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INTRODUCTION

Tackling the Question

Bang. The universe appeared. Then ape-men. Who then evolved. Their brains grew and grew, then shrank a bit, and now here we are. Admittedly, this isn’t the most scientific synopsis of how we got here today, and obviously there has been a lot of other stuff going on too, but what we want to know is: why did we grow so much brain and do we really need it all now and in the future?

Before we go any further, why are we even talking about how much brain we need? A chance conversation overheard between two outstanding psychiatrists prompted the titular question tackled in this book. The psychiatrists were discussing the results of a study in which brain scans revealed that some people who had taken antipsychotic medication for schizophrenia experienced brain shrinkage. They wondered what this shrinkage meant in practical terms for these people’s day-to-day lives, as this was not recorded within the study. This opened up a debate as to whether the brain shrinkage would have been noticed by the individuals at all, had the brain scans never been taken. In other words, did the brain shrinkage actually matter? Which then led us to ask whether brain shrinkage is something unique to that study. Should the rest of us be concerned about what might be happening to our brains?

In fact, it turns out that brain shrinkage is no rare thing. Whilst the bad news for all of us is that from our mid-thirties our brains start to shrink, the good news is that we generally still seem to muddle along. But how can this be? we wondered. Does this mean we don’t really need all of our brain?

We humans all have brains. Admittedly, this might be considered debatable in the case of some reality-TV-show contestants and certain politicians, but nonetheless, brains we all have. The wobbling mass of cells and connections that teeters delicately atop our bodies controls our every move and thought. It is a supremely complex organ, more so than any other in the body, and holds responsibility for everything that we are. Despite huge variation in the human form across populations, healthy, fully developed brains have pretty much the same architecture.

The modern human brain consists of a number of key parts, broadly grouped into the cerebrum, the cerebellum and the brain stem. Each of these parts has many components (we’ve tried to be helpful by including a basic figure for your reference: Figure 1). The cerebrum is the large bit that we mainly think of when we imagine a brain; looking like a scrunched-up spongy sausage. The cerebellum is much smaller and located at the rear of our head, beneath the cerebrum. In front of the cerebellum, underneath the cerebrum, is the brain stem. However, no doubt you already know that this is a highly simplistic overview of our brain anatomy in its grossest form.
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Figure 1: Key Structures of the Brain

Within the context of the entire animal kingdom, the human brain is many times larger than would be expected for our body size. To allow such a large brain, it is argued, human babies must be born earlier than other species, defenceless, unable to feed themselves or even move out of harm’s way. From a survival point of view that doesn’t seem sensible. So why did evolution shape our brain in such a way, and what advantage does all this extra brain bring?

The brain is the most complex system we know, a piece of hardware that trebles in size over the first year of life and then constantly reshapes and reprograms itself at the microscopic level in response to every new life experience. Some experiences, like education, result in more brain cells and a larger brain. With others, like drinking alcohol and even normal ageing, cells die and cannot be replaced. People with larger brains function better on average, and live longer. Yet there is great variation within our species: men’s brains are around 10 per cent bigger than women’s, and people whose ancestors developed in colder climates tend to have a larger, rounder head and brain, in order to better conserve heat. The impact of these differences in ‘hardware’ is mitigated by differences in ‘software’: peak brain function depends not only on the size of the brain, but on how efficiently it is used.

Contrary to the popular myth, we do use more than 10 per cent of our brains, but even modern neuroscience cannot accurately tell us how much of our brain we use at any one time, or ever. We do know that surprisingly large amounts of brain can be damaged or lost without our losing functions like language, thinking and emotions, which seem to be the core of the human experience. Does this mean that losing a few brain cells here and there would be something we wouldn’t even notice?

People are endlessly fascinated with the brain and the mind, whether seeking greater understanding of themselves and those around them, or just marvelling at the brain’s intricacy and the many secrets it still seems to hold. Whilst many writers have sought to present the workings of the mind and the brilliance of mental achievement, How Much Brain Do We Really Need? challenges you to think differently about the brain. Rather than concentrating on the many wonderful things the brain can do, we ask whether in fact we can live satisfactorily without some of it.

What is in this book anyway and why should you read it?

This book aims to shed light on the capabilities of the human brain – in both optimal and suboptimal conditions, and in the past, present and future – and considers what it may do without. It presents intriguing hypotheses, compelling individual experiences, and professional points of view. To help you navigate, we’ve divided the book into four parts, which can be broadly summarised as: Part One – who we are and how we got here; Part Two – normal variation of the brain; Part Three – when things aren’t quite as they should be in the brain; and Part Four – where the brain might be heading in our lifetime and beyond.

We shall reflect on human evolution, asking why we have so much brain in the first place and what distinguishes us from other species. We’ll then consider how we define what a working brain needs to be able to do, from the basics of survival to the highest levels of human achievement. To do this, we examine evidence from development across the human lifespan, and take a glimpse into the effects of brain injuries, abnormal development and degenerative diseases. We explore what normal variation in brain size and structure between the sexes, and within populations, means for the relationship between brain biology and intelligence and other cognitive functions. And by looking at what is known about normal variation in brain function and assessing it alongside cases of people who live without a wholly functioning brain, we’ll ponder whether we need so much brain and whether a little bit of shrinkage does us any harm after all. To round things off, we gaze into our crystal ball and contemplate the future possibilities for our brain, given optimal nutrition, education and medical care, and the potential ability to replace or re-engineer faulty or ageing brain cells.

But you don’t just have to listen to us. A host of brain experts also shared their thoughts on how much brain we really need and kindly allowed us to convey them to you in this book. Don’t say we don’t spoil you. Woven throughout the book you will find interviews with psychologists, psychiatrists, neuroscientists and those who work with people affected by neurological conditions, offering fascinating insights into the brain.

However, we also want you to prepare for a little cognitive exercise and do some of the work. As you read it, we want you to ask yourself repeatedly: How much brain do we really need? We will arm you with facts and figures, case studies and hypothetical scenarios, expert interviews and scientific principles. We’ll take you on a journey from the ancient mists of time to the far reaches of the future, via different species and lands. We will tackle diverse questions, such as whether brain-training or being a ‘SuperAger’ is the key to healthy ageing; whether drinking coffee or going for a run is better for our cognitive performance; whether women really experience ‘baby brain’; whether screen time is ruining our brains; and, of course, whether marmosets make good detectives.


A VIEW FROM

Dr Graham Murray, University Lecturer, Department of Psychiatry, University of Cambridge, and Honorary Consultant Psychiatrist at CAMEO Early Psychosis Service, Cambridgeshire and Peterborough NHS Trust, UK

Graham juggles two main roles, being both a researcher and a clinician. He is a neuroscientist and psychiatric researcher with a particular interest in brain imaging. His research focus is on cognitive and brain development over the lifespan, and the physiological basis of mental illnesses. As a psychiatrist, he works in the field of ‘early intervention in psychosis’, meaning that he specialises in the treatment of young people who have developed schizophrenia and other psychotic illnesses for the first time. Graham was one of the two psychiatrists in the conversation that prompted this book, and he co-led the study in question.

So, Graham, tell us a bit more about your study. What were you looking for and why?

‘We were interested in whether there is progressive neurodegeneration in schizophrenia. Psychiatrists have long been interested in this question, because some people with schizophrenia have a declining course to their illness. By this I mean they become increasingly cognitively disabled the longer they are unwell; their symptoms get worse and they seem to have more difficulty with everyday activities that require mental function. Things can deteriorate for some to the extent that they can’t live independently and need to live in housing where there is twenty-four-hour support. It is not known why some patients have a deteriorating course, but one long-standing theory is that it might be caused by progressive brain atrophy (shrinkage).

‘So we wanted to know whether there is brain volume loss over time in schizophrenia. However, we know that we all lose brain volume as we age, so we needed to measure the rate of brain volume loss in people with schizophrenia compared to that in a control group of those without the condition. We know from our clinical experience that schizophrenia is a very variable condition and, whilst some patients are very disabled by the illness, others make a complete recovery. So we were interested in examining the variability of brain changes in schizophrenia. We specifically looked at whether medication might be associated with either a decrease or increase in the rate of brain loss, and whether patients with greater brain volume loss had symptoms, or cognitive functions, that were getting worse.

‘For each person we took two brain scans, at an interval of around nine years. We used a computer algorithm to calculate the degree of brain volume loss between the scans. We found that, on average, those with schizophrenia had a higher rate of brain shrinkage than the controls, and the degree of shrinkage experienced was correlated with the amount of antipsychotic medication they took.’

Were you and your colleagues surprised by this result, or was it something you were expecting?

‘It wasn’t something we were expecting at the time we started the study, as many researchers had previously claimed that the medication was neuroprotective and prevented brain volume loss. However, the study took several years to conduct and by the time we had our results, another group from Iowa had performed a similar study with the same result. So effectively we replicated their finding.’

Taking all these results in context, what do you think is going on in the brain?

‘The simplest explanation is that the medication is causing accelerated brain shrinkage. However, in a purely observational study like ours it is very difficult to prove causality. It is possible that the people with schizophrenia with the most severe illness had the most brain shrinkage, and that in an attempt to help these severely ill patients the treating doctors had resorted to prescribing increasingly high doses of medication. We know that the higher the dose of medication, the greater the loss in brain volume; but we can’t say for sure whether the loss was because of the greater amount of medication or whether the people who needed the most medication (i.e. those who were most ill) had brains that were more likely to shrink. In other words, you can’t fully tease apart the effect of the medication from the effect of the illness on the brain.’

Do you think brain shrinkage has a noticeable effect on people? Is this something you take into account in your clinical work?

‘We found no link between the degree of brain shrinkage and changes in cognitive function. In other words, there was no demonstrable effect on mental performance. What we found in schizophrenia is not the typical picture of classic neurodegenerative diseases like dementia. We think that in dementia the brain loss drives the clinical progression of the illness, but in schizophrenia the picture is much less clear. It is too simplistic to think that brain shrinkage is always a bad sign. In some circumstances, it seems to be helpful that certain parts of the brain are shrinking. For example, in normal development children’s brains have less grey matter as they get older (though white matter is increasing), and studies have indicated that the children who lose the most grey matter in early adolescence make the most gains in intellectual function. So thinking back to our study, whilst at first glance it may seem alarming to think that people with schizophrenia had high rates of brain loss, it could possibly be that this loss is a process of the brain adapting somehow, and could even be beneficial.

‘So you can probably see by now that using a measure like brain-volume loss in psychiatric clinical work wouldn’t currently be particularly helpful, as it is unclear what it all means. Maybe in future we will be able to incorporate such measures to inform patient care when we have a greater understanding of what brain-volume loss is indicating at an individual level.’

How much brain do you think we really need?

‘Most of us seem to be able to manage pretty well despite the fact that our brains shrink year on year as we get older, after the age of about thirty. That’s not to say that the process is harmless: it could be that eventually we can no longer compensate for the losses, and at that point mental function might suddenly decline. We should also remember that it is not just about the amount of brain we have, but how efficiently the brain works. This may relate to how well connected the different regions are, to allow information to flow efficiently, and to the balance of chemical messengers in the brain that are critical to this. So perhaps the answer is that we ideally need all of our brain, but we typically have the ability to adapt to changes in the brain.’




PART ONE

A Matter of Matter

How much brain do we have and does it matter?


CHAPTER 1

Head of the Class: Why do humans have so much brain?

Our brain wasn’t always a mass of beautiful complexity. Whilst it has evolved phenomenally since we dragged ourselves from the primordial soup, the changes didn’t exactly happen overnight. It has taken billions of years to craft this amazing organ, since long before our earliest ancestors walked the planet.

Before we delve into what our brain does and whether we really need it all, we’re going to take a step back in time and consider why we have the brains we do. Understanding something about the evolution of the brain helps us to identify what parts may matter most (and least), and why we are the way we are now. From our early ancestors to the present day, the human brain has grown but is now starting to shrink again. How has the human brain evolved, and how do we compare with other species?

Let’s start at the very beginning (it’s a very good place to start)

As life on Earth began, brains as we know them didn’t exist. We all started out as tiny bacteria, with no discernible brain, and existed like this for billions of years. Over time, however, evolution favoured those organisms able to find nutrients and avoid risks; and gradually these primitive creatures began to develop into something more exotic. That ‘something’ required first the development of a control system capable of carrying out more sophisticated behaviour (not just immediate responses to stimuli, for example) and then, much later, advances that allowed that organism to better coordinate its behaviour with that of others of its species.

The nervous system slowly evolved as some cells (neurons) became specialised for carrying messages, and developed long extensions (axons) to communicate with other cells where they met them, at the synapses. As this nervous system evolved, the brain came into being as its control centre. Groups of neurons came together to form what we call the central nervous system, allowing more complex processing of information and enabling animals to move and respond to the environment in more elaborate ways.

The brain slowly got bigger and better. The oldest bits of the human brain, in evolutionary terms, are those that keep us alive, controlling things such as our breathing, heart rate, body temperature and balance. If you are indeed alive while reading this, you may have guessed that these parts are still in the brain today (more about them in Chapter 2); but then newer, more fancy and sophisticated structures evolved to improve our brain’s abilities no end.

Eventually, the capacity to learn and remember developed, and neural processing became increasingly efficient. As brains were exposed to greater visual, auditory and other sensory input, they developed something called a neocortex (which we’ll refer to as ‘the cortex’ for ease from now on). This is the most recent addition to our brain and is often considered to be quite special in terms of human mental prowess. The cortex enables complex activity, particularly social behaviour, and so its emergence paved the way for more intricate movement, conscious thought, judgement and, eventually, language.

As you might imagine, the first mammals to appear on the planet (around 200 million years ago) only had a small cortex. Some of these animals took to the trees, and in order to adapt to their new lifestyle they needed better coordination to navigate their environment and better eyesight to catch fast-moving prey, such as insects. This change in behaviour led to the expansion of the visual part of the cortex, as those individuals best adapted to tree life more successfully passed on their genetic advantage. More complex connections between different parts of the brain became established and mammals, especially primates, were then able to behave in ever more sophisticated ways.

So you can see that brains had come a long way prior to even the emergence of hominids (i.e. all species of extinct and modern great apes, which include us humans). Although modern man’s earliest ancestors lived around 6–7 million years ago, a number of hominid species emerged and subsequently disappeared before we came on the scene. Modern humans (Homo sapiens) only appeared a mere 200,000 years ago. So what was ape-man doing all this time and, more importantly, what was happening to his brain?

A brief note on evolution

Before taking a closer look at how the hominid brain morphed into the impressive powerhouse we now hold so dear, let’s remind ourselves how evolution is supposed to work. Charles Darwin kindly applied his own notable brain to give us the theory of evolution. In his 1859 tome On the Origin of Species, Darwin postulated evolution by natural selection, a process whereby organisms alter over time due to changes in physical or behavioural traits that are inherited over generations. Beneficial changes that enable an organism to better adapt to, and thrive in, its environment will help its chances of both survival and reproduction. Numerous different species in the animal kingdom evolved over time, becoming more sophisticated in their abilities and refined in their physical form. It is worth noting, however, that evolution isn’t necessarily linear in its pattern. Changes can occur at any time and in any way, and those that prove to be advantageous might branch off in another direction, creating something new rather than just a refinement of the old. For example, although we know we are closely related to other primates and often vainly consider ourselves a more sophisticated version of them, it isn’t the case that modern humans evolved from monkeys. As we know, there are many species of monkey alive and well today; both modern monkeys and modern humans evolved from a common ancestor along distinct branches of change.

In order to gauge how the human brain evolved from those of our earliest ancestors, we need some evidence. Unfortunately, the world is not overflowing with prehistoric brains that we can dissect, scan and interrogate to determine how the human brain became the way it is now. Brains are excellent at many things, but fossilising is not one of them. However, their protectors, the ever-faithful skulls, are much better at this and lend themselves nicely to researchers evaluating their size and shape to estimate changes that have taken place over time. Ancient artefacts also help to build a picture of how early humans lived, and these can help us to infer something about the abilities their brains must have had. We can also try to infer some changes that were taking place by our understanding of what functions and abilities would have been needed to survive, thrive and behave in the way we think our early ancestors did. It is important to note that many theories about brain evolution based on evidence from the fossil record are up for debate, and new ones continue to emerge. Despite being unable to determine the exact evolutionary path, when we study the cranial vaults of different hominid species it is undeniable that our brain has been increasing in size and changing in shape over time.

What were our brains like back in the mists of time?

Have our brains really changed all that much since our ancestors started walking upright? One of the earliest species (around 6–7 million years old) identified as part of the human family tree is Sahelanthropus tchadensis. The fossil remains of one individual were only relatively recently discovered, in 2001. Because only fragments of skull were found, its size can only be estimated, but it is thought that this species had a skull, and presumably a brain, slightly smaller than that of a modern chimpanzee. To put this into context, chimpanzees have brains that are around three and a half times smaller than those of modern humans. OK, we know that’s only one fossil, but it does seem to indicate that the brain has grown substantially over time. However, to press the case we probably need a bit more detail on what’s been happening over the last few million years.

Later in evolution, species in a group termed Australopithecus developed an advantageous combination of features of both apes and modern humans. Whilst they were bipedal and regularly walked upright, they also had long arms with curved fingers that enabled them to skilfully climb trees. It is thought that such adaptations helped this group to survive and thrive, since its members were able to live in both trees and on the ground as the climate and their environments changed. A well-known personality from this group is ‘Lucy’, from the Australopithecus afarensis species, dated to around 3.2 million years ago.

As she sat in a tree in what is now Ethiopia, contemplating where to get her next meal, Lucy could never have imagined that one day she would become arguably the world’s most famous member of her species; indeed, one of the most famous of all fossils. At the time of her discovery in 1974, Lucy revolutionised our understanding of human origins. Not only was she one of the oldest known fossils at the time, she was also one of the most complete, which helped to capture the public’s imagination. Seeing her skeleton, people could imagine and marvel at the existence of a small, human-like creature sharing the same planet as them but millions of years before their time.

Being able to navigate both ground and trees must have meant an alteration in Lucy’s brain and those of her contemporaries. The information being processed by the brain and the instructions it would have given the body were presumably more complex than those experienced by earlier species, and this would require an upgrade in mental equipment. Initially, though our early ancestors’ brains were within the size range of those of other apes living today, there were subtle differences in brain architecture in comparison with apes as the cortex began to expand, suggesting development in higher functions.

Whilst species from the next branch on our family tree, the Paranthropus genus, display a further small change in brain size, it is not until the emergence of the Homo genus that major transformations in the brain can really be detected.

The distinction of the Homo genus, of which the modern human is just the most recent species, was defined in 1955 as an upright posture, a bipedal gait and the dexterity to fashion stone tools. The new kid on the block, the first of the genus, was Homo habilis, known as ‘the handyman’ due to its supposed tool-making skills. This species, dated at 1.4–2.4 million years old, had a braincase (of 600 cubic centimetres) half the size of a modern human brain. This was around 50 per cent larger than any of the Australopithecus gang. Some researchers have considered Homo habilis to just be a variation of the next species of hominid, Homo erectus, rather than a distinct species, but either way, observable changes in the brains of this new genus were taking place. Examples of Homo habilis fossils show they had developed a slightly bigger brain, which included expansion of a part involved with language called Broca’s area. This suggests they were communicating with each other, although we don’t know whether language as we might recognise it had developed.

Bona fide examples of Homo erectus had a bigger brain still. The brain size of Homo erectus is estimated to have been around 900 cubic centimetres, significantly larger than that of its predecessor Homo habilis but still a way short of the modern human brain.

Being able to make and utilise tools enabled our ancestors to benefit from a more varied and energy-rich diet, and once fire was harnessed to cook meat they were able to obtain even more nutrients. It has been demonstrated that cooked meat has a higher nutritional value than raw meat and, as cooked meat is easier to chew and digest, you need less of it to gain the same amount of energy. This meant that our early ancestors no longer needed such large guts (which used a lot of energy in processing food) and over time this part of the anatomy got smaller, freeing up more energy for brain expansion. Modern humans have a very small gut in comparison with other great apes (about 60 per cent of the volume). However, our bigger brains take a lot more energy to power, meaning that our diet needs to be more nutrient-dense to achieve the fuel required to function effectively. Primatologist Richard Wrangham at Harvard University believes that the point at which our bodies show adaptation to cooking is 1.9 million years ago, which he suggests was a key watershed in our divergence from other primates.

As modern humans (Homo sapiens) emerged, they were not alone. They were living in parallel with other hominid species such as Neanderthals (Homo neanderthalensis) and Homo heidelbergensis, which subsequently became extinct. (Whilst these Homo cousins had already been around for a few thousand years, they continued their existence for some time into the Homo sapiens era.) Interestingly, whilst shorter and stockier than modern humans, Neanderthals had brains that were just as large as, and sometimes larger than, our own, although they were more elongated in shape. Researchers have observed that whilst both modern humans and Neanderthals are born with relatively elongated braincases, only humans go on to develop globular-shaped skulls as they grow. The researchers hypothesise that the pattern of modern-human brain development after birth is quite different from that experienced by Neanderthals, accounting for the difference in skull shape changes during development, and suggest there must have been associated cognitive differences that distinguished modern humans.

Bigger, bigger, bigger . . .

Whilst our brains have tripled in size since the time of our earliest ancestors, the speed at which brain size increased has not been constant. The evolutionary changes that led to the emergence of modern humans were relatively slow in comparison to the speed at which modern humans themselves went on to evolve into the beautiful specimens we are today.

Early changes in the brain took millions of years to embed in our evolution, and it is not until about 800,000–200,000 years ago that the increase in brain size became rapid. This rapid change is thought to be associated with dramatic environmental shifts that were then occurring. Significant climate fluctuations, from very wet to very dry conditions, made the environment unpredictable. It is thought that having a larger, more evolved brain may have been an advantage to a species trying to negotiate dramatic environmental changes, having to adjust to periods of famine, then plenty, and back again. Perhaps the individuals who were able to survive such environmental challenges were those who were able to adapt: they could change their behaviour in order to survive under differing conditions. This suggests that their brains had the capacity for problem-solving, to change tack to find food or shelter in different ways, for example. It may also suggest that they had better memories; perhaps they were better able to remember and recognise alternative signs or locations of food or shelter in and beyond their local environment.

Maybe such individuals were better able to communicate with each other and work together to survive. Maybe their brains were more effective at driving automatic bodily functions, such as temperature regulation, and they were therefore just physically better able to survive. Of course, they were also able to reproduce and raise their offspring effectively to pass on any traits that gave them an advantage; that, after all, is how evolution works. There are many possible theories as to what advantageous traits gave the successful individuals the edge.

Whilst we don’t yet know why the brains of early humans began to increase in size in the first place, we can see shifts in both physical form and ability as species evolved. All the time our brains were growing, our bodies were evolving too, as we grew taller and lost our body hair. Compared to our earlier ancestors and contemporaneous cousins, modern humans evolved a lighter, more slender skeleton and very large brains that are encased in a thin-walled skull. Our facial features are more delicate and we have smaller teeth. All these developments came about as our lives changed and our anatomy evolved to better meet our needs. There was a decreased need for physical strength for climbing and fighting as we became better adapted to living on the land, creating shelter and living more harmoniously with our neighbours (standing us in good stead for eventually organising community barbecues and coffee mornings). Jaws and teeth got smaller as we developed tools to do some of the jobs they used to, such as cutting meat, and we started to cook food, making it easier to chew. As our jaw took up a smaller proportion of our head, our skull may have evolved to expand into the space.

Eventually there came a time when our ancestors were no longer just focused on survival, but their abilities and interests were escalating. They became better able to exploit their environment for an improved life, leading to further survival advantages. Early humans learned to make and use tools, which in turn enabled them to do many other helpful things, and they discovered and harnessed the power of fire for keeping warm and cooking food. As their cognitive abilities evolved they became adept at living in groups, presumably being able to communicate effectively, negotiate and create social structures. Tools, clothing and other man-made objects became more sophisticated as both fine motor skills and thought processes advanced. Artefactual evidence shows that early Homo sapiens produced more advanced tools than other hominid species living at the same time, and he also created art, such as that seen in cave paintings. Further improvements, such as the domestication of animals, the introduction of farming, transport and trading and the building of complex societies, all stemmed from an increasingly sophisticated brain. As you can imagine, all of these developments in the history of mankind could only be achieved with concomitant improvements in the brain.

As you can see, the brain was not just getting larger; it was building new capabilities and investing in key areas that were proving the most useful. Whether new abilities evolved as a result of changes in the brain or whether the brain changed in response to the need for new abilities is as yet unknown. However, as our brain evolved, not only did it deliver upgrades in cognitive abilities, but more basic functions were also transforming. It is likely that as some areas of the brain became more important, they grew (over many generations) at the expense of the parts that were becoming less significant. Parts of the brain linked with aggression and other more primitive capabilities, for example, were no longer as prominent. Individuals who inherited smaller versions of brain parts that are needed for these functions may instead have had more brain room and energy to dedicate to more sophisticated cognitive and fine-motor abilities, perhaps giving them a survival and mating advantage. Those who could communicate and negotiate more effectively and produce tools, whether to forge objects, to hunt or to protect themselves, were likely to have had the edge in survival over their more primitive peers.

. . . pop! The bubble burst

All good things come to an end eventually. The human brain in its modern form emerged at least 200,000 years ago; the point at which it seems to have stopped increasing in size. Our brains finally reached a whopping 1,500 cm3. You might think that all has been hunky-dory since then and our brain has been coasting along nicely. Not so. While we basked in around 190,000 years of physiological calm, little did we know that the tide was about to turn. Our brains started to shrink. As a species, we have lost around 100–150 cubic centimetres of brain since its peak. This is equivalent to the size of a tennis ball. This significant decline in our brain size relative to our body size has occurred over the past 10–15,000 years. But why? Is it because our brains have adapted to changes in lifestyle and they no longer need to be so big? Perhaps they are now more efficient at processing information – cast your mind back to how huge and basic mobile phones used to be and consider how comparatively slimline and powerful they are now.

John Hawks, a palaeoanthropologist at the University of Wisconsin-Madison, believes that the decrease in our brain size is indeed a sign that we are becoming more intelligent. As a large brain requires a lot of energy to function, a smaller, more streamlined one that is more efficient and powerful could use less energy but deliver greater cognitive ability. However, some people hypothesise that the brain would be more powerful if it were larger. Michel Hofman of the Netherlands Institute for Neuroscience argues that at a size of about 3,500 cm3, corresponding to a brain volume two to three times that of modern man, the brain would reach its maximum processing capacity. He suggests that the larger the brain grows beyond this critical size, the less efficient it will become, thus limiting any improvement in cognitive power. So, according to this theory at least, the brain should have continued to grow.

In that case, what has happened to us? Perhaps we went into decline as our lives changed and we no longer used our brains for all the functions for which they were originally designed – a ‘use it or lose it’ effect. Some researchers do believe that the shrinkage is an indication of our cognitive decline as a species.

Researchers from the University of Missouri investigated how cranial size changed as Homo sapiens adapted to an increasingly complex social environment. They found that, around the globe, while population numbers were low the cranium kept getting bigger, but as populations became more dense it started to get smaller. They concluded that as complex societies emerged, people no longer had to be so intelligent to survive, so the brain started to decline in size. Previously, less intelligent (or worse adapted) individuals would have been more likely to die prematurely, or at least fail to find a mate and pass on their genetic legacy. In complex societies, however, it is thought that these individuals might be propped up by others and their genes passed on, thereby watering down the intelligence of the species as a whole. In order to ensure a continually developing intelligence for our species we would presumably have to be less nice to each other. Society would need to be structured in such a way that those who had less favourable traits to offer should be unable to survive long enough to produce offspring, or at least be unable to find a mate. A highly unpleasant and unacceptable prospect.

Chris Stringer, a palaeoanthropologist from London’s Natural History Museum, suggests that some of the brain volume shrinkage relates to the fact that humans have got smaller overall in the last 10,000 years. It is possible that with the climate warming up we no longer needed to be so bulky in our form. In addition, he points to the fact that big brains use a lot of energy to maintain themselves, which isn’t always necessary. He proposes that many of us are just fine now with smaller brains as we no longer need to store so much information; we have computers and gadgets for that, and we suppose that previous generations had books, songs and folklore which might have served a similar purpose. He describes this as a kind of domestication effect. Just as domesticated animals have smaller brains than their wild counterparts because they no longer need the cognitive abilities associated with hunting or protection, we humans may also have lost brain power as we have become increasingly domesticated.

In order to understand this brain shrinkage, we need to decide whether the shrinkage was wholesale or whether particular parts of the brain were withering away as they became less important. A group of Chinese scientists have found that whilst our brains have been shrinking over the last few thousand years, this shrinkage was not universal. Their evidence suggests that there is one part that has actually continued to increase in size: the frontal lobes. This part of the brain is involved in a host of functions, such as motor skills, problem-solving, judgement, language, memory, mood and emotions, social behaviour, and more.

So, is the brain still shrinking or is it continuing to change in form? Perhaps some parts are growing and some parts are shrinking? As Chris Stringer has neatly summarised things, it is plausible that the modern human brain is smarter in some ways and less intelligent in others, but overall it is more docile. Depending on your favoured theory, the brain has either already had its heyday or is increasing in complexity and specialisation.

Are we special?

Regardless of whether our brains are on the decline or in the ascendance, we are what we are and have to make the best of it. The average modern human adult brain weighs around 3 lb (1.36 kg). Whilst it accounts for approximately 2 per cent of total body weight, the human brain consumes a whopping 20 per cent of total body energy resources, due to the hungry neurons and their high metabolic requirements. But is our brain anything special? ‘My cat seems pretty intelligent despite her small brain. So what exactly am I getting for all my extra brain?’ asked a friend. Good question. Is all this fuss and using up so much energy to grow our extra brain really worth it?

Humans are just one of several species of great ape. Our closest living relatives are the chimpanzees, with nearly 99 per cent of our genetic code being the same as theirs. However, as we mentioned earlier





Is brain composition all a matter of matter?
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We know a lot, but not that much
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