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Preface

When we were first approached to write this book, it was with a mixture of excitement and trepidation that we said yes: excitement because the brain is the essence of who we are and trepidation because the brain is the least understood of all organs. This book is aimed at the intelligent, educated reader. We have tried to keep the jargon as low as possible, but the content remains challenging. The emphasis is on a scientific perspective: we aim to lead the reader from a state of assumed ignorance to an understanding of cells, neurons, brains and brain functions, such as consciousness, explaining the development of the nervous system and the development of the mind along the way. We have tried to keep it as up to date as possible, but the 1990s were the Decade of the Brain, with huge investment in neuroscience. As a result, there has been an explosion in research and it is possible that some of the concepts in the book will be overturned in the next few years. Although we have kept to facts for the basics, for some aspects of the brain we can only provide opinions, because few facts exist, but these opinions are based on our existing knowledge. We are all neuroscientists and neurologists dealing with the brain every day and some of the ideas in this book are therefore our own original thoughts. As far as possible, we have tried to explain parallel concepts needed to understand the workings of the brain, especially where these are not related to neuroscience directly. It has been a wonderful experience putting our thoughts on paper, and we hope you enjoy reading this book as much as we enjoyed writing it.

Ammar Al-Chalabi, Martin R. Turner and
R. Shane Delamont
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Section 1

Introducing the brain



Introduction: In the beginning . . .

If the brain were so simple we could understand it, we would be so simple we couldn’t.

Lyall Watson (contemporary author)

Thought and intelligence have always been of great importance to humankind and are regarded as the essence of existence: “I think therefore I am,” wrote Descartes in 1641. Yet it is only relatively recently that we have regarded the brain as the source of thoughts, reason, emotion and being. It is now so closely identified with our selves that in many countries brain death is regarded as the same as actual death.

In the great stories of creation, the first thing in existence, before there was even light, was an intelligent mind, because the creation of the universe required a being intelligent enough to design and make it. In the modern scientific version of events, we believe that one of the last things to come into being was an intelligent mind, because something so complex could only arise after many millions of years of evolution. In both cases, intelligence (and by implication the brain) has a special place.

The brain is the most complex object known. It is a chemical and electrical powerhouse, sending messages where needed, in a perfectly targeted way. This soft, grey, one and a half kilogram organ is not only where we experience and manipulate the world but is also responsible for control of our breathing, body temperature, blood pressure and hormones. Billions of nerve cells, each specifically connected to thousands of others, are its essence. Keeping these cells alive and well for a lifetime requires an enormous amount of sophisticated help from the rest of the body and an integrated life support system. To protect the whole from the outside world it is wrapped in a lining, bathed in shock absorbing fluid and packaged in a strong bony box.

But this description does not answer the simplest question: why do we need a brain? Plenty of living things survive perfectly well without a brain and plenty more survive with what can only be described as a trivial collection of nerves. In this book we will try to answer this question and, along the way, explain what the brain is made of, how it is put together, what it does and how it does it.

Modern medicine divides problems with the brain into two groups: neurology and psychiatry, corresponding to problems with the nervous system and problems with the mind. These disciplines attempt to explain disturbances in experience, behaviour, sensation, movement or speech and relate them to physical, chemical or electrical disturbances in the relevant area of the nervous system. Our ancestors did not make such associations, for example believing that seizures were caused by demonic possession, or that hearing voices might be a sign that God was speaking. Many people also believed, and still believe, in another ability of the brain: psychic or paranormal power. These ways of thinking about the brain are important; part of the natural tendency we have to categorize and try to make sense of the world around us. Even modern physics recognizes that simple observation by a conscious being affects the behaviour of the subatomic world; indeed this is a corner-stone of quantum theory. This brings us to the thorny question of consciousness. What is it? What makes it? Are we conscious when we sleep? Is there consciousness after death? These questions have puzzled people for centuries and we will address them here, with an attempt at a modern answer.

Our imaginative brain is what separates us, in our own minds, from other animals. Research is now beginning to show that we are perhaps not so different after all. In this book we want to show that human brains are special and amazing and that although we know an enormous amount about them, there remains far more still to learn. We will start with a look at the past and how people came to realize that the brain is an important organ.
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The history of the human brain – so it does do something after all

The brain is a world consisting of a number of unexplored continents and great stretches of unknown territory.

Santiago Ramon y Cajal (Spanish physician and anatomist, 1852–1934)

I believe in an open mind, but not so open that your brains fall out.

Arthur Hays Sulzberger (US newspaper publisher, 1891–1968)

Early beliefs – before history began

The brain has no moving parts: unlike the heart, lungs or intestines it does not pulsate, inflate or squeeze. The brain does not make anything: unlike the kidneys, liver or spleen, no urine, bile or lymph comes out of it. Unlike the skin or bones, the brain serves no obvious purpose and yet we now believe it is responsible for thought, emotion and free will. How did we come to such a conclusion and what did people think before? To answer this, we must travel to the past and step from conclusion to conclusion to the present day. We begin this tour with three cautions. First, although our ideas about thinking and emotion stretch back to the earliest recorded civilizations, our knowledge of these early beliefs is based on archaeological evidence and is therefore very patchy. Second, the history of medicine is hugely biased towards Western historical documentation and so we will inevitably mainly describe this view of things. Finally, attitudes to animal and human experiments were quite different in the past and many of the experiments we will describe are quite unpleasant and would be highly unlikely to be allowed today.

Olympic thinkers – the Greeks and their legacy

Never trust anything that can think for itself if you can’t see where it keeps its brain.

J. K. Rowling (Harry Potter and the Chamber of Secrets)

The simple view of the brain as the most fundamental of all organs may seem rather obvious, but even this assumption is based on knowledge largely acquired in the last 200 years. Prior to the Greek philosophers, the heart was widely held to be the seat of intellect. Indeed, a scholar from ancient Egypt, Herodotus (485–425 BCE), writing about mummification, documented the great care taken in the preparation of organs such as the heart, lungs, liver, stomach and intestines, whilst the brain was simply scooped from the skull. The Ancient Egyptians saw the number of visible connections running to and from the heart as evidence for its importance, whereas the brain did not seem to do much. Nevertheless, it was around this time that the first documented ideas about the true function of the brain were recorded, not by the Egyptians, but by the Ancient Greeks.

Opinions on thinking and emotion were, for a time, dominated by three major philosophers but only two of these thought that the brain was important. Hippocrates (460–370 BCE), the “Father of Medicine”, wrote in his book The Sacred Disease,

Men ought to know that from the human brain and from the brain only arise our pleasures, joys, laughter, and jests as well as our sorrows, pains, griefs and tears . . . It is the same thing which makes us mad or delirious, inspires us with dread and fear, whether by night or by day, brings us sleeplessness, inopportune mistakes, aimless anxieties, absent-mindedness and acts that are contrary to habit.

He also noted a fundamental property of the brain’s wiring: damage to the brain on one side produced a bodily deficit on the opposite side.

The philosopher Plato (428–347 BCE) proposed that the “vital principle” lay within the brain, which in conjunction with the spinal cord was responsible for the control of “vital force”. To quote a translation of his work: “Copying the round shape of the universe, they (the gods) confined the two divine revolutions (the eyes) in a spherical body – the head, as we now call it – which is the most divine part of us and lords over all the rest.”

Aristotle (384–322 BCE), however, believed that the function of the brain was to “cool the heart”, although he did also draw the conclusion that the size of this “cooling apparatus” might be linked to overall intelligence. His heart-centred theory was based on his observation that in the embryo the heart is the first organ to develop and is also warmer in temperature, which he felt was a direct measure of an organ’s involvement in vital processes. He also noticed that a chicken exhibited a life of its own, running around after the head was removed, which was further evidence that the heart was needed for action rather than the brain.

A series of Ancient Greek physicians gradually took us, over a number of years, to a more brain-centred view. The first, Strato (340–290 BCE), refined Plato’s original localization of the “vital principle” to the frontal region between the eyebrows, the second, Xenocrates (396–314 BCE), to the crown of the head. The third, Herophilus (335–280 BCE), carried out extensive dissection of the human body and recognized the brain, particularly its base, as the centre of the nervous system, even noticing a difference between nerves for sensation and nerves for action. His discovery of the fluid cavities within the brain, the ventricles, provided the basis for the later “ventricular doctrine” of brain function. Finally, the Alexandrian physician Erasistratus (304–250 BCE) suggested that the greater intelligence of humans might be attributed to the greater number of folds or wrinkles in their brains, compared with those of other animals. However, although more brain-centred ideas were beginning to develop, Aristotle’s view of the brain as a glorified air-conditioner persisted in many circles until medieval times.


“MIKE THE HEADLESS CHICKEN FOR PRESIDENT”

A rather gruesome example of a chicken surviving without a head makes it easier for us to understand exactly why the heart was so long considered the source of thoughts and emotion while the brain was not. “Mike the Headless Chicken” (http://www.miketheheadless-chicken.org) lived on for eighteen months after a failed attempt to kill him. In 1945, he was a rooster destined for his owners’ dinner table. After having his head cut off with an axe, his body ran around, as is usual for chickens. But rather than eventually stopping and dying, he instead “returned to the job of being a normal chicken” and began preening and pecking with his neck. He was fed through an eye dropper until dying one night, apparently from choking. He probably survived because, in a chicken, many reflexes are stored in the spinal cord and brainstem, and the blow was high enough to leave a significant proportion intact. It is thought that he developed a blood clot at the time of the butchery, preventing his death from bleeding. More likely, the blow severed the arteries in such a way that the muscular walls sealed up automatically, as they are designed to. Mike’s spirit is celebrated every May in his home town of Fruita, Colorado.



Over several hundred years, from the third century, one anatomist dominated all thinking: the Greek physician and philosopher Galen (130–200 CE). By dissecting animals (but not humans), he developed anatomical ideas which were taught in all medical schools. His concept of a “physiology of spirits” described a vital force called “pneuma” that, mixed with blood, travelled to the brain, where it was given “animal spirit”. This then controlled the brain, nerves and feelings. The animal spirit was stored in the ventricles (a set of fluid-filled cavities within the brain) and sent through hollow nerves to produce movement and sensation. The fourth century theologian and bishop of Emesa, Nemesius (b. 320 CE), in his work On the Nature of Man, further developed this proposal with the so-called “ventricular doctrine”: the idea that the key elements of imagination, intellect and memory were localized to the ventricular system.

More than a millennium later, in 1543, the Renaissance anatomist, Andreas Vesalius (1514–1564), wrote a detailed anatomical atlas, based on the dissection of human corpses, that challenged Galen’s ideas and forever changed the way anatomy was taught in the west. It was called De Humanis Corpora Fabrica (On the Fabric of the Human Body) and described the five ventricles of the human brain (we now number four of them and name the fifth – see glossary). Vesalius also ascribed three souls to people and assigned to the brain “the chief soul, the sum of the animal spirits, whose functions are distinctly mental”. He was also first to discern the difference between the grey and white matter of the brain. His description referred to the greyish appearance of the thin rim around the main substance of the brain, termed the cortex, contrasted with the whiter-appearing bulk of the brain tissue, its appearance, as we now know, due to the insulation wrapped around the nerves.

Lumps and bumps – the art of phrenology

The first serious attempts at localization of brain function began with the development of phrenology, by the renowned Viennese neuroanatomist Franz Joseph Gall (1758–1828). This doctrine, described in Gall’s work The Anatomy and Physiology of the Nervous System in General, and of the Brain in Particular, saw the excellence of mental faculties or traits as being determined by the size of the brain area upon which they depended, an idea that to some extent we would agree with today. In turn, he thought, the size of these brain areas could be judged by the development of the skull and the bumps overlying each area, an idea we now consider ridiculous.

Gall, with his colleague Johann Spurzheim (1776–1832), identified thirty-seven “mental and moral faculties” which they thought were represented on the exterior surface of the skull. These faculties were divided into several spheres, such as intellect, perceptiveness, mental energy and love. Most of the faculties dealt with abstract personality traits such as firmness, cautiousness, marvellousness and spirituality. A chart of the skull was developed, mapping the regions where the bumps and depressions related to these traits could be palpated, measured and diagnosed. White porcelain heads with these maps drawn on them are ubiquitous in antique shops around the world.

Phrenology was widely taken up in general practice. Inevitably, however, it was challenged, particularly by the French scientist Georges Cuvier (1769–1832). Gall himself was hounded out of Vienna by religious and political forces, only to settle in France. It is said that one of the final nails in the coffin of phrenology came when Gall’s interpretation of Napoleon Bonaparte’s skull failed to recognize all the noble qualities the French dictator possessed. Phrenology had all but died as a generally accepted concept by the end of the nineteenth century, though the British psychiatrist Bernard Hollander (1864–1934) persisted with the idea and the British Phrenological Society was listed until the late 1960s. Indeed phrases still used today, such as “you need your head read” and “high-brow” have their basis in phrenology.

Illuminating times – the nineteenth century scientists

This brings us to the nineteenth century and a hyperbolic increase in knowledge. For a physician, to have been alive during these times must have been extremely exciting. There were many players but only a few names have withstood the test of time.

Marie Jean Pierre Flourens (1794–1867), a French physiologist, began experiments to investigate the validity of Gall’s ideas. He selectively destroyed various parts of the brains of animals and stimulated both animal and human brains with electricity. He also carried out post-mortem studies of the brains of patients with significant mental or neurological deficits. When Flourens removed the two main halves, or hemispheres, of the brains of animals, he noted that all “perceptions and judgement” were abolished. This led him to the correct conclusion that the cerebral hemispheres contained the higher cognitive functions. He also removed the small, separate, ridged structure at the back of and below the cerebral hemispheres – the cerebellum (see chapter 5 – Anatomy) – which resulted in the loss of the animal’s co-ordination. Finally, noting death as a result of destruction of the lower part of the brainstem (termed the medulla oblongata, which emerges at the base of the brain and is connected to the spinal cord), he deduced that vital functions such as breathing and circulation were regulated there.

Flourens’s use of small animal brains did not provide information on the detailed localization of human functions but it was becoming possible to electrically stimulate the brain precisely and experiments could now involve the larger brains of primates and dogs. Enter Paul Pierre Broca (1824–1880), a French surgeon and anthropologist of enormous intellect, whose classic experiments with patients with severe deficits of speech led to the localization of language to a region on the left side towards the front of the brain. One of his patients could only say the word “tan” (and was called Tan by the staff as a result). After his death, Broca discovered a small area of the left side of his brain had been destroyed by syphilis. This region is now called Broca’s area.

A British neurologist, John Hughlings Jackson (1835–1911), later developed the idea of Broca’s area as the seat of language output, or expression. More or less simultaneously, the German neurologist Carl Wernicke (1848–1904) found a related area further back on the left, concerned with the understanding of language and, moreover, connected to Broca’s area by nerve fibre pathways. Thus the basis for our modern and even now still evolving, model of language was born (see chapter 14 – Language, hearing and music).

Two German physiologists, Gustav Fritsch (1838–1927) and Eduard Hitzig (1838–1907), began, through electrical stimulation of dog brains, to map the various points in the motor cortex of the brain by observing different limbs twitching in response to different sites of stimulation. These techniques were refined and greatly developed by the British neurologist and physiologist Sir David Ferrier (1843–1928), who also removed areas of the brain that he stimulated to demonstrate loss of specific movement functions. He brought all his ideas together in 1876 in his publication, The Functions of the Brain.

These and other experiments mean that we now have a reasonable understanding of many brain functions and the parts of the brain responsible for them, but it is less clear why we have developed such a large brain in the first place.
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The evolution of the brain – how the brain came to be

The most important scientific revolutions all include, as their only common feature, the dethronement of human arrogance from one pedestal after another of previous convictions about our centrality in the cosmos.

Stephen Jay Gould (biologist, 1941–2002)

Truth, faith and the way things are

Much has been written about evolution and, surprisingly perhaps, of all modern scientific theories, it alone remains controversial with some, even though the evidence is overwhelming. Dismissing evolutionary theory is a little like dismissing atomic theory or the theory of relativity and while a few people may truly have the knowledge to do so, for many it is a matter of faith. The subject has been discussed many times before and rather than trying to justify it as the correct way of thinking about how we came to be, in this book we will simply accept the process of evolution as the driving force behind the development of the human brain. If you do not feel able to accept this, it will not affect the concepts in the rest of the book, but you will need to find your own explanation for why our brain is as it is.


Evolution – the iteration of perfection

Evolution is a process of change between generations, each change usually small in its own right, but accumulating over time, so that when compared with the original, a large change is apparent. A simple example to think about is language. Afrikaans, Dutch and German are all, clearly, related languages. They are thought to have derived from a common German-like ancestor, but how could this happen? The original speakers of this common tongue could understand their children. No one would argue that their children spoke a different language, yet children often use a few words that their parents do not, such as slang. They may also use words differently or use phrases that parents do not understand. In the case of Afrikaans, Dutch and German, over many generations the differences became great enough so that when compared with the original and with each other, they could be thought of as different languages. There was never a time when a new language was created, just an eventual difference between the start and end points. Because of geographical isolation, new words, accents or phrases from one region could not easily pass into common use in another, and gradually the differences became great enough for us to say they were different languages.

This process has three important properties. First, the change is gradual, with each generation being able to understand and be understood by those immediately above and below, so at any one stage it is imperceptible. Second, the change is not planned, designed or deliberate. It just happens as part of the transmission of language from one generation to the next, because the language in the children is not a perfect copy of the language of the parents. Third, because of geographical isolation, common words or phrases used by one group of speakers do not necessarily pass to another, leading to separate evolutionary paths. Humans need to classify – and enjoy it. Thinking of the different points in this continuous process as discrete languages is natural. This process of gradual change is called evolution and will occur in any system which involves the copying of information. There is also a fourth, related, property of this process: selection. Some words or phrases catch on and become popular, whilst others do not. The popular words are used by more people and therefore persist through the generations, whilst the less popular ones die out. In other words, some words are selected by the speakers of the language, while others are not. Again, the process of selection is passive. Nobody decides which words will be popular. Some just fit into the linguistic environment of the time better than others.

The evolution of the brain – gradually achieving complexity

A similar process of continuous change and selection has gone on in all aspects of life on earth, including the human brain. Just as languages are the product of sounds and grammatical rules copied into the speech regions of an offspring’s brain, organisms are the product of genes and the genetic code copied into an offspring cell, which, for our purposes, results not only in a full organism, but also in its brain. In brains, more complicated wiring schemes provided an advantage in some situations, so they were sometimes selected. The primitive nerve-like cell gave rise to more sophisticated versions and to organisms with nerve networks, then ganglia and finally the complex collection of billions of nerve cells that we call a brain. At no point did a parent give birth to a new species but the small differences slowly added up. Because we can only see a snapshot of a continuous process, we see different species with their particular brains. This is a little like taking a cross-section through the branches of a tree. We would see apparently unconnected circles of wood, which are in reality part of the same structure. Wood circles which appear similar or close together might be classified as related but without knowing the full shape of the tree it is impossible to know with certainty.

The human brain seems, at first glance, to be a mushy disorganised mess of nerves, but it is far from this. There are more potential interconnections between nerves in the human brain than there are atoms in the known universe. It has a predictable and highly organized structure, which is a product of its past. To understand the chain of events that has led to this structure, we need to accept some concepts that derive from the passive processes of evolution and selection. One is that complexity only arises from simplicity (although this does not mean that simplicity cannot arise from complexity). For example, we think that mammals must have had distant ancestors that were simpler, and that their ancestors were simpler still, all the way back to the origins of life. This is in stark contrast to the basic concepts of creationism and intelligent design in which the ultimate complexity, the omnipotent God, precedes the simpler forms He creates and in which it is acceptable for any level of complexity to be spontaneously created.

Another consequence of evolution is that, during the development of an organism, it echoes its evolutionary past. For example, human embryos have gills, gill arches and a tail during their development; indeed, the embryos of mammals are virtually indistinguishable. This is what we would expect if all mammals had a common ancestor, because this would echo a common evolutionary past. Also, the embryos of birds and mammals are extremely similar to each other in early stages of development, but become less so as the organisms grow. Again, this is what we would expect, because both groups are land-dwelling vertebrates and therefore had a distant common ancestor.

A third consequence is that similarities will be seen in the natural world, because we carry our evolutionary baggage around with us. Just as Afrikaans, Dutch and German all have similar words for “thank you”, all modern organisms share the same cell designs, same cell machinery and the same proteins. We share ninety per cent of our genes with yeast. Hundreds of thousands of similar examples strongly argue for a common beginning to living things.

In the natural world there is another reason for similarities. Sometimes they are the only solution to the evolutionary problem (the species have undergone parallel evolution). At their most basic these are features such as symmetry, having a head end, or sensing the environment, but we can see this effect all the way down to the molecular level. At their most striking, these are events like the marsupial and placental wolves, both of which have developed the “wolf” solution to their environment independently. The linguistic equivalent of this is probably the word “mama”, which is one of the first sounds a baby can make. The fact all languages have a similar word is not necessarily because they all derived from a single language, but because they all came up with the same word independently for the same reason.

Why do we need a brain?

From this discussion, we are forced to conclude that all animals that have a brain must have a shared reason for needing a brain, and that all animals that have a brain like ours must share a common ancestor with us. We will discuss the reason for needing a brain in more detail later, but for now it is sufficient to notice that all organisms that possess a brain share the ability to move from place to place.

Start at the beginning

The more complex something is, the more time it would have needed to have evolved. Our brains are highly complex and have evolved over a long period of time. In addition, because each generation is a refinement of the version before, not a brand new design, some of what we see can seem illogical (see box on “A creationist’s puzzle”). To understand how our brain came to be the way it is, we need to start at the beginning, with a simple, general blueprint, brain: that of a fish.


A CREATIONIST’S PUZZLE

We carry with us all the evolutionary baggage of the forms that preceded us. One excellent example is the recurrent laryngeal nerve. This nerve is responsible for moving the vocal cords in the larynx, allowing us to speak. If we were designed from scratch by a creator, we should expect the recurrent laryngeal nerve to leave the brainstem and travel the short distance to the larynx directly, because this would be the most logical design. Interestingly, it does not. Instead, the left recurrent laryngeal nerve leaves the brainstem, travels down the neck, loops round the aorta (the large artery which leaves the heart) and travels back up the neck to the larynx. Because it runs back on itself, it is “recurrent”. In a human, this is a journey of more than half a metre when about ten centimetres would do; in a giraffe, a journey of about seven metres when a few centimetres would do. This is a bit like sending the control wire for the joystick in a plane all the way to the tail of the plane and back for nothing. A creationist can only easily explain this by saying it is one of God’s mysteries, or that God did it deliberately for some unknown reason. For an evolutionist, the explanation is simpler: in the first common ancestor with a recurrent laryngeal nerve, this must have been the simplest solution for connecting the nerve to the larynx. Amphibians today are similar to those in the fossil record and can therefore be regarded as similar to simpler precursors of modern vertebrates. In a frog, the path of the recurrent laryngeal nerve makes sense because the nerve, arch of the aorta and larynx all lie on a straight line, so the route is the quickest and most logical. In reptiles, a slightly more recent evolutionary development, the heart is placed a little lower in the chest and the path for the recurrent laryngeal nerve makes a gentle curve and only a small detour. In mammals, which evolved from a common ancestor with reptiles even more recently, the heart is placed deep in the chest and the larynx well up in the neck. The detour is therefore long, but logical, once we understand that it is a refinement of previous designs.



The brains of a fish

The basic brain plan of the fish nervous system is a tube with three swellings at one end, corresponding to the forebrain, midbrain and hindbrain, and on top a series of bumps. These bumps, arranged as four pairs in a line, are known as colliculi (from the Latin for “little hills”). The first pair, on the forebrain, deals with olfaction (or sense of smell). The second pair is involved in reflexes dealing with vision and eye movements and the third pair processes sound. The second and third pair are found on the midbrain swelling. The fourth pair processes positional information, (called proprioception) and is found on the hind-brain swelling. This organization can be clearly seen in all animals along the evolutionary tree between fish and man but the relative sizes of the pairs of bumps vary, so that in some animals they are large enough to be called lobes, and in others, hemispheres. In early animals, information derived from smell became highly important for ensuring survival, as did the ability to process vision. Signals about body position and the resulting co-ordination were also important. As a result, the first and second pairs of bumps evolved to be larger, becoming lobes, with the fourth pair also expanding but to a lesser extent. As movement became more and more important, the fourth pair of bumps also began to expand into lobes. For mammals, the sense of smell and ability to move well are most important for survival and the first and fourth pairs have enlarged dramatically. In humans, this process of expansion of the lobes has gone to extremes. The first pair of lobes, originally dealing with smell, has enlarged gigantically, to become the cerebral hemispheres. In this expansion, they first grew forwards, over the forebrain, until they were confined by the front of the skull. They continued to expand, looping backwards over themselves until restricted by the back of the skull. They then had to loop forward over themselves again, this time at the sides, giving each hemisphere of our brain its familiar “boxing glove” shape and stretching the internal cavities (lateral ventricles) into a spiral.

In humans, the original olfactory function of the first pair of lobes is now confined to the inside and under-surface of the front portions of the hemispheres. This is where the sense of smell is located; it has important links with the emotion-controlling limbic system. The remainder of each hemisphere has taken over the functions of the vision and sound lobes, as well as containing areas for movement and sensation. The second and third pairs of bumps are now largely redundant, and are just small swellings on the back of the midbrain (the superior and inferior colliculi). They deal with visual-and hearing-based reflexes. The fourth pair of lobes, meanwhile, has developed and expanded further and is now about an eighth of the size of the rest of the brain. This is the cerebellum, or “little brain”, and is essential for complex, learned, co-ordinated movements and their integration with information about balance, joint position and space. We therefore have a very large, sophisticated brain, specialized for processing sensation and turning it into action. Despite this, it is still not clear why it needs to be so large. Many successful animals have very small brains: for example, dinosaurs, with arguably the smallest brain size compared with body size the world has ever seen, were very successful.

Clues from our cousins – apes and people

The first primates lived in Africa and this is where the first humans evolved. All primates share some features: forward-facing eyes, the ability to grip and leap, and nails instead of claws. In addition, humans have some unusual physical features. We are hairless, we have a truly opposable thumb (we can touch all our fingers with it), we have a downward pointing nose and we stand vertically. Socially we like to live in groups of about thirty and we follow a complex set of rules governing interpersonal relationships, which are learnt as we grow up. Primates spend a significant amount of time grooming each other. In humans this is done both physically and through the use of social rituals such as greetings. The physical features characteristic of humans are clues as to why we have large brains and our social abilities a consequence and cause. A side effect of living in groups is that we have developed the ability to imagine another being’s viewpoint and to deceive. These social and mental skills are completely dependent on our brain power and are probably the evolutionary driving force behind the development of a large brain, as well as the result.
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