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2.1 Introduction
During the 1960s and 1970s, a new understanding of the fetus emerged at the intersec-
tion of demographic changes: high fertility and reduced infant mortality in the ‘baby
boom’ era; new medical visual technologies and the expansion of mass media; and the
rise of the feminist movement and the liberalisation of abortion. These social shifts
spurred scholarly and lay interest in public representations and private perceptions of the
fetus [1–4], the rise of the fetus as a subject [5, 6], the politics of abortion [7], and the
uses of fetal bodies in research [3, 8]. A century ago, scholars argued that the mother and
the fetus were one; maternal experiences ‘imprinted’ the malleable fetus and maternal
testimony was central to the understanding of pregnancy until the hidden fetus was
revealed at birth. But starting in the nineteenth century and especially during recent
decades, an increasingly visible and autonomous fetus has emerged, the mother has been
erased from the picture, and the experience of pregnancy has come to be more contin-
gent and technologically mediated.

This compelling and broad narrative glosses over subtler shifts in the way that the
fetus, the mother, and, especially, the relationship between them have been conceptual-
ised. And yet, a closer look at medical and scientific literature shows that over the course
of the twentieth century, the maternal–fetal relationship has been reinterpreted and
redrawn multiple times. For this chapter, I have used published sources from diverse
medical and scientific disciplines, such as obstetrics, fetal physiology, evolutionary
biology, developmental science, and epigenetics, to draw attention to the changing ways
in which the maternal–fetal relationship has been understood. This close reading has
helped me uncover underlying assumptions – shifting and competing even within a
single discipline – that fed into scientific and clinical research. For example, in the 1960s,
physiologists who stressed fetal autonomy when describing fetuses as lone mountaineers
and astronauts also worked on questions related to the fetal control of processes within
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the fetal and maternal bodies, such as the onset of labour and fetal growth. The diverse
assumptions, metaphors, and research questions tell us something about changing social
views of and attitudes towards motherhood, pregnancy, and the relationship between the
mother and the fetus, including and especially maternal influences on the developing
organism.

Covering the long twentieth century, I have identified several key concepts and
periods: the abandoning of maternal impressions, strong hereditarianism, and the fetus
as the parasite in the early decades of the twentieth century, the era dominated by
eugenics; the ‘maternal effects’ of the mid-twentieth century, when concerns over
adequate nutrition and trauma of long-standing effect that emerged around the
Second World War supported the idea of the ‘critical’ or ‘sensitive’ periods and revived
interest in maternal influences; the autonomous fetus of the 1960s and 1970s civil rights
movement era followed by the selfish fetus imagined by evolutionary biologists of later
decades of the twentieth century; ending with the latest rapprochement between the
mother and the fetus supported by developmental approaches and epigenetics. While it
may be tempting to regard this latest development as a return of maternal impressions,
I want to show that similarities are superficial: the fetal–maternal relationship was
redrawn according to new rules, and it cannot be fully understood without insight into
its recent history.

2.2 The Fetal Parasite
Well into the 1800s, the developing organism was seen to be malleable by external
influences, and the mother was both the mediator and the source of these cues.
Anything the mother ate, saw, touched, or even imagined, collectively known as maternal
imagination or maternal impression, was understood to have the capacity to affect the
child [9, 10]. Yet during the nineteenth century, this close bond between the mother and
the fetus was broken. The concept of heredity, which reduced the mother to little more
than a passive vessel transmitting elements collected from previous generations to the
offspring, first appeared in the early decades of the nineteenth century and quickly
gained popularity [11]. In the 1880s, the German biologist August Weismann explained
how heredity worked using the tools of experimental biology [12]. According to
Weismann, ‘germplasm’ (preserved in the germline but unfolding its potential in the
body during development) was resistant to influences exerted by ‘soma’, so changes in
somatic cells had no effect on the germline. While Weismann did allow the possibility of
direct environmental influence on the germ cells, scholars who followed in his footsteps
by and large reduced development to a robust pre-programmed sequence of stages.
Influences received in development, unless extreme to the point of threatening maternal
or fetal survival, were secondary to heredity.

Weismann’s work had a major impact outside academic biology. The early twentieth
century is usually seen as the high point of eugenics, a broad movement that distilled
nineteenth-century concerns over rapid socio-economic change into modernist visions
of society reformed through rational reproduction [13, 14]. Eugenics preceded the
cellular explanation of heredity: it relied, initially, on the mid-century concept of degen-
eration, whereby ‘organic’ and social factors acted on the organism to produce a reverse
evolution, cumulative over generations, taking a lineage to a downhill slope of no return
[15]. Weismann’s work provided it with scientific cachet.
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So if we take that strong hereditarianism saw the mother as a passive vessel, rather
than an active agent in the formation of the new organism and the mediator of external
influences, then the appeal of the model taken from another cutting-edge scientific
discipline of the period, parasitology – the relationship between a parasite and its host –
begins to make sense. The parasite depended on its host for shelter and food but was also
remarkably protected from the fluctuations in the host’s circumstances and environ-
ment, even if the host itself suffered. Accordingly, the fetus was understood to thrive in
all except the most extreme circumstances, with maternal homeostatic mechanisms
maintaining environmental factors at a near-constant level and the placenta providing
protection from many noxious substances [16, 17]. Yet, for the mother, the pregnancy
could be precarious, as ‘the increasing demands of the parasitic fetus will make the diet
deficient for the mother’ [18, p. 1].

There were traces of the idea of the parasitic fetus in earlier times: in the eighteenth
century, Denis Diderot wrote in his Eléments de physiologie that ‘the child is at all times
an inconvenient guest for the womb’ and described delivery as ‘a sort of vomiting’ [19,
p. 406]. However, it was not until the turn of the twentieth century that the idea gained
full prominence. Scientists travelled across colonial empires to study the life cycles
of organisms causing frightening diseases, such as malaria and sleeping sickness,
killing people, and damaging imperial economies. The idea of the parasite was engrained
in public imaginations. It was also politically helpful: as civilians faced severe food
shortages in the First World War, reassurances that the fetus (as well as the infant/
lactating mother) would be unaffected by maternal starvation might have been seen as
comforting [20].

Yet there were voices critical of strong hereditarianism. Some came from relatively
marginal movements such as prenatal culturism, associated with theosophy and drawing
on the notion of prenatal impressions. It argued that heredity could be influenced by a
pregnant woman’s thoughts and behaviour, and thus those had to be controlled [5].
Others were mainstream physicians. They used examples of conditions such as congeni-
tal syphilis to argue against a sharp distinction between hereditary and communicable
(environmentally caused) diseases [21]. The best known among them was the Edinburgh
obstetrician John William Ballantyne, who gave teratology – the science of collecting and
studying births with congenital abnormalities – clinical significance and reinvented it as
antenatal pathology [22, 23]. For Ballantyne, the maternal body provided the immediate
point of medical and research interest as ‘we can only reach the unborn infant through
the mother who carries him, and so the pre-natal life and the life of the woman in
pregnancy are closely bound together and depend one upon the other’ [24, p. x]. Indeed,
he defined the relationship between the mother and the child in the following manner:
‘although he [the infant] is hidden from sight in the womb of his mother, he is not
beyond the influences of her environment, nay, her body is his immediate environment’
[24, p. xii].

The rise of hereditarianism through the nineteenth and early twentieth centuries thus
influenced the view of the maternal–fetal relationship. The concept of maternal
impressions, or indeed any influences received from or through the mother, was
relegated to second place, after heredity. ‘The mother marks her infant, not with the
fanciful imagery of birthmarks, but with the ancestral tendencies,’ wrote a Chicago
professor of obstetrics in this period [25]. But as the narrow notion of heredity was
forged around 1900, the notion of prenatal or antenatal came into being [26]. This new
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concept accounted for the contingencies of conception, gestation, embryogenesis, birth,
and breastfeeding, now disconnected from heredity [27].

2.3 Critical Periods
‘The existence of a profusion of myths and superstitions has probably somewhat inhibited until
modern times scientific thought and investigation into maternal–fetal relationships from the
standpoint of how fetal developmentmay be influenced by varyingmaternal factors. During the last
twenty years, however, many facts and some very interesting hypotheses accumulated in the
literature of various fields’,

wrote the American physician Lester Sontag, who between the 1930s and 1960s studied the
ways in which cues received during development – from maternal nutrition to emotional
states – influenced the offspring [16, p. 996]. By the 1930s, eugenics was in retreat: in the
increasingly unstable political-economic climate, the impact of environment, physical as
well as social, on human health and disease could not be ignored. Genetics, an experi-
mental discipline studying mechanisms and rules of heredity, had matured since the early
1900s, and its specialists criticised harshly what they perceived as eugenics’ sloppy grasp of
genetic concepts and research methods [28]. During the economic depression and in the
shadow of the looming war, concerns about feeding human and animal populations in the
likely conditions of severe shortage occupied politicians as well as scientists [29]. Those
who subscribed to the notion of the parasitic fetus worried that poorly nourished mothers
would perish under the demands of pregnancy. Others argued that in a malnourished
mother, the growth and development of the fetus would suffer too. While food was seen as
a prime example of outside exposures impinging upon the developing organism, other
influences – microorganisms, toxins, but also maternal emotional states – came under the
scrutiny of experimental and clinical scientists.

Throughout the 1930s, nutritionists and physicians, faced with deprivations caused
by economic depression, studied the impact of maternal undernutrition on the offspring
of cohorts of working-class women, but the results were negative or inconclusive [30,
31]. In the Second World War, however, large civilian populations suffered sieges and
blockades of food shipments, providing scientists with ‘natural experiments’: previously
well-fed women exposed to severe famines of limited duration [32]. Early findings came
from the Leningrad siege, between September 1941 and January 1944, during which the
urban civilian population experienced prolonged and severe famine [33]; smaller but
more precise data came from Western Holland during the German siege between
September 1944 and May 1945, in what became known as the Dutch Winter Famine
[34]. Data showed that if the mother starved around conception, then the fetus had a
greater chance of being miscarried or born malformed, and if famine struck in the last
months of pregnancy, the baby was likely to be born small and light.

Wartime observations were carried forward into the lean post-war years: the British
scientist Elsie Widdowson studied the birthweight of babies and milk production in hos-
pitals, as well as the growth of children fed small andmonotone food rations in orphanages in
war-ravagedGermany [29]. She found that not just food but also emotions affected children’s
growth: children living in an orphanage directed by a strict matron lagged behind their peers
raised in an institution run by a kind person [35]. Back in Cambridge laboratories,
Widdowson and her collaborator Professor Robert McCance transformed clinical observa-
tions into hypotheses for experimental animal studies: they manipulated maternal nutrition
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and the size of the litter (which determined the amount of mother’s milk received by each
pup) to test how undernutrition during pregnancy and early postnatal period affects the
offspring’s growth and development. They found that the impact was permanent, making
adult animals smaller, more prone to infections, and even changing their facial structure.

Widdowson’s research supported the notion of ‘critical periods’ that emerged across
disciplines in the 1930s and 1940s, most importantly in teratology, behavioural studies,
and fetal physiology, to describe the relationship between chronological time and
developmental milestones. Teratology in this period transformed from a museological
discipline engaged in collecting and classifying malformed births into an experimental
science that sought to explain how certain noxious agents – especially microorganisms
such as the rubella virus and certain toxins – acting at well-defined developmental stages
produced specific effects [36]. Other studies explored how the lack or excess of physio-
logical substances, such as vitamins or hormones, could influence development.

Hormones offered a way to explain a problem of long-standing concern: how
maternal emotional states influence the psychological set-up of the child. In the late
nineteenth century, France Charles Féré had argued that external stimuli, such as loud
sounds or maternal emotions, caused uterine contractions, which in turn stimulated the
fetus to move [27]. Féré based his argument on the observations made on a cohort of
children born to women who had suffered from ‘mental shocks’ while pregnant during
the siege of Paris, 1870/71 [37]. In the 1940s, Lester Sontag observed a connection
between increased fetal movement and fetal weight gain [38]. Heightened fetal activity,
he claimed, was caused by maternal emotional states, which were then transmitted to the
fetus by hormones such as adrenaline. And while loud noises and maternal fatigue did
increase fetal activity, these (intermittent) factors were less significant than maternal
emotional states. Sontag published cases, such as that of a mother with a ‘religious and
moralistic’ background who during pregnancy learnt about her husband’s infidelity. Her
‘almost continual emotional turbulence’ resulted in an ‘extremely active’ fetus and,
finally, a short and light infant. In another case, the father developed a psychosis during
the fifth month of the mother’s pregnancy, causing her to live in constant apprehension
of physical violence and worry about her husband’s health as well as their future as a
family. The infant was light for its length and ‘extremely active and irritable’ [38, p. 629].

While just a few decades earlier, the focus was on fetal resistance to changes in the
maternal environment, the decline of eugenics, experiences of economic depression, and
especially war moved the emphasis onto the ways in which the fetus was sensitive to its
environment. I have argued elsewhere how broader social concerns with recovery from
early trauma – nutritional, emotional, and psychological – so pertinent in post-war Europe
provided the background to the idea of sensitive periods [29]. While the idea of the fetus as
a parasite did not quite go away, the concept of pregnancy as a plastic, open state and the
fetus in constant exchange and communication with the environment gained currency.

2.4 The Autonomous Fetus
In 1965, the prestigious Life magazine published a series of photographs by the Swedish
photographer Lennart Nilsson, documenting human development over the nine months
of pregnancy [39]. These photographs were hailed as the unprecedented celebration of
the ‘drama of life before birth’. Nilsson’s images, showing the childlike fetal form floating
on the ‘starry sky’ background, without the maternal body anywhere in sight, signalised
the new status of the fetus as an autonomous being. The growing distinction between

32 Tatjana Buklijas

https://doi.org/10.1017/9781009201704.004 Published online by Cambridge University Press

https://doi.org/10.1017/9781009201704.004


mother and fetus was evident everywhere: in the way that the fetuses were portrayed in
the media, for lay audiences, but also in textbooks and research papers; in their acquisi-
tion of the status of the patient in their own right; and in the language used to talk about
them. By the 1960s, society was no longer preoccupied with survival and war trauma but
rather with questions of identity, subjectivity, and agency. Could it be that the severance
of the umbilical cord in the representation of fetuses reflected a broader social shift?

The use of fetal images has been extensively studied in the context of feminist history
(visual), politics of abortion, as well as the broader political and social history of this
period [1, 2, 40]. Nilsson’s photographs – the most famous and best studied – were
created within a gynaecological campaign in Sweden to restrict the abortion law and
published in a popular colour magazine to entertain and educate its audience; in the
1970s, they were recruited by the growing pro-life movement in the United States to
teach its prospective supporters about the ‘humanity’ of the fetus. And in addition to
Nilsson’s vivid images, pro-life advocates could also draw on less attractive yet increas-
ingly ubiquitous ultrasound scans. By the 1970s, ultrasound technology, first developed
in the 1950s, had become a standard part of antenatal medicine.1

Historians of medicine have noted that the deployment and popularity of fetal images
corresponded with the emergence of the fetus as a patient in its own right. The increased
prosperity of the post-Second World War and the rise of public healthcare systems
worldwide meant that more women than ever were receiving antenatal care. Yet with
improved control of infectious disease and better socioeconomic conditions, both
maternal and infant mortality – at least in the developed world – were falling. The
medical focus now turned to relatively rare cases of congenital anomalies, prematurity,
and conditions that developed in pregnancy. In this period, a leading obstetrical scientist,
William Liley, pioneered a therapy targeted at the fetus to treat the hitherto incurable
fetal haemolytic disease, which emerged when the mother, who did not have Rh antigen
on her red blood cells, developed antibodies to the Rh antigen-bearing red blood cells of
the fetus [43]. Under ultrasonic guidance, Liley performed a blood transfusion into the
fetal belly – a method previously done only on children. Liley’s work marked the
beginning of the field of fetal medicine, which in the following decades gave rise to the
highly precarious and controversial area of fetal surgery [6].

The obstetricians’ increased interest in the fetus and their positioning as fetal, rather
than maternal, advocates became sharply evident as the debate over the legalisation of
abortion deepened in the late 1960s and 1970s. Around that time, many countries
liberalised their abortion laws, but the debate continued, and obstetricians frequently
stood on the ‘conservative’ side, against the liberal laws. Ian Donald was a prominent
opponent of the legalisation of voluntary abortion and a campaigner against the
1967 Abortion Act, and he employed vivid images produced by the ultrasound technol-
ogy that he had pioneered in anti-abortion campaigns. Even when his campaign failed
and Britain legalised abortion, he continued to fight elsewhere, for example taking his
images to Italy that in the late 1970s was in the swing of the anti-abortion debate [42,
p. 243]. At the same time, alarmed by the developments in Britain, William Liley

1 Roentgen was employed to visualise the fetus, but its use was limited to the skeleton and to the
fetuses with sufficiently calcified skeleton to permit X-ray visualisation, so usually from the
second trimester onwards. But the use of X-rays became tainted with danger, especially after
Hiroshima and Nagasaki, and the final blow was a 1956 study showing that children X-rayed as
fetuses had a higher risk of childhood cancer [41, 42].
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launched the Society for the Protection of the Unborn Children (SPUC) in New Zealand
in 1970. In contrast to most other pro-life activists, Liley was not religious but rather held
a firm belief that the fetus is a being independent of its mother, ‘our new individual’
residing in a ‘suitable host’ [5, p. 114]. Yet while fetal advocacy in matters of abortion
prohibition produced little in the way of results, in other areas, fetuses increasingly came
to be seen as needing legal protection from the actions of their mothers [5]. From the
1970s onwards, especially in the United States, conflicts between fetal rights and the
rights of women – as patients, workers, and citizens – steadily increased.

One aspect of the increasing visibility of the fetus that has hitherto been little studied is
how scientists – rather than practising obstetricians – viewed the fetus. Examining their
language and research topics reveals a clear shift towards the autonomous fetus. Starting
from the 1960s, science books and articles no longer described the fetus as a passive
parasite but rather as a fearless pioneer in extreme conditions. Metaphors drew on new
technologies of ocean, space, and land exploration, calling the fetus a submarine sailor, ‘a
weightless astronaut in utero’ [44, p. 307], or a mountaineer. At the time when Edward
Hilary and Sherpa Tenzing captured the public imagination by ‘conquering’ Mount
Everest, the fetal environment began to be described as ‘Mount Everest in utero’ [45].
From the 1960s until 1990, scientists met at conferences tellingly titled ‘Foetal autonomy’,
‘The fetus and independent life’, and ‘Foetal autonomy and adaptation’ [46–48]. Indeed,
the introduction to the 1969 Foetal Autonomy Conference Proceedings said that ‘it [the
fetus] demonstrates its innate capacity for influencing its external and maintaining its
internal environment – that is, its autonomy’ [47, p. 1].

The language of fetal autonomy closely corresponded to the type of research questions
that interested scientists in this period. In the 1940s and 1950s, McCance and Widdowson
experimented with maternal nutrition and the size of the litter to show how the antenatal
environment shaped development before and after birth. In contrast, in the 1960s and
1970s, the focus moved from external influences to the ways in which the fetus controlled
its development. Research methods were developed – named chronic preparation or
chronic method – that allowed precise monitoring of physiological parameters throughout
the course of pregnancy, using electrodes and catheters inserted into the pregnant animal
[49]. And, indeed, the fetus seemed remarkably autonomous. It could regulate its sleep
patterns and its behaviour. It moved, and it appeared to breathe. It oversaw its growth
through a finely balanced cascade of hormones [50]. But its agency did not stop at the
boundaries of the fetal body: the fetus was also seen to ‘participate in, or is responsible for,
the sequence of events that ends in its birth’ because ‘it would be a logical feature of
reproductive design if the initiation (of labour) were under fetal control, so that the other
systems necessary for postnatal survival were normally mature before birth. In this sense
fetal autonomy would be a necessary feature of development’ [51]. Testifying before the US
Congress in support of pro-life legislation, William Liley described the fetus as being ‘very
much in charge of the pregnancy’. The fetus, it seemed, was in control.

2.5 Neighbours at Odds
The idea of the fetus as a cosmonaut or a mountaineer implied agency and self-
sufficiency. But scientists and physicians went even further: the feminist historian Ann
Oakley quoted from Frank Hytten’s 1976 obstetrics textbook, describing the fetus as
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an egoist and by no means an endearing and helpless little dependent as his [sic] mother may
fondly think. As soon as he has plugged himself into the uterine wall, he sets out to make
certain that his needs are met, regardless of any inconvenience he may cause. He does this by
almost completely altering the mother’s physiology, usually by fiddling with her control
mechanism [41].

This ‘selfish fetus’ could not help itself: it was a machine governed by its selfish genes.
The 1970s and 1980s were the heyday of the disciplines of sociobiology and evolutionary
psychology. They explained behaviour – human and animal – using the mid-twentieth-
century ‘superdiscipline’ of Modern Synthesis. Modern Synthesis was Darwin’s theory of
evolution by natural selection unified with population and experimental genetics [52].
Evolution was defined as a change in the allele (gene) frequency, and although the
evolutionary environment acted upon the phenotype of the whole organism, it was the
passage of the gene across generations that mattered.

And genes, as suggested persuasively in the title of Richard Dawkins’ famous book,
were selfish [53]. They looked after their own interests using the organism as a conveni-
ent vehicle to ferry them around, meet prospective mates, and secure survival for the next
generation. One was fond of his or her parents because they shared 50 per cent of their
genes but cared progressively less for his or her siblings, half-siblings, and cousins, as the
percentage of shared genes dropped [54]. In 1974, the American sociobiologist Robert
L. Trivers built on this concept to explain the apparent conflict over resources arising
between parents and their children [55]. According to him, children demand more from
their parents than the latter are willing to give because their evolutionary interests differ:
individual children want all of their parents’ attention (and food), yet parents have
other – extant or future – children to consider. Trivers supported his hypothesis with
data on the social behaviour of mammals, mostly around the time of weaning. The
young aggressively demanded more food and care than their parents, who wanted to
reserve their energy for other or future offspring, were willing to give.

Trivers’model met enthusiastic reception among evolutionary biologists. Steven Pinker
saw the conflict as ‘inherent to the human condition’ [56]. Richard Dawkins described
Trivers’ model of parent–offspring conflict as ‘brilliant’ [53, p. 127]. At the same time,
behavioural scientists criticised Trivers: in many species, the offspring weaned itself, while
in others mothers responded to its requests. But the model remained popular. It inspired
the Harvard evolutionary biologist David Haig to extend it to pregnancy and development,
arguing that the mother and the child each have their own interest in mind; interests that
are partially aligned (because they share 50 per cent of their genes) but substantially differ
(because the remaining 50 per cent is different). Pregnancy, in Haig’s view, was not a
romantic alliance of ‘one body and one flesh, a single harmonious unit in which conflicts
of interest are impossible’ – a perspective that, according to Haig, was the received view.
But neither was it correct to see the mother and the fetus locked in a relationship where
‘the fetus is an alien intruder within its mother’s body: a parasite whose sole concern for its
host is to ensure an uninterrupted supply of nutrients’ [57, p. 226]. Rather, he likened this
‘most intimate human relationship’ to a constant negotiation, ‘a tug-of-war’ where ‘two
teams attempt to shift a flag a small distance either way, yet there is high tension in the
rope and the system would collapse if either side stopped pulling’ [58, p. 496].

Haig first applied the parent–offspring conflict concept to development and preg-
nancy to explain the phenomenon of genomic imprinting, in which for some genes only
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the maternal (or paternal) copy is expressed, while the copy that came from the other
parent is silenced [59]. Because the mammalian mother is equally related to all of her
offspring, her interests are best served by controlling resource allocation to her offspring,
making sure as many survive as possible; but because the father of the fetus in the current
pregnancy may not also father a future fetus or litter, it is in his interest to promote the
growth of this particular fetus [60]. The hypothesis was persuasively supported by the
insulin growth factor 2 (IGF2) system, in which the growth factor (promoting growth)
was paternally expressed as the growth factor receptor (controlling growth) was mater-
nally expressed. But Haig soon expanded his concept to other aspects of pregnancy, in
the first place the communication between the mother and the fetus by means of
chemical messages through hormones [61]. In Haig’s words, this communication was
a devious game played by both sides to advance their own interests: ‘a response that is
beneficial for a sender need not be beneficial for the responder, and vice versa’ [61,
p. 358]. Mothers were ‘able to extract some information from placental hormones’ [61,
p. 374], yet placental hormones were ‘fetal attempts to manipulate maternal metabolism
for fetal benefit’ [61, p. 357].

While Haig’s hypothesis of placental hormones as tools of fetal subterfuge has
remained without empirical support, the concept of maternal–fetal relationship as a
state of unresolved conflict has held much attraction. For instance, clinical researchers
have used it widely –moving slickly from selfish genes to selfish organisms and back – to
explain various pathological phenomena of pregnancy, such as gestational hypertension
and severe chronic infections [67]. The attraction of the concept may be explained by the
broader social view of the maternal–fetal relationship in the last decades of the twentieth
century. It was recognised that for the fetus the mother presented the immediate
environment, but the idea of an autonomous fetus, whose needs and interests need not
overlap with its mother’s, remained in full force. Yet, the strong hereditarianism implied
in the conflict model, with both the mother and the fetus seen as machines governed by
their genes, left little room for considerations of environmental influences received in
development [62–64].

2.6 Maternal Environment and Fetal Exposure
By the end of the twentieth century, many of the paradigms that had dominated the
twentieth century came under scrutiny. As ‘the century of the gene’ ended with the
publication of the Human Genome draft (and, a few years later, full sequence), it became
obvious that the knowledge of the genome sequence was only the beginning, rather than
the end, of the quest for understanding life, health, and disease [65]. The notion of the
autonomous fetus was questioned too. ‘We have been dazzled by the very strong control
by the fetus’ wrote the fetal physiologist Graham Liggins, when decades of research into
the onset of birth revealed enormous interspecies variation and the fact that, in humans,
the mechanism firing off labour had little direct input from the fetus [66]. The research
programme studying fetal respiratory movements came to a dead end in the late 1980s.
Fetal physiologists looked for inspiration elsewhere and found it in the work of David
Barker, the British epidemiologist who argued that the conditions of early life – indeed,
even before conception – shaped the disease risk in adulthood [48, 67]. Barker was
certainly not the first to stress the importance of prenatal influences: there were studies
coming from social medicine and epidemiology throughout the 1960s and 1970s, such as
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those by Zena Stein and Mervyn Susser [68], examining the impact of maternal nutrition
on cognitive development in youth. Yet as long as the genetic paradigm and the idea of
the autonomous fetus prevailed, this approach remained restricted to public health fields.

The move away from the close focus on the fetus back to the mother and the environ-
ment of the pregnancy and early life fitted well with the renewed interest in development,
manifested, for example, in the return of development into evolutionary studies named ‘evo-
devo’ [69]. It also had to do with an increased anxiety about the environment changed by
human action and its impact on human health, which had been growing since the 1960s.
Older research, such as the previously described work of Robert McCance and Elsie
Widdowson or studies of the cohort of women who were pregnant during the Dutch
Winter Famine, was reappraised and integrated into the new paradigm [70]. The reappraisal
included the previously little recognised research across the Iron Curtain, by the East Berlin
endocrinologist Günter Dörner, who in the 1970s compared the risk of obesity and
cardiovascular diseases in the cohorts of young men born before, during, and after the
Second World War [71, 72]. The difference was that, around the turn of the twenty-first
century, the long-term impact of the early influences had to be expressed inmolecular rather
than late-nineteenth-century physiological or twentieth-century endocrinological terms.

The solution was offered by the new, rapidly growing area of biomedical research,
epigenetics, which has been variously described as ‘the study of mitotically or meiotically
heritable changes in gene function that cannot be explained by changes in genetic
sequence’ or, in a less technical language, ‘the molecular memory of past stimuli’, the
signals allowing cells to ‘remember past events, such as changes in the external environ-
ment or developmental cues’ [73]. Epigenetics holds the promise of explaining what
genetics could not; it clarifies how, under (even slightly) different environmental influ-
ences, switching certain genes on and off may allow the same genetic code to produce
different phenotypes. There seem to be many mechanisms through which genes may be
turned on (and off ) – some involving small RNAs and others spatial changes to the
DNA–protein complex in the nucleus – but the best studied is the addition of methyl
groups to promoter regions of the gene [21].

It may seem that, with developmental approaches and epigenetics, ‘maternal
impressions’ have returned to medicine and society. Yet, while the mother was certainly
brought back into the picture, her return took place in a reductionist manner, befitting
the way that science operates today. The perception of the mother is evident in expres-
sions of ‘maternal effects’ and ‘maternal environment’. Maternal experiences are required
(1) to be, or to be made, amenable to experimental, molecular approaches (2) to show a
quantifiable change in parameters that may be measured using epigenetic methods.

Most research is focused on two categories of influences or exposures: nutrition and
stress [21]. The impact of changes in diet is modelled in a relatively straightforward
manner in animal models, by restricting nutrition or changing proportions of food
groups or particular nutrients in experimental animal diets. Yet the relevance of results
to human physiology has not always been obvious. There is very little ‘natural’ about the
standardised diets fed to laboratory animals, bred in laboratory environments for
generations, so the implications of experimental findings for human nutrition are not
always clear. Epigenetic research has also complicated the previously established thera-
peutic regimens: folate, a B vitamin that has been supplemented to pregnant women to
prevent neural tube deficit, is a powerful methyl-group donor, which thus changes the
epigenetic state at multiple locations in the organism and possibly has widespread effects.
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Even more controversial and complicated than nutritional epigenetics are the
attempts to show how maternal psychological traumas and emotional states influence
development. Féré once explained them with nervous reflex reaction and Sontag with
hormones such as adrenaline; epigenetic research largely focuses on the expression of
genes coding receptors for corticosteroid stress hormones. ‘Stress’ here refers to a large
group of very different experiences – from parental neglect in early life to the situations
where the mother is exposed to environmental stress, for example experiencing the 9/11
terrorist attack. The best-known animal model was the ‘high/low licking/grooming’
model. In this model, rat dams are divided into those that exhibit either frequent licking
and grooming behaviour towards their offspring (thus modelling a caring mother) or
opposite – infrequent licking and grooming – behaviour [74]. The caring mother is
supposed to provide a positive, low-stress environment for the offspring, which in turn is
understood to affect the functional activity of a group of genes involved in the produc-
tion and activity of corticosteroids, stress hormones, evident in the epigenetic state of
stress hormone receptors and in the level of the hormone.

In short, the new approach to the ways in which the mother modulates and transmits
influences received during development is highly reductionist, made amenable to experi-
mental physiological and molecular approaches, with very different experiences expected
to produce the same chemical effect in the organism. It is thus entirely different from
maternal impressions. One aspect, however, remains by and large unchanged, and that is
the responsibility of the mother for the child’s health – and not just in childhood, but
throughout life, and even, if the transmission of epigenetic marks across generations
proves true, to future generations. The way that the results of epigenetic studies are
reported – by journalists but also in some cases by scientists who did the research –
places the burden of guilt for a child’s poor health squarely on the shoulders of the
mother [75]. Maternal behaviour during pregnancy is scrutinised to an unprecedented
level, with an ever-increasing list of prohibited foods, the prohibition of any alcohol,
strict scrutinising of weight gain, and a growing list of medical checks. The focus on the
mother may seem baffling if we know that many of the animal studies cannot be easily
extrapolated to humans, that paternal effects (through the epigenetic changes in sperm
cells) may play an equally important role, and that many influences are really of societal
or broadly environmental nature. Yet if we keep in mind the older as well as more recent
history of the maternal–fetal relationship, on the background of which these studies are
conducted and results are presented, then this picture of an ambivalent association
makes sense. Rather than seeing the mother and the fetus as a team, a pair working
together towards a common goal, they are viewed as two parties uneasily united: the fetus
requiring protection and the mother needing control.

2.7 Conclusion
In this chapter, I have argued that the focus on the maternal–fetal relationship, rather than
the mother or the fetus alone, provides a richer, more instructive picture than the focus on
the fetus or on the mother alone. For example, Sara Dubow’s close attention to the medical
and legal status of the fetus in twentieth-century America painted an image of ever-
increasing autonomy and rights ascribed to the fetus, paralleled by the continuously
diminishing status and control of the mother [5]. This view agrees with the older feminist
critique of women’s loss of authority in medicine today, for example by Barbara Duden
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[4]. Yet shifting the lens slightly to capture the interaction between the two tightly
connected organisms also changes, or complicates, our view of the history of the fetus,
of the mother, and indeed of ‘maternal impressions’. Rather than a linear process, we see
an image where the importance of maternal experiences, and of influences received
through the mother, periodically strengthens and weakens. These shifts tell us as much
about social changes – women’s position in the society, war trauma, standpoints on human
identity, agency, and rights – as they do about developments in obstetrics and fetal
physiology. In the era of ‘hard heredity’, eugenics, and the early days of genetics at the
beginning of the twentieth century, the fetal parasite got what it needed from the mother to
survive, but, beyond the bare minimum necessary for survival, maternal influences had no
impact. But in the economic depression and political upheaval of the 1930s, which brought
unprecedented civilian suffering and famines, the idea of a fetus sensitive to maternal
experiences – from her diet to the psychological trauma – prevailed. By the 1960s, however,
in the newly affluent society, the main concerns revolved around the issues of human
rights and subjectivity. The fetus –made visible through the new technology of ultrasound
and enjoying media exposure in colour magazines – was seen as an autonomous organism,
able to breathe, move, and control its growth and possibly even the timing of birth. Fetal
rights came to be understood as opposed to women’s rights in the era of liberalisation of
abortion laws; obstetricians increasingly positioned themselves as fetal rather than
women’s advocates. Mothers and fetuses, it seemed, were uncomfortable neighbours whose
interests only partially overlapped; evolutionary biologists provided an explanation of this
relationship that drew on their sharing only some of their genes. But as the genetic
paradigm began to lose some of its power around the turn of the twenty-first century
and concerns about the environment changed through human action strengthened,
approaches emphasising the importance of environmental influences began to grow in
importance. The mother is now seen as the primary environment, as well as the mediator
of cues coming from the broader environment. While these approaches may be under-
stood as more inclusive and accurate, they also carry the load of the recent history of
maternal–fetal relationship. They imply – and sometimes explicitly state – that the mother,
through her behaviour and her choices, is responsible for the health of her future child, but
that she cannot be trusted and requires close supervision and control, preferably before the
pregnancy has even begun. So rather than viewing the mother and the fetus as a unit, a
team working towards a shared goal, their relationship remains ambivalent. Finally, while
it may be tempting to see the epigenetic approach as the return of maternal impressions –
with the Internet and newspapers brimming with titles such as ‘you are what your mother
ate’ – the similarity is only superficial. The mother, in epigenetics terms, is a molecular
environment, a source, and a mediator of exposures, where what matters is not the actual
experience but whether it activates the gene or not.
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