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1. Human Evolutionary Demography: Introduction and Rationale

			Rebecca Sear, Oskar Burger & Ronald Lee

© 2024 Rebecca Sear, Oskar Burger & Ronald Lee, CC BY 4.0 https://doi.org/10.11647/OBP.0251.01

			Human evolutionary demography combines research in evolutionary biology with the study of human demographic patterns and behaviours. Evolutionary biology and demography share many conceptual features that give rise to a natural complementarity, such as a focus on the population as a unit of study and emphasis on aggregate processes that have implications for individuals. They also have distinct strengths that further this natural partnership. Evolutionary approaches are often top-down and theory driven, while demographic ones are more often bottom-up and driven by data and robust estimation procedures. We suggest that human evolutionary demography reflects these areas of overlap and complementary strengths while emphasizing at least two main objectives: understanding the role of evolutionary processes in shaping population-level demographic patterns (e.g., the evolution of age-specific patterns of mortality or fertility), and using an evolutionary approach to understand contemporary variation between individuals in demographic patterns (e.g., how and why does fertility respond to environmental influences, and vary between and within populations?). 

			Evolutionary demography is also inherently interdisciplinary. Interdisciplinary approaches are vital to furthering our understanding of the complex processes underlying demographic patterns, in part because such approaches can be a disruptive force challenging researchers to question assumptions and see the world differently.

			The chapters in this volume demonstrate that the integration of demography and evolutionary sciences strengthens both. This recognition by an ever-growing number of researchers has resulted in such a successful body of research that we are now able to showcase this field in this edited collection, illustrating the vibrancy and diversity of research in human evolutionary demography.

			
Why does evolutionary demography matter? 

			Dobzhansky famously observed that nothing in biology makes sense except in the light of evolution. Because evolution is driven by — and drives — birth and death rates, it is equally valid that nothing in evolution makes sense except in the light of demography. And to a considerable extent vice versa — much in demography, especially age-patterns of fertility and mortality, makes sense only in the light of evolution.

			— Vaupel, 2020

			Why did we decide to create this collection? Because we share the opinion, neatly stated by Jim Vaupel (2020) above, that human evolution and demography are inseparable: evolution cannot be understood without understanding demography, and demographic patterns cannot be fully explained without evolution. Recognition of the gains that can be made by closer integration of these disciplines is steadily growing, particularly since the 1990s when several lines of research began to thrive which combined these disciplines (Carey and Vaupel 2005; Wachter 2008; Low et al 1992, see Figure 1). This volume aims to highlight to researchers interested in our own species what those gains might be, and to encourage further integration between disciplines. 
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			Fig. 1 Appearance of the term “evolutionary demography” in Google’s NGram viewer, between 1990 and 2019.

			Demography and evolutionary research are an obvious partnership because natural selection operates through differences in reproduction and survival, which are the two most fundamental drivers of population change. The role of demography in understanding aspects of natural selection and evolutionary processes is therefore clear, as the source of tools, techniques and insights into the analysis of demographic patterns. In addition, evolutionary researchers wishing to understand the multitude of social and cultural influences that underlie patterns of fertility and mortality, such as mating behavior, social organization, cooperation and competition, productivity, culture, investment in offspring, sibling rivalry and kin structures, can fruitfully draw on research on these topics in demography (as well as other social science disciplines). 

			Demography, too, benefits from evolutionary research, not least because an evolutionary approach necessitates crossing disciplinary boundaries. The processes underlying human demographic patterns and behaviors are highly complex. Lave and March (1993) consider the challenges of studying human behaviour to be so extreme that they lament ‘God has chosen to give the easy problems to physicists’ [p. 2]. We believe that surmounting these challenges requires an interdisciplinary approach. Disciplinary silos impede progress because of the risk that researchers get stuck on particular tracks of theory, method, or ways of thought. Crossing disciplinary boundaries is a disruptive process, which has the potential to free thought, and is particularly important across the social and biological divide. Humans have evolved through the process of natural selection in the same way that every other species has. Acknowledging this is key to fully understanding our behaviour and demographic processes. Demography also provides a particularly fruitful arena for social and biological scientists to interact because of the ‘biosocial’ nature of fertility and mortality, involving not just the range of social influences mentioned above (and more), but also biological differences in skeletal structure, organs, endocrine systems, brain and immune systems. Uniting the detailed understandings of the social sciences with insights from the evolutionary sciences about how our physiology, behavior and culture have evolved is a much more powerful way of analyzing and predicting human affairs than is doing social science without biology. 

			Yet the contemporary social sciences have typically shown little interest in applying research from the biological sciences to the study of human behaviour; sometimes strongly rejecting such attempts. This reaction has undoubtedly been influenced by the historical stain of eugenics and its link to human rights abuses, culminating in murderous Nazi racism. Interest in the application of biology to social affairs was in fact widespread in the early twentieth century because of the eugenics movement; a political ideology which argues that the biological inheritance of ‘desirable’ and ‘undesirable’ traits from one generation to the next is so simple that the human race could be improved through selective reproduction (Rutherford 2022). Several academic units for research on eugenic themes were set up during the early decades of the twentieth century; the establishment of the discipline of demography in the UK, for example, owes a significant debt to eugenic interests (Grebenik 1991; Langford 1998). But this political movement was based on faulty science and faulty social science, and began to fall out of favour in academia even before there was widespread condemnation of this ideology because of its human rights abuses. 

			Moreover, there are other reasons for the wariness of many social scientists to embrace biology. There is also concern that biological reductionism tries to explain human behaviour to the exclusion of cultural and social forces, and removes individual ‘agency’ from the equation. There are assumptions that biological explanations will simply have little power to explain much of the phenomena that social scientists are interested in, given that human affairs are so very variable over time and space, and therefore cannot be explained only with reference to changing gene frequencies (we discuss further below the misconception that evolutionary approaches are only about changing gene frequencies). Finally, there is concern that biological approaches are not sufficiently ‘critical’, in that they do not pay sufficient attention to biases introduced by power structures in academia that affect the production of research (though similar criticisms about a lack of critical thinking have also been levelled at some social sciences, including demography: Sigle 2021; Greenhalgh 1996).

			All these concerns need to be taken seriously by those wishing to promote greater integration between the biological and social sciences, especially given that fears of a resurgence of eugenics have turned out to be valid (Panofsky, Dasgupta, & Iturriaga, 2021). Interest in this pseudoscientific endeavor never entirely left academia and has now edged back into the academic mainstream in the twenty-first century (Sear 2021; Saini 2019). Recent revelations about E.O. Wilson (a highly regarded scientist known for work on ants, conservation and other topics, who did so much to revive interest in recombining social and biological science in the 1970s) and his behind-the-scenes support for J. Philippe Rushton (who did so much to promote scientific racism) are a clear reminder of the impossibility of separating science and politics, and of the complex human interactions that underlie the production of research (Borello and Sepkoski 2022; Farina and Gibbons 2022). The solution to this resurgence is not, in our view, to reinvigorate calls to separate the social and biological sciences — such separation may have facilitated the recent resurgence in eugenic ideology. Instead, rigorous researchers from both sides need to work together to improve the quality of research that draws on both social and biological research, in order to guard against the misuse of science and social science for political ends.

			One of the aims of this volume is to highlight, with practical examples, how rigorous interdisciplinary research involving both social and biological science perspectives can further our understanding of human demography. It is hard to make sweeping statements about what contemporary applications of biology to human affairs look like, since there are now many ways of doing this, but this volume should also help dispel some misperceptions about ‘social biology’. For example, it does not assume that the behavioural traits of interest to social science and policy are wholly genetically determined, nor that variation in these traits over time and space can be explained by genetic or biological factors to the exclusion of all other explanations. The study of links between genes and human phenotypic traits is still barely in its infancy, though we know enough to know that these links are typically very complex, so that it would be foolish to make confident statements about the over-riding importance of genes when explaining human behaviour or demographic patterns. Instead, genetic and biological research is considered complementary to social science, and evolutionary approaches often put significant emphasis on how environmental factors interact with genetic or biological factors to produce outcomes of interest in contemporary populations. There are also many different ways to apply evolutionary thinking to our species, some of which don’t involve explicit consideration of genes at all (see Cully & Shenk’s chapter), and some don’t assume that natural selection is the only force that has shaped the evolution of human behaviour and demography (see the chapters by Orzack & Levitis and Colleran). Nor are evolutionary approaches confined to studying only traits that are currently adaptive; an evolutionary perspective can also be highly valuable when trying to understand patterns that don’t appear to be easily explained from a fitness-maximising perspective, such as the demographic transition and contemporary low fertility (Borgerhoff Mulder, 1998; Stulp, Sear, & Barrett, 2016)

			However, this volume is not only about the application of evolutionary biology to demography. Evolutionary demography encompasses a broad range of research, including the use of demography to inform evolutionary biology. This volume presents an overview of current topics of interest in evolutionary demography, and could be used as a higher-level textbook for illustrating questions of interest in the field, though it does not cover the basics of either an evolutionary or demographic approach.1 There are also research areas relevant to evolutionary demography we do not cover — such as insights into evolutionary demography from the dynamic new area of ancient DNA research, or archaeological demography, and also contributions by economists on parental investment, research on the evolution of cooperation or the coevolution of human biology and culture. What we aimed to do with this volume was to invite contributions from a range of researchers who have explicitly drawn on evolution and demography to inform their work. We hope the result gives an insight into what evolutionary demography is, and the wide scope of research within the field. 

			
How did the field of evolutionary demography emerge?

			As evolutionary demography is a merger of two meta-disciplines, we briefly consider each, in turn. 

			Demography is the study of population processes, which include fertility, mortality and migration (see Box 1 for definitions of terms used in demography). According to one of the most widely used textbooks in demography (Preston et al 2000): ‘while the emphasis is on understanding aggregate processes, demography is also attentive to the implications of those processes for individuals’, a description that could also be applied to evolutionary biology. Demography is strong on statistical description, and is a discipline with considerable respect for data. Substantial investment has been made in developing data collection tools and techniques for accurately describing demographic phenomena: this is the ‘core’ business of formal, or technical, demography; sometimes contrasted with the ‘rind’ of social demography, which aims to understand demographic phenomena (Coleman 2000). To quote Preston (2020) again:

			demography maintains a well-deserved reputation for integrity & intellectual honesty that reflects a highly empirical orientation & closeness to process of data production. Demographic conversations are brief when assertions are based on flimsy evidence

			Demography was closely linked to biology in the early days of the academic discipline (see Kreager’s chapter for more detail on the historical connections between demography and evolutionary biology). Now, however, demography is primarily a social science, and social demography incorporates a wide range of conceptual frameworks from social science to understand why demographic patterns vary between and within populations. Demography has been referred to as an ‘object discipline’ or field of study, given that demographers are linked by an interest in fertility, mortality, migration and population structures, rather than united by any particular theoretical or ideological framework (Coleman 2000). One of the pioneers of evolutionary demography, demographer Jim Vaupel (2020), has said demography is an ‘interdiscipline’ due to its natural role providing a glue across fields. The fields that have contributed to demography are diverse, although some disciplines have affected demography more than others, notably economics (which has also influenced evolutionary biology) and sociology. Contributions from fields such as social anthropology are less embedded within the discipline, but nevertheless, calls have been made to incorporate both into demographic research in recent decades (Kertzer and Fricke 1997; Coast et al 2007). 

			Box 1: Defining terms within the demography side of evolutionary demography 

			Demography is the study of population size, structure and dynamics, and of the three components of fertility, mortality and migration that drive changes to population size, structure and dynamics. Mortality refers to deaths. Fertility, somewhat inconveniently, is defined differently in biology and the social sciences. Demography, along with other social sciences, uses fertility to refer to the number of children born and fecundity to the capacity to conceive. Biology reverses the meaning of these two terms. Throughout this volume, the demographic definition will be used. Migration refers to population mobility, for moves over a relatively long period of time and distance. Little research in evolutionary demography has focused on migration (with a handful of exceptions, noted in Cully and Shenk’s chapter) so we do not consider it further here.

			At the population level, fertility and mortality are often measured by birth and death rates for each age and sex. From age-specific mortality rates we can calculate life expectancy at each age. e0 represents life expectancy at birth (the number of years a person can expect to live, given prevailing mortality rates), a commonly used summary measure of mortality. Fertility is almost always measured as birth rates to women, and if we add these up age-specific fertility rates over all ages we get the Total Fertility Rate or TFR (the average number of children per woman, given prevailing fertility rates), the most common summary measure of fertility. The Net Reproduction Rate (NRR), which incorporates both fertility and mortality, is also a key measure in demography. It is calculated by multiplying a birth rate which only includes female births to women at each age by the probability of surviving to that age. The sum of these products over all ages is the NRR, also known as R0 (yes, the same R0 that epidemiologists use to discuss COVID-19). The NRR tells us how many female births in the next generation will “replace” the initial female birth, taking both fertility and survival into account. We can also use the same information (those products) to calculate the rate at which the population will grow in the long run and ignoring migration, the so-called “intrinsic rate of natural increase”, usually denoted r. An NRR > 1 tells us that in the long run, the population will grow (r > 0), and if NRR < 1 it will decline (r < 0), while NRR = 1 means that the population will in the long run be constant (r = 0). 

			These measures are also very important in evolution because typically either the NRR or r is used to define “reproductive fitness” at the population level, in both theoretical and empirical studies. Life history theorists sometimes study how sensitive these measures are to tweaks in fertility or mortality at each age, because that sensitivity may tell us how strongly natural selection acts for or against those tweaks. Fisher’s measure of reproductive value (a measure of an individual’s expected contribution to future population growth) is also calculated from those products.

			In this chapter, we sometimes make a distinction between formal demography (the mathematical description and measurement of demographic patterns) and social demography (focused on understanding why demographic patterns vary within and between populations, often using individual-level statistical or qualitative analysis).

			Evolution simply means change over time. ‘An evolutionary approach’ refers to a body of multiple models and theories to explain how and why the change happens in the natural world. Natural selection is the non-random aspect of this change that comes from differential survival and reproduction. Natural selection requires that: (1) there is variation between individuals in a particular trait; (2) this variation is linked with fitness (a function of abilities to survive and reproduce); (3) this variation is heritable. If these three things consistently apply, then traits will evolve via natural selection, meaning that those traits associated with the highest fitness in a population will be ‘selected’ and will spread through the population over time. Natural selection, acting through changes in gene frequencies, is an especially prominent and recognized component of what researchers in evolution study, but the majority of evolutionary research does not directly study changes in gene frequencies, nor is it widely appreciated how much work focuses on other aspects of evolution, such as the influence of random events (‘drift’) or non-genetic processes of inheritance (like epigenetics, gene-culture coevolution and cultural transmission). 

			Few of the chapters in this volume directly discuss genes (with the exceptions of the chapters by Wachter, and Mills & Tropf). Many instead focus on models for explaining demographic variation that are derived from the assumption of natural selection, such as life history theory,2 but which rarely — when applied to humans at least — involve the direct study of genetic change. Some focus explicitly on non-genetic influences on demography, such as Colleran’s chapter on cultural evolution, and the chapter by Orzack and Levitis, which suggests the shape of the relationship between age and mortality risk may arise from phylogenetic inertia; in other words, it might be inherited from our species’ ancestors. This does not mean that humans have stopped evolving through the process of natural selection (see chapters by Moorad and DeLong), as is sometimes claimed in the media; it just means that evolutionary processes are complex, and their study requires a multi-pronged approach.

			Evolutionary demography embraces an evolutionary approach to demographic patterns and behaviours. This incorporates a wide range of research on questions of interest to evolutionary researchers, demographers and those who straddle these disciplines, united only by the assumptions that evolutionary processes are important for understanding demography, and demographic processes are important for understanding evolution. Research in this area has arisen from the recognition from both demographers and evolutionists that greater integration between the two disciplines will improve both disciplines. This recognition resulted in some early groundbreaking work by researchers such as Caswell in the late 1970s and early 1980s (Caswell, 1978, 1983, 1985), followed by a few workshops during the 1980s, but perhaps really began to take-off in the 1990s, as a research programme involving pioneers such as Vaupel, Carey, Wachter and Finch (Wachter and Finch 1997; Carey and Tuljapurkar 2003). The work of these demographers and biologists coalesced around the study of patterns of mortality and aging. They used comparative cross-species work to improve predictions of human longevity — a line of research sometimes referred to as ‘evolutionary biodemography’3 (see Carey & Vaupel (2005) and Carey and Roach (2020) [pp. 2–4] for descriptions of the development and burgeoning of this work). A little later, at least two different groups became focal points of this work in evolutionary demography. One was led by Jim Vaupel at the Max Planck Institute for Demographic Research in Rostock. A second was centered in Northern California at Stanford, UC Berkeley, and UC Davis, led by Jim Carey (while of course a great deal of pioneering work was carried out by researchers at other institutions in many countries). For both, generous funding by the US National Institute of Aging was key.

			Alongside these developments, behavioural scientists such as Low (see her chapter for a personal account of how this particular biologist came to the realization of the power of uniting biology and demography), and anthropologists such as Hill & Hurtado, Kaplan, Borgerhoff Mulder and Judge began drawing on demography to improve their understanding of patterns of human reproduction and life history e.g. Borgerhoff Mulder, 1992; Low, 1994; Kaplan, 1996; Clarke & Low, 2001). A key text here was Hill & Hurtado’s 1996 book Ache Life History. This book united a theoretical framework from evolutionary biology with demographic methods, applied to data collected over many years of anthropological fieldwork, and demonstrated the power of this particular combination of ‘top down’ theoretically motivated research with rigorous ‘bottom up’, empirically strong research. While there was some overlap between this group of researchers and those described in the paragraph above (e.g. Carey & Judge, 2001), there were also notable differences. For example, unlike the work on aging, these behavioural ecologists and anthropologists were particularly interested in how the ecology or features of the environment (broadly defined to include the social and cultural environment) shapes demographic patterns, especially fertility and reproductive behaviour (Kaplan 2003). This line of research includes interest in how species-typical patterns evolved, but also the study of how features of the environment explain contemporary variation in demographic patterns (Sear and others 2016), so at least some of the work is aligned with social demography (see Cully and Shenk’s chapter for an overview of this research area, which they refer to as evolutionary ecological demography, following Bobbi Low’s coining of ‘ecological demography’ in the 1990s: et al 1992). Much of this work developed in anthropology departments in the US, though later a group was led by Ruth Mace at University College London (while again, pioneering work went on elsewhere across the world).

			Many researchers in the evolutionary sciences are now realizing that demographic perspectives, methods and data are essential for furthering their aims. In 2007, Metcalf and Pavard (2007) even wrote an article arguing that ‘all evolutionary biologists should be demographers’. The fact that such a paper needed to be written indicates that demographic training is not common in evolutionary biology, but there are growing signs of recognition for the importance of demography in evolution, such as the Evolutionary Demography Society,4 established in 2013 (whose membership consists largely of biologists working on demography in non-human species, but does include several anthropologists and human demographers as well).

			Likewise, evolutionary approaches to human demography have grown due to demographers finding that evolutionary ideas help resolve puzzles that were not proving tractable using standard social science methods and theories. While demography is an interdisciplinary science, biology has not featured strongly as one of those disciplines that has contributed to development of the field in the decades after the Second World War. This means that demographers rarely receive training in evolutionary approaches, which can accentuate misperceptions about how evolutionary approaches work. Interest in greater integration with biology, however, has not come entirely from the biological side of the fence; the success of the reunion between demography and biology which began, slowly, in the 1980s, occurred because both social and biological scientists saw benefits in working together (e.g. Hobcraft, 2006); and there are now examples of successful research programmes that do just that (see Mills and Tropf’s chapter on the genetics of reproductive behavior).

			Who does evolutionary demography? The field is shaped by a combination of researchers who are, broadly speaking, either ‘evolution-first’ or ‘demography-first’ in terms of their disciplinary backgrounds. Evolution-first researchers are those who start their careers with training in evolutionary ecology and then gradually adopt demographic techniques and perspectives. Demography-first researchers start as classically trained demographers and then adopt theories or perspectives from evolutionary sciences. 

			This is certainly an over-simplification. There are researchers such as Caswell who follow in the tradition of Lotka and Pearl in making equally important contributions to demography and biology (e.g. Caswell 1978). Nevertheless, seeing the field as composed of researchers with these two varieties of background can be illuminating. For instance, researchers from both perspectives share an appreciation for the population as a unit of analysis, and for the vagaries of how to define population boundaries. Indeed, those who can talk at length on this topic are likely trained in demography, population ecology or genetics. In both perspectives, the key processes at work occur in aggregate, in that they are measured as emergent population-level outcomes. Evolution, for example, can only be observed at the population level, not the individual level. Outcomes of interest to demographers — such as life expectancy at birth or total fertility rates — are also characteristics of populations, not individuals. But these processes have implications for individuals. If some behavioural feature affects variation in life expectancy, like smoking, then we can make recommendations that individuals should weigh up the risks involved in smoking before engaging in this behaviour. Evolutionary theory can make predictions at the individual level, or at least the sub-population level, given that observable phenotypic outcomes are the product of the interaction between genes and environment. This means that individual, or sub-group, outcomes may differ within the same population if individuals or sub-groups experience different environments.

			Each pathway, the evolution-first and the demography-first, also has its differences (Kaplan and Gurven 2008). Training in evolution tends to lead to more ‘top-down’ theoretical motivation and testing of causal hypotheses. Demography is much more empirical and builds understanding of patterns from the ‘bottom up’. In evolution, ecology shapes demography (see Box 2 for more discussion of this among evolution-first researchers). In demography, demography shapes ecology (or ecology is not relevant). In demography, fertility and mortality are distinct topics and many researchers will specialize in one or the other. In evolution, fertility and mortality are connected parts of a strategy, and the focus of a study is more likely to be on the whole strategy rather than one vital rate in isolation. Related to this distinction is that in evolution, demographic traits are products of an energy budget and any study of how tradeoffs affect demographic patterns is anchored in the concept of an energy budget. Indeed, the concept of an energy budget is prominent among ‘evolution-first’ evolutionary demographers because they likely encountered demography after learning about life history theory, the subfield of evolutionary ecology that applies evolutionary theory to demographic patterns, and which is key to the interface between evolution and demography.

			Box 2: Defining terms within the evolution side of evolutionary demography

			Many evolution-first researchers likely developed interests in evolutionary demography through the field of evolutionary ecology, which is a highly successful theory-driven, predictive, and experimental enterprise focused on explaining how natural selection affects phenotypes (outwardly observable characteristics of individuals, which can be studied without immediate information on the genes involved), and how these phenotypes vary adaptively by ecological context. The shaping of phenotypes by ecology is therefore a key topic of study among many evolution-first evolutionary demographers. The assumption is that different phenotypes will optimize fitness — the propagation of genes in future generations — in different ecological conditions. Between species, natural selection shapes genetic variation so that species develop traits that are adaptive — that maximize fitness — in their particular ecology. Within species, natural selection has resulted in ‘phenotypic plasticity’, the ability of the same genotype to give rise to different phenotypes in response to different ecological conditions (for example, age at menarche declines in human populations as nutritional conditions in that population improve). This plasticity is not entirely unconstrained — there is no population in which the average age at menarche is as young as 3 or as old as 30 — but nevertheless, for many traits, there is some inbuilt flexibility that allows them to vary according to external factors.

			Like demography, which spans physiology and behavior, evolutionary ecology includes the study of both physiological and behavioural phenotypes; behavioural ecology is the sub-field that focuses on behavior. Evolutionary ecology seeks evolutionary explanation for any observable phenotype (any trait such as hair color, size, a distinctive birdcall, that results from the interaction of genotype and environment), while behavioural ecology would focus on the subset of those observable traits that are behaviours. Many evolutionary demographers interested in explaining variation in contemporary demographic patterns would consider themselves human behavioural ecologists, though some will study behavioral and non-behavioral phenotypes.

			Study design and analysis in evolutionary ecology often builds from an assumption that the trait in question will be close to optimal in terms of maximizing fitness for a given ecological context. This assumption then generates hypotheses about how variation in the ecological conditions affects variation in the trait, or how a specified change in circumstances might affect what trait values are optimal with respect to maximizing fitness. In this way, optimization is used as a learning strategy; deviations from model predictions often help identify mis-specified costs for a behaviour or other factors crucial for explaining its variation. It is important to recognize that research in this tradition does not require that variation in physiology or behaviour between environments is driven by genetic differences between individuals. It also allows for individual and social learning to contribute to flexibility in the behaviour being studied (see Colleran’s chapter for a discussion of how culture can be integrated into evolutionary demography).

			Key to all of these approaches is that the utility being maximized by both behavioural and physiological traits in different ecological contexts is fitness (at the individual level, sometimes also loosely operationalised in empirical research as reproductive success — the number of offspring raised successfully to reproductive maturity — though this is only a rough approximation of fitness). Therefore, a key insight of the evolutionary approach is that our behaviour and physiology are not selected to maximize our health, wealth or happiness, but our genetic fitness, though in some cases maximizing health, wealth or happiness may be the pathway to maximizing fitness.

			As examples of these pathways, of the three editors of this volume, two (Oskar Burger [O.B.] and Rebecca Sear [R.S.]) are evolution-first and one (Ronald Lee [R.L.]) is a demography-first researcher, perhaps a not-dissimilar ratio to the field as a whole. R.S. trained in zoology then in biological anthropology, developing a skillset as a human behavioural ecologist. Her PhD, with Ruth Mace (then a rare behavioural ecologist in the UK aware of the opportunities and benefits of working on our own species), involved applying the behavioural ecological approach to a demographic dataset, requiring her also to pick up some demographic methods. She was then hired for a job teaching demography, by a demographer — John Hobcraft — who was influential in promoting greater incorporation of biological thinking into demography, in a social science institution (London School of Economics). This immersion into demography and social science really brought home the benefits of uniting social and evolutionary science in understanding our species: an exclusively evolutionary approach is stunted, not just because of the unusually important role of social interactions and culture in explaining human behavior, but because there is just so much relevant existing work in the social sciences which it is simply inefficient to ignore. O.B.’s graduate school training was based in anthropology departments, starting in archaeology and gradually transitioning toward biological anthropology and evolutionary ecology. He took several classes in graduate school from well-known human evolutionary ecologists like Hilly Kaplan and Kim Hill, and was especially influenced by a forefather of the field, Eric Charnov. O.B. then received a much-needed education in demographic principles during a postdoctoral fellowship at the Max Planck Institute for Demographic Research, and gained tremendously from working with Jim Vaupel and his working group on the evolution of aging (including Owen Jones, Dan Levitis, Hal Caswell, and Kai Willführ, all contributors to this volume). The Evolutionary Demography Society formed during a workshop in Evolutionary Demography at the MPIDR, and O.B. was proudly one of the founding members (as were many of the contributors to this volume who were also at this workshop). 

			R.L.’s demography-first training began in demography at UC Berkeley (with Nathan Keyfitz among others) and then economics at Harvard. From the start he was interested in historical applications of Malthusian theory and its counterpart in density dependence in non-human species. Later he developed mathematical models of intergenerational transfers in human populations and empirical applications through what became the National Transfer Accounts project co-directed with Andy Mason. He learned a great deal through collaboration or discussions with evolutionary anthropologists like Hilly Kaplan, Michael Gurven and Karen Kramer, applying the models to their hunter gatherer group data. Participation in workshops on evolutionary biodemography in the late 1980s and 1990s had an important influence. The Hill and Hurtado book on the Ache was a revelation (and also an inspiration for R.S. and O.B.). In 2002 he began reading evolutionary theories of senescence, starting a long process of self-education in cross-species evolutionary biodemography, informed and stimulated by a group led by Jim Carey (including Wachter, Tuljapurkar, and some honey bee researchers), and several joint workshops sponsored by the Carey group and the MPIDR group under Vaupel. R.L.’s particular interest, continuing today, is the integration of energy flows, intergenerational transfers, food sharing and cooperation with evolutionary life history theory, on which he has a chapter in this volume.

			The commonalities of these three pathways indicate the importance of interdisciplinary training (all three started out with interdisciplinary training in biology/anthropology, anthropology/archaeology and demography/economics respectively), which then led to further explorations with other disciplines; as well as the importance of providing space for researchers to develop new skills, and to interact with a broad range of individuals and institutions, who are prepared to engage with one another to advance knowledge. 

			
What does evolutionary demography look like now?

			A glance at the table of contents of this volume illustrates the diversity of evolutionary demography. We have contributions that foreground evolutionary processes (such as selection and fitness), alongside many that foreground issues of interest to social scientists (on health, culture, household or intergenerational relations), as well as a range of perspectives on the field from biologists, anthropologists and demographers. Very loosely, evolutionary demography can perhaps be roughly divided into (1) research that focuses on describing evolutionary and/or population processes, which often draws most on the ‘core’ of formal demographic methods (we label this here evolutionary biodemography), and (2) research that focuses on explaining variation within our species in demographic patterns, often using individual-level analysis, and which is more aligned with social demography (evolutionary ecological demography). We do this not to create or solidify divisions within the field of evolutionary demography — especially given our arguments that evolutionary demography is important in its destruction of disciplinary silos — but as a convenient tool for crudely summarizing research in evolutionary demography. We are sure that others may disagree with this division, as well as finding research that doesn’t fit neatly into these categories. 

			Evolutionary biodemography: This is a loose grouping of research, which tends to focus particularly on population-level phenomenon (compared with somewhat greater emphasis on within-population variation in evolutionary ecological demography), and is particularly well populated by biologists, with some demography-first researchers. It is the branch of evolutionary demography that first stimulated interest in merging the two parent fields, when demographers and evolutionary biologists came together to solve puzzles around mortality and the aging process. Both human demographers and evolutionary biologists interested in the demography of non-human species had long been interested in how mortality rates vary by age, and had developed models to predict this variation. As human lifespans lengthened during the twentieth century, with increasingly effective medical care and other socioeconomic shifts that reduced mortality, it became clear that existing models did not seem to fit the observed data well at very old ages (Oeppen and Vaupel 2002; Vaupel 1997). In recognition of the problematic understanding of the origin of aging patterns, it became apparent that some new partnerships, such as those between demographers and biologists, were not just logical but also necessary. This led to a highly productive research tradition on the evolution of aging patterns and age-specific mortality rates, subsequently expanded to fertility patterns, involving cross-species comparisons. Cross-species comparison of mortality patterns has shown how remarkable human mortality improvement is, and has helped to demonstrate that a great deal more variation in age patterns across species is environmental, rather than genetic, than previously thought (Vaupel and others 1998; Jones and others 2014). In this volume, Jones and colleagues’ chapter in this tradition applies a cross-species analysis to the study of life history strategies (how life events such as births are organized across the life course).

			Another set of research questions in which this branch of evolutionary demography is interested focuses on the mechanics of evolution, and merges evolutionary biology with demography to answer research questions of particular interest to evolutionary biologists. We include several chapters in this volume that consider the mechanics of evolutionary processes and how they relate to demographic processes. For example, Moorad’s chapter on ‘Measuring selection for quantitative traits in human populations’ is effectively a primer on quantitative genetics, providing guidance on methods intended to characterise natural selection on traits of interest but also highlighting the flexibility of this approach and its ability to deal with complications inherent to the study of human populations, including and social interactions. Ken Wachter, a pioneer of evolutionary demography, contributes a chapter on ‘genetic evolutionary demography’, focusing on mutation accumulation, and highlighting how ‘with the rise of biodemography, evolutionary ideas have come to play leading roles in demographic thinking’. Hal Caswell and Silke Van Dalen focus on a neglected source of variation in fitness — demography — observing how demography can cause variation in fitness, which is stochastic and non-heritable.

			Encompassed in this branch is work on developing techniques in formal demography, which is of interest both to evolutionary biologists, who need formal demography to fully understand reproductive fitness, and to demographers. Some of Hal Caswell’s work fits in here, such as that on matric population models and the demography of kinship (Caswell 2001, 2019). In this volume, we have a contribution from Jim Carey, who describes his discovery of an identity in which the fraction of individuals x days old in a stationary population equals the fraction that day x days later. Carey highlights in this chapter one of the important benefits of interdisciplinary research — value brought by a fresh perspective because questions are asked that have not been asked before by each ‘parent’ discipline.

			Evolutionary ecological demography: this branch leverages the fact that natural selection has shaped human physiology and behavior to help explain demographic patterns, typically focused on individual-level explanations. Anthropologists are well-represented in this area. Much of this branch has focused on reproductive outcomes, rather than mortality, taking as a starting heuristic the assumption that reproductive behaviour has been shaped by natural selection to respond adaptively to changes in the environment (defining the environment broadly to encompass social interactions and culture). The field acknowledges that much contemporary human behaviour no longer functions to maximise reproductive success, given that the environment we live in today is different in many respects from that in which we spent most of our evolutionary history, but still argues that insights from evolution can help us to understand contemporary demographic variation. A lot of the research in this branch is about how variation in environmental or contextual conditions influences variation in demographic patterns across and within populations, given that it draws much inspiration from evolutionary (behavioural) ecology (Cully & Shenk provide an up-to-date overview in their chapter; see also Low, 1993; Mace, 2000, 2007; Voland, 2000). 

			Some early work here contributed to active debates in demography about the demographic transition (the shift from high mortality and high fertility to low mortality and low fertility that has happened, or is happening, worldwide). For example, Kaplan’s anthropological studies with subsistence societies in South America demonstrated that children are always economically costly to parents (Kaplan 1994). This contrasted with some work in demography suggesting children were economically net producers throughout much of human history, so that part of the explanation for the demographic transition was that fertility dropped when children became a net economic cost to parents (Caldwell 1978, 1982). Kramer and Lee have also shown, however, that, despite being a net economic loss, children do contribute substantially to the household economy in pre-demographic transition societies (Kramer 2002) and that the high fertility maintained in pre-transition societies was underwritten by children’s labour contributions (Lee and Kramer 2002). Evolutionary demographic arguments don’t always contradict those from demography or other social sciences, however. Kaplan and colleagues (Kaplan 1996; Kaplan and Lancaster 2003), for example, have also produced models of the demographic transition that incorporate the shift from investing in child quantity to child quality — an important component of demographic transition models in demography, drawing on Becker’s (1991, first edition published in 1981) work. Kaplan and colleagues’ models add an extra layer of explanation to Becker’s proposal by combining its economic foundation with an ultimate evolutionary function: ultimately our behavior is designed to maximize reproductive success, not household economic success or happiness. 

			The evolutionary demography of contemporary variation is currently a thriving area of research, and this volume includes many chapters in this tradition (see chapters by pioneers of this field Kim Hill, Nick Blurton-Jones, and Monique Borgerhoff-Mulder). A newer generation of researchers is keen to move the field towards applied research, combining evolutionary demography with public health and development (see chapters by Gurven et al and Gibson & Lawson). Again, this research fuses evolutionary with anthropological insights to suggest new avenues for applied demography, public health and development. Having mainly begun by studying the small-scale societies favoured by anthropologists, this field is increasingly moving in the direction of studying high-income populations (see chapters by Anna Rotkirch and Caroline Uggala), a welcome direction for many reasons, including increasing concern about ‘helicopter’ research by scholars from high-income populations working in lower income communities without sufficient community engagement (see Urassa et al). 

			Anna Rotkirch, for example, discusses the evolutionary demography of marriage in high-income populations; a refreshing perspective given that long-term relationships have been rather ignored by evolutionary researchers, despite a vast evolutionary literature on the mate preferences of students, as well as significant research on marriage in mainstream demography. Historical evolutionary demographic work also fits in this category and is well represented in this volume. Historical demographers have been particularly keen to apply evolutionary ideas to questions of interest, perhaps because they share a long-term perspective on our species. Evolutionary social scientists were also quick to realise the benefits of using historical data, which allows the testing of hypotheses across multiple generations. Chapters by Lisa Dillon and colleagues, Julia Jennings, and Kai Wilfuhr and colleagues all focus on how relationships between individuals within and beyond the household affect demographic patterns, a research area to which historical demographic analysis has made significant contributions. From a very different perspective, Jonathan Wells’ chapter also discusses how relationships may affect demographic outcomes. His chapter sets relationships between those of different socioeconomic positions within the ‘producer-scrounger’ framework from biology, where ‘scrounging’ by the socioeconomically advantaged can affect the demography and life history of the socioeconomically disadvantaged ‘producers’.

			One consistent area of interest for evolutionary demographers, which perhaps does not fit neatly into either category above, is how our species’ life history evolved (e.g. Hill & Kaplan, 1999; see the chapter by Tuljapurkar on the unusual trait of human menopause). Life history research explores how life events such as growth, reproduction and death happen across the life course. Evolutionary demographers have shown interest in how and why our particular life history pattern evolved — which includes relatively slow growth, late but then rapid reproduction, followed by a highly unusual cessation of reproduction long before death (in women: menopause). This research has often included building mathematical models of alternative scenarios, in order to explore how different factors may have influenced the evolution of human life history. Evolutionary demographers have suggested that part of the answer is our highly cooperative nature, which includes intergenerational transfers (Lee 2003, 2008; Kramer 2010). Humans engage in multiple cooperative activities, including extensive sharing of resources (referred to as a ‘pooled energy budget’, see Reiches and others 2009; Kramer and Ellison 2010), and substantial support for child-raising (Hrdy 2009). This help comes from many sources, including the older grandparental generation but also from older children and even unrelated adults (Sear and Coall 2011; Kramer and Veile 2018). It is these (largely) intergenerational transfers that have shaped our life history patterns, including our relatively rapid reproductive rate, at least compared to other apes, long lifespans and menopause, a trait shared only with a handful of other species, which also engage in intergenerational transfers such as certain whale species (Nattrass and others 2019; Johnstone and Cant 2019). 

			In this volume, Ronald Lee extends his work in this area with a microsimulation modelling exercise of how the size and relatedness of sharing-group arrangements affect the evolution of life history. This chapter not only reinforces the importance of intergenerational transfers in the evolution of human life history, but also shows variation between societies in how resources are transferred, notably in that contemporary high-income countries have reversed the wealth flows of subsistence societies throughout history. In high-income societies, net intergenerational transfers flow up generations, because of the public transfer of wealth to older age groups through pensions and medical care (private transfers still flow down generations). This may well have significant implications for human life history and its future prospects. Our cooperative nature also means that humans are quite altruistic, punish cheating, enjoy the company of others, are lonely when isolated and develop elaborate cultures. All these are reasons why evolutionary demographers should draw on research on sociality from the social sciences, just as demography needs input from evolutionary frameworks. 

			
What are the organisational frameworks of evolutionary demography? 

			Before concluding, we will briefly mention some important organisational frameworks that help to clarify the field.

			Multiple levels of explanation: Particularly important conceptual frameworks in evolutionary biology, which are of relevance for evolutionary demography, are those which make the point that there are multiple different but mutually compatible explanations for traits, including behavioural and demographic traits. In evolutionary biology, Mayr (1961) introduced the concept of proximate and ultimate explanations for traits: proximate explanations are the immediate explanations for a trait, such as the mechanisms that bring about a particular trait (how is this trait brought about?); ultimate explanations refer to historical explanations for a trait, such as the evolutionary ‘function’ of a trait, i.e. what adaptive problem does it solve (why does this trait exist?). Taking the behaviour of eating as an example, one proximate explanation for why we eat is that we respond to the physiological sensation of hunger; an ultimate explanation would be that we eat because if we did not regularly take in food, we would die. As a very broad generalization, evolutionary researchers often focus on the ‘why’ questions, while social science typically focus on ‘how’ questions; note, this means that evolutionary and social science explanations are often compatible (not in opposition to one another, as is sometimes assumed).

			A related framework for emphasizing that multiple levels of explanation can exist for the same traits is that of Tinbergen’s (1963) ‘four questions’. Two of Tinbergen’s four questions relate to the historical explanations for a trait: ‘functional’ explanations are those that focus on the adaptive value of a trait (how does this trait maximise reproductive success?); ‘phylogenetic’ explanations consider the evolutionary history of a trait (how did this trait come to be over deep evolutionary time?). The other two relate to the more immediate causes of a trait. One relates to proximate explanation: what are the proximate (physiological or behavioural) processes which bring about this trait? The final explanation is ontogenetic: how does this trait develop during an individual’s lifetime? One of the sections of our volume is a ‘Tinbergen section’, which uses this classic organizing framework to highlight different types of work in evolutionary demography. It illustrates how functional explanations can help understand demographic patterns (Mace’s chapter, ‘Why do we do what we do?’); how widely life history patterns are shared with other species (Jones & colleagues’ chapter, ‘My family and other animals’); how demographic outcomes are affected by what happens during childhood and adolescence (Sheppard & Coall’s ‘What has childhood done for us?’); and how physiological mechanisms bring about reproductive outcomes (Vitzthum’s ‘How it works’). This framework can be helpful for understanding both species-typical or population-level traits (as in the Jones & colleagues’ chapter) but also variation in demographic traits at the individual level (which is the level Mace, Sheppard & Coall and Vitzthum discuss).

			Life History Theory: if the proximate/ultimate distinction and Tinbergen’s ‘four questions’ are organisational frameworks that focus attention on the importance of different types of research question, the theoretical framework most commonly used to guide evolutionary demography is life history theory. Life history theory is the application of evolutionary theory to understanding ‘life history traits’. Life history traits include the demographic traits of mortality and fertility, in addition to indicators of growth and development such as the sizes of offspring, juvenile growth rate between birth and adulthood, age at sexual maturity and ageing. This means that research in life history theory has considerable overlap with evolutionary demography. However, there are a few differences in the styles of research and topics covered by each. Life history theory uses the concept of an ‘energy budget’, which is the food-derived energy that an organism obtains either by foraging (hunting, browsing, scavenging, etc.) or that is obtained via cooperative or exploitive relationships with other individuals. All of the energy that an organism obtains will be ‘spent’ on various goals. These include somatic growth, energy burned by the body’s immune system or the physiological cost of repairing the body’s tissues, as well as the energy that goes into finding and attracting mates, into producing children and caring for them. 

			This is a useful framework because energy that goes toward one end, such as immune function, cannot go to another, such as producing offspring, meaning that there must be trade-offs between life history traits. If evolution is ‘shaping’ this budget in non-random ways then we learn a great deal from studying patterns, within or across species, for how an organism ‘spends’ this budget. A key message from this section is that the importance of trade-offs in life history theory means that growth and the demographic outcomes of fertility and mortality are linked across the life course. A cautionary tale about what happens when this insight is ignored is provided by Mhairi Gibson’s work on an energy-saving development project in rural Ethiopia (Gibson and Mace 2006), intended to improve the health of women and children, which had the unanticipated consequences of increasing women’s fertility and possibly worsening child health, given that the energy saved by the development initiative was simply diverted into higher fertility (see her chapter with David Lawson on evolutionary approaches to population health for more detail on how evolutionary insights can be used in applied research).

			Because of the influence of life history theory, in evolutionary demography it is much less common to study demographic traits in isolation from one another, because they are all linked together by the concepts of trade-offs and energy budgets. Demographic (or life history) traits, taken together, are seen as the solution to a problem. This problem is posed by the environment, including other organisms of the same and other species, and subject to constraints of the animal’s physical make-up (how large is it, how fast can it move, or what kind of food must it eat). Indeed, life history traits are highly patterned across species. This is an important, active area of research in evolutionary biology and we examine it in more detail in the concluding chapter. Here we refer interested readers to the classic and foundational works of Hamilton (1966), which represents the dawn of life history theory (though Hamilton does not use that terminology); Charnov’s (2001, 1997) classic work on mammal models and on the structure of life history tradeoffs; summary articles by Stearns (1976, 2000), and textbooks by Stearns and Roff (Roff 2002; Stearns 1992), which describe the field as it developed into maturity in the 1990s. Holland Jones has provided an overview of this literature (Jones, 2011). 

			Life history theory has been phenomenally successful at explaining and providing a structure for life history traits across species. It is very much a ‘top-down’ field which tries to make use of explicitly derived predictions. It has also been applied to the study of within-species variation in life history, including our own, with work demonstrating trade-offs, for example, between growth and reproduction: we are one of those species in which, when reproduction starts, growth tends to stop, meaning that there are both within- and between-population associations between shorter height and earlier first births (see Hill’s chapter and Uggala’s chapter for explicit discussion of how life history theory can be applied to understanding demographic outcomes; several other chapters incorporate life history approaches, including Pavard & Metcalf’s, Jones et al’s, and Vtizthum’s; Emery Thompson and Sabbi’s contribution focuses on the life history of great apes other than humans). 

			It is worth noting here that there are debates within the evolutionary social sciences about the use of ‘life history theory’, notably a concern that many ‘predictions’ in life history theory in fact arise from empirical observations and/or verbally intuitive models that are rarely formalised using mathematical theory, and so are not predictions derived from theory at all (Nettle 2022). For example, a common assumption in the human life history literature is that high extrinsic mortality rates will lead to ‘living fast and dying young’, based on the intuition that when life expectancies are short, then it makes sense to get started on reproduction as early as possible, to avoid the risk of dying before successfully raising children (see Uggla’s chapter). Such work often also assumes that this ‘live fast, die young’ strategy will be partly mediated by behavioural differences, such as greater orientation towards the present (rather than the future) or greater propensity to take risks.5 Formal modelling, in both evolutionary biology and the evolutionary social sciences, suggests that this assumption may not necessarily hold, though it might under a certain restricted set of circumstances. This assumption has generated a lot of research, however, and many empirical studies at both population and individual level seem to find support for earlier reproduction in environments with higher mortality. Such findings may or may not be due to a ‘living-fast-dying-young’ strategy — and hopefully research will now turn to understanding the reasons for these empirical findings in more detail (Vries and others 2022) — but research drawing on ideas in life history research has nevertheless been influential in finding empirical regularities (unless of course the file-drawer effect has influenced this literature), which might otherwise not have been investigated. The concluding chapter of this volume discusses in more detail how a significant advantage of evolutionary demography is the ability of interdisciplinary research to throw up new research areas not commonly considered in the mainstream of a discipline.

			
Conclusion: A thriving and vibrant field 

			This chapter has introduced the field of evolutionary demography, some of its organizing frameworks, and provided examples of research in this field. It is a difficult field to define with precision, perhaps because of its interdisciplinary nature. Much of this chapter has focused on the field’s ability to move forward our understanding of human demographic patterns, both at the population and individual level. This likely reflects the biases of the authors, given that not all research in evolutionary demography focuses on this endeavour, but instead, for example, focuses on questions of interest to evolutionary biologists, such as the mechanics of selection process. We invite the reader to draw their own conclusions about what evolutionary demography is by exploring the chapters in this volume. We have not organized the volume using our dichotomy between evolutionary biodemography and evolutionary ecological demography (for several reasons, including the difficulty of shoehorning all evolutionary demography into these categories); instead we have grouped chapters together on related topics (perhaps a more ‘demographic’ than ‘evolutionary’ classification given demography’s orientation towards topics of interest).

			We do here highlight one important feature of evolutionary demography, though: its comparative approach — comparative across both species and across all different kinds of human population, including throughout time, which enables new ways of thinking about demographic processes in our species.

			There are challenges with any interdisciplinary endeavour, however, including differences in language, traditions of research, and a lack of interdisciplinary training, meaning that most demographers have little experience of evolutionary theory and that evolutionary social scientists have little training in demography. These challenges will require some effort to overcome. We hope that a volume such as this might help solve some of these challenges, but other steps could also be taken, such as improving training in the interdisciplinary field of evolutionary demography. This could incorporate both bringing in more demography content to evolutionary biology programmes, as recommended some years ago by Metcalf and Pavard, and incorporating more evolutionary training in demography programmes. The aim is not to turn all biologists into demographers or all demographers into evolutionary demographers, but to provide core training in both disciplines in order to supply early career researchers with a set of options about which direction to take their research and, hopefully, also to dispel the misconceptions that are still held in some of the social sciences about evolutionary approaches.

			This cross-fertilisation of disciplines should be encouraged further, as such a broadening of skillsets in the social and health sciences can only strengthen our understanding of our species. Breaking out of our disciplinary silos has enormous potential to increase the efficiency of research, and to avoid the problem of disciplines constantly reinventing a wheel that another discipline has already put much time and effort into developing. Demography is also, in our wholly biased opinion, the most interesting of the social sciences. Demography matters to a huge variety of topics of interest in the social and biological sciences. Population processes — involving births, deaths and migrations — are also of great personal and policy significance. The news is full of population stories on a daily basis; such stories are not only of interest in their own right but because they are often used to promote particular political narratives. Rigorous, critical research on population is important to ensure we have a solid evidence base to inform policies and media narratives. Understanding how and why we live and die, why we have children and the number of children that we do, and why these patterns vary between individuals and populations, is also key to understanding the human condition. 
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						1	For the basics of the evolutionary approach, see the first section (‘Foundations’) of Evolutionary Behavioral Ecology by Westneat and Fox (2010), and classic works in Life History Theory such as The Evolution of Life Histories by Stearns (1992) or Life History Evolution by Roff (2002). For demographic methods, the IUSSP’s online teaching materials provide entry-level materials, and Preston & al’s (2000) Demography is highly regarded for a more advanced approach; for excellent data visualisations of demographic patterns and trends, see the Our World in Data and Gapminder websites. For works that demonstrate how to combine biology and demography, Carey & Roach’s (2020) recent Biodemography volume is an introduction to formal demographic methods with consideration of how these might be applied across species, including humans; and Hill & Hurtado’s (1996) Ache Life History is an excellent introduction to the application of life history theory and demography to a human population.


						2	Life history theory is a framework used in evolutionary biology to understand how organisms allocate energy across the lifecourse to growth, reproduction and survival. The framework assumes that naturel selection has ‘designed’ organisms to allocate energy in ways that will maximise their reproductive success, given particular environmental conditions and subject to constraints inherent to those organisms (e.g. Stearns 2000)


						3	Sometimes referred to simply as ‘biodemography’, though this term is also used to describe a separate area of interest in demography which also developed around this time. This latter version of biodemography uses biomarkers (biological measurements) to inform its approach but does not draw strongly on evolutionary theory, e.g. Crimmins et al (2010).


						4	https://evodemos.weebly.com 


						5	Note: ‘life history theory’ in this volume refers exclusively to life history theory in evolutionary biology (‘LHT-E’ for readers familiar with Nettle and Frankenhuis’ terminology: Nettle and Frankenhuis 2020, 2019). Here we do not discuss the conceptually distinct ‘psychometric’ approach to ‘life history strategy’ in psychology, which claims that ‘life history theory’ predicts that a large number of behavioural and cognitive traits cluster together into ‘fast’ or ‘slow’ life history strategies. This approach derives its theoretical framework from Philippe Rushton’s ‘differential-K’ theory, which is scientific racism not science, and so this ‘psychometric approach’ should not be confused with life history theory from evolutionary biology (Sear 2021, 2020); see also the recent Evolution and Human Behavior special issue on ‘Current debates in human life history’ for more on the current state of human life history research: https://doi.org/10.1016/j.evolhumbehav.2020.09.005 


						6	Note this chapter has been posted on the Open Science Framework website since 16/06/2022, after it was accepted for publication, so the references will reflect when the chapter was written and not the OBP publication date.


				

			

		

	
		
		
			Section 1: 
The Rationale, Motivations and Questions in Human Evolutionary Demography

			To help extend the discussion from our introduction, the following trifecta of chapters comes from three distinctive viewpoints on human evolutionary demography. Across these three chapters, we hope that readers become acquainted with the connections between evolutionary and demographic approaches, realize their inherent complementarity, and see some of the big-picture topics that human evolutionary demographers are focused on. 

			Kreager is a classically-trained demographer who is somewhat unusual in recognizing both the contribution that demographic methods make to evolutionary research and the value of an evolutionary approach for contextualizing and explaining demographic patterns. Drawing from extensive cross-disciplinary research and expertise in population-oriented thinking, he provides an excellent jumping-off point for new readers to the links between classic demography and evolutionary science. In doing so, he presents many important concepts that are echoed in later chapters.

			A champion of behavioural ecology, Low came to appreciate demography as an evolutionary biologist interested in population-level issues and questions. In the form of an engaging personal essay, Low provides her expert perspective on the value of demography for improving biology’s ability to understand, for example, how evolution affects relationships (trade-offs) between fertility and mortality; but the implications of her argument apply across demographic behaviours. 

			Hill is an anthropologist who has done well-known long-term ethnographic fieldwork in the Amazon, with the Ache of Paraguay. Hill was one of the earliest anthropology adopters of life history theory, and has published life tables for small-scale societies and for chimpanzees. Along with Magdalena Hurtado, he pioneered the use of cutting-edge statistical techniques from demography and epidemiology in the discipline, recognising the importance of classical demographic methods for evolutionary anthropology. From this perspective Hill gives us the ten ‘Interesting Issues in Evolutionary Demography’ that should be of great interest to those who have been long active in this field, but also to newcomers interested in understanding the key issues we grapple with. 
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			This chapter places evolutionary demography in the history of population thought, and more particularly in relations between demography and evolutionary population biology. Darwin conceived evolution as a dynamics of variation arising from the behaviour of populations at intra- and inter-species levels. While Malthus’s principle of population was an important early stimulus, Darwin resolved the core problem in evolution — how mechanisms of variation combine to produce divergence of character — by analogy to Smith’s account of the division of labour. With the benefit of hindsight, we can describe Darwinian population thinking as the first general methodology in which it became possible to combine bottom-up observation, including enumeration of local population dynamics, with top-down statistical methods. The two components entail different concepts of population, which may be characterised broadly as “open” and “closed”. Their combination shows that evolutionary theory is rooted in the same sources of population thinking that gave rise to demography: the former lie in Classical population thinking and early modern population arithmetics, and the latter in nineteenth-century statistics and probability. 

			Hereditary influences remained a “black box” in Darwin’s theory, which only began to be unpacked with the rediscovery of Mendel’s research. The second half of the chapter traces the central role which demographic methods played in topical and analytical developments of the first half of the twentieth century, including both the formulation and critique of eugenics, the emergence of population ecology, and the rise of the mathematical theory of population genetics. There is an irony here: even as demographic methods came to play an integral role, mainstream demographers became less and less involved. The “separatism” of demography and evolutionary biology often remarked on in the post-war era thus has deeper roots. These lie partly in topical issues, like reactions against eugenics, but more importantly in a conceptual shift in how we understand relationships between ultimate and proximate mechanisms of population change, and its implications for analysis and modelling. Evolutionary theory entails a balance of methods and insights drawing on both population concepts, which demography has not yet achieved. The concluding section provides examples of how current evolutionary demography is now integrating these developments into demographic explanation. 

			
			By introducing population thinking, Darwin produced one of the most fundamental revolutions in biological thinking.

			— Ernst Mayr

			Demography is generally considered the pre-eminent social scientific study of human populations. Its methods and practices embrace all the social sciences and adjacent medical disciplines of population health. By a convention widely observed over the second half of the twentieth century, quantitative inquiry on human subjects in population biology (inclusive of genetics, ecology and other fields of evolutionary biology) has been viewed separately from demography, even though there is often significant methodological and substantive overlap. Of course, the latter fields also address other species, but often with a view to resolving problems faced by human populations. While the importance of genetic and ecological knowledge has in recent decades gradually come to be accepted by many demographers in addressing topics like mortality, ageing, resource sustainability and the implications of fertility declines, what may be called the “separatist” view has continued to prevail more widely. Going beyond contributions to the substantive topics just mentioned, however, there is a larger issue which may be called the knowledge impact of innovative science. Even slight familiarity with the discovery of DNA, of genomics and developmental biology is sufficient to recognise that the growth of population-based knowledge and applications in the several fields of evolutionary biology over the last half century has been nothing short of phenomenal. At present, whether we consider volume or funding of research, population biology arguably now constitutes the considerably larger domain of population inquiry. 

			There is thus a strong prima facie argument for demographers to reconsider the separatist view. After all, if concepts and models of population have proven so fruitful in the development of evolutionary research, the advisability of intellectual exchange is, at least, indicated. Yet so pervasive has been the separatist view that it prevails widely as a given or unstated assumption in demography, thus becoming an obstacle to rethinking relations between biological and social scientific domains. Mayr’s observation (1982: 487), above, is a case in point: that Darwinian population thinking revolutionised biology refers to developments quite unfamiliar in mainstream demography, and which might in consequence appear to carry no real importance for the discipline. History, however, shows otherwise. Darwin, in formulating the concept of natural selection, made population dynamics a central mechanism of evolution. To do this he relied heavily on population concepts foundational to population arithmetic and political economy in the seventeenth and eighteenth centuries that are also the sources of demography. There thus remains a common historical ground of population concepts, even though these fields have diverged subsequently. 

			The common ground is not of merely historical interest. The approach to population dynamics that Darwin initiated has remained truer to concepts and sources that first gave rise to quantitative research as a scientific approach to society. His population thinking achieved this by showing how core concepts of population prevailing before 1800 were fundamental to an evolutionary framework in which statistical methods were also key. As evolutionary biologists developed this combined approach in the late nineteenth and early twentieth century, demographic models and measures came to be seen as core components of population genetics and ecology; the greater explanatory power of this combined framework then underpinned the tremendous success witnessed in our era. 

			
			The purpose of this chapter is, first, to explicate Mayr’s observation, and then to trace, going forward, the development of the concept of evolution as a locus of population thinking which has led to the recent revival of demographic interest in evolutionary research. The discussion proceeds in four steps. First, Darwin’s population thinking is outlined. Here we follow its depiction in the influential “Evolutionary Synthesis” which Mayr, Dobzhansky and other evolutionary biologists put forward in the 1930s and 1940s, since their account remains the baseline from which contemporary population biology has grown. Second, Darwin’s sources are reviewed, in order to establish the common conceptual ground of demography and evolutionary biology. This takes us back to eighteenth-century authors, notably Adam Smith, and to his early nineteenth-century followers (notably Robert Malthus), whose different concepts of population were brought together in Darwin’s approach to concepts like variation and fitness. It is important to clarify how population thinking in demography and evolutionary biology are similar in major respects, but have differed in others. Two distinctions commonly employed in the literature (between open and closed population thinking, and between proximate and ultimate causes) are introduced for this purpose. It is striking that, although Darwin’s own mathematics remained numerical, and the primary role of environment-organism interaction in his theory remained grounded in natural history, his recognition of the need for statistical inference in treating variation and fitness led to formal population models, like the life table, becoming a common ground of population genetics and ecology by the 1930s. 

			The third step considers developments in the late nineteenth and early twentieth century which took up the challenge Darwin’s theory posed regarding how to integrate concepts and evidence from observational and field methods with concepts necessary for formal data collection and analysis. The Synthesis, which Mayr, Dobzhansky and their colleagues achieved, only occurred after several decades of controversy in which different ways of developing evolutionary population thinking were explored — with widely varying outcomes — in eugenics, public health, ecology and population genetics. The controversy over eugenics accounts in part for the hiatus that led demographers from the middle decades of the twentieth century to see their research separately from evolution. Yet there is a paradox: demographers turned away just as their methods were becoming core to mainstream population genetics and ecology. A more fundamental reason than aversion to the outlier of eugenics was the major factor in this turn; notably, whether a balance of open and closed population thinking was achieved. By way of conclusion, the final step in this story reviews problems related to scientific explanations that in recent decades have led demographers to contemplate their own methodological synthesis along evolutionary lines, and examples of promising research that are now emerging. 

			
Population Thinking in the Emergence of Evolutionary Theory 

			Biologists’ recent statements about the structure of evolutionary theory (e.g. Lewontin 2001; Gould 2002; Mayr 2004) emphasize relationships between three levels of population phenomena: genes (each individual’s genome is a population composed of more than three billion DNA base pairs); organisms (each composed of populations of cells and organs that together form the several sub-populations, or demes, of which a species is composed); and environments (involving relationships within and between demic, and between species, populations, in the course of which environmental niches are occupied and constructed). As Darwin’s theory gave a significant role to heredity, but was composed before the rise of genetics, these authors take a historical approach that can be understood in three broad stages. The first begins with the logic of natural selection in the Origin of Species (1996 [1859]), noting unresolved issues that remained in Darwin’s reasoning. The second then pursues subsequent developments: the rediscovery of Mendel’s laws and ensuing controversies; the rise of population genetics; and the restatement of Darwin’s programme provided by the Evolutionary Synthesis. The third then discusses the contemporary era of phenomenal growth in evolutionary biology opened up by the Synthesis, as well as limitations in the framework it has provided. This historical approach will be adopted in the inevitably much briefer summary given here. 

			Natural selection is a force or process in which variations that give an advantage to their bearers in the struggle for life are expected to accumulate in a species, and to have two major effects: firstly, they increase the adaptation of organisms to the environments in which they live; and secondly, they gradually modify the species. As Gould remarks, this process can be broken down into three components which provide the “syllogistic core” of Darwin’s theory (2002: 125–41). Variation is arguably the most fundamental: the elemental fact that all organisms have unique characteristics requires not only that any species population is composed of a diversity of individuals, but that this population heterogeneity is continuously renewed. Natural historians before Darwin were, of course, familiar with individual uniqueness, recognising that such variation arises partly from adaptations to the environment, but also speculating that there must be a further internal process that guarantees the continuity of some traits characterising a species. 

			This second idea, heredity, was, until Darwin, normally accepted as consistent with Aristotle’s founding natural history in which species are fixed, a view that resonated with later Christian teaching that all species were formed according to the original divine plan. Darwin sharply altered this picture, not only because his own extensive observation and compilation of evidence indicated that species are not fixed, but because he saw heredity as isotropic, i.e. a system that exhibits no preferred pathway of development. Hereditary sources of variation are, so to speak, the raw material of change, but impart no directionality. Copious small hereditary variations are observable in successive generations of offspring — i.e. much more variation occurs than is immediately advantageous in competition within or between species. In today’s terminology, the additional variation is simply considered “neutral” — until, perhaps, environmental changes make a given trait a critical advantage or a liability. The key question, in any case, was how natural selection operates to promote certain hereditary variants, rather than others. Given the wealth of his own observations, and in the absence of a scientific account of the hereditary mechanisms now known as genetic mutation, recombination and drift, it is not surprising that Darwin’s development of natural selection tended to focus on the decisive role of environment-organism relationships that vary across species and sub-species populations, rather than heredity. 

			The third syllogistic proposition of natural selection, superfecundity, further emphasized and reflected Darwin’s primary concern to explain the force of variation. Referring directly to Malthus, Darwin observed that species tend to produce more offspring than can possibly survive (1996:54). Malthus’s theory had postulated that, as over-supply would lead to competition for food between individuals making up a population, a positive check (i.e. mortality) would necessarily function to remove those members who were unable to compete successfully. 

			
			Gould brings these three propositions together in the following syllogism: (i) All organisms are characterised by internal (genetic) variation which is perpetually renewed in changing forms across generations; (ii) Only some offspring survive; (iii) Those organisms survive in which variation, by the action of environmental competition on inherited traits, yields traits enabling survival. Selection is a population dynamic in which species, and the sub-species groups that compose them, are formed and continually changed by the interaction of their members with each other, with other species populations, and with their environments. The deduction at the core of evolution is thus that selection is a creative force occurring naturally to favour the fittest organisms. As environments change, and individual and group actions proceed, and variations arise from this process, the characteristics of organisms and groups may diverge; this variation chiefly accounts for why a species is composed of several sub-populations with variant characteristics, but such divergence may also lead to the origin of new species. 

			In the course of later restatement of Darwin’s programme, Mayr (1961; 1982: 67–72) introduced a simple formulation which helps to understand how this logic of divergence has shaped subsequent evolutionary thinking. His formulation remains widely employed although, as we shall see, it has come to be questioned in some respects that define current frontiers of research. Mayr contrasted the study of “proximate” causes of evolution to those concerned with “ultimate” causes. The former, addressed notably to characteristics of sub-populations within a species, has become the domain of molecular biologists (studying the recombination and transfer of genetic material) and physiologists (studying organic, cellular and sub-cellular mechanisms). Its role in explanation is to answer questions about how systems work, in which technical developments arising from laboratory methods and mathematical modelling since Darwin’s time are pre-eminent. Of course, natural historical studies of individual and species adaptation in varying environments have long been concerned with proximate causes. Ultimate causes address why history in the long term has, for a given species, produced one system of adaptations rather than another. Research, for example in systematics (i.e. the natural history and classification of systems of speciation) and paleontology, retain a strong focus on Darwin’s concern with variation arising from organism-environment interaction, in which causes are the product of the lived conditions of many thousands of generations of natural selection. Put another way, proximate causes are the immediate factors that determine the selection of genetic materials that occur in an individual and their physiological correlates; ultimate causes are conditions responsible for the evolution of genetic traits and correlates with which every individual of a species is endowed. 

			
Variation and the Problem of the Renewal of Population Heterogeneity 

			If Darwin’s reliance on Malthus is all there was to his population thinking, then evolutionary approaches would have little to add to demography. Indeed, Malthus’s theory on its own would not have enabled population thinking in evolutionary biology to achieve its remarkable advances in explaining how and why the characteristics of individuals, and thence sub-populations, diverge. Superfecundity and the positive check remain, of course, key to the general logic of what limits population size and growth, but they are parameters that set only the outer limits towards which population increase in any species or sub-species may tend. The positive check is not in itself a mechanism of agency, only of restraint. It comes into play where environment-organism interactions reduce numbers by eliminating individuals and, ultimately, groups. 

			
			The idea of the positive check nonetheless contributed some important dynamic components to Darwin’s population thinking, notably as a mechanism of stabilisation, and it also contributed to the centrality of intra- and inter-species competition as an ultimate cause underlying natural selection. The operation of proximate mechanisms, however, remained primary, since environment-organism interaction was crucial both to arbitrating hereditary sources of variation and to when and where the positive check might operate. In other words, evolution as a process of population change is not simply about mortality or fertility, i.e. population renewal. To understand how species evolve we need to identify mechanisms that ensure the renewal of population heterogeneity, i.e. what enables the continuing flow of new characteristics which can be transformed into adaptive advantages, thence leading to further adjustments in population memberships, composition, size and structure. The syllogistic core of evolution thus gives an incomplete account of a critical element in population thinking that concerned Darwin: how population variation functions as a creative force in evolution. 

			It will help, to begin with, to clarify how Darwin goes beyond Malthus. We can then turn to a key source of the “revolution” he initiated, which drew on a much older model of population thinking that prevailed in the era before the nineteenth-century rise of statistics and demography. More particularly, Darwin relied on analogies to Adam Smith’s powerful restatement of the Classical model of population, in which the specialisation and interdependence of individuals — and the sub-populations to which they belong — in the division of labour provide the primary motor of social, economic and population change. Comparison of the two different conceptual approaches of Smith and Malthus as they shaped Darwin’s population thinking allows the distinction between two fundamental modes of population thought — open and closed — to be introduced descriptively. We see, firstly, how Darwin brought them together tentatively as complementary components of evolutionary theory; and secondly, the tensions that nonetheless exist between them.1 Section 3 then turns to the struggle to reconcile these tensions as Darwin’s framework was developed in the later nineteenth and early twentieth century. 

			Darwin’s “Malthusian Episode” 

			Malthus (1982 [1798]) considered that any population is constrained, sooner or later, by the limited carrying capacity of agricultural production in a given terrain. A population, in other words, exists in a fundamentally closed environment, and can only expand up to the limits of its productivity. Behaviour leading to population growth in excess of productive capacities, and a consequent and widespread positive check, is immoral, especially as it affects infants and children. He therefore argued that only one demographic response is legitimate: the regulation of fertility via the preventive check, i.e. the delay or foregoing of marriage so that fertility is restrained to levels at or below what agricultural production can support. As Wrigley (1986) has shown, Malthus conceived the operation of the positive and preventive checks as a system of feedbacks: a population as it grows may for a time expand production, but it will inevitably reach the limits of such adaptation, and the humane adaptive response of the preventive check is then necessary. Historical demography, and more recent population history, have shown, of course, that much more than nuptiality control is involved and many other factors may be important. As Wrigley also notes, Malthus was wrong about the natural limits of agricultural productivity, which was not a closed system, even in his own era (1986: 50–53). Yet the idea that the timing and extent of marriage function as feedback mechanisms that may serve to adjust mortality, fertility and population growth relative to the surrounding environment, has proven apt in some periods of European history, and conceptually fruitful. 

			Adopting Mayr’s distinction, we can see that Malthus aspired to formulate a theory of ultimate causes. His admiration for Newton’s law of universal gravitation as a model of explanation is well known (e.g. Flew 1982: 32). While aware, for example, that societies have diverse family, marriage and productive arrangements, and that the positive check may operate to a differing degree in them, Malthus considered such variation a secondary matter, i.e. such factors might delay, but could not fundamentally alter, the ultimate impact of superfecundity, the necessity of the positive check, or the single solution of nuptiality control. The principle of population put forward in his Essay thus propounds an absolute, closed and concise model of limits to population to which all must in the end conform. 

			Such a dismissal of the central importance of variation was obviously of no help to Darwin. Indeed, if the positive check, as the sole and ultimate mechanism of selection, continually removed less successful individuals — with no account being given of how variation renews population heterogeneity — then the long-term evolution of populations would see only the progressive reduction of sources of variation, leaving populations composed of increasingly perfectly fit members in each species. In Darwin’s view, however, the diversity of environmental adaptations, together with the isotropy of heredity, guaranteed that natural selection has no such foresight or drive to perfection. Indeed, the reduction of heterogeneity effected by the positive check on its own would have the opposite, disadvantageous, effect by leaving populations vulnerable to circumstances in which environments change. 

			Darwin’s evidence, in any case, showed the contrary: environment-organism adaptation rested on the specialisation of individuals to suit the environment, and as individuals faced competition and colonised new niches, then new specialisations and sub-populations characterised by them were found to emerge. Changing symbiosis with other species also occurred in this process, enabling ever denser development and habitation of a given setting. In this process, population heterogeneity was continually renewed, and this became possible because sub-populations making up a species are not actually closed, but open — i.e. they have mating, migratory, and other relations with species members. Both intra-species variation (whether arising, e.g. from mating within a given deme or species sub-population, or between them), and changing competition between species, are entailed. Population heterogeneity and openness are thus jointly critical mechanisms of evolution. 

			Historians of biology have found that Darwin left notebooks, letters and marginal comments in texts he had read which enable them to trace the development of his population thinking in considerable detail. Schweber (1977: 231–32, 286–96) provides a detailed account of Darwin’s “Malthusian episode”, and of his subsequent development of biologists’ reading of Adam Smith, which gave form to his account of heterogeneity and openness. The Malthusian episode came early in the conceptual development of Darwin’s theory (in 1838). At that time, he, like Malthus before him, was strongly disposed to the theoretical ideal in which laws define ultimate determinants. When quantitatively formulated, such laws reveal central tendencies that ensure the stability of natural systems while allowing for many surrounding random and other fluctuations. He was greatly interested in this form of theory, and not only because the pre-eminence of mathematically defined physical laws was accepted as canonical in the intellectual milieu in which he lived. Of more immediate concern to Darwin was the complexity of his natural historical evidence, which led to the view that, amidst the copious variation that heredity made possible, the process of evolution via environment-organism interaction worked to produce only small and gradual changes within demes and species, normally over long periods of time. This gradualism, together with the uncertainty of the exact nature of the hereditary component (which he assumed to act randomly), led him to the view that divergence of character could only be established with the help of a statistical conceptualisation of change. In other words, the creative agency of environment-organism interactions acting on the flow of hereditary variation should be expressed in terms of predominant frequencies amongst a vast array of different outcomes. In this way it might be possible for biological theory to emulate the general law-like mathematical formulation of the physical sciences. 

			More particularly, Darwin’s interest in Malthus was kindled by accounts of the latter’s theory given in Quetelet’s (1869 [1835]) social physics, and in contemporary reviews that discussed Quetelet in relation to Malthus, which Darwin studied closely. Quetelet, arguably the foremost European exponent of a new science of population statistics, drew on his experience as an astronomer to propose the idea of “l’homme moyen”, or the statistical normality of the “average man”. Linking this to Malthus’s account of superfecundity and the positive check appeared to open up the possibility of formulating deterministic or ultimate laws of society analogous to those of physics. The often-cited passage in Darwin’s Autobiography (1958: 120), where he remarked on the epiphany that the Essay on Population represented in the development of his theory, directly follows the 1838 notebook passages in which he considered Quetelet (Schweber 1977: 293). In short, what Darwin derived from Malthus was not only the ultimate constraint of the positive check. This constraint provides an ultimate causal mechanism for evolution in so far as the will to survive or avoid death becomes the premise on which competition for existence rests. More than this, Malthus’s theory appeared as an exemplar of the whole view of scientific theory in which quantitative systems are governed by deterministic laws that allow variation within long-term tendencies to stabilisation. 

			As Darwin quickly recognised, however, Malthus’s checks and Quetelet’s statistics of normal tendencies unfortunately left out the critical explicandum of the proximate mechanisms of variation.2 There is, put very simply, much more going on in the lives of species members, or individuals and groups in society, than competition for survival and the average outcomes of such a process. Not everything that heredity and environment-organism interaction generates is telling for the divergence of demes and species, and even if significant for divergence the effects may only become important later in history. Darwin therefore turned his attention concertedly to the problem of how to formulate a cohesive theory of the creative process of variation. 

			The logic of the division of labour, which already existed as a model embracing population heterogeneity and openness, and had been remarked by natural historians (Kreager 2015: 76–77), became the focus of his attention. His familiarity with this logic as applied to biological processes emerged by the 1840s in his detailed notes on Milne-Edwards’ Introduction á la zoologie générale (1851 [1834]), and other writings to which he had access (Limoges 1968, 1970; Schweber 1980: 249–57). Milne-Edwards worked in an established natural historical approach known as “animal economy”, and employed the phrase “division of labour” to explain how organs in the body become progressively specialised. His development of this analogy closely followed the line of reasoning in Smith’s Wealth of Nations (1976 [1776]). Just as Smith describes how society and economy evolve from hunter-gatherer groups in which all individuals carry out the same productive, military and other functions, Milne-Edwards describes how, in simple organisms like polyps, bodily functions are not differentiated; just as agricultural and commercial societies advance beyond the simplest level of social organisation by developing specialised personnel for agriculture, defence, manufactures, transport and so forth, so species become more complex by developing specialised organs for respiration, digestion and reproduction (cf. Milne-Edwards 1827 and Limoges 1968 to Smith 1976 vol. I: 689 et seq. and Kreager 2017). 

			Darwin, like Smith, readily came to view the idea of the division of labour as of major importance at the population level. Both authors considered the renewal of the many and heterogeneous groups, and the emergence of new populations with specialisations productive in changing environments, as key motors of historical and evolutionary change. Darwin’s elaborate development of the analogy between the creative force of variation and the division of labour in human society is extensive and detailed, and a few examples will have to suffice here to give the reader an idea.3

			Transferred to the population level, Milne-Edwards’ account of the development of specialised organic characteristics becomes an account not only of physiological development in individual members of a group, but of how such greater or lesser divergence characterising species sub-populations translates into their greater or lesser adaptive capacities for expanding into environments available to them, and the heterogeneity of groups that comes to characterise such sites. As these capacities become manifest, accompanying changes in population composition, size and growth follow suit. Darwin, citing Milne-Edwards (1996: 92–98), illustrates his argument by many examples drawn from competition amongst flora and fauna, leading to his famous diagram of species divergence.4 Such specialisation, as in Adam Smith’s account of the division of labour, is closely bound up with the interaction or interdependence of sub-populations in a given productive environment. For Smith, the specialisation of tasks in the division of labour both develops individual capacities and characteristics, and requires many productive groups to work in close interdependence; expanded capacities for individual agency and production enhance general living conditions for the several sub-populations involved in a given productive niche, affording them competitive collective advantages in their wider environment; this entails not only enhanced economic but social agency. Specialisation and interdependence of constituent populations making up a society are thus a principal motor of their own and general social change, and the integral role of population composition, size and growth in the evolution of economy and society is explained by Smith in these terms. In essence: “the number of workmen in every branch of business generally increases with the division of labour in that branch or, rather, it is the increase of their number which enables them to class and subdivide themselves in this manner” (1976 vol. II, Introduction, p. 277). Population, in other words, tends to increase in sub-populations working in tandem in a given economic sector or sectors, and this becomes a motor of population growth in society more generally. By analogy, Darwin “chose the principle of optimalisation of the amount of life per unit area as the overall explanatory principle” (Schweber 1980: 288). 

			Thus, both Smith and Darwin considered (contra Malthus) that the growth of a population was not only key evidence of its competitive success, but that such growth was itself a principal mechanism of improvement. Competition at the individual level may ultimately be decisive, but is conditioned by the structure of interdependence between populations, which conditions the circumstances in which an individual acts. Darwin therefore, like Smith, considered the positive check as functioning in proximate terms, that is, as conditional on environment-organism interactions and on the nature of relationships within and between local populations — rather than, as in Malthus, an ultimate or universal mechanism to which all populations and all members must sooner or later answer in a particular way. Rather than fundamentally and ultimately closed, population dynamics are by nature open, as groups exist in manifold relationships and interdependencies with other groups. These interdependencies, as in Smith’s analysis, give Darwin’s account a much more extensive set of organism-environment feedbacks than Malthus’s singular stress on the positive and preventive checks in an ultimately closed environment. As Schweber remarks, Darwin’s whole approach reflects a critical difference between Smith’s account and Malthus’s: individual species members have much more agency in dealing with proximate causes than is possible under Malthus’s emphasis on the ultimate necessity of his two checks on population (1977: 283; Kreager 2017: 531). 

			This emphasis on the agency that diverse group members exercise in producing variations followed directly from the much more extensive body of direct observation of adaptive processes that characterised Darwin’s natural history, in contrast to Malthus’s political economy. For Darwin, explaining processes of population change rests first on empirical identification of proximate causes, as these arbitrate the possible operation of ultimate positive checks. Put another way, the inter-relationships between groups in a given environment requires a bottom-up perspective: explaining population dynamics begins in observation at lower levels of aggregation, since changing group compositions and interrelationships carry implications for higher levels of aggregation, both in the short and long term. 

			
			Two Concepts of Population 

			Darwin’s quantitative skills remained those of a botanical arithmetician, employing methods similar to those of seventeenth- and eighteenth-century population arithmetic; his notebooks make clear that he was not adept at higher mathematics.5 Yet, as we have seen, his population thinking was prescient in understanding that the different conceptual approaches to population underlying Smith’s and Malthus’s works are both necessary to explaining how populations evolve. From the former Darwin took the idea that populations are by nature open and heterogeneous, variation arising in them from the interdependence of groups and their members, which he saw as analogous to the way specialisation functions in the division of labour. Such open population thinking was a breakthrough in showing how the vast body of his natural historical evidence could be generalised at the population level.6 It did not, however, satisfy the scientific criteria expected of theory in the milieu in which he wrote. As remarked earlier, the middle decades of the nineteenth century were an era in which the rise of population statistics led to its proposed formalisation as a social physics (Porter 1986). 

			Lacking close familiarity with the new methods, Darwin nonetheless responded to this second idea of population by drawing on contemporary views of Malthus’s Essay, in which the impact of the positive check was understood as imposing absolute limits on population suitable to developing methods of social physics. The mortality of the positive check could be used to define limits to growth for any population given the particular environment in which it is found. Darwin hoped such an approach would enable statistics to demonstrate changes in the frequencies of specific evolutionary traits. 

			As we shall see, this proposition proved very difficult for Darwin’s followers to develop in the late nineteenth and early twentieth century. Before turning to their several formulations — some brilliant and of enduring importance, whilst others have come to be recognised as not only dubious but dangerous — we can at least try to state succinctly the fundamental problem posed by Darwin’s dual approach to population: his open population thinking, grounded in natural history and the role of environmental constraints in shaping evolution, is analytically distinct from, and may even seem opposed to the closed populations on which formal modelling depends. The extent to which Darwin was himself aware of this difference remains uncertain. It was brought out at least as early as the 1920s by the doyen of twentieth-century formal demography, Alfred Lotka, whose mathematics of population ecology (1925) was one of the earliest evolutionary formalisms to be established, and then extended to human fertility and mortality (1934; 1939). What Darwin appears to have been the first to recognise, at least implicitly, is that the two concepts, even if radically different, are nonetheless complementary. How, then, did he bring open and closed population thinking together? What problems then remained, that generated such variously seminal and flawed approaches amongst his followers? 

			The closed character of formal population analysis and data systems needs, of course, no introduction to a twenty-first-century audience of demographers and population geneticists. Lotka used his training in physical chemistry to argue the generality of this scientific methodology.7 Whether in thermodynamics, census-taking, life table construction or the theory of population renewal which was Lotka’s own contribution — the individuals making up a population are treated as identical subject to the system of classification employed. Just as the behaviour of atoms and molecules conforms to the rules of the periodic table, so the population movements of human beings conform to the fixed set of statuses given, for example, in a census schedule. Censuses, like the periodic table, have the considerable advantage of being effectively comprehensive, thus enabling exhaustive and purely formal analysis of all changes of state between recognised categories. Once born, an individual can only move between classificatory statuses: he or she gets older, marries, establishes a household, has children, changes occupations […] and eventually dies. Closed units, whether of the total population under analysis, or of any of its component sub-populations, enable aggregate states of population change to be calculated precisely: age and sex structures, gene frequencies, life expectation, trends in fertility, mortality, labour force participation and so forth. This approach, which Mayr and other contributors to Evolutionary Synthesis referred to as “typological” or “essentialist” (1982: 47), is immensely powerful once species and demic populations have been identified. 

			Darwin’s Origin was, however, concerned not only with the renewal of existing populations but the renewal of population heterogeneity, since evolution proceeds by continuing adaptation and consequent variation in and between populations. To begin by treating populations in nature as closed is artificial. As natural historians had long recognised, species rarely present themselves as discrete groups in nature. Sustained observation is a first necessary step, to identify the role of environmental factors in shaping variation at local levels. Such open inquiry decides which characteristics should be tracked, and in which environments. Identifying the relationships between individuals that appear to constitute membership of a species involves repeated hypotheses and continuing observation to test them, until the unity of a proposed species can be considered established. Of course, the rise of genetics since Darwin’s time has provided further laboratory methods of observation that greatly assist identification. Nonetheless, the primary questions necessary to track variation and possible divergence remain: “What is a population (i.e. for the purpose of differentiating organisms in the process of variation)?”; “What set of sub-population units comprise a species?”; and “What relationships account for their differences?” 

			Natural historians up until the late nineteenth century employed enumeration as part of open population thinking, i.e. accepting that an exhaustive or complete counting was only exceptionally realisable. Similar to Graunt and other early modern population arithmeticians, totals could be compared without formal mathematics and without comprehensive census inventories. Where characteristics appeared to clearly differentiate groups, they were accepted as indicating the presence of distinct phenomena whether the entity was a plant or animal in the wild, a human being recorded as dying of a specific disease in the “mortality bills” that were the only record of causes of death before the modern census era. Darwin, in effect, moved on from his predecessors by the simple step of accepting that a carefully observed body of numerical evidence at the population level — however provisional — was effectively complete. This appeared to be a substantial improvement on previous practice that was not population-based, in which whole species and higher types might be proposed from merely a few specimens. 

			Darwin’s reasoning, as we have seen, addressed variation and the divergence of species in terms of optimalisation: the amount of life that could be supported in any setting would become greater, more diverse and complex as competition intensified; larger genera, species and demes would tend to produce more hereditary variation, in which those offspring with more diverse characteristics would have additional advantages to adapt and increase their numbers. Such a local “division of labour” in this way provided a plausible account of how particular adaptive advantages could accumulate at higher levels of aggregation, further encouraging Darwin to think at the level of populations. As Schweber remarks (1980: 288), Darwin’s premise that the quantity of life is gradually optimised in local environments effectively bypassed the difficulties of integrating different levels of description: local observation of open populations, in which characteristics are gradually differentiated as inquiry proceeds, seems to flow seamlessly into later analysis in which units of population might be defined formally as distinctive demic and species populations, i.e. treated as closed for purposes of statistical analysis. Indeed, as an empirical procedure for generating and testing hypotheses, this logic appears straightforward. Hence Darwin could hope that emerging emerging statistical techniques could be applied to variation and divergence, even if his own understanding did not extend to how formal models and data systems are actually constructed. 

			What this way of thinking assumes, however, is that the role of open population thinking — sustained local observation of proximate relationships in order to differentiate units of population — has been carried out prior to statistical modelling. With the benefit of hindsight, we can see that, for a scientist of long natural historical experience like Darwin, this “bottom up” approach was so elemental it could not ever be questioned. Formal analysis, however, can take place whether or not sustained observation has given an empirical ground to hypotheses, and whether or not local processes are translated accurately into specifications of closed population units entailed in large datasets. We turn now to subsequent developments in evolutionary theory, which proved to be fraught with controversy. Apparently powerful arguments claiming to establish ultimate causes were built on the basis of classifications and units of measurement not grounded in observation of proximate causes. Arguably, one of the critical lessons from the emergence of evolution as a population theory is that confusion and ambiguity proliferate where the different roles of the two concepts of population, and their engagement at different stages of analysis, are not recognised. 

			
The Early Struggle to Incorporate Population Genetics and Demography into Evolution 

			In this short account, we will consider two contrasting approaches of the late nineteenth and early twentieth centuries which illustrate this issue: Galton’s attempt to use evolution to build a science of eugenics; and the several contemporaneous movements in early-twentieth-century population thinking that led to the consolidation of demography as a discipline, and gave its methods a fundamental role in population genetics as a core component of the Evolutionary Synthesis. This period stands as something of a paradox for demography: as the discipline gradually took its contemporary shape, its formal methodologies made significant contributions to population ecology, to the critique of eugenics and to the formulation of the Synthesis — yet its professional stance became increasingly separate from evolutionary biology. 

			Galtonian Eugenics 

			Darwin’s need to treat heredity as a “black box” in his theory led to an immense amount of speculation and exploratory research (Provine 1971). As Porter (1986:280) remarks, Darwin’s own later ruminations on this problem were “virtually a complete failure amongst biologists”, although they attracted the attention of the biometric school developed from the 1870s by Galton and Pearson. Both men were remarkable polymaths whose life work focussed on developing advanced statistical techniques to track the evolution of hereditary and racial differences, which they then put forward to legitimise highly controversial public policies. Darwin had speculated that hereditary took the form of particles or “gemmules” that circulate in all parts of the body, transmitting specific traits particularly in the course of embryo formation (1868). He was led to this in part by questions concerning the role of evolution in shaping human society. Galton, for whom the latter concern was paramount, redeveloped the gemmule hypothesis not as a matter of embryology, but as a demographic phenomenon. For this purpose, he prioritised the Malthusian component of Darwin’s theory — superfecundity — as the primary force in evolution. Reproduction, Galton argued, arbitrates the role of heredity in human and social development, since varying levels of fertility within and between groups in a population determine which, and how widely, certain hereditary characteristics rather than others come to predominate; fertility differentials constitute “reproductive selection”, the importance of which is vastly greater as a factor in natural selection than environment-organism interaction. He coined the term “eugenics” to refer to an ostensibly scientific and statistical practice that would ensure that only the best babies could be born. Not only should those judged the most fit members of a society be encouraged to reproduce, steps should be taken actively to restrict the fertility of less desirable groups. As Galton repeatedly emphasized, the majority of offspring were being produced by only certain (lower-class) groups in society. Eugenics rapidly became highly topical in an era in which European reproductive levels had for the first time begun to decline radically. 

			To understand the impact of reproductive differentials on the quality of human populations, Galton needed a statistical method that could discriminate between more and less powerful influences on genetic transmission. This led to his famous conceptualisation of statistical correlation and regression, and their formal mathematical development by his associate, Karl Pearson. Both concepts, of course, have come subsequently to play a widespread role in population research. Their use in eugenic argument, however, relied on institutional and popular definitions of social class differences, ascribing ultimate causes to them without examination of their empirical basis. 

			While insisting on their allegiance to Darwin’s and Malthus’s theories, Galton and Pearson argued that there were crucial flaws in their reasoning. Darwin, as noted above, did not give sufficient attention to reproductive selection. Malthus did not go far enough in his criticism of a supposed lack of sexual restraint among the poorer classes; while recognising that their superfecundity leads necessarily to the action of the positive check, he did not ask whether that check would actually be sufficient, i.e. whether there would still be a great majority of lower-class children relative to those of higher classes. The normal function of mortality Galton and Pearson termed “the selective death rate”, i.e. the ultimate mechanism of natural selection in weeding out the less fit. Average family size had, nonetheless, remained higher in lower-class “degenerate and pathological stocks” (Pearson 1912: 27). Hence the dire prospect, if the positive check did not remove the greater majority of lower-class children, of their superfecundity of surviving children to greatly outnumber those of “the cultured and highly sensitive upper and middle classes”; the outcome would be “race suicide” which, “in the inmost recesses of history […] explains the fall of great world-civilisations” (Pearson 1912: 10, 39). 

			The central issue, for eugenic argument, was thus how to demonstrate this calculus. Correlation, Galton remarked, provided the method demonstrating “the closeness of the relation between any two systems whose variations are due partly to causes common to both, and partly to causes special to each” (1907: 174). Pearson’s mathematical development, appearing in his note on reproductive selection to the Royal Statistical Society (1896), begins with statistical demonstration of the correlation between fertility and organic characteristics across generations. For this purpose, he employed a classic measure in social physics — height — in this case of mothers, daughters and wives in “1,842 families of Danish race”. Pearson showed a regular percentage change in height across generations; he would later describe such variation as an instance of “the law of ancestral heredity”, i.e. the change of any organ or physical or mental characteristic that typifies its spread in a large population over time (e.g. Pearson 1912). The question, then, was what part of the Danish population was contributing most to such changes. Analysing net fertility (i.e. allowing for infant and child mortality, and for non-marriage) in artisan and professional classes, Pearson concluded that while the former represented only 27 per cent of the population, its greater fertility produced over half of the younger generation. In short, on this account reproductive selection is the much greater factor than natural selection (i.e. as defined only in terms of the selective death rate) in population replacement and change. 

			Pearson’s “The Problem of Practical Eugenics” (1912), is one of many articles in which he developed this mathematics of correlation as a basis of demographic policy, particularly in the context of the fertility declines now commonly known as demographic transition. Anticipating later demographic interests, he was particularly concerned with the economic value of children, notably the impact of factory legislation which had removed the value of child labour as a component of working-class family incomes. His analysis assumes the “law of ancestral heredity”, and is directed particularly to showing that well-intentioned government policies supposed to improve the environmental conditions of factory populations are much less important to national development than their impacts on heredity. He traces fertility declines in the Registrar General’s data for a number of manufacturing towns and rural areas, particularly in the period 1870–1905, in relation to the several Acts that prohibited child labour. He notes not only the steep decline in birth rates, coupled with the still relatively larger family sizes of the working classes, but levels of tuberculosis, insanity, deafness and other conditions he considers pathological, calling attention to their incidence by birth order. As these conditions are markedly more common in the first, second or third child a woman bears, Pearson concludes that not only are working classes producing a higher percentage of the population, their reproduction ensures a higher percentage of “cacogenic” stock overall. Meanwhile, the upper and middle classes have come to have an “artificial birth rate” in consequence of their inclination to lower fertility in the context of changing economic conditions. Pearson then traces the implications of these several developments in relation to demographic topics that have proven of long-term interest, notably contraception and ageing. More immediately, Pearson advocated major changes to taxation, (raising rates on income, estate and inheritance for the childless); while factory legislation should not simply be repealed, its continuing impact on the “racial efficiency” of the population could only be countered by amplifying the numbers of “well-born children”. 

			Both Galton and Pearson played major and respected roles in scientific organisations of the time, and both were offered knighthoods.8 Their eugenics is a reminder that distinguished authors claiming to be followers of Malthus and Darwin may, in fact, be promoting theories that are hardly consistent with such claims (cf. Kreager 2014). On the statistical side of population thinking, there can be no doubt that their work constituted a serious and imaginative attempt to address fundamental problems of conceptualising and measuring structural changes in frequencies across generations, of the logic of population stabilisation given incomplete genetic data, and of the incremental or “small steps” by which genetic variation influences population change. Their technical insights, however, were vitiated by two radical departures from the evolutionary structure of population thinking that Darwin had carefully developed: their predilection for arguments based exclusively on ultimate causes; and their sole reliance on closed or typological population thinking. 

			In eugenics, heredity displaced Darwin’s emphasis on environment-organism interaction in the study of variation. Pearson considered heredity “more potent”, adding acerbically that population policy makers should know that a stud productive of Derby winners does not rely chiefly on improved stables (Pearson 1912: 36, 38). Eugenicists’ pursuit of heredity as the seat of ultimate causes was, moreover, built upon incomplete and ambiguous definitions of the human sub-populations treated in published statistics, and the more or less complete exclusion of sub-population interactions that, as proximate causes, were crucial to Darwin’s view of evolution. The populations Pearson employed were drawn from standard institutional sources in which classification rested on criteria not informed by observation of how groups are formed, sustained and related over time. Given Pearson’s “cacogenic” arguments, it is also evident that the classifications selected were in consequence all the more susceptible to powerful class and other biases. Pearson in effect extended closed population thinking to human heredity in ways that run counter to Darwin and Mendel: all genetic and physiological characteristics other than those mentioned above were taken to be identical for all individuals in each given population type; all genealogical or other links that show members’ involvement with other populations were not considered; and change over time was always directed, i.e. not isotropic.9 In the end, the eugenic exercise excluded a vast array of sources of variation, and was strongly tautological: those groups with higher birth and death rates were categorised from the start in closed classifications as “cacogenic” or “degenerate”. 

			
			Vital Statistics, Population Ecology and Genetics: Some First Steps toward an Evolutionary Demography 

			As we have seen, Darwin’s conviction that statistical evidence is essential to understanding evolution as a process of population interaction embraced both numerical observation at the local level and the potential for modelling aggregate frequencies at higher levels of analysis. In evolutionary biology, the famous breakthrough that swept away eugenic and many other arguments came at the local level: the rediscovery in 1900 of Mendel’s experiments on genetic variation in peas. Mendel’s work differed sharply from the eugenicists in the careful observational method used to establish sub-populations and the nature and structure of their relationships.10

			With the benefit of hindsight, the early biometricians’ eugenic project may be said to have occupied a kind of median position between the continuing research of evolutionary biologists and the much wider period concerns about the potential impact of declining birth and mortality rates, race, and migration on national population composition and replacement. Controversy over the role of reproductive selection embraced vital statistics, public health, biological anthropology, sociology and a great many essays (variously of socialist, conservative, feminist and other persuasions) written for general audiences (Soloway 1982). The issue was one of general public concern. Eugenics, with its technical claims and dramatic highlighting of demographic differentials as simultaneously social and genetic determinants, attracted widespread attention, and was without doubt a major stimulus both to controversy and to recognition of the need for more critical, observation-based approaches. Developments in social and vital statistics were, of course, for the most part of a fundamentally different kind from Mendel’s work, since they relied on closed-population datasets established during the nineteenth century with the founding of national statistical offices and professional statistical societies, and the dream of a social physics. 

			These data provided the foundation for several environmental reforms, including those Pearson attacked, and for declines in mortality related to these reforms at all but the youngest age over the later nineteenth century. They also, as we have seen, provided primary evidence of fertility declines. Vital and social statisticians thus felt a strong need to respond to the eugenicists’ arguments, but they also faced uncertainty regarding the specific mechanisms underlying differentials in fertility and mortality between social groups. Their response was to tighten and extend the actuarial approach on which demography rests. This response was characteristic of three major innovations in which demographic methods became fundamental to addressing problems in population biology in the early decades of the twentieth century. The first emerged in part as a response to eugenics, while the second two were driven by problems in evolutionary biology. 

			The first development, reflecting concerns over differentials in declining fertility, led the General Registry Office (GRO) in England and Wales to put the need for a comprehensive social classification scheme on its agenda. As Szreter’s (1986) study of the GRO’s programme has shown, its class schema was designed to refute eugenic arguments, although the alternative mechanism put forward to explain fertility declines (the rise of contraception) remained inadequately documented. In addition, a detailed family census was conducted, in 1911, which included more variables, such as parity, than existing censuses. As Szreter (1986: 538–40) remarks, the GRO social class scheme, which remained largely unchanged until the 1970s, continued to reflect several problematic eugenic assumptions which reduced the forms of variation that could be tracked. In short, the immense improvement in data and measurement techniques remained dependent on statistics that track sub-populations defined by occupational, provincial and other conventionally pre-determined, closed administrative units. Relations within and between such groups that involve, for example, gender, labour sectors that combine several occupations, and regional cultures and economies, may not be captured accurately in standard administrative units. Subsequent research reanalysing closed data to reflect non-standard units has revealed major fertility differentials and patterns of variation that conventional classifications missed (Szreter 1996; Garrett et al. 2001; Pooley 2013). As evolutionary biologists would expect, population heterogeneity remains strongly characteristic of modern fertility and mortality trends, including the great diversity in patterns of decline. An approach based on a priori closed classifications and units has, by itself, not succeeded in establishing the several theories put forward to explain demographic transition, and this problem continues to this day (Cleland and Wilson 1987; Pollak and Watkins 1993; Demeny and McNicoll 2006). 

			A second major demographic development of the early twentieth century, Lotka’s stable population theory, was conceived as a new foundation for the mathematics of evolution. Lotka carried social physics a step further, reasoning that stabilisation in human and molecular populations is analogous, so that the second law of thermodynamics can be used as a model for formal demography. In the Elements of Physical Biology (1925), Lotka successfully applied his approach to relations between species, leading to what are now called the Lotka-Volterra equations which provide the basis for studying predator-prey relations. While providing a central and fruitful framework for population ecology, such models address species-level phenomena without attention to intra-species variation, leading Lewontin to remark that they “are both overly specific and arbitrary in their mathematical form so that they may not catch the important reality of interactions” (2004: 15). 

			More generally, the approach shared some important limitations with Galton and Pearson’s work, which have kept it from becoming the general mathematics of evolution that Lotka had hoped to provide. First, because Lotka sets aside the role of intra-species divergence in the renewal of population heterogeneity, his work remained marginal to central debates in evolutionary theory after Mendel, i.e. the problem of how to integrate genetic variation into population thinking, in which heterogeneity arising from environment-organism interactions remained fundamental. Second, Lotka largely ignored actual processes and variation in organism-environment interaction. Biologists have more recently remarked that the assumption in which the environment acts on the organism as an autonomous force is simply unrealistic: such a view implies that fully formed niches exist waiting for organisms to come to live in them. This assumption is conducive to closed population thinking, since nothing beyond the premise that self-contained environmental units exist in nature is required. Such a view is, however, deeply troubled by evidence that organisms play an active role in constructing niches, so that organisms and environments co-evolve (Lewontin 2001; 2004: 13–16). The same lack of realism arises in human populations if considered in conventional Malthusian terms in which there is a fixed carrying capacity for any environment (Odling-Smee 2015). Reconciling these more recent criticisms with the continuing utitlity of Lotka’s work for population ecology appears to be an ongoing subject of debate. 

			In the first volume of his principal demographic work, the Théorie analytique des associations biologiques (1934), Lotka reiterated the biological foundation of his approach as stated in the Elements, together with his careful emphasis, noted earlier, on the purely formal nature of closed analysis. The second volume of the Théorie (1939) then developed an extensive application to human populations without reference to other species. Lotka showed how his theory enabled demographers to integrate fertility into the style of analysis used in stationary, or life table, methods, yielding intrinsic growth rates in which purely formal population units, regardless of variation in their initial age/sex structures and vital rates, tend inevitably to stabilise over different time periods. Lotka’s later work remained subject to the limitations consequent on exclusively closed population units, just noted.11 Although post-war social demographers (e.g. Ryder 1964) expressed considerable interest in the possibility of developing Lotka’s method as a basis for a general sociological theory of population, its limited focus on population renewal, rather than the renewal of population heterogeneity, and its insensitivity to environment- organism interaction, have meant that many sources of variation cannot be integrated into his formal analysis. These commonly remain “independent” economic, cultural and other variables, often analysed via correlation and regression techniques. Thus, although Lotka greatly clarified and subtilized the formal nature of demographic analysis, and did not reduce variation solely to Queteletian normality, the problem of explaining diverse mechanisms of variation and integrating them into models of population stabilisation has remained. 

			The third major development combining demography and population biology arose in central evolutionary debates over the implications of Mendel’s genetic research for Darwinian population thinking. Demographic models were integrated into genetics in Fisher’s Genetical Theory of Natural Selection (1930), in which he postulated a species in which reproduction occurs continuously in stable age distributions so that, as in (but independently of) Lotka’s formulation, life table probabilities and probabilities of birth in a given interval can be combined in a single equilibrium model. Parallel contributions by Wright (1930) and others (see Provine 1971; Lewontin et al. 2003)) moved this approach toward later population genetics by demonstrating the importance of gene or allelic interactions in local populations, encouraging a return to the Darwinian view of species as aggregates of sub-populations (i.e. effective breeding populations, or demes), and of hereditary influence as a consequence of complex interactions or combinations of genetic material. This research put a final end to the eugenic quest for simple demographic laws of fitness; rather, while many demographic parameters may combine to shape fitness (e.g. population density; the relative frequency of genotypes, or the mixing of genotypes, in a population) they do so in many different, shifting combinations with other adaptive factors.12 

			Hiatus: the “Separatism” of Demography from Evolutionary Population Biology 

			All four of the above developments marked an increasing focus of research on fertility and its place in the transmission of characteristics — whether social or genetic — across generations. Without doubt, there was a growing intellectual convergence that brought early twentieth-century demography into closer alignment with evolutionary biology. Yet only the latter participated in the Evolutionary Synthesis that emerged in the 1930s and 1940s, the culmination of half a century of research that brought mathematical modelling of demographic, genetic, cellular and ecological processes into alignment with Darwin’s theory (Mayr and Provine 1998). As the 1950s and 1960s proceeded, no comparable synthesis emerged in the demographic study of human populations, and even demographic followers of Lotka eschewed his evolutionary arguments and applications. Instead, demographers’ growing preoccupation, as is well known, was with theories of demographic transition, in which population biology attained only a secondary role in the biomedicine of mortality and fertility control, and related “proximate determinants”. Evolutionary biology as a major conceptual source of theory and method was strikingly absent when demography’s central post-war concerns came to be established, a neglect that largely continued up to the 1980s (Sear 2015a). The irony, as Lewontin (2004:10) observed, is that once Fisher had put demography at the centre of the genetics of natural selection, evolutionary biology and demography went their separate ways. 

			Historical accounts have attributed the emergence and powerful influence of separatism to demographers’ aversion to eugenics in the aftermath of national socialism, together with the pressing agenda of post-war reconstruction and fears of rapid population growth. These were indeed important factors, and have been discussed elsewhere.13 A more important consideration, however, is that the long struggle to construct population genetics and integrate it into Darwin’s concept of natural selection had a major impact on how ultimate and proximate causation in evolution are understood. This, in turn, changed the role of mathematical modelling in evolutionary theory in ways consistent with Darwin’s work on the divergence of character, but counter to the old Newtonian ideal of theory as a mathematical formalism of ultimate physical relationships. Demographers’ non-involvement in the Synthesis meant that few were cognizant of these developments, and that mainstream approaches to population theory and methodology remained, as Hauser and Duncan noted, aligned to physics (1959: 15). 

			As we have seen, ideas about scientific theory, from Malthus through to Quetelet and Lotka, gave pride of place to the goal inspired by physical sciences of mathematically formulated, general-law-like systems. Darwin was from the beginning sympathetic to this view, and continued to leave open the possibility that statistics could provide methods for modelling the frequency of intra- and inter-species variation. The complexity of open population dynamics, and the “black box” of heredity, however, meant that no formal statistical laws could be put forward in his account of speciation in the Origin. In the period from the rediscovery of Mendel to the Synthesis, population genetics employing mathematical methods and closed populations became mainstream in evolutionary thinking, even while commonly seen as opposed to natural historical approaches and the more traditional, predominantly open, Darwinian logic of population thinking. Increasingly, however, the methods developed by Fisher, Wright and others were brought into closer alignment with the observational approaches of natural history and physiology via laboratory research. Species selected for experimentation, like Drosophila and small mammals, were chosen because they appeared to open up comparative research on promising hypotheses arising from natural observations (Kohler 1994). Once Mendelian features were established, demes and species populations could then be raised in lab conditions as closed populations for testing purposes, many trials becoming possible because such populations could be reproduced quickly. The role of mathematics in tracking the changing frequencies of genetic characteristics under different mating patterns was to build local models that indicated further hypotheses and tests in which genetic traits and changes could be isolated. The results increasingly moved natural historians and mathematical genetics closer together. On one hand, models such as Fisher’s and Wright’s established key natural historical arguments, notably that Mendel’s results were consistent with Darwinian population thinking. Experiments in natural, as well as laboratory conditions became possible. On the other, mathematical approaches were freed from the nineteenth-century dogma that biological theory should be built primarily along the lines of a physics of ultimate causes. Population genetics could be modelled once mathematics was applied to proximate mechanisms, further removing the dangers that eugenics had exposed in trying to postulate ultimate demographic and genetic laws of evolution. The convergence of approaches also removed, at least for a time, any suggestion of genetic transmission of environmental characteristics, thus helping to focus attention on molecular structure as key to the chemistry of genetic transmission. Watson and Crick’s DNA model followed in 1953, and with the rise of genomics, the mathematics of gene sequences can be used to hypothesize and model combinations of genetic chemistry in local parts of the genome that enable laboratory observation and exploration of proximate causes of gene expression. 

			
Emergent Evolutionary Demography 

			The approach to general theory in population biology that has emerged from the Synthesis thus remains a methodology that combines insights from closed and open population thinking, not a quest for a universal formalism of evolution. The fundamental open population question, “What is a population?”, still has to be answered whenever the quest is to identify mechanisms of genetic, environmental and phenotypical variation, and this usually requires observation or laboratory construction of local populations (Kreager et al. 2015). The role of formal mathematical approaches, however, has greatly expanded, for example via models that simulate the implications of particular genetic or environmental variations for population composition, structure and change. This is most obviously necessary in the context of genomics: with billions of base pairs, and even more possibly significant combinations of them than persons to which they can belong, the “What is a population?” question becomes “Which population?”, i.e. which set of genetic and other parameters, out of the many possible combinations, can be observed to function as proximate causes leading to expression of characteristics that define a population?14

			As Wachter (2015) observes, the route to defining actual populations increasingly proceeds via hypothesized populations. Thus: hypotheses arising from incomplete evidence at higher levels of aggregation in the genome are used to model “local population spaces” in which tests may be carried out, and this activity is likely to precede and accompany successive hypotheses/empirical trials in which key sub-population characteristics are gradually isolated (Lewontin 2004: 17–18). Specifying the population is a critical step in research, and the approach as a whole combines top-down and bottom-up research strategies, as models specifying population characteristics are revised on the basis of each round of evidence.15 The Synthesis, in short, is not a static paradigm, but has continued to evolve. Evidence, for example, questioning the idea that environmental niches can be modelled simply as closed entities given in nature, has led to reconsideration of Mayr’s ultimate/proximate distinction so that it may better allow for feedback processes (Laland et al. 2010, 2011; Huneman et al. 2017). Such developments are of obvious interest to demography, as they encourage study of how social and cultural relationships are integral to natural selection as part of feedbacks with the genome and the environment. 

			The recent renewal of demographic interest in evolutionary biology as a source of concepts and models has grown up in this dynamic situation, where the critical role of collaborative research is once again recognised as necessary. On the demographic side, an impetus has also undoubtedly come from the huge problem, noted earlier, of the unexplained heterogeneity of demographic transitions. The “Which population?” question here is broadly analogous to that described for genomics, above. A theory of transition was initially assumed to be universal: modernisation would explain how social, cultural, economic and other proximate causes combine consistently to produce one sequence of reproductive and mortality declines everywhere (allowing, of course, for secondary variations). Instead, an immense heterogeneity of trends within and between societies has been documented, the diversity of which is not consistently explained by the matrix of modernisation variables (see references given in the sub-section on vital statistics, above). In demographers’ exploration of alternative approaches, two remarkable parallels to evolutionary biology may be noted. 

			One is the much greater interest in open population processes, that is, functional links between individuals and between sub-population memberships that are unobserved in standard demographic classifications and closed population units. These include: the impact of hierarchical relations on inequalities in demographic outcomes; inter-generational relationships and variation of generational roles across the life course as they affect reproduction, family formation and longevity; migration and changing cultural identities as adaptive strategies; and network transmission of ideas and practices between sub-populations as they shape varying reproductive choice and health outcomes within and between groups. The second and related development is increasing attention to sub-population variation at levels below, or that cut across, conventional national and provincial administrative population units. Current problems of demographic explanation, in other words, have drawn the field toward the kinds of issues that long ago, in Classical population thinking, gave relationships between sub-populations and their members a determinant role, and which likewise shaped Darwin’s account of how demes and species are formed and change. 

			By way of conclusion, two brief examples drawn from recent evolutionary demography can be used to illustrate how the methodology of local population spaces described above is now being used to address central problems of demographic explanation. As Kaplan and Gurven (2008) reiterate, combined top-down and bottom-up population thinking is necessary. Bottom-up approaches may, for example, relate physiological variables (e.g. mothers’ energy reserves as indicated by body mass index (BMI); dietary constraints; local environmental disease risks to infants) to demographic measures (mothers’ age at first birth, parity progression, infant mortality) in order to identify proximate causes as they vary health conditions and changing vital rates in different sub-populations. The top-down element is provided by life history theory: reproduction entails trade-offs in which available parental energy and resources for childrearing must be balanced against the increasing demands that a succession of children inevitably makes; natural selection occurs as interactions between physiological constraints and the incidence of births and infant deaths alter this balance in ways that regulate continuing parental investments and the survival of certain children. Note that this approach, rather than treating fertility and mortality separately, focusses on feedback mechanisms between them in specific environments. Modernisation variables act not as external forces that sweep away traditional arrangements, but through this proximate process, and they may be more or less important depending on which aspects of environment-organism-genetic interaction they influence. 

			Longitudinal research on Tsimane communities in Bolivia provides an example of a “bottom-up” study, addressed to lowland, subsistence farming and foraging communities whose way of life and demography remain substantially traditional (Kaplan et al. 2015). A combined ethnographic methodology incorporates continuing comprehensive census data collection, reproductive history interviewing and annual medical examination of a wide range of physiological characteristics. This combination provides local population data from several observational techniques which can be compared and analysed as an effectively closed population. Total fertility is at very high pre-transition levels (8.8 births per woman), with modestly lower rates in communities somewhat more exposed to Bolivian towns. Although the latter communities now have greater access to public health facilities, infant mortality levels have risen, even while women’s BMI has improved. The authors show how this rather counter-intuitive pattern can be accounted for by linking reproductive histories to women’s improved energy circumstances: births have come at earlier ages in marriage, and closer together, both of which are facilitated by higher energy resources, but which normally carry added health risks. Variables that might be expected indicate modern impacts, like education and greater facility in speaking Spanish, appear to have at most minor influence. In the authors’ view, this finding shows the operation of natural selection as maximising the production of surviving offspring (i.e. not maximised fertility) in balance with the realities of parental investment. 

			The study is prospective in the sense that the Tsimane communities are at a pre- or initial stage of demographic transition: the authors, expecting fertility declines to ensue, have established a baseline of current proximate mechanisms and their relationships on which subsequent variations in familial, physiological and community-level factors and their interactions can be assessed. Such baselines have been notably absent in most transition research. Their finding that mothers’ age declines at first birth, associated with higher overall levels of fertility, is already indicative of a central mechanism of “pre-decline rise” in the region, and is one of the main lacunae to have been found in transition theory (Dyson and Murphy 1985). Their approach, in considering feedbacks between fertility and mortality via physiological factors, also runs counter to conventional transition and Malthusian arguments that higher fertility is a homeostatic response to higher mortality. While community variables like education and bilingualism are not yet important influences, as components of social learning they are likely to become a potentially major environmental force in social and genetic change (Sears 2015b). The authors underline the importance of ethnography at sub-population levels in evolutionary demography, noting that subsequent research will need to identify the social networks in which health information associated with these variables may spread more widely. 

			The second example takes up the question of how such social relationships can be integrated into formal modelling of evolutionary change. As noted earlier, one of the problems demography has faced is how to bring variation in social and economic relationships, or “independent” variables, into core demographic analysis. The issue is thus one of preparing new top-down approaches. Lee (2003, 2008), for example, has addressed the role of inter-generational transfers as a mechanism of evolutionary demography, with particular reference to ageing and juvenile mortality. Conventional evolutionary models, following Hamilton (1966), rest on a purely demographic analysis in which, under a stable population growth rate, mortality increases at older ages in inverse relation to expected fertility by age. Put very simply: as older people do not have babies, their contribution to group fitness may appear to be marginal; further, if they have no proximate functions supporting fertility, and are susceptible to the complications of age-specific deleterious mutations as they reach later life, there would seem to be no serious evolutionary advantage to their increased longevity. 

			As Lee remarks, this formulation leaves the human capacity for long post-reproductive survival unexplained.16 A considerable body of natural historical, ethnographic and historical evidence has for some time made the conventional view untenable: elders, particularly female relatives, contribute substantial support to raising their grandchildren, and in many cases to others in younger generations that are not direct descendants. As proximate functions of support contributed by elders to the survival and growth of groups are evident in many species, selection for their greater longevity (including differences for the sex contributing most to transfers) is logically indicated. Likewise, the uniform progression of mortality with age in the conventional model, by not taking account of transfers, fails to recognise that early death, e.g. in infancy, incurs much less physiological and support cost than deaths at juvenile ages, by which time much greater investments have been made. 

			Life history theory, in which a balance between fertility, mortality and investments in children is fundamental to evolution, again provides the elemental logic. Lee’s model is addressed to the long period from prehistory in which the human race depended on foraging, so again a kind of baseline is being established. As the objective is to show what difference transfers make to levels of fertility, mortality and natural increase at each age across the life course, a complex set of variables is entailed. Since production varies with a group’s relative success in competition for food and resources, the capacity to make transfers depends on population density and size. Production also depends on feedbacks from consumption, since it depends on the growth, size and strength of individual members, which have been shaped by the food and resources available to them. The net transfer that becomes possible at each age can therefore be modelled as estimated production minus consumption (assuming no wastage); this will vary according to the composition of units or groups involved, and Lee’s model may be applied to a range, from individuals and mother-offspring sets to larger family groups and cooperative breeding groups. The implications for natural selection then turn on how changes in fertility and mortality, and resulting age structures, interact with intergenerational investment supported by transfers. Lower mortality at the youngest ages increases population growth, and, if coupled with lower mortality at older ages, profits from feedbacks via transfers that also optimise longevity, further stimulating population increase. Greater surviving reproduction thus increases fitness at both the top and the bottom of the age pyramid; transfers become the key to understanding longer post-reproductive longevity characterising more successful and numerically dominant competitive groups. For these groups with greater capacity to invest in children who are then more likely to survive, older adults over time will come increasingly to be selected genetically for greater longevity — this not only helps to ensure continued transfers, but opens up the possibility of reducing fertility (i.e. increasing the quality and quantity of investment per child), thus avoiding the Malthusian trap of high density groups becoming subject to too much competition. As every unit must be in transfer balance (whether successfully, or via loss of members to mortality at younger and older ages), the sum of all units, or the total population, will also be in balance. 

			In its early formulation, Lee’s model made a number of abstract assumptions, for example only applying to single-sex transfers of food in stable populations. Later iterations have reduced some of these, and also included more variables, but an account here would extend discussion greatly beyond the scope of this chapter. In each case the model has been developed with evidence from the ethnographic background on foraging populations in mind, and applied to population data on them. Simulations utilising the model enable a 75,000-year prehistory of foraging groups to be constructed, a picture of environment-organism-genetic interaction in the long term. This may, as further developed, serve as a baseline indicating possible ultimate evolutionary parameters within which proximate mechanisms — introduced in the relatively short and recent 2,000-year period of more complex agricultural, urban and manufacturing societies — can be understood. 

			
Concluding Note 

			In view of the historical development of population thinking traced in this chapter, it is clear that research has moved on from the hunt for ostensible laws of natural selection based, for example, on Malthus’s positive check in closed populations, or the eugenics of reproductive selection. The Evolutionary Synthesis, in reasserting Darwin’s dual conceptualisation of population thinking, has facilitated a closer relation between formal modelling and local population data, whether in laboratory or field settings, and increasingly in the later twentieth century with reference to proximate processes observed in human groups. Stepping back from this long and complex history, the importance of evolutionary population biology to demography may be summarised broadly on two counts. 

			One, as we have seen, is to remind demographers of the substantial body of population theory on which social and biological population research jointly rest. Darwin, in building his theory of evolution on analogy between observation-based natural history and Smith’s account of the division of labour, enabled evolutionary biology to remain truer to the long tradition of open population thinking than has been the case in demography, with its overriding focus on closed methodologies of population statistics. Demography over the nineteenth and twentieth centuries remained primarily the study of population renewal, whereas evolutionary biology has addressed both renewal and structural change by explaining the dynamics that renew population heterogeneity. Yet Darwin, in also insisting on the crucial role of statistical demonstration of the variation and divergence of characteristics, opened the door to applications of actuarial methods, which early-twentieth-century analysts like Lotka, Fisher, Galton and Pearson then began to develop. Recognition of the complementarity of the two concepts of population was one of the main achievements of the Synthesis. 

			A second wider implication of this history follows from the fact that mid-twentieth-century social and economic demography did not undergo a comparable synthesis. Its approach to theory, notably in attempts to explain demographic transitions, remained focussed primarily on the evidence of closed population methods, often viewed in terms of stylised macro- and micro-levels. This methodology has undoubtedly proven very fruitful in tracking aggregate trends at these levels. The central finding of a vast body of research on demographic transitions has been to demonstrate the immense heterogeneity of fertility and mortality declines in the modern era, taking place in a vast array of environments — exactly as Darwinian population thinking would lead us to expect. However, in its reliance on closed units, often based on institutional compilations rather than sustained observation of groups in society, and without a primary focus on evolving interdependence and divergence amongst constituent populations, demography has encountered great difficulty in providing a scientific explanation of its central finding. Evolutionary demography, following on from population biology, recognises that heterogeneity requires explanation on several levels, from genetic and cellular processes up to the diverse ways in which social groups are distributed and redistributed in social structures over time.17 Formal population analysis remains by definition addressed to closed units, but its development is shaped necessarily by increasingly complex bottom-up configurations of observed proximate mechanisms — the “division of labour” within and amongst local populations which Darwin recognised as the locus of environment-organism-genetic evolution. 
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						1	For historical background to the Classical Model and its subsequent development in population arithmetic, political economy and population renewal theory see Kreager 2008, 2009 and 2017.


						2	Schweber notes that the review of Quetelet’s book which Darwin annotated concluded with remarks on this inadequacy (1977: 293).


						3	Comparison of Darwin’s and Smith’s population thinking draws on Schweber (1977, 1980) and Kreager (2017). Schweber further remarks on the status of the division of labour as a widely employed metaphor and model in the mid-nineteenth century. That said, Darwin’s debt to Smith’s account of population specialisation, interdependence and the renewal of heterogeneity as fundamental elements of the dynamics of evolution should not be overstated. As with his incorporation of Malthus’s positive check, Darwin sought analogies that would enable him to think cohesively about observed processes recorded by natural historians — not a systematic reduction of biological phenomena to principles supposed to regulate political economy. This is evident merely in the fact that most types of feedback in environment-organism interaction differ from those in the division of labour, and Darwin did not pursue analogies to Smith’s population thinking further than its general logic. As we shall see, in providing a place for formal, statistical analysis of variation in his theory, Darwin’s logic marked a major advance on Smith, which is central to the “revolution” remarked by Mayr.


						4	Thus, “In an extremely small area, especially if freely open to immigration, and where the contest between individual and individual must be severe, we always find great diversity in its inhabitants. For instance, I found that a piece of turf, three feet by four in size, which had been exposed for many years to exactly the same conditions, supported twenty species of plants, and these belonged to eighteen genera and to eight orders, which shows how much these plants differed from each other. So it is with plants and insects on small and uniform islets; and so in small ponds of fresh water. Farmers find that they can raise most food by a rotation of plants belonging to the most different orders: nature follows what may be called simultaneous rotation.” (1996: 94).


						5	For example, in making an estimate of relative frequency, Darwin made multiple calculations each based on different ways of proportioning a population, and then compared the results — in effect, reinventing a method Graunt had devised two centuries earlier (cf. Browne 1980; Kreager 1982).


						6	Darwin adopted Classical population thinking not only because it was a model that was integral to Smith’s account of the division of labour and early quantification of human society, but because it was also established practice in natural history. Thus, in his extensive comparative study of barnacles (1851), he drew on the large body of data available in natural historians’ plant catalogues, and the established field of botanical arithmetic, in which counting and comparing physical characteristics was a standard practice (Browne 1980).


						7	Lotka sets out the analogy between species populations and those of molecules carefully and elaborately, emphasizing that his analysis is confined to “isolated systems” (1925: 26) and that, as in all probabilistic models, possible events and relations are limited to those specified by classifications in advance (1925: 35; 41). When he later came to develop the model for human fertility and mortality, he was able to say more simply that analysis by definition is confined to “closed populations” (1939:11). The following very brief summary can scarcely do justice to his extended presentation.


						8	Pearson refused, being a socialist.


						9	Pearson admitted in a footnote (1896: 398–39, n.4) that his statistical approach via correlation puts aside Darwin’s central concern in the Origin with how variation can give rise to new demes and species. Pearson reduces fitness to progressive change in extant species defined as composed of homogeneous social classes.


						10	Although outside the immediate topic of this chapter, Mendel’s method independently encapsulated the combined open and closed population reasoning that Darwin pioneered. Peas of seven seed types were selected, merely on the basis of visible distinctive characteristics (smooth, wrinkled, white, etc.). This selection amounts, in effect, to a pragmatic hypothesis that such features indicate genetic variants. The seven types were planted, and numbers of offspring consistent or variant with the original types noted in the outcomes for each planting. Self- and cross-fertilisation of offspring were then carried out in regular combinations across a succession of generations, and the outcomes enumerated. In this genetic demography of peas, the question ‘What constitutes a population or sub-population?’ is left open, and the specification of the several sub-populations emerges as a key result from observation, including the ratios that give the regular proportions of dominant and recessive forms that arise from the relationships between them. In effect, the behaviour exhibited in the experiments sorts the population into recurring groups defined by their observed qualitative and quantitative properties (of which the most famous is Mendel’s is 3:1 ratio expressing the incidence of dominant versus recessive traits); such regularities then become properties that can be tracked and modelled in wider surveys and in other populations. 


						11	In order to treat human populations without reference to their environment, Lotka made a number of further assumptions which have subsequently been disproven (Kreager 2009: 474n) 


						12	Lewontin (2004: 13) describes this as “a lack of transitivity in fitness”: “Competing genotypes can play a game of ‘scissors-paper-stone’ in which genotype A is superior in competition with B and B is superior to C but C is superior to A, because in each competitive interaction a different set of attributes is involved: A is stronger than B, B is faster moving than C and C is more aggressive than A.”


						13	The view that separatism arose largely from post-war demographic aversion to eugenics and its pre-occupation with rapid population growth, for example in Kreager (2009), neglects four key factors, of which three are evident in the preceding discussion. One is that the GRO’s extensive work to refute eugenics shows that early twentieth-century demographers were already strongly critical. Secondly, eugenicists’ claims that their work was a contribution to Darwin’s theory were unfortunately not refuted adequately by Galton’s contemporaries even though, as we have seen, the fundamental premises of eugenics were a travesty of Darwinian theory. In the absence of such clarification, the confusion of evolutionary approaches with eugenics continued to influence some demographers over the whole first half of the twentieth century, e.g. Pearl (1925). Third, while demographers took Lotka’s mathematics seriously, they jettisoned its evolutionary rationale. We may wonder whether they understood clearly that his biological application concerned ecological issues marginal to central issues in evolutionary debates; again, separatism occurred on the basis of limited awareness relating to a biological sub-field, not with reference to mainstream evolutionary population thinking. In short, the separation of demography and evolutionary theory was established over the early decades of the twentieth century, and then reinforced by post-war demographic concerns.


						14	For example, a population of haemophilia sufferers can be identified on the basis of a single gene, but in the study of cancer or multiple sclerosis the genetic component is much more complex, and there remain serious questions as to environmental influences across the life course which vary between individuals. 


						15	Spencer (2015) considers the importance of not grouping population members on a priori criteria as a concern in current genomic research. While the iterative approach to modelling just described is commonly employed, he remarks on “the unease we have with describing the continuums of diversity of organisms like humans as discrete groups” (2015: 502), and continues by pointing out that if, “in fact, genotype data are available for each individual within the sample […] why not model each individual as a ‘population’, and let the covariance in alleles between individuals capture the population structure?” (2015: 512). In such a local model space, use of an individual-level correlation matrix avoids having to define populations other than as individual genomes; the set of principal components thus established constitute clines of genetic variation, which may then be explored in a wider sample of individuals. As Spencer says, “every man is an island (or at least a population)” (2015: 512).


						16	Beginning in the 1960s, two distinguished British evolutionary biologists, William Hamilton and Brian Charlesworth, developed models of ageing that relate genetic variation to life history, and which have substantially reshaped understanding of variation in longevity and its relation to fecundity. Further discussion of Hamilton can be found in Ronald Lee’s chapter, ‘Sociality, Food Sharing and the Evolution of Life Histories’, and of Charlesworth in Ken Wachter, ‘Genetic Evolutionary Demography’, both in this volume. 


						17	Exploration of alternative levels of analysis and their implications for explanatory models are a subject of the many contributions to Kreager et al. 2015. 


						18	Note this chapter has been posted on the Open Science Framework website since 13/06/2019, after it was accepted for publication, so the references will reflect when the chapter was written and not the OBP publication date.
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			Human evolutionary demography has produced striking advances by applying the lens of fitness maximization to demographic data. This approach has strong parallels and links to life history theory, which concerns life patterns (e.g. age at first reproduction, age-specific fertility and mortality) and behavioural ecology, which examines ecological and social influences on behavior. Both those fields focus primarily on non-human species. In addition to clarifying fitness thinking within demography, human evolutionary demography is helping those of us in related fields to deeper understanding of our own disciplines, partly because we know so much in detail about human lifetimes and their diversity. Evolutionary demographers often can bring multiple scales of analysis and multiple kinds of data to bear on research questions, enriching our broader understanding. In the past, those of us who studied non-humans have not typically been able to do this — but seeing the value of such work, in at least some cases, for some species, today we may be able to do better. Finally, there is some potential for this cross-disciplinary approach to have real, and real-world, value in terms of making sensible and realistic policy.

			I am a biologist who stumbled into human evolutionary demography. When my son was two months old and I was a single mother, my field work was on digger wasps that hunt fast-flying robber flies. Schlepping my son, a portable crib and gear to the field site was awful (mostly my son screaming, reflecting how he hated this). I had an epiphany: I needed something to work on that I could do on the computer, after he was asleep. This led, in the 1970s, to my first work on humans. Then, six years later, at the birthday party of a colleague’s nephew, the grandfather — an evolutionary scholar — said to me “with your interest in resources and reproductive success, you should meet another parent here who has worked with the Swedish Demographic Database.” This was invaluable advice: the Database, originally designed so that schoolchildren could trace their lineages, had never had someone bring a set of testable hypotheses to explore, and I found a gold mine! An analyst there, who became a good friend, was amazingly helpful in getting the files organized. I discovered something I had never suspected about data gathered without reference to one’s hypotheses: they can’t be biased by one’s approach to questions — but they also sometimes fail to be useful for one’s important questions.

			That I should shift into demography is not as odd as it might seem, because my focus has long been on life history theory and behavioural ecology; evolutionary demography (with some language shifts) encompasses both. Life history focuses primarily on non-human lifetime patterns — demographics like age-specific fertility and mortality — which are shaped by the trade-offs all organisms face. Behavioural ecology takes analysis to a finer level, focusing on how environmental conditions shape both demographics and behaviour. And human evolutionary demography tackles all of these concerns for the species about which we have, arguably, the best and most detailed data. 

			All three of these approaches examine the costs and benefits of different life history/demographic patterns under varied environmental constraints: age at first reproduction; trade-offs of current versus future reproduction; semelparity (one-time reproduction)/degree of iteroparity (how often reproduction is repeated); clutch or litter size; trade-offs in offspring size versus number; and more. The languages used differ across fields somewhat, as do the emphases, but cross-fertilization across perspectives has been fruitful — and I think has become even more useful today. I attempt nothing like a complete literature review; other chapters will do that admirably. 

			Here I hope to highlight facets of evolutionary demography that help those of us in related fields to deeper understanding of those fields: the importance of multiple scales of analysis, and of multiple kinds of data; the value of really deep knowledge in a particular species for enriching broader studies, and the value of evolutionary demographic analyses in the wider, applied policy world. 

			Organisms invest time and energy in growth, maintenance, finding mates, raising offspring. For many expenditures, what is spent on one endeavor cannot be spent on another: energy invested in an offspring, for example, cannot be used to improve one’s own condition. Which expenditure is most effective at any moment depends in large part on environmental conditions (Stearns 1992; Roff 1992). It is worth noting that both Stearns and Roff included human data for comparisons when available. 

			The three approaches — life history theory, behavioural ecology, and evolutionary demography — are strikingly parallel; their evolutionary and ecological bases are deep and clear. As noted by Sear et al. (2016), all three seek ultimate explanations for the variation we see in life history variables. They contrast, in that life history comparisons tend to be broad in scope, comparing multiple species; behavioural ecology tends to focus on ecological influences on behaviour, often for one particular species. However, until recently (Borgerhoff Mulder 1991; Cronk 1991a), neither of these considered human patterns. Human evolutionary demography produces rich and detailed data on past and present populations within one species — humans. Evolutionary demography not only uses this perspective, but also commandeers the social science “bottom up” approach in examining variation — looking at proximate triggers or cues for behaviour. The combination is powerful.

			Human life histories and demography may show more intraspecific variation than we (think we) see in other species. We have, for example, broad cross-cultural data for more than a thousand societies (many of which are traditional), and we have modern transnational data for about 175 nation states. This complexity and variation within a single species suggests, I think, that evolutionary demography can both enrich and refine life history theory and behavioural ecology.

			Although scholars in the various fields were not well connected when pioneer evolutionary demographers began to apply the lens of fitness maximization to demographic issues, these pioneers converged on problems central to life history theory and behavioural ecology — which were then still developing as well. The work accumulated was revealing (see Sear et al. 2016 for an excellent review). Alice Clarke, then a doctoral student, and I were struck by the commonalities, leading us to write a review of papers testing evolutionary hypotheses with demographic data (Clarke and Low 2001). It was rewarding to find real progress. 

			
			Sometimes, in those early years, papers read like ‘standard’ demographic papers. The evolutionary and ecological hypotheses that drove the questions might be hidden — but they were there, and were important in beginning to infuse demography with evolutionary thinking. At the time, I was dubious, but I now think such ‘stealthy’ approaches were really helpful: do outstanding demography, link results to things evolutionary scholars think are important, but do not “lead with your chin” by aggressive labeling (further, I am hearing from colleagues today that stealth is still useful in getting published and in changing minds). I think the new lens helped shift the thinking of “classical” demographers. I remember showing a “box” in Daly and Wilson’s (1983) Sex, Evolution, and Behavior to a demography colleague who was methodologically expert. The box took an evolutionary lens to an excellent paper by the colleague; the writing was aimed at people already using an evolutionary perspective. He became agitated, and forcefully shut the book. We said no more about the topic, but in a very few years, as evolutionary demography papers accumulated, he was moved to write about an evolutionary perspective arising from his own data (Knodel et al 1997). 

			The work Dr. Clarke and I found focused primarily on traditional and historical societies; it covered basic topics in life history, and included work on strategy-environment matching both in the past (historical forces) and in the present (current utility). The authors we reviewed were anthropologists, economists, demographers and biologists — all expanding horizons in demography by examining human demographics through an evolutionary lens — what today might be called part of behavioural ecology. I still have a preference for the term “ecological demography” (Low, Clarke, and Lockridge 1992, Low 1993) rather than “evolutionary demography” because almost all extant work is about how well particular strategies perform under specific ecological and social conditions — that is, behavioural ecology. We seldom have the relevant genetic information to infer evolutionary change over time. In biology, the term “evolution” often concerns changes in gene frequency over time — and even now, few studies on human adaptive responses can meet that criterion.

			Many of the topics Dr. Clarke and I found in 2001 tended, unsurprisingly, to be rather straightforward parallels to the sorts of questions raised by life history theory and behavioural ecology papers on non-human species: 

			
					
age-specific fertility (Daly and Wilson 1997); 

					relationships between resource control and/or status and reproductive success, especially for males (Chagnon 1979; Irons 1979; Hill and Hurtado 1996; Kaplan et al. 1995; Betzig 1986) and family lineages (Hughes 1986; Turke 1989); 

					quantity-quality trade-offs in fertility (Becker and Lewis 1974; Mace 1998, 2000a); 

					the rarity of twins (Lummaa et al. 1998; Haukioja, Lemmrtyinen, and Pikkola 1989; Gabler and Voland 1994); 

					infanticide (Daly and Wilson 1984, Hrdy 1992, Hill and Hurtado 1996) and child abuse and neglect (Daly and Wilson 1984); 

					infant and child survivorship as a function of parental socioeconomic status and a child’s sex (Mace 1998, 2000a); 

					
optimal birth spacing (Blurton Jones 1986); 

					sex-biased investment (Trivers 1972; Charnov 1982; Cronk 1991b); 

					the impacts of migration on lineage success (Clarke and Low 1992). 

			

			
			In each case, the issue of optimization — finding the most reproductively effective strategy, given environmental constraints — was paramount, as it remains today. These papers, and more, represented new and fertile investigations in anthropology and demography. They connected previously separate fields, and had strong ties to work by biologists on other species. We found scattered, less concentrated work on additional topics: sex differences in remarriage; impacts of illegitimacy on survival and reproductive success; and alloparental care. 

			Another ubiquitous concern in these early papers was that of trade-offs, imposed not only by ecological conditions, but also cultural practices. Even that long ago (2000–2001) there was well-grounded work that, while focusing on important life history topics, integrated these with cultural practices (e.g. optimal fertility and inheritance (Mace 1998, 2000a) and the impacts of marriage system on child mortality (Strassmann 1997)) that can affect the relative advantage of alternate strategies. The issue of trade-offs is as old as Darwin. Like Lawson and Borgerhoff Mulder (2016) and others, I have argued that demographic transitions are really about how much investment in children matters in improving their competitiveness, and that increased per-child investment usually results in fewer children because of the trade-offs. This is simply a re-phrasing of the quantity-quality trade-off raised by Darwin (1871, I: 319):

			The only check to a continued augmentation of fertility in each organism seems to be either the expenditure of more power and the greater risks run by the parents that produce more numerous progeny, or the contingency of very numerous eggs and young being produced of smaller size, or that are less vigorous, or subsequently not so well-nurtured. 

			Of course, evolutionary anthropologists and demographers (e.g. Borgerhoff Mulder 2000) and some economists (e.g. Becker and Lewis 1974; Becker and Tomes 1976) have recognized and highlighted this quantity-quality trade-off; though I have found no other reference as old as Darwin. 

			The costs and benefits of trade-offs may differ for different kinds of individuals. Suppose there is a trade-off between offspring size and number: a beetle female cannot make as many large eggs at a time as small eggs — but really large beetles can nonetheless make a lot of very large eggs (biologists call this the “phenotypic correlation”). That is, specific individuals with extraordinary resources may not be so constrained as others (e.g. Lessells 1991). Similarly, what you spend on your house, you cannot spend on a car (you have finite resources) — yet really wealthy individuals can afford both a fancy house and a fancy car. In modern societies with high inequality (in wealth, health access and more), this may mean, for example, that wealthy individuals can have many children and invest fully in all. There can be circumstances in which familial wealth (or other contributions) reduce the trade-offs (as above: when more resources mean more, still highly-invested, offspring). As Easterlin and colleagues (Easterlin 1978; Easterlin and Crimmins 1985) argued, we may be back to: “more resources leads to higher fertility.” 

			Further, it is clear that such cultural influences as religious and legal rules (pro- or anti-fertility) and individuals’ assessment of their status relative to their parents, their cohort and others in their current environment influence fertility decisions. Thus, we will continue to see great variation. The task now is to understand that variation (e.g. Macunovich 1998) — and here, I think evolutionary demographers lead the pack.

			Though we attempted a thorough review, Dr. Clarke and I missed some important papers (e.g. Mace 2000b); we even missed analyses of clearly ecologically-driven issues like optimal foraging (e.g. Smith and Winterhalder 1992). We weren’t alone; unintentional biases in citations were common, often reflecting difficulties in covering literature, for example, from other countries, or different communities of scholars (see Sandstrom 2001). This problem has been ameliorated over the years by services like Google Scholar, Academia.edu and Research Gate, so that today, thorough coverage of papers on a topic is easier to achieve, and failure to be complete is more easily discovered.

			
What Is Exciting Today

			Early work in evolutionary demography drew on principles from biological theory, particularly optimal foraging theory, life history theory and behavioural ecology; the concept of (biological) fitness maximization was then largely unknown in classical demography. As a result of the progress and explosive expansion over time of evolutionary-minded papers, we are at an exciting juncture today in many ways. 

			Human evolutionary demography is in a position to inform and deepen our understanding in several fields, from some presumably ‘simple’ and unquestioned principles in life history theory to fertility policy. Current evolutionary demography can draw on more kinds of data than earlier work. Often, it can provide analyses at several scales, from transnational analyses to analyses of individual patterns within a single population or sub-population. Models are more sophisticated today, and potentially more useful. It is not my intention to review modern advances: again, other chapters in this volume do that. But I will explain why these advances excite me.

			
Finding the Right Scale of Analysis: It Depends on the Question

			Because scholars are interested in human data for many reasons, and demography is a broad subject, papers’ emphases can vary greatly. In non-evolutionary demography, both single-population and large-scale comparisons were common, but in some cases, we would say today that the match between scale of analysis and the questions asked could be improved. An example is work by Birdsall (1980; see also Birdsall and Griffin 1988); these papers were broad comparisons examining fertility across nations and completed fertility within nations by wealth category for four countries. Birdsall’s analyses were important, in the service of understanding fertility and poverty in the developing world. Yet as a behavioral ecologist I was struck, and initially confused, by the emphasis on transnational comparisons. The transnational data looked (loosely) as though fertility was higher when resources were more limited — the opposite pattern from that found in other species, in traditional societies and in historical societies. 

			I eventually realized that (as you will find obvious) these were spurious patterns for the questions that interested me: the reproductive patterns of families in such strikingly different ecologies, as it were, were simply not comparable for evolutionary questions, though they clearly had policy relevance (Birdsall’s focus). Similarly, Vining (1986) and Pérusse (1993), who took similar approaches, argued that cultural success and biological fitness were unrelated or negatively related. Stulp and Barrett (2016) have noted that such cross-sectional comparisons were inappropriate for analyzing wealth-fertility patterns.

			Birdsall’s within-country comparisons by wealth quintile showed patterns that by now will be familiar to many of us: in some nations, wealthier families had more children than less wealthy families, in others, mid-income families were larger. Today we recognize that there is no single pattern; results depend on conditions (more below). In Birdsall’s work, there was no real conflict in the empirical data, but the conclusions drawn more or less ignore the within-population results — yet these are important for questions of interest to us. 

			
			It is important, then, to recognize that different scales of analysis are appropriate for different questions. How does one decide on the appropriate scale for a question? In comparative analyses from both non-human life history/behavioural ecology and human evolutionary demography, both large-scale and small-scale comparisons can be useful. Early on, there were occasional mismatches that confused at least some of us. As biologists sought to make large generalizations, they typically compared across species. Sometimes evolutionary demography papers do too, with important results (e.g. Galdikas and Wood 1990). Most comparisons of human populations today do a good job of matching scale to question. 

			Comparisons across human populations, or across individuals within a population, may highlight complexity that is masked by cross-species comparisons. These approaches offer rough parallels to general life history theory and behavioural ecology, which similarly look at variation among individuals that belong to a category within a population or across conspecific populations in different environments. I suggest below that the detailed understanding brought by more localized studies can usefully inform the broader arguments. 

			The lack of an evolutionary lens in non-evolutionary analyses of demographic transitions led, I think, to a relatively narrow focus. For example, the well-studied historical particulars of the Western European transition led non-evolutionary demographers at first to imagine that industrialization was the driving force in lowering fertility; this confusion of correlation with causation led to consternation when developing nations such as Thailand (e.g. Knodel, Havanon, and Sittitrai 1990; Knodel and Wongsith 1991) underwent rapid demographic transitions without industrialization. In Thailand, the important proximate factor turned out to be the benefits of secondary education (which was not free) in getting good stable jobs so one could marry and have children. Parents discussed how many children they could afford to put through secondary school, and fertility fell dramatically, from eight to ten children per couple to roughly two, in about ten years. 

			This importance of the reproductive utility of particular statuses or resources, and the requisite costs to acquire them, are widely recognized in evolutionary demography. Even early classic evolutionary anthropological or human behavioral ecological studies of traditional societies routinely found that even for ostensibly egalitarian groups lacking any formal currency, a man’s skill (e.g. hunting among the Ache: Hill and Hurtado 1996), social/political status and power (e.g. among the Yanomamo: Chagnon 1979) mattered to reproductive success. When physical resources exist (e.g. cattle, sheep or goats among the Kipsigis: Borgerhoff Mulder 1988, 1990; or money from market transactions e.g. among the Turmen: Irons 1979) they are used. 

			The bottom line is simple: whatever resources, tangible or intangible, can improve reproductive success, they will be so employed. Because these societies (and most traditional societies) are polygynous, it is males who are mostly affected. Even apparent exceptions actually follow the rule. Among the Mukogodo, parents invest more in their daughters than their sons (e.g. in food distribution or trips to the clinic: Cronk 1991b) — is this an exception? No. In this case, the Mukogodo are the poorest and least powerful people in the region they inhabit. Mukogodo men are seen as undesirable by families from other groups in the region; plus, Mukogodo men can rarely manage the bride wealth demanded. But Mukogodo daughters can marry into families from higher-status groups, so it pays reproductively to invest more in daughters for Mukogodo families.

			Certainly, in traditional societies for which we had data, increased resource control (and/or status) typically led to increased reproductive success, primarily for males (just as for other species studied). Historical data reinforce this pattern, even in socially monogamous societies. Wrigley and Schofield’s (1981) detailed non-evolutionary work found that marriage and birth rates in England historically fluctuated, tracking the economic environment. I similarly found in nineteenth-century Sweden that fertility and marriage rates fluctuated in response to the ecological pressures of shortage and abundance of resources — transitions were local and reversible; I could find no evidence of a monolithic, irreversible transition in Sweden (e.g. Low and Clarke 1983). Nonetheless, even though divorce was unknown, wealthier men had, through remarriage after a wife’s death, higher lifetime fertility than poorer men (see summary in Low 2015). Voland (e.g. 1990) similarly found that wealth enhanced fertility for Germen men. The variation we observe actually clarifies the fact that fertility is, in fact, influenced by ecological factors.

			Some of my biology colleagues may well recoil from placing humans in this “bin” with other species. We all agree that natural selection operates on humans as well as other animals, but for complex behaviors such as fertility timing, humans can be and are influenced by cultural factors (religion, cultural norms) and other group-level influences (e.g. policies at governmental levels, which shape individual costs and benefits). Surely this invalidates any comparison? I would argue that what we are asking is: are responses, however mediated, ecologically appropriate (e.g. does fertility fall when resources constrict)? The major difference between genetically-dictated responses and “cultural” (etc.) responses seems to be that responses arising from phenotypically plastic conditions (whether “if-then” genes or conscious, culturally-mediated decisions) is that phenotypically plastic responses can react quickly (e.g. Cavalli-Sforza and Feldman 1981). So whether we are asking about genetically or culturally mediated responses, the core question remains valid: do responses make ecological sense? There is one caveat, however: cultural responses that are ecologically inefficient can persist for some time in humans, because humans have such a long generation time. All we can really say is that cultural norms that are costly in terms of dramatically reducing reproductive success will never become and remain the most commonly-observed behaviours, and will tend to be replaced over time — e.g. the Shakers.

			So far, what I know reinforces my understanding that, because the real question is about selective appropriateness, we are finding that resilient human responses are, indeed, typically selectively sensible norms. What a pleasure today to see how evolutionary demographers with broad and deep data on post-transition societies (e.g. Stulp and Barrett 2016; Stulp et al. 2016) tease apart the relationships between wealth and fertility (generally positive), finding that considerable variation makes ecological sense. 

			Again, the scale of focus must be appropriate for the questions asked, and evolutionary demographers are able to integrate data across multiple scales. They continue to demonstrate that work at multiple levels, with well-matched levels of analysis to questions, generates real understanding.

			
Integrating Multiple Kinds of Data Brings New Insights

			A particularly fine development has arisen today because evolutionary demographers are using multiple approaches that complement each other. Empirical field data (analyzed through an evolutionary lens), large secondary data sets and lab work each bring different dilemmas to a researcher, but, I think, each also offers unique insights. Together, they enrich our knowledge at multiple levels. Over the years, I have found that field work (I have worked on non-human species from kangaroos to digger wasps) leaves one at the mercy of field ecological conditions, but can also lead to new insights simply because you are watching intensely, and ecological conditions can change. Lab work (e.g. calcium metabolism in a number of species) allows a more targeted analysis, from biochemical and physiological aspects to DNA analyses, but can sometimes be tedious, and (especially in shared labs) vulnerable to unforeseen contamination. And secondary analyses of existing large data sets, such as the nineteenth-century Swedish demographic data, can give us windows into worlds we otherwise could not approach. However, because the data were likely gathered for questions other than yours, they can be frustrating to work with. 

			
Evolutionary Demography Can Enrich Biology

			I think the multi-faceted findings from evolutionary demography can inform and deepen biological analyses that exist at the broad, multi-species level of comparison. Here is an example. Biologists have understood for a considerable time that life expectancy at birth or hatching (e0) predicts much about reproduction, and that it is the impacts of extrinsic mortality (not especially related to individual behaviour) that matters. The shorter the life expectancy, the (relatively) earlier reproduction (AFB, age at first birth) will begin; this typically means that total fertility rate (TFR), and resulting age-specific fertility, will be higher for populations, or lineages, experiencing short life expectancy at birth.

			The classic paper (Harvey and Zammuto 1985; see also Figure 5.10 in Stearns 1992) cleverly transformed data to compare life expectancy at birth and age at first birth for warthogs and rabbits, chipmunks and meadow voles and more; the results were striking. Of necessity, they used existing data, which were (and are) hard to come by. As a result, the comparisons made two crucial assumptions. Firstly, any population will adequately represent the species: a chipmunk is a chipmunk is a chipmunk. Secondly, relationships are at equilibrium and do not change rapidly. These are relatively common assumptions in ecology.

			But are these assumptions accurate? I can hear evolutionary demographers chuckling already. The wealth of data on human populations can help to clarify the complexities sometimes overlooked in big generalizations. The basic relationship (above) holds for humans as well as other species: the lower the life expectancy at birth (e0), the earlier reproduction begins, and the higher fertility is likely to be throughout life (Low et al. 2008; Low et al. 2013; see also Daly and Wilson 1997). However, across human populations, the relationship is non-linear, and there is extraordinary variation. Further, it is clear that neither of the assumptions made by Harvey and Zammuto holds for humans (Low 2013, Figures 11.2 and 11.3).

			Low et al. (2008, 2013) found that no single population would adequately represent the relationship between e0 and AFB for humans as a species. We could not capture all the variation, because the samples were national averages. Even so, the variation is dramatic: in a sample of 130 nations for which there were data for both e0 and AFB, AFB ranged from 18.2 to 29.6 years, and e0 ranged from 31.3 to 82.2 years.

			The wealthiest, longest-lived populations fit the generalization well, and had we only examined them, we could have produced a graph much like that from Harvey and Zammuto. Life expectancy at birth was a good predictor of age at first birth (Low et al. 2008: when life expectancy was >60 years: regression results were β=0.757, R2=0.58, p<.0001). In part, this reflects the strong influences of cultural norms (more below) on reproductive practices.

			In contrast, the greatest variation in AFB was in the poorest countries (called by the United Nations Development Programme “Human Development Index 3”: “HDI-3” in the data used). These societies approximate those termed the “Bottom Billion” by Collier (2007). In these countries, one would likely predict constraints to be greatest, just as appears to be true for other species: we expect life expectancy at birth to be short. Yet AFB could vary strikingly within a narrow range of e0. Rwanda and Chad, for example, had almost identical life expectancy, but AFB was 18.2 in Chad (which was extremely poor and suffered drought), and 22 in Rwanda, which endured genocide and civil war so severe it may have led to state collapse (Low et al. 2013). Here, the sources of mortality are important: early childhood deaths as in Chad affect life expectancy differently from adult deaths (principally HIV as well as genocide in Rwanda: Low et al. 2013, especially Figure 3). 

			What about the second implicit assumption: that life expectancy is in equilibrium? If life expectancy is not stable over time, the relationship between e0 and AFB may also be in flux, and mismatched. We found (Low et al. 2013, Figures 1, 2) that, indeed, life expectancy varied dramatically from 1955 to 2000 in essentially all countries, though the particular patterns of changes fell into several different groups. There were nine strongly different patterns of changing life expectancies (2xBIC ranged from 22.1–313.4; when this measure is >10, differences are considered very strong, so these patterns are extremely strong: Jones, Nagin, and Roeder (2001)). Here is a clear example of the ability of evolutionary demography to refine older, broader generalizations. And note that this analysis still lumps non-comparable populations together, as if ‘nation’ represented one population. We still have a lot to learn. 

			The lesson for biologists here, I think, is that just as picking one population at one point in time is inappropriate to represent “human fertility”, it is almost certainly true that not all populations of chimpanzees or chipmunks are identical, although I recognize that the logistic difficulties can be extreme in studying multiple populations of non-human species. And, in fact, we do know about some inter-population variation in a few species, such as chimpanzees and orangutans (e.g. Whiten et al. 1999, Watts 2008, van Schaik et al. 2003). Such fleshing out of the selective inferences from specific inter-population variance can enrich our understanding. Here, evolutionary demographers have much to offer biologists.

			
In the Wider World

			Often the work of life history, evolutionary demography and behavioural ecology can seem remote and academic. I think the opposite is true: only by focusing on the ultimate pressure of fitness maximization — the driving force shaping behavior — as well as fleshing out the proximate details of just how environmental pressures shape behavior, is it possible to get beyond our past of simply seeking correlations, to uncover what actually influences behaviour. 

			Human fertility is related in complex ways to a considerable number of factors such as wealth, income, education, certain kinds of female labor force participation and more. These relationships differ in least-developed and more-developed countries: ‘development’ typically involves more female education and more paid female participation in the labour force. 

			Once constrained largely by ecological influences, fertility today may be most strongly influenced by cultural factors: norms and religious beliefs (as in fights over abortion rights), and human oddities that probably count as ‘ecological factors’ because they contribute to an environment in which arguments succeed or fail (like policies such as tax structures that affect the costs of children, and more). In nations around the world, policies are being made constantly that affect women’s lives, both directly (e.g. access to health care, or rules about fertility control) and indirectly (e.g. policies affecting the costs and benefits of women’s individual choices). But many, perhaps most, such policies have unintended consequences, both in their direct and indirect effects. Who better to analyze proposed policy than scholars who not only measure and understand proximate drivers of behaviour (child-care availability, etc.) but who also understand evolved human biases — which can contribute to the failure of the best-intentioned proximate policies? I suggest that evolutionary demographers are ideally positioned to make a positive difference in this arena.

			Historical events can leave their footprints, complicating matters. Once (e.g. in the 1960s and 1970s), fears of overpopulation (e.g. Ehrlich 1968) were intense. Governments at various levels, and individuals, responded in various ways, again with unintended consequences. South Korea, in response to concerns about population growth, established policies that today have resulted in arguably the world’s lowest total fertility rate, and there is concern about ageing and loss of workers resulting from this policy overshoot.

			Fertility rates and total fertility vary around the world today. The UNDP’s Human Development Index rankings assess health (life expectancy at birth), education (years) and living standards (e.g. GDP per capita). As we would expect, fertility is strongly patterned with the HDI measures of development. The TFR for the most-developed nations averaged below replacement, but is well above replacement for the least-developed nations. Of course, this does not reflect within-nation variation; it does, however, suggest that governing bodies will have quite different interests in influencing fertility.”

			The most developed nations comprise much of the HDI rank 1 and they have below-replacement fertility, as well as delayed ages at first birth, and high levels of women’s education: the correlates you would expect. The proximate causes of declines vary. In contrast to the Korean experience above, Japan’s low fertility appears to have been driven first by individual choices rather than formal policy: after World War II, women appeared to shift to stop childbearing well before menopause (lowering TFR), and later to delaying both marriage and fertility. This resulted in a marked decline in fertility among women in their twenties, and a slight increase in fertility among women in their thirties (Tsuya 2015). Japan has, from the mid-1990s through the 2000s, implemented a number of policies aimed at helping parents of preschool children balance their domestic and work responsibilities, for example increasing child care opportunities and more. But the problems remain: despite pro-natalist policies, Japan’s TFR remains below replacement.

			Policy has typically addressed proximate influences: e.g. expanding educational and professional opportunities for women. But gendered divisions of labour, a major force in our evolutionary past, persist as an influence: in Japan, even though women are employed, they continue to do roughly five times as many hours of household work per week as do men (Tsuya 2015). 

			Many low-fertility countries hope to implement pro-natalist policies, but the complexities of fertility and its covariates suggest that more unintended consequences are likely to follow. Getting input from scholars who understand both proximate and ultimate influences on our behavior should help to reduce unintended negative consequences. Further, not only fertility rate, but other important demographics, such as sex ratio, can be affected. Well-meant Indian efforts to empower women, with the further goal of improving treatment of their daughters, backfired: the more educated and wealthy were the families or mothers, the more daughters suffered discrimination (Mahalingham 2007; Das Gupta and Visaria 1996). 

			Here is another difficulty in making policy: implementation of policies assumes agreement on policy goals — but from the level of individuals and communities to government institutions, agreement is often lacking. Perhaps the United States is an extreme in terms of polarization today, but consider the fights, at all these levels, about funding for Planned Parenthood, which provides information, outreach and reproductive services for almost five million people a year (https://www.plannedparenthood.org/). 

			Information, we hope, can help alleviate disagreements in which the difficulty is that facts are lacking. Policies affecting fertility, if successful, will have downstream impacts that benefit different actors. Lee et al (2014) brought a demographic lens to the questions raised by low fertility: who benefits, and who does not? Because there are multiple economic interdependencies that link both public and private intergenerational transfers across age, the impacts of transfers, and the policies that affect them, can differ. Thus, low (and falling) fertility can drive rapid population aging. Lee et al noted that almost half (48%) of the world’s population then lived in countries in which the total fertility rate (TFR) is below replacement. 

			In their analysis of forty countries, Lee et al. found that fertility well above replacement would benefit government budgets; fertility near replacement would raise standards of living (when factoring in the effects of age structure on families); and fertility below replacement would maximize per capita consumption (so long as the cost of providing capital for a growing labor force is included). Age structure and dependency ratios, for example, affect the outcome. Such analyses should be welcome in the policy world: many policymakers recognize that lack of data creates serious obstacles to effective policy (e.g. Takayama and Werding 2011). In sum, fertility and family patterns are influenced both by current costs and benefits, and by deep-seated influences that may derail the best-designed policies that affect current costs and benefits. Since Tinbergen (1963), in biology we call these current utility and phylogenetic or evolutionary influences. Human evolutionary demography is uniquely positioned to make a positive substantive difference in the real world. It sets what we learn in a context both broad and deep: the patterns we are uncovering give a rich context to what might once have been thought of as patterns peculiar to humans. 

			Human evolutionary demography adds enormous depth of information about life history patterns and ecological influences. It sets human data in the broadest context, creating important connections to evolutionary anthropology, demography, life history theory and behavioural ecology. It lets us examine what influences fertility patterns both broadly and in detail, at multiple levels and in a manner consistent with what we know about other species. If we want to influence fertility, for example, understanding how it is shaped by ecological or evolutionary patterns is crucial. Human evolutionary demography is a true, and important, nexus.
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			Demography was once a subfield of the social sciences dedicated to the statistical study of birth and death rates, and the mathematical description of these vital rates (function fitting). This also included an empirical examination of proximate factors that affect vital rates. Anthropological demography focused mainly on small-scale (non-Western) societies, and employed interpretations drawn from so-called “anthropological theory” (e.g., Howell, 1986; Campbell and Wood, 1998; Kertzer and Fricke, 1997; Bernardi, 2007). Cross-cultural comparisons were a mainstay of the field. In the past thirty years, however, anthropological demography changed significantly to become a theoretically informed study of mortality and fertility, and other age-related biological features. The theory is based on an evolutionary perspective that can unite human demographic studies with those of other primates, mammals and vertebrate species (e.g., Hill, 1993; Kaplan, 1996; Vaupel, 2010, Blurton-Jones, 2016). This transition expanded the field from the study of vital rates to one including research on growth, development, ageing patterns, etc. (physiological, cognitive, emotional mechanisms) that are strongly theoretically tied to mortality and fertility schedules (e.g., Ketterson and Nolan, 1992; Rickleffs and Wikelski, 2002; Kaplan and Gangestad, 2005; Kirkwood and Austad, 2000). These important changes in the field emerged primarily from the injection of life history theory from biology into the social sciences. A fundamental proposition of evolutionary biology is the recognition that fertility and mortality are the two components of individual fitness. Hence, all phenotypic adaptations that act on one or both of these components will evolve via natural selection. From this view, it is clear that the mechanisms of fertility and survival are key biological adaptations and can only be fully understood in the context of evolution.
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