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10. The Role of Ontogeny in Understanding
Human Demographic Behaviour

Paula Sheppard and David A. Coall

Ontogeny, the development of an organism from conception to maturity, is one of
Tinbergen’s two proximate explanations for understanding why we do the things we do.
As well as genetic inheritance, the developmental environment, to which parents make
a large contribution, is crucial for shaping a child’s life. It not only shapes their physical
and psychological development, but also influences the adult child’s reproductive
strategy and ultimately their life expectancy. Demographers care about fertility and
mortality, which, when understood within an evolutionary framework, are two entwined
processes that influence, and are in turn influenced by, the individual’s developmental
trajectory. Here, we provide a summary of how development operates throughout life:
from the womb, through childhood, adolescence and puberty, the reproductive years
through to menopause and death. We take a life history approach with a focus on
how developmental influences during early life have long-reaching consequences for
mortality and fertility. We illustrate each section with theoretical advances, empirical
examples and evaluation of the current literature. We hope to demonstrate that thinking
about human demographic behaviour can be revealing in light of ontogeny, and provide
a useful theoretical basis for demographic research.

Introduction

Ethology is the study of animal behaviour, starting with the assumption that organisms
behave in ways that are adaptive (i.e. that enhance reproductive success), given individual
and environmental constraints. Human behaviour is complex and includes a much richer
social environment than other animals, but the same ethological principals can be applied.
Niko Tinbergen, a Nobel-prize-winning ethologist, conceptualized an insightful multifaceted
approach to understanding animal behaviour (Tinbergen, 1963). He argued, following Ernst
Mayr’s (1961) teleology, that any ethological question could be answered at two levels — the
ultimate (why a trait exists) and the proximate (how a trait operates), and each can be split
in two components: phylogeny and function are ultimate explanations, and ontogeny and
mechanism are proximate explanations. These four levels of explanation provide a framework
for understanding behavioural traits.

Broadly, an ultimate explanation describes a phenomenon at its evolutionary, or
adaptive, level — i.e. what is its function, and how did it evolve (phylogenetic). Proximate
explanations are the more immediate or direct reasons which can be understood in terms
of the mechanism(s) or triggers of the behaviour, as well as by the organism’s development
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(ontogeny) as an individual. For example, if we were to wonder “why do bears hibernate?”,
four explanations can be given, and all would be correct. At the proximate level, bears
hibernate because it is winter, food is scarce, and they feel cold (these are mechanisms). The
propensity to hibernate is partly an innate trait, and partly learned by bear cubs denning with
their mothers for the first few winters of their lives (this is the ontogenetic explanation). The
ultimate explanations are that bears hibernate because it is adaptive for them to conserve
energy and drop body temperature to survive harsh winters when food is scarce, improving
their survival and reproductive chances — ancestral bear species who did hibernate were
selected for —i.e. hibernation improves a bear’s survival and reproductive chances. The
phylogenetic explanation for bear hibernation is that bears are part of the Ursine family and
hibernation is part of their evolved behavioural repertoire.! Tinbergen’s framework remains
a hugely useful paradigm for thinking about animal and human behaviour, and although a
more modern usage might include supplementary questions to provide fuller explanations
(Bateson and Laland, 2013), the proximate/ultimate distinction is the foundation of any
evolutionary understanding of behavioural traits.

Here we focus on the role of ontogeny (or development?) in understanding human
demographic behaviour. Development is partly about traits that develop in the womb through
to puberty and reproductive maturation (at least in mammals), but also refers to learned
behaviours, which are especially important during childhood. Demographers are interested in
three main facets of human behaviour, namely fertility, migration, and mortality.

Following on from the previous example, we can apply Tinbergen’s four levels of
explanation to a demographic question. For instance, “why do humans live so long?”.
Phylogenetically, humans are primates, which all live relatively long for their body size, and,
in fact, among primates humans have the longest lifespans and slowest life histories. Long
lifespans are adaptive (functional) for cooperative breeding (sharing childrearing duties
among kin and non-kin), which allowed for the human trait of raising numerous “stacked”
dependent offspring at a time (Bogin, 1998). The mechanisms for longevity are complex but
may include the neural and hormonal responses triggered by caregiving that reduce stress
and accentuate physiological health, leading to longer, healthier lives (Hilbrand and others,
2017). The ontogenetic explanation is that we gestate our young for nine months but give
birth to highly altricial neonates (underdeveloped newborns compared to other primates)
requiring prolonged periods of infancy in which highly dependent suckling babies mature.
Human childhoods are also long compared to other primates, who only have a short juvenile
growth period between weaning and adulthood (Hawkes, 2003). Human children enjoy many
childhood years in which they can indulge in important social learning and skill acquisition
with very low costs as they are still fed and protected by their parents. These longer early life
stages are part of a suite of life history characteristics particular to humans (Kuzawa and
Bragg, 2012; Bogin, 1999).

1  Bears do not actually hibernate; they go into “torpor” which is a very deep sleep state, but not strictly
hibernation. The four explanations as to why they do so still apply.
2 We use these two terms interchangeably in this chapter.
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Theoretical Concepts

Life History Theory

We adopt a life history approach, focusing both on the human life stages prior to adulthood,
as well as briefly addressing the ontogenetic process during later life, including old age,
menopause and death. Ontogeny does not only refer to early development; it is relevant to
the entire life course. The two demographic topics most relevant to ontogeny are fertility and
mortality, and they are integral to understanding life history theory (although there is some
evidence that migration can also affect human developmental trajectories (Nuiiez-De La Mora
and others, 2007)).

Life history theory (LHT) is an evolutionary biology framework which can be used to explain
the timing of human life events pertaining to growth, maintenance and reproduction at both
the species and the individual level. The basic premise of LHT is that organisms make decisions
about how best to allocate limited resources towards survival, growth and development, and
reproduction in a bid to enhance their reproductive success, and thus their evolutionary
“fitness” (genetic legacy) (Stearns, 1992; Kuzawa and Bragg, 2012). The fact that resources are
limited leads to life history trade-offs; for instance, nutrition apportioned to growth cannot
also be used for reproduction, which explains why organisms stop growing when they reach
reproductive maturity. At the species level, the life histories of long-lived animals (including
humans) are characterized by large body size, long gestation periods, production of relatively
few offspring who remain dependent on the parent(s) for a long time (i.e. have extended
childhoods), and relatively low early-life mortality. This suite of traits is typical of a slow life
history species, and humans are among the slowest. This being the case, there is also plenty
of variation among humans. Individuals who live in harsh environments with lower resource
availability tend to live shorter lives than those from more affluent settings. Infant mortality is
higher in harsh conditions, leading to higher rates of reproduction to offset this risk to lineage
extinction (Chisholm, 1993). The relationship between mortality and fertility provides an
ultimate, adaptive explanation for much of human reproductive behaviour.

Plasticity and prediction

Phenotypic plasticity is also important for understanding the basics of how development
operates. The phenotype is the observable expression of the individual’s genetic potential, as
shaped by the environment; phenotypes are the various physical and behavioural features of
the organism — each trait, such as height or hair colour, is a phenotype. There is a difference
between what is genetically inherited, and what is produced by that heredity. On average an
individual inherits half of his or her genes from each parent, and together these constitute the
individual’s unique genotype; all of our cells have the same genotype (except sex cells), but not
all the genes are expressed in each phenotype, although they have the potential to be, and they
can be passed on to the next generation. Phenotypic plasticity refers to the adaptive process
that allows an organism to make flexible “choices” about how to behave or react to certain
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environments® (Pigliucci, 2005; Fusco and Minelli, 2010). In other words, any genotype can
express different phenotypes depending on the environment. This flexibility means we have
the potential to express an array of behaviours around a given trait (i.e. adopt a strategy) and
the environment we find ourselves in triggers one or more responses. Because this flexibility
has been shaped through evolutionary history, and those individuals who could be flexible were
more likely to survive and reproduce, plasticity is expected to be adaptive.

Insofar as developmental plasticity promotes Darwinian fitness, it also comes at a cost that
can have negative health consequences in humans (Wells, 2019). There are conflicting views
as to how the relationship between the environment and genotype works exactly. The concept
of a predictive adaptive response (PAR) is that, given the environment in the organism’s early
development (usually in the womb for mammals), the organism programs its strategy and
then sticks to it (developmental programming). The assumption is that early environments
are highly indicative of future environments; therefore, a phenotype that aligns with an early
environment that remains stable is assumed to be adaptive (Gluckman and others, 2005). For
humans, however, this is an unlikely scenario as a great deal can change during a lifespan of
fifty to eighty years.

Throughout hominid evolution, environmental instability has been predominant. Even
ancestral humans would have encountered variability in environments due to climatic
fluctuations and migration (Foley, 1995; Potts, 1998). A recent reconsideration of how plasticity
operates has focused on internal prediction. This argument stresses that early environmental
conditions can leave a mark on the physical or mental health of the individual (Nettle and
others, 2013). If the environmental assault is serious enough, the mark it leaves can impact
on the individual’s lifespan by increasing the likelihood of premature death through a higher
susceptibility to disease, or high levels of psychological stress. The individual’s strategy is then
calibrated accordingly. In this case, there is no need to predict the future environment; the
impact of early environments is embodied, carried within the person (Rickard and others, 2014).
In the context of life history theory, under harsh environments the priority is simply to survive,
therefore, physiological changes during gestation in response to a challenging environment is
“making the best of a bad start”, not adapting for the future (Berghénel and others, 2017; Jones,
2005; Vitzthum, 2001; Rickard and others, 2014).

We next describe how ontogeny influences demographic traits (here, fertility and mortality)
with the underlying assumption that humans react and behave flexibly in response to a
combination of their genetic endowment and the environmental conditions within which they
develop and mature.

Prenatal Environment and Development

Prenatal development focuses on the early stages of the life cycle, our most precarious time of life;
itis the time of most rapid development, and thus the time of highest risk. Prenatal development,
the development of a new life, is also where the parents’ fecundity (the physiological ability to
reproduce) is translated into fertility (the number of offspring) and ultimately reproductive
success. The impact of this life stage, however, extends far beyond reproduction. The prenatal

3 Inbiology, “choices”, “decisions”, and “strategies” are generally not conscious (although in some cases they
can be); they are responses to the interactions between environmental and genetic influences.
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period is when many environmental and physiological factors, working through the mother,
impact a foetus and have consequences for subsequent development. From the perspective
of life history theory, foetal growth is a measure of the resource flow to the foetus at the
expense of others (parental investment). Thus, foetal growth also represents the non-genetic
intergenerational transmission of phenotypes. The prenatal environment has the potential
to increase the fit between the offspring’s phenotype and its environment, which can provide
an evolutionary advantage by increasing the probability of survival and reproduction. It is
therefore likely that natural selection would favour foetal sensitivity to maternal behaviour and
physiology. In the broader ethology and biology literature, these are referred to as maternal
effects (Maestripieri and Mateo, 2009).

Myriad factors influence pregnancy and the vast majority of non-genetic elements work
through the mother’s phenotype (Wells, 2010). These include but are not limited to maternal
stress, prenatal nutrition, environmental toxins and teratogens, antenatal care, prenatal bonding
and early psychosocial environments (Coall and others, 2019). Across mammalian species,
due to internal fertilization, gestation and lactation, interactions between the mother and
offspring are close and of extended duration. Thus, mothers have the most profound influence
on their developing offspring’s phenotype throughout pregnancy. The mechanisms by which
the maternal phenotype can affect the foetus’s phenotype include her behaviour and hormone
levels, nutrition, mental and physical health and size. For example, across mammalian species,
smaller mothers tend to produce smaller offspring, with the most influential processes beyond
genetics being other constraints such as the first pregnancy, smaller pelvic outlet or reduced
nutrient supply to the foetus (Gluckman and Hanson, 2004; Godfrey and others, 1999)

Life history theory examines the relationship between the environment and life cycles
from an evolutionary perspective. Therefore, foetal growth is one phase of the life cycle that
is heavily influenced by the mother’s own life cycle. An example of this is the role of maternal
constraints — there are limits on how large a baby can be — influencing foetal growth and
potentially that of future generations. Indeed, in a study of 513 low-risk pregnancies, maternal
birth weight was the only factor that consistently predicted children’s foetal and placental
growth, affecting outcomes including birth weight, placental weight, placental ratio, placental
surface area and placental thickness (Coall and others, 2009). Within these constraints, the idea
that maternal birth weight is among the strongest predictors of her offspring’s birth weight and
provides a “better” reflection of the likely nutrition environment over generations, rather than
the nine months of pregnancy, is referred to as “intergenerational phenotypic inertia”.

Kuzawa’s (2005) intergenerational phenotypic inertia model provided an adaptationist
rationale for expecting the effects of prenatal malnutrition or stress to last more than one
generation: when environments are stochastic over time scales greater than a generation, nine
months of gestation cannot provide the foetus with enough information upon which to “predict”
its own within-generation optimal growth and development. Ultimately, possibly through the
epigenetic regulation of growth factors (IGF2), intergenerational phenotypic inertia provides
the foetus with information, not only about the environment into which it will be born, but also
about the environment into which its mother was born, and perhaps even its mother’s mother,
and so on, back through an unknown number of generations. Such inertia reduces the impact
of short-term variations in nutrition, allowing the broader nutritional environment to influence
foetal growth. Thus, associations between foetal development and adult health risks seen in the
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“Developmental Origins of Health and Disease” literature may reflect longer time frames than
the nine months of gestation.

Within life history theory, because the amount of resources available is always limited
(e.g. time, energy) there are trade-offs between the components of fitness, and the most all-
encompassing trade-off is that between current and future reproduction (Stearns, 1992). At issue
is whether it would be better for an organism’s lifetime reproductive success to reproduce at a
given time or to wait for another opportunity in the future. The major determinants of the optimal
current-future trade-off are (1) the probability of death at a given age, and (2) the availability
of energy and other resources that determine parents’ capacity to invest in offspring (e.g. foetal
growth). When environmental conditions are risky or uncertain, with high or unpredictable
mortality rates and few or uncertain resources, organisms in general, including humans,
tend to reproduce early and often, maximizing the probability of reproducing, but reducing
the investment in each offspring (Coall and others, 2016). Conversely, when environmental
conditions are safe and predictable with low and stable mortality rates and plentiful resources,
organisms tend to reproduce later and less often, investing more resources in fewer offspring.
Through their phenotypic plasticity, our ancestors were able to take advantage of good times
by maximizing future reproduction (investing more in fewer offspring), and to cope with bad
times by maximizing current reproduction (investing less in more offspring). None of this, of
course, requires conscious awareness, and the world’s most disadvantaged peoples still tend
to reproduce early and often (Low and others, 2009). What becomes apparent though is that
the trade-off between current and future reproduction means that foetal adaptations to the
effects of environmental stress on the mother can have evolutionarily adaptive consequences
for her (future reproduction), but developmentally disadvantageous effects on foetal growth
and development and thus postnatal health (maternal effects).

Childhood Influences on Fertility

Human childhoods are unusually long compared to other primates (Bogin, 1998), allowing
for an extended period of growth and learning, while still largely dependent on care-givers
for nutrition, safety, and shelter. The developmental environment during childhood can have
far-reaching consequences; family settings that are nurturing and facilitate child growth and
development are associated with slower reproductive strategies, while difficult childhood
settings might instead increase the pace of life and initiate earlier reproduction and possibly
higher fertility. Empirical studies support this view, although only in so-called WEIRD* (Henrich
and others, 2010) contexts where childhood psychosocial stressors often have a greater impact
than nutrition (Sear and others, 2019). In more resource-stressed conditions, children whose
early lives are nutritionally deprived will more likely delay reproduction in aid of growth.

It is arguable that early childhood (up to age 5-7 years) is a particularly critical period that
sets the child’s reproductive trajectory (Belsky and others, 1991; Ellis, 2004), at least in WEIRD
contexts. The empirical evidence tends to focus on girls and on age at puberty (often only
menarche) as an outcome.’ Of these studies, those that separate early childhood from older

4 Western, Educated, Industrial, Rich, and Democratic.

5  Age at puberty is often taken to indicate if an individual is on a fast or slow life history track. This assumes
that all life history traits (or at least puberty, reproduction and death) are correlated, which has not yet
been empirically established.
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childhood show a mixture of patterns. For instance, “harsh” parenting was associated with
earlier age at puberty in a contemporary US sample, but this relationship was seen in both
early and later childhood, and only for girls; boys appeared to be unaffected by harsh parenting,
at least with regard to puberty (Belsky and others, 2007). Indeed, we might expect different
effects for boys and girls; we discuss this in more detail in the next section. Also in the US,
Quinlan (2003) found that parental separation during childhood was associated with earlier
puberty, first voluntary sexual intercourse and first births for women. He tested for differences
depending on which childhood stage the separation occurred, and although there were always
earlier timed events compared to women who had had intact families since birth, the later the
separation happened the weaker the association was.

In Malaysia, a country with a transitioning rate of fertility, and a lower economic setting
than the US, Sheppard and others (2014), using father absence as a proxy for adverse childhood
environments, report no association with timing of menarche in either early (before age 7)
or later childhood. They did, however, find a statistically significant association between
father absence and younger age at first birth, but only if the father became absent during later
childhood (age 8-15). This might be explained by the different meanings “father absence” has
in different cultural and economic contexts. These studies suggest that, while it is likely that
childhood developmental ecologies have an impact on fertility-related outcomes, there might
not be a critical early period in this respect. Generalizations like this should be made with
caution as we cannot make true comparisons when childhood adversity is operationalized
differently in each study, and they all use different methods. It might be more fruitful to think
of developmental environments as sums of their parts where different types of adversity affect
children differently and, depending on the cultural context, may not be indicative of adversity at
all. For instance, the concept of “father absence” varies depending on the local norms regarding
marriage and families (Sear and others, 2019). The absence of a father may be less of an adverse
condition where extended families are more common and other alloparents can compensate,
rather than the typical nuclear family found in WEIRD social settings.

Adolescence and Puberty

Adolescence bridges childhood and adulthood, and is mainly characterized by puberty. As
with our relatively long childhoods, adolescence is purported to be the time when we hone our
social skills further, and mentally and physiologically prepare for independence in adulthood
(Sapolsky, 2017). Puberty is a key milestone in adolescence and is the physiological gateway to
reproduction. Genetic, physiological (e.g. nutrition) and social (e.g. psychosocial stress) factors
are known to influence pubertal timing. All children need to attain a certain body size (height
and weight) and reach critical hormonal thresholds in order to successfully undergo this life
transition (Ellison and others, 2012). There is usually a growth spurt that occurs during early
adolescence which slows down as the pubertal stage commences. There is another growth
spurt toward the end of adolescence and then continued growth to final adult height. All of
these processes are fuelled by nutrition and exercise. However, they are also susceptible to
psychosocial stressors, largely because stress hormones impact on growth and muscle mass,
and negatively affect mental and emotional states (Ellis, 2004). Indeed, chronic psychosocial
stress and high levels of cortisol resulting from disrupted environments may help to entrain
adaptive life history strategies (Finch and Rose, 1995).
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The timing of puberty is partially associated with the timing of first sex, the birth of the first
child and reproductive lifespan, at least in women. Early maturers are more likely to have sex at
a younger age, have earlier pregnancies and experience later cessation of reproduction (i.e. the
start of menopause) compared with late bloomers (Coall and others, 2016). This suggests that
the timing of menarche is a fair indicator of the pace of the reproductive strategy being pursued.
Faster life history strategies, of which early reproduction is a component, are also associated
with higher mortality (Nettle, 2010). For men, however, the story is not quite as clear, and the
evidence much scanter than for women (Sheppard and Sear, 2012; Bogaert, 2005). Figure 1
illustrates how sex differences in human life histories might operate. Using data from the
United States, Sheppard and others (2015) show two different life history trajectories between
early childhood disruption, age at puberty and final adult height (an indicator of growth during
childhood and puberty), for boys and girls. For girls, weight gain happens faster and puberty
starts at a younger age, while for boys growth is slower and puberty is delayed — nonetheless, in
both cases, childhood disruption ultimately leads to reduced growth and shorter adult stature.

females
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Fig. 1 Sex differences in stress responses to childhood disruption in high-income settings; different
pubertal and growth pathways. All rights reserved.®

Demographers tend to focus on female fertility and largely ignore male fertility behaviour,
but evolution predicts that men and women will not behave in the same way, and so a fuller
understanding of demographic processes, especially around fertility, can only be attained by
considering both sexes.

One associated adolescent trait that deserves a brief mention here is risk-taking. Risk-
taking is most commonly found among adolescent boys until young adulthood (or even later).
Although it is not only a male trait, it is much less frequently observed in girls (however, girls
certainly can and do take risks too (Cross, 2010)). From an evolutionary standpoint, risk-taking
is often thought to arise as an outcome of male-male competition (Chisholm, 1999). These are
high-risk (e.g. failure, injury, death) high-payoff (reproductive and/or parenting opportunities)
reproductive strategies. This behaviour is especially prominent during adolescence when young
men are preparing for adulthood.

6  Reproduced from Sheppard et al. 2015. ‘Childhood family disruption and adult height: is there a mediating
role of puberty?’, Evolution, Medicine, and Public Health, 1: pp. 332-42. By permission of Oxford University
Press on behalf of the International Society for Evolution, Medicine & Public Health. For commercial
reuse queries, please contact journals.permissions@oup.com.
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After men become fathers their testosterone levels recede as they turn to parenting rather
than mating behaviour (Gettler and others, 2011). Young men want to have sex and will compete
to attract young nubile women. It is a dual-purpose strategy: there is competition with other
males (such as outwitting each other or simply fighting), and also showing off prowess and skill
to the sought-after females. There are, by definition, costs (sometimes very high) to risk-taking.
The whole point of the risk is that if it goes wrong, it can cost the young man’s life, result in
injuries, or at the very least, cause embarrassment and the loss of status. Risk-taking requires
the careful balance of risk; it needs to be risky enough to be impressive (ultimately increasing
reproductive success), but not so risky that it results in no fitness legacy at all. Accidents
happen when the risk is miscalculated, or unknowns are not factored in. Demographers who
are interested in male-biased sex ratios and male mortality more generally would do well to
understand male risk-taking strategies (Schacht and Borgerhoff Mulder, 2015). Seldom is the
relationship between mortality and fertility more conspicuous than when witnessing male-
male competition for females. Note that risk-taking is not the only male competition strategy
available; not all young men fight and show off, at least not in life-threatening ways. Some men
are more suited to other tactics such as displaying good parenting skills, being a good provider,
exhibiting creative talents, etc. The strategy adopted will depend on the young man’s resources,
both physical and material (i.e. his environment).

Demographers are often interested in the differences in fertility and mortality rates between
countries within the context of the demographic transition. In high-income, low-fertility
countries, the constraints are different to those settings where nutrition and other basic needs
for survival are prioritized. Where access to sufficient good-quality nutrition is scarce, as is often
the case in low-income countries, the basic weight requirements to enable pubertal processes
to begin are limited by food stress. As such, girls from these areas tend to have later pubertal
development than girls from high-income settings where the opposite is true. In high-income
environments, socioeconomically disadvantaged girls have more access to highly calorific
nutrition (junk food) which might not be healthy, but leads to rapid weight gain and early onset
of puberty (Coall and others, 2016).

The association between psychosocial stress and pubertal timing has been shown empirically
from many studies in so-called Western cultures. Due to meagre evidence in other settings, it
is much less clear how this association works in lower-income settings where nutrition is a
more salient problem. Puberty data are difficult to collect and have not been the focus of many
longitudinal studies in less affluent countries, which limits research in this area. Nevertheless,
there are a few studies which provide some evidence for a different trend in low- and middle-
income contexts (Sear and others, 2019). In Malaysia, young women from father-absent homes
were found to commence puberty (measured as first menstruation) no earlier than those from
dual parent families (although they did marry younger) (Sheppard and others, 2014). It is likely
that the mechanism driving the association between family background and age at puberty
in lower income contexts has more to do with paternal provisioning (household resources)
than in higher-income settings, where psychosocial stress is more of a problem than resource
stress. Along similar lines, no evidence to support the hypothesis was found for young women
in South Africa who were raised in father-absent families, compared with those where the
father was present until age six and age at menarche (Anderson, 2015). There was, however,
a significant association between father absence and age at first sex and pregnancy. These
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findings highlight the importance of understanding how contextual factors inform hypotheses
derived from theories of human behaviour, such as life history theory.

Reproduction and Fertility

In demography, fertility is defined as the number of offspring an individual produces in a
lifetime, and is usually measured for women. The total fertility rate (TFR) is a population-level
measure of the average number of babies born to women of reproductive age (usually 15 to 49
years) in a given population. In addition to earlier declines in mortality and fertility, fertility
in Europe has fallen dramatically over the last fifty years, along with decreasing mortality
rates. This process is known as the “demographic transition to low fertility”, and is thought
to be driven by economic development, as there is a strong correlation between country-level
economic development and reduced fertility worldwide. Worldwide fertility has dropped from
around five babies per woman in 1960 to half of that in 2015 (The World Bank 2018). In OECD
member states (mostly high- and middle-income countries), the TFR has shifted from 3.2 to 1.7
in the same period, i.e. below replacement level (for the population to remain stable the TFR
would need to be 2.1).

Demographers spend much research effort trying to understand this transition. It is a very
well-described phenomenon, but not fully understood in terms of why it occurs. Evolutionary
theorists also try to make sense of the counterintuitive pattern that apparently higher wealth
is associated with lower fertility, when Darwinian reasoning would predict more resources
equated to more offspring, and thus increased genetic fitness. The story is complicated and
somewhat beyond the scope of this chapter, but part of the problem is due to the conflation
of population measures with individual level outcomes (Borgerhoff Mulder, 1998; Mattison
and Shenk, 2019). In other words, not all people from rich countries are in fact rich, and when
considering individual-level wealth, the relationship is actually non-linear, with the very
wealthy and the very low-socioeconomic groups both exhibiting relatively high fertility. This is
explained by the observation that mortality also varies by socioeconomic status. Poorer people,
even in relatively wealthy settings, tend to have lower life expectancy than more advantaged
groups — even in London there is a more than twenty-year gap in life expectancy across
neighbourhoods (Cheshire and O’Brien, 2015). In such environments it pays, in fitness terms,
to produce more offspring earlier to offset the higher risk of death.

How can applying Tinbergen’s ontogenetic reasoning help us to understand fertility? A life
history approach can help elucidate how early life conditions impact on the timing of first births,
the timing of higher parity births, the decision to reproduce at all, and how many children to have
in total. Despite the rather large body of evidence available on the developmental antecedents
of puberty, there is relatively little on how development affects fertility (Coall and others, 2016).
Furthermore, the evidence that we do have is not consistent across studies. Using data from
the UK 1958 birth cohort, (Nettle and others, 2011) showed that women whose childhoods
included: low paternal involvement; being breastfed for only a short while; frequent household
moves; and being separated from their mothers had their first pregnancies at younger ages
than women from non-disrupted backgrounds. Also, the more adverse conditions a woman
had experienced, the younger the age at pregnancy (i.e. the effects are accumulative). Another
study in the UK also found that poor childhood health was associated with earlier first births,
even after accounting for the socioeconomic position of the family during childhood, and the
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women’s education (Waynforth, 2012). These studies looked at the timing of reproduction
rather than total reproductive output or fecundity; other studies that do investigate markers
of fertility have not been able to replicate these associations. Two studies from the US found
that women who experienced adverse childhoods had irregular menstrual cycles, menstrual
amenorrhea and difficulty conceiving (Jacobs and others, 2015; Allsworth and others, 2007).

While pubertal timing is certainly linked to reproductive timing, it is not the whole story.
People’s life history trajectories are not determined from early life, and our evolved ability to
adjust our responses to the environment in flexible ways means that these relationships are
only partly co-dependent, and partly independent processes (Bornstein, 1989). In other words,
childhood environments may mediate the relationship between people’s adult environments
and their reproductive decisions. Indeed, the early environment does not “program”
development, and only some who endure stressful childhoods go on to adopt an accelerated
strategy of reproductive timing. Research using the 1958 UK birth cohort showed differences
in reproductive timing between never- and ever-married women: early life adversity was
associated with earlier pregnancy in never-married women, but delayed pregnancy in married
women (Harville and Boynton-Jarret, 2013). Evolutionary demographers interested in fertility
should consider the complex relationships throughout the life course, and be aware of likely
mediating and moderating factors between early life, adult environments and childbearing
(Coall and others, 2016).

What are the mechanisms? Early life and eventual reproduction are far apart in an
individual’s lifespan. If childhood experiences influence fertility decision-making, then how
does this operate? One idea is that having more children is a “predictive adaptive response”
(PAR) to early childhood stress. The main problem with this argument is that it assumes that
childhood conditions are good predictors of future ones. In other words, that we live (and
have always lived) in environments that change little over the life course. This is implausible.
Another hypothesis is that early life adversity has a tangible impact on that person’s health
and that this is carried throughout life (e.g. stress reactivity, weight gain, growth), and is
associated with higher mortality. Empirical evidence has so far revealed frustratingly little.
In a longitudinal study of women born in Newcastle-upon-Tyne in 1947, low socioeconomic
status (SES) and poor housing conditions at birth were both associated with younger age at
first birth, and poor housing (though not low SES) was associated with higher completed
fertility. Given the long duration between birth and the woman’s reproduction, a number of
potential mediating factors were tested, such as birth weight, childhood illness, age at puberty,
etc., but these had little influence on either reproductive outcome. Further, consistent with
the idea of a life history strategy, when both outcomes were included in the model, age at first
birth completely mediated the relationship between poor housing and total fertility (Sheppard
and others, 2016). This is a useful investigation; however, it was a small study from a non-
representative population — larger studies of these processes will be more revealing. Similarly,
early research looking at telomere length as a marker of health in humans also does not reveal
much — areview of the literature finds only a weak correlation between early life adversity and
telomere length (shortened telomeres are a sign of ageing) (Pepper and others, 2018).

Few empirical studies have examined the relationship between childhood conditions and
fertility outcomes in pre-demographic transition societies, and those that do report mixed
results. A commonly-used indicator of childhood insecurity is father absence, and is often the
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focus of demographic studies among foraging peoples. For instance, the death of a father had
no impact on fertility outcomes for sons or daughters among either the Venezuelan Ache or
the Bolivian Tsimane foragers (Hill and Hurtado, 1996; Winking and others, 2011). Among
the Belizean Maya and Paraguayan Ache males, however, father absence due to divorce was
associated with delayed age at reproduction, possibly because father-absent sons were deprived
of paternal investment leading to difficulty acquiring mates (Waynforth and others, 1998).

Menopause and Mortality

Menopause marks the end of a woman’s reproductive years, and is of substantial interest
to demographers because of the associated reduction in female mortality advantage after
menopause, changes in disease risk profiles (Hill, 1996) and its inverse association with all-
cause mortality (Jacobsen and others, 2003). At the same time, menopause is grounded in
ontogeny. Menopause is defined as one year after a woman’s final menstrual period and results
from the gradual depletion of ovarian follicles that begins during foetal life and is complete at
menopause. Therefore, events during development, such as age at sexual maturity, pregnancy,
childbirth, contraceptive use and number of offspring influence the number of ovulatory
menstrual cycles, the rate of ovarian follicle loss, and the length of reproductive lifespan
(Bjelland and others, 2018; Gold and others, 2001). Several of these life history events have
been associated with age at menopause.

Human life histories are characterized by a long lifespan and, particularly in women, a long
post-reproductive lifespan after menopause. Originally, evolutionary biologists saw menopause
and the long post-reproductive lifespan as unique human characteristics that may be usefully
understood from an evolutionary perspective (Williams, 1957), although it is now known that
menopause does exist in some long-lived species such as killer whales (Brent and others, 2015).
Williams (1957) proposed that it may be beneficial for women to stop reproducing earlier,
reducing their exposure to pregnancies of high risk to maternal and child survival. This would
ensure mothers were more likely to survive to raise their existing family, in turn increasing
survival. Data from natural fertility populations has not supported the proposed benefits to
fitness of stopping reproduction early (Hill and Hurtado, 1991, 1996; Rogers, 1993). However,
Williams’ article inspired a new field of investigation examining the impact grandparents have
on survival and reproduction in families that continues to grow today (Coall and Hertwig, 2010)
and has been discussed in several of the preceding chapters in this volume. Indeed, in our
ageing populations, understanding the roles that longevity, ageing and the post-reproductive
lifespan play in the human life history may be particularly valuable to active ageing and positive
engagement with family, community, leisure activities and personal well-being.

At an ultimate level, ageing, senescence and menopause have long posed a challenge for
the evolutionary perspective. Why, if the unit of selection is the individual, should ageing and
menopause exist? Clearly they would appear to be bad for genetic fitness (Medawar, 1952). Why
haven’t they been selected against? Moreover, as they occur after the reproductive lifespan is
complete, there is little or no opportunity for natural selection to act upon them. These are valid
points; however, they neglect the life-cycle focus of life history theory. As we have discussed, life
history strategies are sensitive to resource availability and stress, creating trade-offs between the
components of fitness (e.g. reproduction and maintenance). If post-reproductive adults, many
of whom are likely to be grandparents, can invest in subsequent generations, thus influencing
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reproduction, growth, development and survival, the post-reproductive lifespan can be seen
and moulded by natural selection.

Theoretical perspectives including the Grandmother Hypothesis, Cooperative Breeding
Hypothesis, and Embodied Capital Hypothesis and their variants, propose that older post-
reproductive individuals contribute resources to children and grandchildren that change their
life cycles (Voland and others, 2005). That is to say, help from alloparents, such as grandparents,
provides the resources that influence development in subsequent generations. Empirical
studies have investigated the impact grandparent presence has on fitness measures, such as the
fertility of their children and grandchild survival. The vast majority of this research has been
conducted in natural fertility and historical human populations, and shows that the presence of
grandmothers and the help they provide is often associated with increased grandchild survival
(Sear and Mace, 2008).

Perhaps surprisingly, much less research has focused on the association between
interactions with grandparents and grandchild outcomes in contemporary post-demographic
transition populations. In these populations with low mortality and fertility, the outcomes are
likely to reflect the emotional, social and material resources necessary to compete in those
environments. The correlational research does support an association between grandparental
involvement and improved psychological adjustment, mental and physical development and
educational outcomes (Sear and Coall, 2011). Thus, consistent with theoretical perspectives
mentioned above, downward resource transfers, which may be particularly evident through
grandparenting, may confer a selective advantage to subsequent generations that drive human
longevity and ultimately extend the human life cycle for both males and females.

Changes in the life cycle of human ancestors also suggest that post-reproductive lifespans
and childhood are linked. In examinations of the fossil evidence, the extended post-reproductive
lifespan in women and the long, slow growth period of childhood development appeared at
roughly the same time in human history (Bogin, 1997). Both of these unique features of the
human life history — most likely linked by a general increase in longevity — are likely to have
evolved together as a self-reinforcing unit (Carey and Judge, 2001). As long ago as Homo erectus
(1.9 million to 143,000 years ago), longevity estimates suggest they were living beyond 60 years
of age, some fifteen years after menopause. This suggests that human longevity has a much
more distant foundation, well beyond the increases in lifespan evident from recent advances in
medicine and technology.

From an evolutionary perspective it has been hypothesized that helping behaviour, which
brings additional resources to an individual within and beyond the family, ultimately developed
from ancestral parenting and grandparenting. In turn, this helping behaviour may have
contributed to extending the human lifespan. Recent evidence suggests that among elderly
people, helpful grandparents, parents, and unrelated community members experience increased
survivorship compared to individuals who do not help. Using data from the 516 participants
in the Berlin Ageing Study, it was found that helpful grandparents who looked after their
grandchildren survived five years longer than non-caregiving grandparents or non-grandparents
(Hilbrand and others, 2017). Likely mechanisms that may link grandparental investments and
reduced mortality include various measures of improved grandparental health and well-being.
To date, longitudinal studies with more power to conduct within-individual analyses that more
closely approximate causal relationships have found mixed results. Generally, however, health
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is unable to completely account for the relationship. With improved measures and statistical
analyses, potential mediating pathways and causal relationships can be explored further in the
association between grandparental involvement and longevity (Coall and others, 2018).

Conclusion

We hope we have demonstrated that thinking about human demographic behaviour in
light of Tinbergen’s four explanations, and, in particular, considering ontogeny, is useful to
demographers. Evolutionary theory adds value to demographic studies by underpinning ideas,
hypotheses and empirical studies with a prediction-generating theory. Ontogeny is one of
Tinbergen’s two proximate explanations for understanding how and why human demographic
behaviour is adaptive. The genetic background and developmental environment are both
crucial for shaping the individual’s reproductive trajectories and mortality expectations. It is
crucial to consider different aspects of the childhood environment (e.g. psychosocial stress and
nutrition) and the potential interactions between them. We hope this chapter has provided some
answers, but more importantly, new questions and research opportunities for demographers.
Demographers take a keen interest in both fertility and mortality, and when these topics are
understood within an evolutionary life-history framework, a deeper understanding of the
biological processes around death and reproduction can provide a fuller explanation of human
demographic behaviour.
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