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‘Prof. Hallam has written a unique and most interesting book on evolution. What is unique about this book is the psychological perspective applied to help us understand modern human evolution. In addition to traditional genetic and anatomical topics Hallam helps us understand how human evolution has been shaped by social and psychological processes from early hominins to the present. His introduction to the human characteristic of cleverness and its development in the context of multiple evolutionary processes is both unique and brilliant. The text consists of 81 relatively brief and interesting sections on topics that can be read in nearly any order to form a meaningful Gestalt or mosaic without overtaxing the reader’s ability to attend, comprehend, or focus. The book is most informative and is a pleasure to read without requiring any special knowledge or background.’

Glenn Shean, PhD, Professor of Psychology Emeritus, College of William and Mary, Williamsburg, VA, USA




‘The book is a panoramic and comprehensive survey of contemporary knowledge and debate on the subject of the evolution of human cleverness. Its content is structured in encyclopaedic fashion, with entries covering the topic from multiple perspectives. The style is lucid and concise, guiding the reader in masterly fashion through a complex maze of theory, fact, and speculation. The book offers the reader a rich, worthwhile, and illuminating voyage.’

Ariel Stravynski, Professeur Honoraire, Département de Psychologie, Université de Montréal, Canada




‘Ever wonder what makes humans so clever? Read this book and you’ll find out. It tells the evolutionary story of how our abilities emerge, what they enable us to do and how our cleverness is now impacting the whole planet. The question is: Can we use our cleverness to solve the problems we have created for ourselves in time to preserve our fragile world? Richard Hallam’s book details the tools we have at our disposal, we just need to use them. A marvellous book, highly recommended.’

Freddy Jackson Brown, Consultant Clinical Psychologist, North Bristol NHS Trust Associate Fellow, Centre for Educational Development, Appraisal, and Research, University of Warwick




‘As in his other books, Hallam’s talent is in making clear how things are complex. This is not to say that we are missing the juice of the matter, or that the picture is confused: On the contrary, in this book one can find clearly set out strong proposals concerning all we can reasonably know about human cleverness but, fortunately, one can also find all we don’t know about it, and all we can’t probably know.’

Adriano Bugliani, PhD, Assistant Professor, History of Philosophy, University of Firenze, Italy






The Evolution of Human Cleverness

The Evolution of Human Cleverness presents a unique introduction to the way human cognitive abilities have evolved. The book comprises a series of mini-essays on distinct topics in which technical terms are simplified, considering how humans made the long journey from our ape-like ancestors to become capable of higher-level reasoning and problem-solving.

All the topics are cross-linked, allowing the reader to dip in and out, but certain key concepts run through the underlying reasoning. Chiefly, these are adaptation and selection, the distinction between ultimate and proximate causes of behaviour, gene–culture co-evolution, and domain-general versus domain-specific cognitive processes. The book should help the reader draw lessons for the human species as a whole, especially in view of the environmental threats to its own existence.

Entries have been carefully crafted to cut through scientific jargon, providing bitesized and digestible chunks of knowledge, making the topic accessible for students and lay readers alike. The author draws on research from diverse fields including Psychology, Anthropology, Archaeology, Biology, and Neuroscience to provide an unbiased account of the field, making it an ideal text for students of all levels.
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The evolution of hominin cleverness covers a vast area of knowledge in numerous academic disciplines. The task I have set myself for this book is to summarise a mosaic of somewhat disconnected islands of expertise that deal with different aspects of the subject. The concept of cleverness ties them together, and this concept is broader than intelligence. I have aimed to provide bite-sized chunks of knowledge in which technical terms are simplified. I do not focus too much on the historical origins of competing schools of thought. It is not possible to cover everything that is relevant. The work of integration is left largely up to the reader who can dip at will into any entry and follow the links to associated material. Despite the mosaic structure, the entries do link up and they all cast light on the subject.

It is a challenge to get to grips with this material, but the subject is of interest to almost everyone. Speculation about the way our earliest ancestors thought and behaved deals with a past so remote that agreement can hardly be expected. Scientists who prefer to deal with ‘the facts’ tend to study fossils and archaeological traces. One 850-page encyclopaedia of human evolution devotes only around 200 words to ‘cognition’, and there are no entries for consciousness or intelligence [591]. In a survey of expert opinion on evolutionary origins, all seven ‘unique human traits’ selected for the survey were of an anatomical nature [551].

My background is that of a behavioural psychologist and psychotherapist, not a biologist, and this is bound to influence the way I present some topics. I have given little consideration to neuroscience, and with regard to the cleverness of animals, I consider only humans’ nearest primate relatives, the two species of chimpanzee. I have tried to compensate for scant coverage by liberally referencing books and articles, each of which is numbered in the text, and listed at the end of the book. Each entry is fairly short, usually between 500 and 2,500 words, hopefully sufficient to whet the appetite but not too heavy on stomach or brain.

All entries have a bearing on the evolution of hominin cleverness. It is generally accepted that humans evolved from an animal that resembles the living great apes. The main thread tying the topics together is the evolutionary thinking first presented clearly by Charles Darwin. I will assume that our earliest ancestors evolved to become cleverer in order to deal with any problem thrown at them, and that this in some way furthered their survival and reproductive success. Of course, living humans do not always produce ‘clever’ solutions to problems, and the problems they pose are not always well chosen. For perhaps the first time in the evolution of the species, humans have become aware of the possibility of their own extinction, brought about by numerous unthinking actions. Human cleverness did not evolve to solve this kind of problem. In the vast expanse of hominin evolution, our ancestors lived in relatively small groups and their cleverness seemed to be adapted to community living. Consequently, contemporary humans, living in huge populations, with access to technology and forms of communication that are still only decades old, are liable to all kinds of stupidity.

Cleverness nevertheless differentiates Homo sapiens most clearly from other primates, given that our emotions and sexual appetites are not that dissimilar. In terms of survival and reproduction, the human species has been outstandingly successful, but the verdict must be out for a longer timescale. Evolution is not driven by foresight, although humans are now technically in the position, through gene editing and selective breeding, to contemplate different paths for their own future. It is already ‘saving’ other species from extinction in order to save itself. There is a sense that humans are becoming aware that they have to apply their problem-solving skills for the collective interest of the species. It is questionable whether humans actually have a capacity to imagine and deal with problems on a larger scale. Our ancestors evolved in the way that they did because they learned to solve small-scale problems together. Unlike our closest relatives, who seem to be primarily self-oriented, hominins began to solve problems for mutual benefit.

If our hominin ancestors resembled competitive apes, it seems remarkable that they evolved into a cooperative species with pro-social motives. In some way, they recognised that shared cleverness would benefit everyone. In the contemporary world, these ancestral traits reassert themselves most strongly when disaster threatens. This return to mutual support is not a product of philosophical reflection or a resurgent sense of morality. The impulse must be as hardwired as sex because, at some stage of our evolution, it proved unbeatable.

Evolution works without a purpose on the material available, and so in this sense, human cooperation is an ‘accident’. It seems to have been an accident of both nature and culture. Hominins were clever enough, once a capacity to formulate a problem symbolically had evolved, to appreciate its nature and seek a solution. Non-human primates face choices, moment to moment, between eating, mating, grooming, sleeping, playing, defending a territory, etc., but when hominins evolved the capacity to recall past experiences and imagine future possibilities, a whole new world of problems loomed into view. Rules evolved to regulate what would otherwise be an anarchic state of affairs. The resulting ‘cultures’ were probably Heath Robinson affairs from which the wheels could easily spin off. Contemporary cultures are also extremely variable and undergo constant change, often in ways that social scientists are unable to predict. Nevertheless, the ancestral condition of communal problem-solving has probably been retained as a feature of ‘human nature’.

For day-to-day problems, humans turn to family, friends, counsellors, and voluntary organisations. This form of problem-solving is in marked contrast to the rule-governed procedures of policymakers, planners, and scientists. Society-wide problems are rarely addressed by communal decision-making as it might have been conducted by our hunting and gathering forebears. ‘Social policy’ for the common good is presently the domain of politicians, specialists, and technologists. These experts do of course provide solutions to threats to survival: medicine, non-polluting forms of energy, industrial farming, welfare benefits, etc. Experts are largely motivated by career progression, a badge of honour, or commercial success. The links with communal problem-solving are tenuous.

The belief that science and technology are capable of producing a solution to almost any problem is strong. Scientists see themselves as working towards a unified body of knowledge, towards ‘consilience’, the title of a book by the biologist E. O. Wilson [588]. The aim is to get closer to objective truth, which, it is assumed, will assist the human race to understand and solve the predicaments it confronts. It is as if the destiny of human evolution is cleverness itself. Scientists are sometimes happy to take on the mantle of a priesthood, sharing the myth that the solution to any new challenge is just a matter of extra effort and diligence. They stand for ‘progress’, even though each application of science tends to bring additional problems in its wake. An alternative destiny, more consistent with our earlier evolution, would be to get by as best we can, designing stable and serviceable social arrangements. With this aim in mind, an ambition to travel to Mars, let alone live there, would be a superfluous luxury.

Perhaps, our human ancestors always thought that the grass was greener on the other side of the hill and that this was a stimulus for the evolution of their problem-solving powers. Eventually, humans found themselves endowed with an unfettered imagination going beyond anything available to their mere senses. Problem-solving for its own sake became sufficiently interesting to fill up the whole day. This book explores how we might have arrived with a capacity for abstract thinking and its intelligent application. Humans are both blessed and burdened with an enquiring nature. In the face of what seem to be enormous problems of our own making, directing our attention onto the evolution of human cleverness might assist us in meeting them. Cleverness is the only resource we have, apart from a desire to do better.


Simplification of technical terms

Certain technical terms that are shared across disciplines are retained. The term hominin refers to humans and their forebears, plus any other bipedal primate that split off from an ancestral lineage around 6–9 million years ago (mya). Apart from an erect posture, hominins have a larger brain than other primates and they behave in more complex ways. Hominins were formerly called hominids, but the primate family Hominidae is a classification that now includes primates known as the great apes.

I have tried to limit the number of technical terms and also devise simplifications of my own. For practitioners of the ‘palaeosciences’, the correct technical terms trip off the tongue but with respect to geological eras and phases in evolution, it is easier to refer to ‘numbers of years ago’, that is, thousand years ago (kya), or million years ago (mya). Human history is very recent, but the bigger picture is the Miocene (23.03–5.3 mya), Pliocene (5.3–2.6 mya), Pleistocene (2.6 mya–11.7 kya), and Holocene (the current epoch since the end of the last major ice age). Climate variability has been an extremely significant influence on human evolution, possibly accounting for the fact that agricultural revolutions occurred independently in different parts of the world approximately 12 kya [566:41]. This marks the end of the last major ice age.

There is a bewildering number of Latin names for hominin genera and species. Where appropriate, I mention them in detail. Otherwise, I refer to Ancestral hominins, our early ape-like ancestors living approximately between 7 mya and 2 mya, such as Australopithecus. Early Homo (2.5 mya to around 1 mya), refers to different species of Homo, the most notable of which is H. erectus. Late Homo, from around 800 kya, includes H. heidelbergensis from which H. neanderthalensis and H. sapiens are assumed to have evolved.

The hominin past has also been classified into eras of stone tool production. Oldowan tools were made with one or a few flakes that were chipped off with another stone (2.6–1.7 mya). Acheulean tools were oval and pear-shaped ‘hand-axes’ made from various rocks, requiring much more skill to produce (from around 1.8 mya). Later tools, with various refinements for different purposes, belong to what is called the Mousterian period (160–40 kya). The Middle Stone Age refers to African prehistory (280–25 kya). The New Stone Age (Neolithic) began around 12 kya and ended with the arrival of civilisations approximately 3.5 kya.

Speculation about hominin evolution has greatly benefitted through comparisons with other great apes, principally, the common chimpanzee (Pan troglodytes) and the bonobo (Pan paniscus). Humans were not descended from a species of great ape but from an ancestor common to all of them. It is widely assumed that the two species just mentioned resembled the common ancestor. Their separation into distinct species is thought to have occurred around 1.5–2 mya. I will refer to both as ‘chimpanzees’, distinguishing them only where necessary. Humans are primates, but I will occasionally use the word primate to refer only to its non-human representatives.
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The title of this book refers to cleverness rather than intelligence, two words that carry an important difference in meaning. The English language is rich with words, many of them slang, that slide between these concepts. For ‘intelligence’ we have brainy/brainless, bright/dull, gifted/dense. For cleverness, we have profound/shallow, thoughtful/ill-considered, level-headed/muddle-headed. The intelligence quotient or IQ is derived from answers to questions and puzzles that have little to do with cleverness because they do not refer to any real-world problem. They sample the size of a person’s vocabulary but not any practical use of it. In another typical item, the subject is required to rearrange coloured blocks to match a pattern. While intelligence is highly valued, people give equal weight to being wise, balanced, or shrewd. Practical problem-solving is a matter of getting what you want, given the constraints and resources. Intelligence and cleverness are closely related but nevertheless somewhat different traits (see 75. The evolution of reasoning).

For our human ancestors, the key requirement was to survive and reproduce. Cleverness was needed for techniques of foraging and for working together on everything from child-care to managing relationships within their own community. Unfortunately, they left few clues of their cleverness in the latter respect. Even the fossils of their skeletons and their stone tools do not give a lot away. Perhaps, our early ancestors gazed at the night sky, seeing it as a giant crossword puzzle, but the next morning they would have had to find food and water, look out for predators, and keep an eye on infants liable to wander off.

The concept of cleverness in the sense of finding adaptive solutions to problems of survival can be applied to all species and obviously takes a variety of forms. For humans, intelligence in the somewhat narrow sense of reasoning about abstract relationships is probably the most convincing explanation for recent human success and world dominance. The need to combine it with cleverness has, however, never gone away. This book surveys its early foundations, the first 7 million years rather than the last 10,000.

Virtually every aspect of hominin evolution has a bearing on cleverness, and there is no neat story to be told. Each species is clever in its own way, whether they are crows, dolphins, or octopuses. Unrelated species can hit upon similarly clever ways of solving a problem, a phenomenon called convergent evolution. For instance, bats and birds have evolved to fly although the mechanism has been arrived at by different routes. The cleverness of our closest primate relatives is most relevant to humans, partly because our earliest ancestors resembled them and faced similar problems. It is still not known what led hominins into becoming extra-clever primates. A few captive apes have been taught a form of sign language and some have been happy to be raised alongside human children (see 44. Signing chimpanzees, 45. Home-reared chimpanzees). We can identify closely with them, but the evolutionary path of their social behaviour and life history are distinctly different (see 20. Family structure, pair bonding, and communal breeding).

Many academic disciplines have devoted themselves to the puzzle of hominin clever ness. With the exception of comparative and evolutionary psychology, the science of psychology has not been especially concerned with evolutionary questions [208]. The currently popular paradigm, cognitive science, theorises about humans who already display sophisticated abilities in the area of memory, reasoning, and decision-making. This book aims to link up very different disciplines, and so it is necessary to examine the conceptual, methodological, and philosophical positions that differentiate them. These have to be addressed in order to connect the findings of one discipline with those of another.

Some of the entries give a brief summary of essential concepts while others are an in-depth discussion of aspects of cleverness. Evolutionary psychology is distinctive in the sense of wholeheartedly endorsing neo-Darwinian principles. It traces present-day psychological traits to their likely origins during the longest sustained period of a H. sapiens lifestyle, namely hunting and gathering during the past 300,000 years. It is only in the last 50–100,000 years that humans have exerted such an influence on their environment that the main pressures that shaped their evolution were ones they created for themselves – their culture. Even so, recent human evolution is still extremely short compared with its total span. A hunting and gathering mode of life does of course remain in isolated pockets. The survivors of the old ways have been subjected to genocide, colonisation, and almost all of them been strongly influenced by more technically advanced cultures. Anthropological research into hunter-gatherer societies has been an important source of speculation about earlier periods of hominin evolution.

A number of key concepts underpin the reasoning in entries throughout the book. These are adaptation and selection, the distinction between ultimate and proximate causes of behaviour, gene–culture co-evolution, and domain-general versus domain-specific cognitive processes.

An animal has a portfolio of adaptations, in other words, ways of making sure that it eats, defends itself, mates, reproduces, etc. There is usually a trade-off between one adaptation and another. When the earliest ancestral primates began foraging on the ground rather than in trees, there was a trade-off between freed-up hands and feet that were less adapted for climbing. All organisms (a population) that belong to a species are said to have a range of inherited or phylogenetic traits that evolved as adaptations. Individuals vary in the extent to which they express each trait. Evolution takes place when there is a change in the distribution of inherited traits within a population across successive generations. Organisms that survive and reproduce most successfully will be the ones that are selected to pass on their genes to the next generation. A ‘new’ trait is a modification of what has existed before, a change that can take hundreds or thousands of generations to evolve.

Many explanations have been given for why traits associated with cleverness were selected. Some experts stress the technical challenges of survival while others point to the social demands of cooperating and living in a group. Obviously enough, different selection pressures can work in combination and their influence will have varied at different times.

The distinction between ultimate and proximate causes of behaviour is fundamental (see 3. Proximate and ultimate causes). Proximate causes are those mechanisms built into the design of the brain and the body that serve the adaptations promoting survival and reproductive success. It is thought that some of the proximate mechanisms of living humans are not particularly adaptive in modern circumstances. A liking for fat and sugary tastes, useful in the past, can induce obesity when surrounded by plenty. An example of a useful proximate mechanism would be the disgust produced by the smell of putrefaction, leading us to avoid the source of the smell. The proximate causes are therefore all the perceptual, motivational, and physiological mechanisms that bring about disgust and lead to its avoidance. The ultimate cause of disgust was probably the fact that if a hominin wanted to survive, it was best to avoid eating putrefying meat. Individuals who were genetically pre-disposed to experience disgust would have been preferentially selected. Thus, the ultimate causes of disgust were the ways in which it enhanced survival and reproductive success.

Cleverness cannot be regarded as a single trait. It probably consists of interacting components or mechanisms which are motivational and social as well as intellectual. This makes it difficult to identify ultimate causes. It is certain that all the various mechanisms were not acquired in a sudden leap of brilliance when ‘modern’ H. sapiens first appeared on the scene.

Hominins have always surrounded themselves with an environment that was partly of their own making. In fact, some living humans are hardly aware of ‘nature’. Hominins are not unique in this respect as the example of beavers building dams illustrates. The difference between beavers and humans is that dam-building is an inherited trait that does not have to be learned from scratch. Hominins evolved with general learning mechanisms which meant that an ability like fashioning a stone tool or controlling the use of fire could be learned by trial and error and be taught by others. Over time, the need to learn cultural skills grew incrementally. Few modern humans live so ‘close to nature’ that they could survive alone in a natural environment. One possible exception was a Japanese soldier who refused to surrender after World War Two and survived for 29 years in the jungle. However, he had already learned his survival skills earlier in life. The inherited traits most closely associated with survival and reproductive success are now ones that allow rapid social learning and mastery of modern cultural skills, such as reading. The implication is that genes and culture co-evolve. The building blocks for acquiring culture surround each new generation – educational resources, concerned parents, and a society that needs the skills. As far as cognitive skills are concerned, it is as if software is ready to be installed into a child’s brain. This co-evolving process has shaped the structure of the brain itself and how it acquires its neural connections during development (see 5. Nature, nurture, and culture, 26. Gene–culture co-evolution).

Although inherited dispositions and learning are equally required for cleverness, judging the weight to attach to each of these causes is difficult because whatever is observed in behaviour is the product of an interaction between both of them. There are enduring controversies over language. Almost every child with their senses intact learns to speak the local language. It seems to be a ‘natural’ accomplishment, as if little learning is involved. In reality, the child must be learning all the time. Furthermore, the concepts passed on through language are the product of a long history, providing a child with many ready-made and fundamental distinctions. Concepts of number and logic were worked out by human ancestors, but they are assimilated with little awareness of their origins. A rich cultural inheritance must account for the speed of technological change in the last 10,000 years. The genetic contribution is almost impossible to separate from the cultural.

The inherited traits that predispose a person to acquire cultural knowledge have been classified as domain-general and domain-specific. Domain-general traits are involved in all (or almost all) learning and problem-solving tasks whereas the latter are specialised for particular sensory channels and response systems. Examples of general processes are attending to something, perceiving it, holding information in short-term memory, detecting covariation between events, and acquiring responses that lead to the satisfaction of a person’s goals. Knowledge and habits learned in this way then become available as resources for various problem-solving tasks. By contrast, domain-specific capacities (otherwise called modular) are specialised for responding to certain kinds of information related to specific functions (see 34. Modularity). For instance, a capacity to learn a language probably requires modular mechanisms as well as domain-general learning processes. The brain seems to be built in such a way that it is ready to process the system of phonemes that make up words. To some degree, modular mechanisms must be able to process information independently of each other but, in practice, they could function only if linked together and coordinated by domain-general processes. Arguments about domain-general versus domain-specific processes have been quite heated in some areas of evolutionary thinking, especially with regard to ‘perspective-taking’ and ‘imitation learning’.

One way to view the evolution of cleverness is to see it as a mosaic, leapfrogging affair in which an evolved trait (whether anatomical, behavioural, or cognitive) opened the way for some new application to problem-solving. In other words, a trait evolved for one purpose was a pre-adaptation for the evolution of another. For instance, an ape’s pincer grip for plucking fruit would have served a later function in making and using a stone tool. It has been argued that the sequence of chained actions in making a stone tool, involving a repetition of earlier steps (gripping and striking the stone in the same way), could have been a pre-adaptation for producing the sequenced motor movements that underly speech.

An innovation, such as the wheel, was clearly not the result of a genetic mutation for wheel-making behaviour. Its invention must have recruited abilities that, together, were sufficient to permit some early hominins to gain an insight into the movement potential of a wheel-like structure. Its antecedents are unknown, but the wheel would not have been the inspiration of a lone genius. The problem-solving conducted by an individual both takes from and contributes to a group process. It is for this reason that theorists have placed so great an emphasis on social learning (see 48. Social learning: imitation).

One thing seems certain – cleverness was important to hominins. This can be inferred from the fact that, when compared with chimpanzees (who themselves take around eight years to mature), an increasing amount of time was spent by the young in an immature state, not simply dependent on their mother but also on older siblings, grandmothers, and carers (see 20. Family structure, pair bonding, and communal breeding). A longer gestation period and an extended childhood and adolescence are assumed to have evolved because cleverness was so important for survival. They were necessary to allow the brain a long enough time to structure its neural pathways and absorb the cultural skills that learning to be clever required.

This book is not meant to be read cover to cover. There are links between related topics and the reader can move back and forwards between them. Nevertheless, there is a general direction in the book towards more complex aspects of cleverness. The final section tries to draw lessons for the human species as a whole, especially in view of the environmental threats to its own existence.
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The distinction between ultimate and proximate causes is central to evolutionary theory [473]. This becomes clear when it is realised that evolutionary change is driven by ultimate endpoints, that is, traits that adapt a species to the environment it happens to exploit – success being measured in terms of survival and number of offspring (see 4. Adaptation and selection). Natural selection must have favoured mothers who took care of their babies and babies who made sure they were firmly attached and looked after. The proximate causes are those hormonal, motivational, and behavioural mechanisms that consolidate the mother–child relationship. Genes associated with a mother’s lack of interest in babies or babies that were too clingy or not clingy enough would have decreased in frequency. Chimpanzee mothers are very protective of their babies, while chimpanzee fathers, who are unaware of their status, are not. Consequently, the involvement of fathers was a new adaptation in hominin evolution whose ultimate cause was presumably related to the fitness of a small kinship group (see 20. Family structure, pair bonding, and communal breeding).

Humans do not necessarily think about ultimate causes at all. Instead, the proximate causes, such as sexual attraction and wanting to bond, are present in awareness and ensure that traits are expressed. Evolutionary psychologists have taken a considerable interest in how sexual attraction works between human males and females [512]. Living humans express many competing proximate mechanisms, moderated to a large degree by an understanding of their influence and outcome. An individual might decide not to reproduce because the proximate causes are rewarding in themselves, and she or he is not concerned with evolution’s ultimate (reproductive) causes.

A proximate mechanism such as jealousy might have evolved to ensure that mates could be relied upon to provide essential resources (provisioning, childcare, etc.). In the contemporary world, the strength of this emotion can be maladaptive in a proximate sense, causing distress and disrupting otherwise satisfactory bonds.







4
Adaptation and selection
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Hominins evolved to be what they were and now are because certain traits that they expressed promoted their survival and reproductive success (known collectively as their ‘fitness’). Insofar as these traits expressing their phenotype were heritable, they were ‘naturally selected’ [383]. Put differently, some individuals bore genes that helped to cause these traits to develop (a property of their genotype), and it was these individuals who made a greater contribution to the gene pool of the breeding population of which they were members. Thus, it is not selfish genes that want to reproduce themselves but selfish and non-selfish individuals who are more or less winners in the process of selection. For instance, an adaptation, such as pale skin, will have evolved in Northern latitudes where the sun’s strength is weaker. Too much sun (or at least its ultraviolet component) destroys the vitamin, folate, whereas enough sun is needed to produce vitamin D. Darker skin, found nearer the equator, protects against the damaging effect of ultraviolet radiation. Rather than thinking of a single trait, such as skin colour, it is more accurate to conceive of many traits functioning together to promote fitness. An ability to fly is an adaptive strategy that has worked for different animals. It evolved in birds and bats by the gradual modification of pre-existing traits, and it happened through different routes.

Selection can take place only when there are individuals who vary, however slightly, in the traits they express. A trait will be ‘fixed’ in a population when all of its members express it to the same degree. In some populations, a trait may fail to vary because the founders of that population showed no genetic variation in the trait concerned (a so-called founder effect) (see 25. Non-selectionist processes). For a similar reason, a population might possess members with hereditary peculiarities (e.g., causing a disease) not found in other populations.

The ultimate cause of an adaptation is greater fitness. However, it is not always possible to deduce why a trait would have produced this outcome. Hominins gradually became more fully bipedal, but there is disagreement over why this trait was selected. Some traits, such as stereoscopic colour vision, are shared with distant primate ancestors while others are new adaptations (so-called derived traits) such as sweat glands to cool a hominin’s relatively hairless body. Some traits that were adaptive in past environments may no longer be so in a modern environment. Natural selection is a process occurring over hundreds of generations and so this result would not be too surprising. Over time, maladaptive variations which reduce fitness will be selected out.

Under normal circumstances, adaptive traits develop in all members of the species and reliably perform their biological functions. However, there are always costs (in terms of effort and energy consumption) as well as benefits to fitness when exercising a biological function. Therefore, the sum total of evolving traits is a balance between them, a kind of optimal solution for fitness. A fear of snakes should not be so strong as to prevent a primate from foraging where snakes lurk. Given these compromises, adaptations are not always ideal from a body-design point of view. A larger body might be an advantage in fighting off predators or competitors, but it consumes more resources to build, and in a tree-dwelling animal, it reduces manoeuvrability [70].

Precisely why and in what ways cleverness increased hominin fitness is not known. We may assume it involved a gradual modification of the cognitive capacities of a chimpanzee-like ancestor. One hypothesis is an increase in the capacity of working memory, a construct developed by cognitive scientists to explain how ‘the mind’ controls behaviour (see 70. Working memory). This speculation rests on shakier evidence than the kind of inferences that can be drawn from the size, shape, and function of fossilised bones (see 56. Brain evolution: structure and function).
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The distinction between nature and nurture is a familiar but rather rough-and-ready depiction of the interactions between a person’s biological endowment, the environmental events they are exposed to, and their cultural background. The distinction assumes that the biological dimension of ‘nature’ is pretty much universal and definable. Up to a point, this is a fair assumption because the DNA for all living humans is 99.9% identical. One person’s body looks like that of another’s and functions in the same way. At the same time, there is a considerable amount of individual variation upon which natural selection can operate. Despite this variation, humans are assumed to possess the same potential (on average) for learning and cognition wherever they are found. This may not have been true for all early hominin species or even H. sapiens at various stages of its appearance in the fossil record. When theorising, we have to assume variation in biology, environment, and culture, without really knowing how much weight to apply to each or how they interact. Genetic and cultural traits can interact in non-linear and unpredictable ways [114].

Environmental events can have an epigenetic effect, influencing the way genes are expressed in the present and subsequent generations [527]. Environmental pollution is suspected of exerting subtle effects, some of which can only be guessed at. It is not known how exposure to an urban environment, dominated by straight lines and angles rather than the rounded or irregular shapes of a forest or desert, exerts an effect on either culture or genes. The natural selection that Darwin referred to takes places between individuals already shaped by their environment and by their culture. Selection occurs between phenotypes but is carried forward between generations by their inherited traits (their genotype).

It is helpful, when theorising about the interactions between biology, culture, and environment, to think in terms of a dynamic system of causes [542]. For instance, it has been concluded that sickle-cell disease, the prevalence of malaria, and the agricultural practices of the Kwa people in Africa, are all interrelated through selection of individuals who have only one copy of the ‘sickle cell allele’, which provides some protection against malaria [306:220]. Each gene comes in the form of two alleles, and if an individual inherits two copies of the sickle cell allele they normally die at an early age (see 21. Genetic inheritance). The stability of a dynamic system is maintained by feedback mechanisms. Negative feedback refers to causal effects that shut down or moderate the influence of an existing process. For instance, an alpha male chimpanzee might dominate all other band members until the subordinates form a coalition that threatens him sufficiently, lessens his power, or removes him entirely. The system changes while retaining its same essential dynamic configuration. Negative feedback processes prevent a system running out of control and imploding. This could arise as an effect of positive feedback between components, in other words, processes that progressively strengthen existing causal interactions within a system. If we think of the world as a dynamic physical system, we can question whether global warming will simply go on increasing through positive feedback mechanisms or whether it will be counteracted by negative feedback to bring about a new climatic equilibrium.

The dynamics of earlier ‘hominin systems’ were in flux as the climate changed, predators or prey appeared or disappeared, migration to new territories occurred, and hominins with certain biological traits were selected. Humans in North America hunted many large mammals to extinction which meant they had to survive in other ways (although some experts maintain the mammals became extinct much earlier). Through clothing, fire, and other means, hominins were clever enough to cushion the effects of temperature variation, enabling them to establish a stable way of life within climatic conditions as diverse as the tropics and the arctic. A dynamic system can be thought of as a hierarchical set of nested subsystems (e.g., an environment, a population, a social group, the material body, functioning parts of the body, etc.). In practice, evolutionary analysis often focuses down at a fine-grained level on some particular configuration of a system at a certain point in time, although it is also possible to measure long-term trends such as the size and shape of fossilised skulls.

As one simplification, an animal’s biology and behaviour are described as a set of traits, such as eye colour or walking on two feet. When applied to cultural practices, the term trait has a more imprecise, non-biological connotation. It usually means behaviour acquired from others through social learning and transmitted across the generations. While a capacity for social learning is biological, its expression is a cultural or phenotypic trait. The transmission of culture is therefore both genetic (as a capacity to learn) and cultural (as something learned). Evolution can be considered from both points of view. Genetic change in a population is brought about by the selection of individuals with genes that predispose their possessors to reproductive success. Genetic change happens more slowly than cultural change, which, in recent history, has been extraordinarily rapid. Cleverness is an imprecise phenotypic description, a mix of biological and cultural traits.

One credible explanation for the evolution of cleverness is a positive feedback loop between cultural learning and reproductive success. Put differently, hominins who found better ways of foraging, or collaborating with (or perhaps outwitting) their competitors, reproduced more successfully. In humans especially, culture has influenced natural selection (see 26. Gene–culture co-evolution).

A culture has been defined by archaeologists and paleoanthropologists as a distinctive pattern of artefacts and practices. Theorists are also interested in the mechanisms that produce different patterns in the first place [434]. With respect to learning a cultural practice, it is common to distinguish between processes of social and individual learning. Individual learning is seen (rightly or wrongly) as a matter of making associations or learning by trial and error. For instance, shaping a stone tool is learned in this way. For modern humans, learning to ride a bike requires trial and error. Social learning is assumed to be based on imitating others or being taught by them, as might be the case when a child is taught where to place its feet on the pedals or is first given lessons on a bike with extra safety wheels. Teaching clearly plays a large role in the transmission of culture in H. sapiens and a culture can ‘die out’ if this doesn’t happen. Habits, such as a regional accent, can be passed on in ways that are entirely unnoticed by the individuals concerned. Many of the social and environmental consequences of cultural practices are unintended and may not even be detected by its members (e.g., the way in which irrigation can salinate the soil). Unintended effects can have an important influence on future cultural and genetic evolution.

Archaeologists characterise a cultural tradition by identifying artefacts that appear to have been deliberately constructed. When the features of an artefact cannot be explained as the unintended consequences of behaviour, and the artefact is found in a particular location, it is assumed that its makers must have shaped it to a cultural standard. The simplest stone-tools lacked arbitrary features in this sense and were widely distributed. It is not always easy to apply the criterion of cultural arbitrariness, and so archaeologists can be placed along a continuum from those who are sceptical about being able to apply it [94] to the more readily convinced (see 60. What can stone-tools tell us?)

The traditions of stone-tool making illustrate the difficulty of distinguishing genetic and cultural influences because the same types of tools are found in widely distributed locations across the world. Acheulean tools were constructed according to a standard pattern from around 1.5 mya to as late as 130 kya. This tradition was preceded by a less sophisticated type of stone tool and was followed by one with greater refinement. A stone-tool is obviously cultural in the sense that it is a product of acquired skill and it possesses a design element. Many hominin species employed similar tool-making techniques. Greater sophistication over time could imply that hominin cognitive capacities had evolved or that new designs had been invented somewhere and transmitted from one culture to another. This has happened with recent stone-age cultures which took to using axes made of iron.

A standard design for a tool could therefore reflect an intended use (e.g., cutting) or the nature of the material (e.g., stone) and the possibilities for shaping it. If the latter, the design standard is not set ‘socially’ by adherence to a norm but by the inherent properties of the material itself. One ongoing debate is whether stone-tool makers engaged in ‘symbolic thought’ or ‘cognitive planning’ when producing their material artefacts (see 62. The evolution of symbols). Perhaps they just learned by trial and error using whatever material was at hand. (After all, some chimpanzees use stones as tools). Archaeologists have tended to play safe by defining ‘symbolic culture’ as one characterised by non-functional artefacts, such as beads or the manner of burying the dead. These are clear-cut cases of a deliberate display governed by social conventions. Nevertheless, very little can be deduced about the cognitive capacities of earlier hominins from the absence of this type of symbolic artefact.

It is the lack of evidence for perishable materials that hampers an assessment of the relative importance of innate (biological) capacities and social/cultural learning. Our hominin ancestors may have used perishable materials very cleverly, but we will never know. The archaeological evidence points to an acceleration in the production of cultural artefacts from around 100 kya, and there has been a literal cascade of innovation in the last 10,000 years. How is this to be explained? It is possible that new cognitive capacities evolved, such as language, as a result of genetic mutations. Or culturally retained knowledge and skill might have begun to have a snowball effect as its possibilities were realised. Or populations might have multiplied, leaving more evidence testifying to their abilities.

In any event, cumulative culture seems to have been an extremely slow process until recently, simply racing ahead in the last 10,000 years. It is possible that selection for motivational and personality traits was just as significant for cultural change as advances in cognition. It is widely, but not uniformly, believed that H. sapiens evolved into a ‘modern version’ around 100 kya [253] (see 18. Behavioural modernity, 26. Gene–culture co-evolution).
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Humans are fond of placing all things and all beings in hierarchies which, often enough, is a hierarchy of value or power. Humans in Western cultures generally place themselves above all other animals, inferior only to gods. One implication of Darwin’s theory of evolution is that everything can be levelled up as different ways in which ‘nature’ expresses itself, except that the arrival of H. sapiens upset any idea of a level playing field. It is thought that even before the agricultural revolution, there were 70 million hunter-gatherers whose total biomass was greater than any other large vertebrate on the planet [253].

Ideas about the supernatural can be explained as a natural product of human imagination, but Darwin’s theory was initially adopted by some thinkers to strengthen the belief that certain human groups were ‘more fully evolved’ and therefore superior. This is an error because evolutionary processes do not have a direction apart from survival and reproductive success. Each species has evolved uniquely, either competitively or through symbiotic partnerships. This is not to say that living humans have not evolved with a sense of themselves as a species with a direction, upward for optimists and downward for pessimists. On strict evolutionary criteria, H. sapiens has proved itself more successful (for the time being) than any other species of mammal.

Humans began to understand how nature worked and exploited that knowledge to their advantage. This was a deliberate but not fiendishly constructed plot, and whether it will lead to self-perpetuation or self-extinction remains an open question. If human cleverness enables the species to surmount the problems it has created for itself, cleverness will be rightly judged a valuable and unique trait, at least from a human perspective. If not, humans will be seen as having been too smart for their own good.

It cannot be disputed that humans are unique in the sense of manipulating their environment in ways that are out of the reach of their nearest primate relatives. Evidence for hominin evolution has drawn heavily on what is known about other primates because evolution is a process of modifying what already exists, and our closest relatives are the nearest we can get to a common ancestor. It is plausible to suppose that connections can be made between their psychological processes and ours.

The global spread of early hominins out of Africa is evidence enough of a capacity to solve a range of problems thrown up by the need to survive in a multitude of environments. Generic adaptability may well have been the key to hominin success. The ability to solve one problem may have been a pre-adaptation to solve another, an unforeseen consequence because the evolutionary process does not possess foresight (see 4. Adaptation and selection, 24. Exaptation). What seems to uniquely characterise hominin evolution is a spiralling cycle of generic adaptations, the acquisition of language being the one that is most often picked out as critical. Another is the fact that hominins became the only animal to develop a cumulative culture. Solutions to problems were taught and passed on to each succeeding generation. Rules, such as who was allowed to marry who, were adopted. The scope of a new adaptation may well have exceeded whatever was needed to solve a particular problem in a particular niche. Cultural knowledge and new skills therefore opened up the possibility of solving previously undreamt-of problems.

If we take a chimpanzee-like creature as the baseline, a number of different selection pressures would have been needed to evolve the unique traits associated with humans. Possibly, as a consequence of the challenge of survival away from the safety of trees and the food available there, the earliest hominins may have needed their wits to survive on a much broader diet. Moreover, they did so by collaborating to solve problems together, itself a unique new trait. Apart from biological functions, such as maternal care and defence of the group, our closest primate relatives do not do this. There was, presumably, selection for a general form of pro-social motivation, in other words, getting kicks out of interacting with others. Without this, culture could hardly have got started.

Hominins became brainier over time, as shown by the physical size of their brains, although brain function, served by changes in neural organisation, would have been key (see 56. Brain evolution: structure and function). It is thought that none of this would have happened without a richer diet and a much longer period of early development, in other words, a period of childhood and young adulthood in which the skills necessary for survival were learned from others (see 20. Family structure, pair bonding, and communal breeding, 48. Social learning: imitation). Mothers became dependent on others to assist at childbirth and for her own and her offspring’s survival. Females evolved with a long post-reproductive stage in which their support was probably vital. Bands of hominins bonded together differently, and fathers helped to provision the whole band, as well as their own children. Relationships became stronger between non-kin, and trading developed between social groups.

None of these traits would have evolved without a more flexible, complex, and relatively effortless means of communication. The possibilities afforded by joint problem-solving would have then increased exponentially. With language, it became possible to signify abstract properties of the world by means of conventional signs (see 62. The evolution of symbols, 65. Origins of language: as communication). In its current manifestation, the manipulation of signs allows humans to imagine living on Mars, to construct a vehicle to get there, and to solve the problems they expect to encounter during their stay.

With each of the key traits so far mentioned, intelligence, sociality, cooperation, and communication, we need to ask what problems these adaptations solved originally in their earlier manifestations. Once humans created their own cultural niche, natural selection would have favoured individuals who were best adapted to thrive and reproduce within it. New inventions, such as the wheel, were no longer dependent on genetic transmission. All that was needed was a generic ability to learn how to make wheels and perceive their uses (see 26. Gene–culture co-evolution). The problem-solving skills of non-human primates are impressive in comparison with those of other animals, but they have not yielded cognitive capacities that have evolved to any marked degree over time. For this reason, one author considers humans to be ex-apes [330]. Humans, it is argued, invent imaginary worlds whose relationship “to the Darwinian world is entirely indirect”. “We do not know whether the human brain evolved for rationality (i.e., problem-solving) or irrationality (i.e., imaginary associations among things)” [330:162]. A lot hangs on the word ‘indirect’. It resurrects a nineteenth-century sociological distinction, old but still rumbling, between the natural sciences and the human sciences. Symbols are said to be interpreted and therefore not amenable to scientific analysis. It is argued they are not ‘real’ or ‘utilitarian’. The scientific riposte to this argument is that symbols make sense only to real people who interact in biologically mediated ways when they see fit to use them in communication. However rich the products of the humanities, ideas, beliefs, art, and stories have to survive too. Symbols can be interpreted and be functional at the same time [253].
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The past is analysed from the point of view of the present, with all its baggage. Living humans see themselves as autonomous, self-shaping beings who can consciously reflect on their own psychology. How early hominins thought of themselves is unknowable. A few brave writers have speculated about early mentalities, one of them suggesting that human agency was experienced as listening to ‘hallucinated voices’, which they obeyed [282]. Whether or not this speculation contains any truth, it gets away from the assumption that it is obvious what ‘being in a certain state of mind’ meant to a hominin. We cannot be sure that early H. sapiens reflected on their own mental states or personal identity. The opinion has been expressed that it was only when H. sapiens finally become ‘behaviourally modern’ that we would have been able to connect with them as people ‘like us’ [528] (see 18. Behavioural modernity).

A ‘cognitively modern’ H. sapiens is said to have arrived on the scene within the last 100,000 years. Consequently, some accounts of evolution convey the impression that all other Homo lineages were failures in a path leading to ‘our species’ [307]. The name ‘sapiens’ gives the game away.

Of necessity, theories of hominin evolution have to work back from present evidence to past causes in a manner described as ‘reverse engineering’. The task is similar to that of explaining the origins of the universe. In this book, Darwin’s ideas and their subsequent development are the starting point for reasoning about hominin evolution (see 4. Adaptation and selection). According to evolutionary psychologists, living humans have inherited ways of thinking and behaving that were adaptive during the period in which species of Homo lived as cooperative hunter-gatherers. This cannot be the whole story because the agricultural revolution, beginning around 10,000 years ago, has also left its genetic imprint and has profoundly changed the environments in which most humans live [571] (see 27. Genes and hominin evolution).

The common ancestor of hominins and the great apes was living around 6–9 mya. The human genome is similar to that of other great apes (see 21. Genetic inheritance). H. sapiens interbred with some Homo species that are now extinct, such as H. neandertalensis. Very little is known about the last common ancestor to the great apes, and so living chimpanzees, our closest genetic relatives, have been taken as the best available model for imagining the animal that evolved into hominins [414]. The genomes of humans and chimpanzees have been compared, and direct comparisons have also been made between the problem-solving abilities of the great apes and human children. The question that presents itself is how the anatomy, social interactions, and cognitive processes of a chimpanzee-like creature could have evolved in a hominin direction. The hominin ancestor was not a chimpanzee and so care has to be taken in using this species as a model. The extant great apes have all evolved in their own unique ways.

Psychological comparisons do not have to be restricted to primates because the ability to learn and problem-solve is common to all mammals [136, 137]. Each species pays attention to some stimuli rather than others and is good at solving the kinds of problem that are relevant to survival in their chosen niche. All psychological processes, from the ‘simple’ to the ‘complex’, need to be placed within a broad comparative picture of cognition, instead of taking human capacities as the endpoint of evolution around which a biological creation myth has to be constructed [25]. The idea that each species has evolved its own unique problem-solving adaptations has led to a modular conception of how the brain functions. Each module is assumed to have evolved as the solution to a particular environmental pressure or problem. Modules are dedicated centres or circuits that operate semi-independently (see 34. Modularity). The modular approach has to be reconciled with general processes that cut across all forms of problem-solving, such as attention, categorisation, and memory.

Theorists can be divided between those who acknowledge a wide gap between the psychology of apes and humans and those who wish to narrow it. In the latter category, some theorists assume that apes have ‘mental states’ and can detect them in other animals (see 31. Mentalism in evolutionary explanation, 40. Perspective-taking in non-human primates). A major difference between apes and humans stems from the motivation, or lack of it, to cooperate and solve problems together. Chimpanzees join together to hunt animals and defend territory, but their social interactions are organised around a status hierarchy, and dominance/submission is not conducive to collaborative problem-solving [534] (see 43. Pro-social behaviour and cooperation in non-human primates, 50. Cooperation, 51. Social reciprocity). As for cultural traditions transmitted across the generations, there is only a glimmer of this in the great apes. For instance, each group might have an idiosyncratic way of doing something, such as a style of greeting or a technique of foraging. H. sapiens clearly took a unique path amongst the great apes, the chief evidence for which is the gradual enlargement of the brain. However, a larger brain is not ‘the cause’ of hominin cleverness except as a collateral effect of environmental selection pressures (see 55. Brain size and early development).







8
Is cleverness ‘genetic’?



DOI: 10.4324/9781003165507-10


Cleverness will be taken to mean a combination of general intelligence, or IQ, and applied intelligence in the sense of theoretical or practical problem-solving (see 76. Intelligence versus applied intelligence). Both traits are related to aspects of motivation and personality that are hard to pin down. Whatever the mix, there is strong evidence that cleverness is partly inherited. It is presumed that human ancestors varied slightly due to heritable differences that played a role in their cleverness. Individuals who were more successful in surviving and reproducing made a greater contribution to the common gene pool. Over millions of years, the genetic component gave hominins a ‘starter-kit’ enabling them to learn to act in clever ways.

Genetics is such a fast-moving science that the public can hardly manage to keep up [92]. What follows are introductory simplifications (see 21. Genetic inheritance). Any sharp distinction between nature and nurture has now been overturned by the realisation that genes are not like the blueprint for a building but are components in a system that involves constant interaction with the environment, beginning in the womb and continuing until the teenage years and beyond [93] (see 5. Nature, nurture, and culture). Variation in many human traits hardly exists, meaning that nurture has little effect on them (e.g., the number of fingers and toes). Eye colour is usually brown, blue, or grey, and this variation happens to be due to a relatively small number of genes. Cleverness is probably influenced by thousands of genes. In a standardly ‘normal’ environment, the relative contribution of genetic inheritance can at least be estimated from family and twin studies, in which individuals share a known proportion of their genetic make-up (see 21. Genetic inheritance).

Although cleverness is a combination of traits, everyday experience tells us that people vary in some of them and general intelligence in particular. Some people seem to possess a quality that makes it easy for them to learn. However, the opportunity to learn depends on social and cultural factors. A person’s environment will be especially influential when it deprives a person from optimally developing their potential (leading to a heavier weighting on genes) or when it richly supports learning (leading to more weight being placed on the environment in their measured intelligence). These assertions have to take account of the new science of epigenetics which has shown that environmental effects can be extremely subtle. It seems that the events a person is exposed to can switch genetic instructions ‘on and off’. This influence can occur within an individual’s lifetime but there are also known to be effects across generations, such that, say, famine or trauma in one generation affects gene expression in subsequent generations [360]. Little is actually known about the genes that predispose to cleverness (see 27. Genes and hominin evolution).

The fossil record of hominin skulls shows that there has been natural selection for larger brains, and this increase in size is assumed to have gone along with greater cleverness (see 55. Brain size and early development). Individual (and cross-species) variation in the cleverness of hominins might have been far greater in the distant past than it is today. Genes exist in slightly different forms across individuals (polymorphisms), and this may apply to many genes responsible for variation in cleverness. However, it is possible that optimal variants are present in all individuals and that the observed individual differences can be explained by small negative effects (due, say, to mutations or copying errors) across thousands of genes, each one contributing to degrees of stupidity rather than intelligence [361]. There are genetic variants known to cause intellectual impairment, but these are not genes for cleverness. Nevertheless, some of them (e.g., those that cause microcephaly or small brains) might have been implicated in the evolution of hominin brain size (see 27. Genes and hominin evolution).
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