 1993). Many
of the papers present data from longitudinal studies carried
out over periods of several years. They present statistically
significant findings on the sex ratio of offspring according to
dominance rank of the mother. On the other hand, results have
been conflicting and are said by some (Smith and Smith, 1985)
to be indicative only of major sampling error. These studies
are now being re-analysed and reinterpreted on the basis
of the hypothesized proximate mechanisms described above
(Grant, unpublished).

One small, specialist part of the work with animals and sex
ratio is not disputed. It is known that the intrautenne position
of a rodent female fetus has an influence on the sex of her
offspring. 'Female fetuses that mature between males are
androgenized by testosterone crossing fetal membranes'. When
mature these animals 'produce litters containing a significantly
greater proportion of sons than the litters produced by those
that gestated between female fetuses' (Clark et al, 1993). The
effect has been found independently by other researchers in
gerbils and house mice (Vandenburgh and Huggett, 1994). It
offers the possibility of a genetic effect on the sex ratio (i.e.
females might inherit a tendency towards higher or lower
testosterone levels) as well as a clue about potential mechan-
isms. Like so many studies in this area, testosterone is not
only the focus of interest but very small variations in the
amount of testosterone appear to make the critical difference.

Thus the traditional 'coin-tossing' model for the allocation
of the sex of the infant, never entirely satisfactory because of
the distorted human sex ratio, appears less and less satisfactory.
Viewing the problem from the point of view of evolutionary
biology it now appears far more likely that females conceive
infants of the sex they are most suited to raise. In animals,
aspects of the environment (e.g. temperature, see for example
Haig, 1991); or local resource distribution (see for example
Verme, 1969; Mech, 1975), as well as good physiological
condition (Trivers and Willard, 1973) may be relevant In
humans, and possibly in other primates and ungulates, maternal
dominance is likely to be an important factor.
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The maternal dominance hypothesis is compatible with the
major findings in the area of sex ratio; both those that reflect
stability across large population samples and those which find
variation in well defined small groups. The apparent lack of a
genetic effect in the findings so far might be explained in
future by re-working population models of sex ratio to show
how the opposing effects of Poisson and Lexis variation have,
after all, masked an underlying genetic effect (James, 1996).

A further area of support for the maternal dominance
hypothesis comes from work in developmental psychology. In
a corollary to the main hypothesis it is suggested that the
personality of the mother is not only related to the sex of her
infant through the hormones of reproduction, but is appropriate
to the psychological development of the infant. If dominant
mothers conceive and bear male infants, then one might
postulate that male infants as a group were being exposed to
mothers who, at least temporarily were different in then-
behaviour to that of mothers of female infants.

There is good, mdependent evidence to support this. In
the search for the origins of psychological sex differences,
developmental psychologists worked their way back to the
beginning. Several different teams of researchers, from differ-
ent countries and at different times all found the same thing;
namely that mothers behave differently towards their babies
according to the sex of the infant, and in the absence of
differences in the babies' behaviours (see for example Moss,
1967; Hwang, 1978; Gottfried et al, 1987). At the time
theorists concluded that these differences were indicative of
the pervasiveness and strength of sex stereotyping. Of course
parental expectations will be playing a part, but there is also
evidence that mothers were behaving in ways that were natural
to them. The very nature of the differences (mothers of male
infants were more initiating; mothers of female infants more
responsive) were exactly what one would have predicted from
the maternal dominance hypothesis. (For a full account see
Grant, 1994b.)

Conclusions
Although reproductive physiologists appear to be emphasizing
the role of spermatozoa in their work on the determination of
the sex of the infant, it is likely that maternal factors are at
least as important. Evidence to support a maternal dominance
hypothesis comes primarily from results of human studies
showing a relationship between the personality trait dominance
and an increased likelihood of conceiving a male infant The
same effect has been observed in animal studies, although as
yet the results are equivocal. In addition large scale population
studies of the human secondary sex ratio, as well as some
small scale animal studies, support or are compatible with the
idea of maternal control of the sex ratio.

Work by physiological psychologists and animal behaviour-
ists has demonstrated that testosterone provides a biological
underlay for dominance in both animals and humans. Repro-
ductive physiologists have described maternal mechanisms
in the reproductive process which could be regulated by
testosterone, thus providing a means by which spermatozoan
access could be under maternal control.
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