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This book is dedicated to everyone I knew back then. Hmm.






Introduction

 A Silver Lining

Being a teenager is a positive and understandable experience. I realize that it is rarely described in those terms, but I aim to convince you that this statement is true.

Everyone reading this book will either have experienced adolescence or be experiencing it right now. And we all feel its effects for ever. The teenage years are in fact the most interesting of your life. Science says so. These years can also be the most positive – it all depends on what you make of them.

Between ten and twenty, many things can happen for the first time, some of them good, some of them not, and some of them somewhere in between. You will decide for yourself which is which over the course of this book: acne, adult relationships, alcohol, big exams, breasts, depression, driving, drugs, empathy, growth spurts, independence from parents, masturbation, new and alarming hair, orgasm, pornography, puberty, responsibility, self-control, sex, smelliness, smoking, work. That alphabetical list is certainly not complete, but it does give you a taste of how much has to be packed into a decade.

However, the sheer number of new things that have to be  done is not the only problem. None of us goes through adolescence in isolation. When you are a teenager, there seems to be a bewildering number of experts around. Everyone wants to give you advice on what you should and should not do, how you should do it and with whom you should do it. There soon arises in the young mind a suspicion that adults cannot really remember their own teenage years clearly enough to be able to give good advice. This suspicion feeds into a growing mistrust of authority, which gets even worse when teenagers discover that adults cherish such distrust in themselves, but dislike it in anyone under twenty years old. Surely this is the time when people are meant to grow up enough to stop believing everything they are told?

So an inescapable conflict is built into adolescence. Just when we become mature enough to want to make our own decisions, everyone starts telling us to work hard, plan ahead, not to drink, not to take drugs and not to sleep with anyone. When teenagers then press their elders for the reasons for their advice, those reasons are rarely forthcoming. A good example of this is the taking of illegal drugs. We all know that many people take drugs and seem to enjoy them, yet at the same time teenagers are continually told that drugs are ‘bad’. All the sensible teenage mind can conclude is that someone out there is either wrong or lying. This is not being difficult, it is simply being logical. But why does advice to teenagers so often come without evidence to back it up? If adults are completely truthful, do they usually know what the evidence actually is?

This brings me on to the approach of this book. Where can the evidence be found? The good, and perhaps surprising, news is that the evidence is already in existence – although much of it has only appeared in the past five years. We now  know a great deal about drugs, sex, puberty and the teenage brain; this knowledge just needs to be presented in a sensible, clear way so that we can all see how we function as teenagers, and what lessons we can learn. The efforts of scientists, doctors and therapists in the past few decades have revolutionized our understanding of every part of the growing-up process. We know how most of human adolescence works and we also have some good ideas about why it evolved in that way. It can seem messy, unpredictable and even perverse at times, but there is an undeniable pattern at work underneath all that teenage tumult. In writing this book, as I have distilled the developmental biology, the palaeoanthropology, the neuroscience, the physiology, the psychology, the therapy and the politics, I have become ever more convinced that adolescence is the most crucial time of our lives.

 

As you can see, I believe that adolescence is eminently ‘understandable’, but you may remember that I also recklessly used the word ‘positive’.

The teenage years are potentially a very good time in your life. Unfortunately, people often talk about them as if they were no more than an unpleasant hurdle between blissful childhood and mature adulthood. Admittedly, there are many things to be done in our second decade of existence, and I have already listed a few of them, but they are best seen as a positive opportunity. Indeed, our understanding of human evolution and the history of human society supports this more upbeat view. Instead of a painful and uncertain transition between two stages in life, being a teenager should be seen as a time when we can have the best of both worlds – the charming wonder of a child and the reassuring independence of an adult.

Compared to other animals, human beings have an unusually long pre-adult existence, and it would be perverse to claim that this is simply to extend a period of suffering. Instead, much of the evidence suggests that evolution has given us our teenage years for a very good reason – in the long run they help us to succeed as individuals (that is what evolution tends to do). It is a time when we can play a little, live a little and grow up a little. Sometimes we are given the impression that adolescence is a time fraught with extreme danger and stress. Obviously nothing comes without risk, but we should never lose sight of the fact that being a teenager is a unique opportunity to experiment with the world, ourselves and other people. Things may seem very serious at the time, but few of our teenage actions have long term consequences for when we are older. I sometime worry that we make teenagers too frightened to try new things – after all, life is for living. Everyone should have been just a little bit irresponsible before they get to twenty.

 

So why should I be the one to write this book, and why did I want to?

Perhaps I should tell you a little bit about my life, to reassure you that I can approach the subject of being a teenager from an unusual and unbiased angle. Obviously, I can do the usual glib adult thing of saying, ‘I was a teenager once,’ and this is of course true. More specifically, I can tell you that I was born nine months before the first moon landing and was brought up in the south of England. I was a happy little kid and ended up doing most of the usual teenager things: trying to get served in pubs under age and trying to go out with people who could drive cars. I argued a bit but had a lot of fun and then I went to university, where I had even more  fun. I happen to have a good memory, so I was able to get on a course to train to be a vet. Because of this, I am already adept at dealing with aggressive furry animals. I also developed an interest in how evolution has shaped us humans over the last billion years, and this fascination has stayed with me – right into the writing of this book.

I then worked as a vet for a year, which often meant spending my time explaining biology to sensible and interested members of the public who happened not to have any scientific training – something I now do in my books. I then went to do scientific research at the Institute of Zoology in London, a maternity hospital in Oxford and a vet school in London, and I also started to teach university students as well as advising school students thinking about their future careers. Gradually this started to take over, and my main job at Cambridge is now teaching and advising students full-time.

While all this was going on, I somehow fell into writing books about biology for the general public. The first one was about pregnancy, the second was about sexuality and the third about the brain. I worked hard on my old veterinary ability to explain biology to people, and I hope that shows in this fourth book. Writing the books has taught me that just about anything in biology can be made fun and comprehensible if you cut out all the long words and simply try and tell a story. Crucially, the books also made me realize what a pivotal time the teenage years are, but how little of this is common knowledge.

These became my main motives to write this book, and also the reasons why I thought I was the person to write it. I am interested in growth, sex and the mind, and why evolution has left us growing, copulating and thinking the way that  we do. I think the story of being a teenager is worth telling, and that it might help some people understand themselves and their foibles a little better. Much of my work involves older teenagers, and I am constantly horrified by how many young people who seem attractive, intelligent and confident on the outside are torn apart inside by insecurity, anxiety and self-doubt. My aim in this book is to explain why these things happen, and why there are ways to help.

 

One enemy of the enjoyment of being a teenager is that adolescence can sometimes be rather over-analysed – too vulnerable to the reductionist’s knife. That may seem a strange thing for someone to say when they have written a book about how teenagers work, but let me tell you what I mean. There have been many books written about puberty, and many about sex education. There are also lots about drugs and addiction and even more about teenage relationships. There are even a few which specifically explain the ‘teenage brain’. Many of these books are extremely good, but I do worry that they create a sense that these different topics are entirely separate from each other. Yet so far as I recall, being a teenager was more of a mish-mash of all these things – trying to form relationships while my body did weird things and my brain started to work in a different way (at least when it wasn’t infused with alcohol or other things), all the time being aware that my whole being was becoming sexualized. It was all much vaguer and mixed up than the books suggest, and perhaps it is that chaotic unpredictability that can lift being a teenager to a higher, more intense level of experience than any other phase in our lives.

So it is important not to think of adolescence as involving several discrete, unconnected changes. Instead, they all  overlap – your sex affects the way you work, your relationships affect your reactions to having sex, drugs affect your moods, and so on. However, I needed to chop this book into manageable sections, so the five parts are (in order) about: growing; thinking; drugs; relationships, and sex.

But they will blur together to some extent. Everything is going on at the same time, and each aspect of teenage life affects every other. And the reason why being a teenager can seem more confusing than any other ‘life stage’ is that there are simply more things happening than at any other time – a teenager is neither a child nor an adult, but a complex mixture of both. These years are not a gap – rather they are a wonderfully exciting collision when all the different strands of our life get tangled together in a way that will never happen again.

And out of that beautiful tangle will come the strands that make up an adult, much better prepared because of their teenage years. As we will see in this book, evolution created teenagers because they are the best way to become adults. We cannot live for ever, so we must replace ourselves with new people – in other words, our offspring are our way of cheating death. Could adolescence be any more positive than that?

Adolescence can be a wonderful, valuable time. Being young is a gift, not an ordeal.






1. Aches and Gripes and Lumps and Bumps

 Why growing up is hard to do

Conversation by the pool: 
My three-year-old nephew: ‘Where’s your willy?’ 
My three-year-old daughter: ‘I haven’t got a willy.’ 
My three-year-old nephew: ‘Then how do you wee?’



The only time in my life when I have kept a diary was between the ages of fourteen and eighteen.

Although this is not an age usually associated with diligence in boys, I wrote an entry every day for three and a half years, almost always within twenty-four hours of the happenings. Disasters and hangovers permitting, I would sit down and write honestly and frankly about what had happened to me every day and every night.

I soon developed the ability to write in a script and style that would be completely incomprehensible to anyone else, and this gave me great confidence. It is amazing what you will admit to yourself on paper, especially when you know your writing is entirely secret. Of course, on many days nothing much happened, but scattered throughout those hundreds of pages are moments of crucial importance in my life – new experiences, new perspectives and new feelings – more in those few years than at any other time before or since. The humdrum mixed with the bizarre mixed with the delicious. I  liked to refer back once in a while just to see how much I had changed in such a short time, and how things I had recently thought impossible and exotic had become accepted and commonplace. The growing narrative of the diary gave me a real sense that I was going somewhere.

As I wrote and wrote and kept reading back I noticed that, almost without realizing it, something had happened to me. Very gradually my experiences, perspectives and feelings seemed to mount up into something quite dramatic. Without realizing it, I was not the same sort of person any more. All those accumulated changes now looked like a barrier, a mountain range between me at eighteen and me as a child. I still clung to my belief that boys do not have to grow up – I still do sometimes – but the evidence was stacking up against that idea. I had enjoyed being a child and I was enjoying being eighteen, but the two enjoyments were not the same. There was no going back.

That is why I included the quote above – because I thought it might make you think about how you too changed (or maybe are changing) as a teenager. No doubt that little conversation will seem like the sort of thing you could only have said many years ago. It may even be hard to imagine that you were once a person like that, but the fact is that you were and you can never be that person again. Those three lines of infantile jabber say so much about childhood – the sexual naïvety; the honest inquisitiveness about the lives of others; the assumption that everyone is like you. You too probably think that there are many mountains of change between you now and you then. Maybe we all spend our teenage years as mental, emotional and sexual mountaineers.

The other reason I used that quote is that it makes an important point about growing up. On the surface, that little  pool-side conversation was about the basic differences between male and female sexuality, and how children are less sexual than teenagers and adults. But at the same time, it shows that children also think and act in fundamentally different ways from us. Contrary to what you might think from most discussions about teenagers, adolescence is not entirely about the start of sex. Admittedly, sex is an important part of life, and adolescence is when many people begin to do it, but the second decade of our lives is far more than a crude training course in copulation. In this book, an important point I will return to again and again is that as teenagers we all have to grow up in many different ways – sexually, physically, intellectually, emotionally, spiritually – and all these processes are mixed up together. You may become ‘sexualized’ when you are a teenager, but you also become ‘intellectualized’, ‘emotionalized’ and ‘spiritualized’ too. Oh, and you have to get bigger as well.

As you will soon see, I believe that there is so much that is unusual about the second decade of life that it deserves to be seen as an important life-stage in its own right, and not just as a transitional stage between childhood and adulthood. Indeed, I will show you that it is actually even more important than that – that it is a fundamental biological difference between humans and other animals. That said, it is worth mentioning the often-quoted idea that the ‘teenager’ is nothing more than a modern social construct. According to this theory, until the Second World War (or some other arbitrary date), people exited childhood and entered adulthood without passing through what we now think of as a ‘teenage’ stage. However, while it is true that society’s attitudes to teenagers have certainly changed over the years, and that teenage activities have often been ignored or suppressed,  this does not mean that teenagers did not exist before the late twentieth century. There are many literary examples which show that the concept of the teenager as a thing apart has existed for centuries, albeit in forms modified to fit the times. The ancient Greeks and Romans made great play of the status of youths and maids in their societies, for example – Homer and Virgil both wrote sub-plots which are defined by their edgy teenage protagonists. Also, can you imagine Shakespeare writing Romeo and Juliet, with all its overpowering, impulsive, contrary passion, about adults? No: teenagers are not a social idea – they are quite simply different from everyone else.

This first part of the book is an attempt to answer the mysterious question: ‘where do teenagers come from?’ The complexity of the teenage experience means that there are several, linked ways to answer that question. First of all, we will look back into our fossil history to see when teenagers first appeared, and what actually constitutes the advent of the ‘true teenager’. Then we will examine the processes that herald the onset of puberty and adolescence in today’s teenagers – when the body finally decides to finish the job of making us men or women. Then we will consider the effects of all this change on the parts of us not directly involved in having sex with other people. We do not want to leap forward to actual sex too soon – so instead we will think about growing taller, thinner, fatter, smellier, hairier and so on. After all, most teenagers spend more time wanting sex, avoiding sex, worrying about wanting it and avoiding it, than actually doing it. We are going to take the same approach, and do the equivalent of sitting in our room and worrying about things like why our armpits become smelly, and only get back to the nitty-gritty of sex in Part Five. Finally, we will blend the  fossil and biological signs of the coming of human adolescence into a theory of why teenagers appeared, and what they are here for.

So Part One will look at the bodily changes that teenagers must endure, tolerate or enjoy – some of the humdrum, bizarre and delicious things I scribbled about in my journal. And if you want to amaze yourself by how many things change when we are teenagers, I suggest that you hunt through your personal possessions to see if you can find your own teenage diaries, doodles or letters. All I can advise is, do not mysteriously lose that written record like I did. Writing my diary seemed a good idea at the time, but I must admit that I heave a slight sigh of relief that it is lost. I have no idea where that diary is now, nor whether its current owner is getting close to cracking my code.




 Where did the teenagers come from? 

It may seem strange to ask where teenagers come from. After all, any animal that lives twenty years must go through being a teenager. Yet being a human teenager is a far more distinctive experience than simply having a numerical age between thirteen and nineteen. There is something very different about adolescence. It is a remarkable, some would say unique, feature of human life. It has its own role to play and its own controversial evolutionary history. Indeed, there is now good evidence that it is the essential characteristic of the human race on which our success is built.

To find the origins of adolescence, we must take a very broad view of human life. First of all, if adolescence is what made humans so different, we must start by thinking about what is actually different about our species. Then we will see how understanding the ten-million-year chronology of the acquisition of our distinctively human suite of characteristics is our first step in making sense of all those characteristics. We now think that adolescence is one of those typically human features, and throughout this book we will keep a keen eye on how it relates to all the others.

I must emphasize that, as a veterinary surgeon with a zoological training, it is philosophically pleasing for me to view humans as ‘just another species’. After all, they are animals like any other, subject to the same rules of biology as any other, and amenable to study like any other. Also, I naturally object to the idea of human superiority because it has led to much of our species’ cruelty and overconfidence. However, the more I study human biology, the more I realize what weird and unusual things we are. Although I hate to admit it, there really do seem to be several characteristics that make human beings special in comparison to other animals. And adolescence has a role to play in most of them. Let us look at what they are, dividing them into four groups.
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The first human characteristic is the way we walk. Unlike most primates, and indeed most mammals, humans walk around on two legs, and this ability may have evolved around six million years ago. Bipedalism, as it is called, is not unknown in other mammals but most bipedal marsupials  and rodents use their erect stance to jump, not walk. Of course many primates can walk on two legs if they want to, but they actually spend very little of their time doing so. In contrast, mature humans walk on two legs all the time, and they are very efficient bipeds too – one does not usually think of humans as being a physically superior species, but their ability to run long distances is matched by few others. The story of human bipedalism is an interesting one but we will not say much about it in this book, as its link to adolescence is indirect at best – after all, children can walk and run very well by the age of ten. However, as you will see, our two-legged way of getting about does have some relevance here because it allows us to carry food to our fellow humans, and frees our hands for manipulation and tool use. And it also allows us to lug our demanding offspring around, even before they are developed enough to cling on to us.

The second set of characteristically human features relates to the brain, and they are often claimed to represent the definitive difference between us and other animals. Surely our brain is what has made us so successful? For reasons we will investigate in Part Two, the human brain is by any measure (and there are many mathematical ways to compare brains) exceptionally large, and this presumably explains our tremendous ‘cognitive’ abilities. Cognition is a general term which means our ability to process information from our senses, understand it, create mental symbols and images relating to it, plan, and act on it to solve problems. Yet no matter how clever we seem, it is possible that human cognition is not fundamentally different from that in other mammals, but is simply more extensive. The same cannot be said of the other great triumph of the human brain: language. Many other animals communicate with sound, and  some of them do it in a complex way, but only humans have a full system of spoken language, in which a small set of letters or syllables are strung together in ever-changing sequences to create syntax, grammar and the ability to articulate abstract concepts. Evidence from animal behaviour, linguistics, language decipherment and cryptography all strongly suggest that language is unique to humans.

The third group of human traits is to do with reproduction. For now this third group will probably seem like an unrelated bunch, but by the end of the book I aim to have woven them into the whole story of humanness. First of all, women menstruate, which is a process which occurs in only a few primate species. Also, women do not exhibit signs of sexual receptivity when they ovulate – they do not go ‘on heat’ like most other female animals, so neither they nor men knew when they were fertile until modern science told them (the ancient Greeks thought women were most likely to conceive when they were menstruating). Related to this is the fact that, as we all know, humans have sex for lots of reasons other than to produce babies – something almost unheard of outside we randy primates. Finally, human female fertility ‘switches off’ over a relatively brief period called the menopause – a phenomenon possibly unique to humans, although it has been claimed also to occur in gorillas and some whales. All in all, reproduction is the most important thing we do – indeed Darwinian natural selection works because some animals manage to breed while others do not. Therefore it should not come as a surprise to learn that a weird species like ours has some weird features of its reproduction.

The fourth and final group of human features is those relating to the chronology of our life. These are sometimes  called our ‘life history’, but I will use the term ‘life-plan’, as it implies that there are reasons we live our lives this way. Although the human life-plan may seem the least tangible way in which we differ from other animals, I believe it is the most interesting because it is the everyday, common-sense demonstration of the evolutionary and biological trends that make us human. The human life-plan is also interesting because we worry about it so much – we take for granted that we can walk, talk, think and breed, but we never tire of discussing the demands of our children, our negotiations with our sexual partners and what we feel about getting older. And those discussions sum up the unusual features of the human life-plan. We are an extremely long-lived species, our seventy-or-so years clocking up at least twice the age of our primate cousins. Although we live so long, in human hunter-gatherer societies food is gathered mainly by individuals between twenty and fifty years of age, usually men, who thus are nutritionally supporting the other activities of their society – another unusual human feature. One of those supported activities is the survival of both men and women for many years after they have ceased to produce children, a phenomenon rare in other species. The other activity which requires this nutritional support is the one which interests us most in this book – the care and rearing of our incredibly slow-developing progeny. In no other species are offspring so dependent on others for twenty years (or almost one-third of the lifespan, if you choose to look at it that way). Clearly, human lives are exceptionally long and unusual – with one group of individuals ‘in their prime’ supporting both a large cohort of old individuals and a demanding swarm of infants, children, juveniles and adolescents edging their way  slowly and painfully towards maturity. We are social and we are strange.

All in all, humans are an unusual lot. It is difficult to think of a species that differs so much from all the others. We will return to most of these features of our species in this book, but in this first chapter the obvious way to attack the question of where teenagers came from is to ask what is known about the evolution of the human life-plan, and especially that twenty-year period of the human offspring’s dependence on its parents. A life-plan may not seem like the sort of thing that would fossilize well, but it is remarkable how much modern palaeoanthropology has told us about the evolution of human adolescence.

Much has changed in the last two centuries – everyone with a modicum of sense now believes that humans evolved from other primates. The anatomical and molecular similarities are staring us in the face, and the fossil record tells us a story of ape-like things turning into human-like things that is difficult to ignore. However, like any good theory, scientists are only too keen to point out the gaps in our story of human evolution. We probably acquired most of the exciting features typical of humans in the last ten million years, but there are frustrating gaps in the fossil record – at the stage when the human line was splitting from the chimps, and also when the genus Homo appeared, for example. Also, anyone who works with fossils is aware that we only get to see the fossils that nature allows us to see. Just as there are gaps in time, there are also geographical gaps in the human fossil record: regions of Africa where the elements simply pulverized our fallen ancestors into unrecognizable dust. Add this to the fact that most early hominid populations were thinly spread over vast areas, and that they probably varied a great deal over those  ranges, and you can see why we get a very selective view of our own history.

These problems aside, it is generally agreed that our ancestors went through a series of transitions as they struggled to survive in the changing African climate. Until six million years ago, the common ancestors of chimpanzees and humans lived in forest environments and had brain volumes of approximately 400 millilitres – roughly as large as a good-sized orange, and similar in size to modern chimp brains. After that time, something important happened and while the chimps stayed in their sylvan idyll, their sister species moved out to inhabit the less densely vegetated tree savannah at the forest margins. An important group of these is gathered together in the genus Australopithecus and they spread to inhabit much of the African continent between four and two million years ago. Although climbing was probably still very important to them, they had developed the distinctive bipedal walking we enjoy today.

Anthropologists sometimes speak of something unspeakably traumatic happening next – the evolutionary equivalent to the fall from Eden. The African climate became considerably drier, the forests shrank and the deserts expanded. In a transition that led to the existence of our species, our ancestors moved into drier, sparser bush savannah habitats around two million years ago. This move obviously required them to keep their wits about them and their brains grew to 800 millilitres (two oranges) and tool use probably became more prevalent and complex than in chimps. They are now dignified by the name Homo to make clear their similarity to ourselves. One species, Homo erectus, was to be a fixture of the landscape of Africa, and even Europe and Asia, for almost two million years.

Thereafter, human evolution was a rapid affair, with good old Homo sapiens appearing just 250,000 years ago with an impressive three-orange (1,200 millilitre) brain and a knack with tools. And intriguingly, our brains have not changed much in the last 150,000 years, so we are all walking about with Stone Age brains. Maybe the original design of the three-orange sapiens brain was so good that there was no need to modify it. Our rather ‘retro’ brain has proved to be astoundingly adaptable and gave us enough nous to develop agriculture 12,000 years ago and writing and towns perhaps 6,000 years ago. And the rest is, literally, history.

But where does adolescence fit in to this story? When did the first teenagers giggle and mope their way across the majestic sweep of the dark continent? It may seem over-optimistic to look for the story of teenagers among the shattered bones and teeth of our distant ancestors, but it has indeed proved possible to do so.

One of the reasons adolescent palaeoanthropology answers our questions is that the history of our species has been a tough one, so some of our ancestors died before reaching adulthood, bequeathing us a few scattered adolescent hominid fossils. Understandably, these fossils are the subject of intense scrutiny, but there is much debate about whether we can draw conclusions about age and development from an isolated fossil from a dispersed, varied population. However, we know that characteristic changes take place in the skeletons of growing children – especially in the teeth, skull bones and growing regions of the long bones – that allow forensic pathologists to estimate the age of young skeletons. We also know that the same is possible for our closest living relative, the chimpanzee, although the timings of all the changes are different, because chimps grow differently to us.

So when an immature fossil hominid is discovered, it is immensely tempting to apply the same calculations to its bones. This is exactly what has been done with the ‘Turkana boy’, an immature Homo erectus from 1.6 million years ago discovered in Kenya in 1984. Turkana boy was hoped to be the key to understanding the evolution of the human life-plan, but was instead the start of an anthropological argument that rages to this day. By forensic standards, he looked like the first human teenager. What an amazing find that would have been; clear evidence that Homo erectus was still immature in its teens. However, the criteria on which that claim was based did not agree with each other very well – his teeth, skull and long bones all gave different estimates for his age: ten, thirteen, fifteen. At best this suggested that the boy’s age could be only ten years old. At worst it implied that variations in growth between different individuals make forensic ageing of fossil bones a very inaccurate science.

There is another big problem with applying our systems of ageing modern humans to fossil ones. Using the growth characteristics of modern humans only works if we can assume that our ancestors grew in the same way as us. But if Homo erectus retained a more chimpanzee-like pattern of growth, which only became more like ours as they later evolved into  sapiens, then the system will not work. Indeed, if we compare Turkana boy’s skeleton to a chimp, most of the calculations suggest that he was roughly nine years old when he died. This of course assumes that he grew like a chimp, which may also be untrue, but at least it delivers a more consistent answer. So Turkana boy may still have been in his first decade – our first candidate for a fossil teenage human has slipped through our fingers.

You may now be wondering whether there can ever be a  way of knowing how old a fossil hominid was when it died. We need to be able to age a child whose remains have been lying in the ground for a million years, and be able to age it absolutely, rather than relative to its assumed similarities to humans or chimps. This may seem like a tall order, but remarkably it can now be done to a high degree of accuracy – and we do not even need juvenile fossils to be able to do it.

The solution to our problem lies in those most easily fossilized parts of the body, the teeth. The outer, shiny enamel layer of the teeth is the hardest stuff in the body. It may seem like a dead, inert tissue, but it is laid down before the tooth emerges from the gum by a single layer of cells called ameloblasts. The ameloblasts do not produce enamel at a constant rate, however, but secrete different amounts at different times of day. This variation creates a repeating pattern of layers of enamel, akin to the tree rings that result from varying rates of wood growth throughout the year. Of course these enamel layers are extremely thin, but if a tooth is ground into slivers and illuminated with polarized light, the layers may be viewed under a microscope. Counting these dental ‘growth rings’ effectively allows us to time how long the tooth took to form.

We now have a great deal of faith in this ‘dental stopwatch’ because the results it gives for tooth growth in living primates tie in very neatly with several features of their life-plan, including longevity and age at puberty. So what does it tell us about how quickly our relatives and ancestors grew up? We used to think that Homo erectus grew up as slowly as modern sapiens because we both have thick enamel, whereas faster-growing chimps have thin enamel. However, the dental stopwatch has now shown us that  erectus laid down their thick enamel much more rapidly  than us, but over a shorter time. We may both be Homo, but only we sapiens grow up slowly.

This elegant age-determining system has shown us that our modern pattern of dental development and slow growth evolved surprisingly late – the current estimates are that the age of onset of human adulthood crept over ten years some time between 800,000 and 300,000 years ago. The first teenagers. So the characteristically sluggish development of young humans evolved long after we started to walk on two legs, and long after we stopped climbing trees, but still some time before our brain made the final leap to three-orange size 250,000 years ago. So if the advent of teenage life is linked to any obvious physical change, it is linked to the final increase in the size of our brain. Indeed, it preceded that change by a fascinatingly short period. Adolescence could not be the result of increased brain size, because adolescence came first, but instead we can now entertain the appealing idea that adolescence was what allowed our brain to make its great leap forward. Teenagers as the cause of increased mental ability may seem like a contradiction in terms, but maybe that is indeed what the ancient teeth are telling us. We will return to this idea in Part Two.

So, in the past few years, the ancient teeth and bones have shown us that the first ‘numerical teenagers’ – the first humans older than twelve yet still immature – appeared around the time of the transition from Homo erectus to  sapiens. But were they really teenagers in the true sense? We have discovered when humans first evolved their characteristically slow development, but adolescents are not simply big children who happen to be older than twelve. They have an essentially different quality to children, and we have not yet defined what that is, nor discussed how it evolved. The  ‘differentness’ of teenagers is obvious to us all but as we will see, it is difficult to define. It involves a gawky spurt of growth, increasing social, language and intellectual skills as well as the sexual upheaval of puberty. How many disparate changes will we have to combine to define adolescence? So far we have discovered the time in our past when human development finally slowed down enough for there to be time for adolescence. How adolescence then took on its distinctive qualities is another story altogether. We are by no means finished with the evolution of the teenager.




 What flips our sexy switch? 

I was once sitting on a Tokyo underground train when a local girl sat down opposite me. She looked like one of those trendy young things so common in the capital and she bore a carrier bag from a chichi boutique. This was a time when Japanese businesses would often use little snippets of colloquial English as a badge of their cosmopolitan style. This often had humorous results as these phrases were obviously chosen with little care as to what they actually meant. I am sure that non-Japanese are guilty of precisely the same crassness when we wear clothes emblazoned with Japanese  kanji, but it still raised a smile when I ate a ‘Love Burger’ or drank a refreshing can of ‘Sweat’. Yet nothing could match the effect on a native English speaker of noticing that this girl had been selecting her couture from a shop called ‘Early Puberty’.

Puberty is a sensible place to continue our quest for the nature and origins of adolescence, because it seems such an essential part of being a teenager. However, we will now have to use a different approach than we did for finding the origins of ‘numerical’ teenagers, because puberty really does not leave fossils. Despite this lack of fossil evidence, it seems  certain that something akin to puberty must have existed from the time animals first appeared. All animals have two stages to their lives – an infancy during which they are not able to procreate, and an adulthood when they are.

Animals must be mature before they breed, and the original reason for this was that they simply needed to grow big enough to produce offspring – otherwise animals would have got smaller and smaller as the generations went on. Since those ancient days, this deliberate delaying of fertility until maturity has become much more elaborate in many animal species – to avoid inter-sibling incest for example, or to first breed at an optimal time, or even to prevent sexual conflict with mature competitors – but it remains a consistent feature of animal life. The attainment of reproductive maturity at puberty (pubes is Latin for adult) occurs in all animals, and in humans it usually takes place during the teenage years.

Along with most of our backboned kin, puberty in mammals is a chance to coordinate our breeding with the environment. We observe the world around us – the time of year, the availability of potential mates, our degree of physical development – and based on this information our body makes a decision to become reproductively active. The body system that is good at observation and making decisions is the brain, so it should come as no surprise that it is the brain that controls puberty. As we will see several times in this book, in many ways the brain is our primary reproductive organ.

If we look at the closest living relatives of vertebrates (backboned animals), we see evidence that the very first section of our brain to evolve was probably the part involved in controlling reproduction. The close relatives in question  are lancelets, which at first sight look rather like fish fry. However, closer examination reveals that although they have a fishy body and tail, unlike fish they do not have a head with eyes, jaws and brain. Although apparently headless, they have a nerve cord running along their back that is probably equivalent to our spinal cord. Intriguingly, under the front end of this cord is a region of cells which use environmental cues to influence the lancelet’s inner biology. And on the underside of the human brain lies a corresponding region which controls of many of our internal processes, and puberty in particular. This ancient breeding controller is the hypothalamus: it is roughly the size of a small grape and it lies dead-centre in your head.

Studies in fish have shown that the hypothalamic cells destined to control reproduction first appear at the very front of the developing embryo. They form as a ‘placode’, a slab of cells on the embryonic snout which subsequently invades into the centre of the head. Placodes also help to form the major sense organs – eyes, ears and nose – and the cells later involved in puberty appear right next to the placode destined to form the smell-sensitive lining of the nose. This is an interesting juxtaposition, as we will later see that smell plays an important role in teenage amorous adventures. Also, there are medical consequences of the close link between the origins of smell and reproduction: children with ‘Kallman syndrome’ can neither smell nor undergo puberty, due to the lack of smell-sensitive cells in the nose and puberty-controlling cells in the hypothalamus.

Once separated from their smelly counterparts, and ensconced within the hypothalamus at the base of the brain, these few immigrant cells soon develop into nerve cells, or ‘neurons’, and start to secrete the hormone which they will  use to control the entire reproductive system. This hormone is ‘gonadotrophin-releasing hormone’, or GnRH. It is a small ‘peptide’ molecule made by stringing just ten amino acids together (most peptide chains are longer, and are often called ‘proteins’). Small it may be, but GnRH has enormous effects on animals, and it is the activity of these hypothalamic GnRH neurons which controls puberty.

GnRH is not only small, but it does not even act directly on the reproductive organs. Like all hormones, it is released into the bloodstream and exerts its effects when it is detected by cells some distance away. In the case of GnRH those cells are only millimetres away from the hypothalamus – in the pituitary gland which dangles from the underside of the brain. The hypothalamic neurons secrete their GnRH into a unique mesh of tiny blood vessels which convey it directly to special cells in the pituitary. When stimulated by GnRH these pituitary cells secrete‘gonadotrophin’ hormones (‘gonad nourishers’) into the bloodstream to act directly on the ovaries or testicles. The gonadotrophins are much longer peptides than GnRH, each containing approximately two hundred amino acids.

The hormonal control of reproduction does not stop there. Being a teenage boy or girl means much more than just having active ovaries or testicles. As we will see, young male and female bodies are built very differently, and almost every part must function differently in the two sexes. To allow this, most parts of our bodies are under the control of hormones released by our gonads in response to gonadotrophins from the pituitary. And when you consider that the pituitary is, in turn, controlled by the GnRH neurons in the brain, you can see that there is a clearly defined chain of command controlling our sexy selves.
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This control system is crucially important: scientists now agree that after a period of relative quiescence in childhood, it becomes fully activated during puberty. Indeed, it is the activation of the hypothalamic GnRH neurons in the brain that actually causes puberty. That little cluster of snout cells  that invaded the brain is the key to one of the most dramatic transformations in our life.

With the hypothalamus waiting impatiently to start puberty, I should perhaps pause to say something about the difference between girls and boys. The brain may initiate the process of puberty common to both sexes, but it does not control whether we are boys or girls in the first place. The story of the process by which we are allocated our sex is a rich one and I told it in my previous book, The X in Sex. Although some animals use more complex methods, humans use a simple binary genetic switch to determine their sex. The biological implications of this system are immense and affect almost every aspect of our life, but the actual mechanism itself is simple. Most of us inherit twenty-three chromosomes from each of our parents, yielding a total of forty-six little libraries containing our twenty-thousand-or-so genetic instructions. These forty-six include twenty-two pairs of ordinary chromosomes as well as two sex chromosomes. Those sex chromosomes come in two varieties named, for historical reasons, X and Y. Women have two Xs and men have an X and a Y. Mothers can only bequeath an X chromosome to their babies whereas fathers may pass on either an X or a Y, thus determining their child’s sex. The Y dictates the sex of a developing baby because it carries a single genetic instruction which causes the embryonic gonads to become testicles. If there is no Y present, those gonads become ovaries. Everything else springs from that one instruction – testicles make hormones that turn fetuses into boys but if testicles are absent, fetuses become girls. This is how the developing baby establishes the basic sexual template on which the brain can act a decade later.

The most remarkable feature of puberty is that it is a new beginning. For the first decade of life children, although obviously male or female, appear distinctly sexless and immature. Then a predictable series of changes takes place which converts them into sexual adults. The time when puberty starts varies a great deal between individuals, but once started the course of events varies little. For centuries scientists have wondered how the body knows when to start puberty after being sexually dormant for so long, but only in the last few decades have we started to understand the spur to this miraculous reproductive awakening. Our new model of how puberty starts is based on maturation of the brain itself, and it places the little hypothalamic GnRH neurons right at the centre of things. It suggests that children are sexually immature because the GnRH neurons are inactive, and that puberty takes place when they become active. So to find out what starts puberty, all we have to do is find out what switches the GnRH neurons on.

It now appears that the activity of GnRH neurons is controlled by other parts of the brain. The hypothalamus is awash with incoming signals telling it how to control the body: usually direct inputs from nerves plugging in from elsewhere in the brain. All this incoming ‘advice’ is not surprising when you consider that the main function of the hypothalamus is to integrate information from outside and inside the body. Certainly it is fiddly work to discern exactly which parts of the brain feed into the all-important GnRH cells, but the technical difficulties should not overwhelm us. They also raise the possibility that not only can we find out what pathways trigger puberty, but more importantly we may also be able to discover how puberty is attuned to external influences and internal well-being. We may be  able to progress from the ‘when’ and the ‘what’ of puberty to the ‘why’.

The incoming nerves converging on the GnRH neurons can be distinguished by the different chemicals they release. Those chemicals may be divided into two groups – the chemicals that suppress the GnRH neurons (perhaps during childhood?) and those that stimulate them (perhaps during puberty?). However, it is likely that these two families of chemicals do not act in a clear-cut ‘on or off’ fashion, but that a gradual shift in their balance of power is what causes puberty.

There are several suppressive substances ladled onto GnRH neurons. For example, gamma-aminobutyric acid (GABA) is a chemical which acts to damp down activity throughout the hypothalamus (a waning of its effects at puberty may explain why schizophrenia and epilepsy often start in adolescence). A second suppressive factor is melatonin – a hormone secreted by the pineal gland on top of the brain. Melatonin is secreted when it is dark and as we will see, production of sex hormones is synchronized with the day-night cycle at the start of puberty. A third group of inhibitory chemicals are opioids, morphine-like chemicals produced in many parts of the brain. Their role in puberty is unclear at present, but we will revisit the question of why the brain makes something like morphine in Part Three. The final substance on this list could turn out to be the most interesting, despite being cryptically named ‘neuropeptide Y’. The effects of neuropeptide Y on the reproductive system are complex, but this may be because this substance could turn out to be the way in which reproduction is attuned to nutrition. When we look at the many factors controlling the shifting timing of puberty in Chapter 5, we will see that  stores of body fat could be the most important. Neuropeptide Y may be the crucial link between body fat and fertility.

Just as we have discovered substances that inhibit the all-important GnRH neurons, further delving into the hypothalamus has also identified the chemicals that may activate them at puberty. For example, glutamate is a substance which activates many hypothalamic cells, has a strong effect on GnRH neurons, and could be viewed as a counterbalance to the inhibitory effects of GABA. Second on the list, the blood-borne hormone insulin is a particularly exciting positive influence on GnRH neurons, as we already know a great deal about what it does. Famous for its role in diabetes, insulin is the most important hormone controlling metabolism – so to find it so directly linked to the process of puberty is a strong hint that we are only allowed to enter puberty when our body believes we are metabolically ready. Finally comes the cutely named kisspeptin, which has been attracting increasing interest because of its very specific effects on reproduction – injecting it causes levels of reproductive hormones to increase, and blocking its effects causes them to decrease. Yet even here there is overlap with other body systems – kisspeptin also seems to prevent the spread of tumours.

Our understanding of the sexual awakening of puberty is very much a work in progress. We have a list of anti-puberty brain chemicals and a list of pro-puberty chemicals, and all are the subject of intense research. Yet we have learned one central fact about human puberty – boys and girls get sexy because of activation of GnRH neurons, a small group of cells that invaded into the centre of their heads when they were embryos. These cells take the final decision to start  puberty, and most of the rest of the brain seems to want to advise them. Discovering all this was a great achievement, and it takes us very close to a true understanding of puberty. Puberty is a critical change in our lives – perhaps the most critical and most ancient of all – and our evolutionary history has ensured that our brain makes it occur at the right time. Studying the inner workings of the hypothalamus will eventually show us not just what happens at puberty, but why  things happen when they do.




 Why all the bodily unpleasantness? 

We may only now be discovering the causes of puberty, but we all know its effects. Many of us have a mental image of hormones tearing around the adolescent body creating untold havoc, wresting us from the smooth-skinned innocence of childhood. The teenage years are all sweat, hair and grease, and most of the time it seems as if nature is deliberately trying to shock us by its ability to forcibly eject us from infancy.

The bodily changes that puberty causes can seem strange or even callous, but we are gradually making sense of them. In the last few decades we have pieced together an understanding of the process of pubertal change, and we also began to comprehend how those changes drove the evolution of modern humans. Puberty is certainly not all bad – by the time it is complete, men and women are delightfully different in many subtle ways. Our sexuality is enjoyable because it is indirect – the strong masculine hand, the graceful feminine neck, the mental revelling in the body of our partner. Human sex is so much more than the brief genital connection seen in other animals, and we are obsessed by its complexity and how we think about it. All this complexity and subtlety is rooted in our teenage  years. This is one of the best reasons why adolescence is the zenith of human achievement, even if the changes we undergo at puberty do not always seem so positive at the time.

We now like to think of puberty as a ‘reactivation’ of sexual activity. This is because, although we may find it unsettling, the reproductive system is not entirely inactive before puberty. In fact, it is perhaps most active immediately after birth. There are large quantities of reproductive hormones sloshing about a newborn baby’s system, and these can lead to outward signs in girls that resemble menstruation and lactation, a phenomenon once thought spooky enough to be called ‘witch’s milk’. Although there is less external evidence in baby boys, they are probably in greater hormonal tumult than girls. Boys’ pituitary glands secrete more gonadotrophin hormones in the first few months of life than girls’ do, and it seems likely that these are important in sexual development – perhaps driving testicular growth, or pushing the male brain along its bumpy developmental road (we will wander down  that in Part Two).

After this neonatal reproductive flurry, things calm down for a few years, physically at least. Children’s bodies are relatively sexually dormant, although their brains are constantly trying to find their place in the world. This means that children can use these years to acquire some understanding of their future sexual status and also, in their naïvely experimental way, get an idea of what their bodies are for. This book is not about children, but it is worth pointing out that our years of sexless childhood may be an unusual human phenomenon: most animals transit seamlessly from a high-hormone infancy to an even-higher-hormone puberty, without stopping on the way.

The next stage in our development is a strange one and  seems, too, to be a characteristically human thing; it occurs during what we think of as childhood; and it involves an organ we do not usually think of as reproductive – the adrenal gland. The process is called ‘adrenarche’ (rhymes with ‘oligarchy’). We do not know why, but around the age of seven in girls or nine in boys, the adrenal glands – two small glands, one above each kidney – become more active. Adrenarche causes production of a sex hormone called dehydroepiandrosterone, often mercifully abbreviated to DHEA. This phenomenon continues into our twenties but unfortunately we are not even sure what it does. DHEA is not a very potent hormone. It does not seem to drive the small transient growth spurt that occurs in childhood, for example. Tellingly, if adrenarche fails to occur, a child will still subsequently go through puberty as expected. However, adrenarche is probably responsible for increased skin gland secretion and growth of sparse pubic hair (‘pubarche’), and thus may explain why these are often the first sign of impending puberty. DHEA may also make children deposit fat stores which can later be used as a cue to start puberty proper. In the next chapter, we will also see that some scientists claim that human adrenarche was pivotal in driving the evolution of the fast-growing human child’s brain. So, all in all, adrenarche is connected to puberty, but perhaps only loosely.

As we enter our second decade, our pituitary gland becomes more insistent, showering more gonadotrophin hormones on our eager gonads (a process called ‘gonadarche’). This occurs because of the awakening of the GnRH nerve cells in the brain. For some reason, gonadotrophins are initially secreted only at night – a phenomenon not seen in adults. Also, the increase in gonadotrophin levels occurs later in boys than girls, possibly due to a rewiring of the brain  induced a decade earlier by all those baby boy hormones. Whatever the reason, this ‘boy lag’ probably explains why delayed puberty is commoner in boys and premature puberty is commoner in girls.

Gonadotrophins do not act directly on most tissues of the body, but instead exert their effects by making the ovaries or testicles produce sex steroid hormones. Sex steroids are evolutionarily very ancient, are made by many animals all across the animal kingdom, and certainly have profound effects on many tissues in the teenage body. Chemically, steroids are a similar bunch because they are all made from the same ubiquitous raw material, cholesterol – so they are fatty molecules, unlike GnRH and gonadotrophins. Also, they are the most famous of all hormones, so you will already have heard of most of them.

The cells in the ovary or testicle take cholesterol and use enzymes (large proteins) to chemically modify it – chopping bits off, adding new bits on – and the first sex steroid they make is progesterone. There is a stick-diagram of its chemical structure on the next page. Like most life molecules, progesterone is based on a framework of carbon atoms (at the corners of the polygons in the diagram) with hydrogen atoms clustered all around (so many, that I have left them out). Progesterone is made up of four rings of carbon atoms stuck together, with some extra carbon (‘C’) and oxygen (‘O’) atoms hanging off the sides. The two-dimensional picture makes it look like a flat structure, but each hexagon and pentagon is actually flexed and distorted so that the whole molecule has a complex three-dimensional shape. We now know that the upper-left edge of the molecule is the important bit, as it is this part which activates ‘receptor’ molecules in the target cells which respond to steroids.
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an androgen

[image: 006]

an oestrogen

Sometimes ovarian and testicular cells go a little further – they lop off some carbons to turn the progesterone into an androgen molecule, such as testosterone or DHEA. You may not think that the androgen looks very different from progesterone, but the tiny differences make androgens exert completely different effects. Finally, the androgen molecule may be further modified to make an oestrogen. Oestrogens differ more from androgens than they might look in the picture: their ‘left-most’ carbon ring is ‘aromatic’ – it has a flat, undistorted shape that gives oestrogens unique properties. You may be worried to hear that there are aromatic compounds with similar oestrogenic properties in beer.

All this jiggery-pokery with fatty steroid molecules may seem arcane until you realize that it is the interplay of these hormones that causes almost all of the changes of puberty, and a great deal more besides. However, we are often presented with an oversimplified view of how steroids work – progesterone and oestrogen being ‘feminine’ and androgens being ‘masculine’. But life is more complicated than that. For a start, teenage girls and teenage boys all make progesterone, oestrogens and androgens, so there is nothing exclusive about any of them. Rather, it is the relative quantities of the hormones, the potency of the molecules produced, and the presence of cells ready to respond to them, which cause the differences between men and women. To blur the boundaries  further, steroids are made not only by the ovaries or testicles, but by the adrenal glands as well.

Boys are, as in so many things, simpler. Almost all the ‘masculinization’ that occurs in teenage boys is due to the effects of androgens steadily secreted by the testicles, but even here there is complexity. There are several different androgens at work, each helping to drive a different aspect of the development of the male body. Also, counter-intuitively, there are some cells in teenage boys that only respond to androgens if they have been converted to oestrogens first. And teenage girls are a yet more complex hormonal soup. Oestrogens do indeed trigger some of the sexual maturation of the female body, but girls’ ovaries and adrenals also produce considerable amounts of androgens which are essential for some aspects of puberty. And eventually progesterone also plays a role – although there is not a great deal of it around until girls start their menstrual cycles. From that point onward, girls are subject to a roller-coaster of cyclically alternating oestrogen and progesterone production for the rest of their fertile lives.

Despite the tangled interplay of the sex steroids, once the hormonal choreography of puberty has started it progresses in a remarkably consistent manner. Even though puberty may start at very different ages in different girls and boys, the stages and changes of normal puberty are played out with remarkable predictability. Boys start the different stages in the following sequence: testicle enlargement, penis growth, pubic hair growth, motile sperm production (‘spermarche’), facial and armpit hair, growth spurt, body hair, muscle and heart growth. In girls the chronology is: breast tip swelling (‘thelarche’), pubic hair, maturation of genitals, female pattern of fat deposition, growth spurt, more generalized  breast growth and body hair, menstrual cycles (‘menarche’), fully fertile cycles. And these sequences are played out so consistently that any significant departure from the sequence can be taken as a sign of abnormality. Also, viewing the changes of puberty as a chronological sequence emphasizes just how long the whole process takes. Girls often start breast growth at the age of eight, but many are not fully fertile until they are eighteen. Even more dramatic is the slow pace of change in boys – deposition of large manly muscles may not occur until well into the twenties, and patterns of male body hair often continue to change throughout adulthood. Puberty is not a sudden event, but a slow, gradual change.

So the sequence of pubertal change seems fixed, but of course it is the actual bodily modifications that fascinate us. We will now look at these changes and consider why each of them occurs. You will see that even the most unpleasant changes confer some practical benefit on us, or at least they did at some point in our past. When you start to view puberty as a product of evolution, much of what happens to teenagers begins to make sense. Also, an assumption we must challenge is that puberty is the only thing that makes boys’ and girls’ bodies so different, when in fact their non-reproductive tissues are already very different by the time puberty starts. Admittedly the differences induced by puberty are more spectacular than those that existed beforehand, but boys and girls are not starting puberty from the same place. Finally, the story of puberty will tell us a great deal about what men and women find attractive, because sexual attraction has been a driving force in the evolution of teenagers.




 Why do teenage girls and boys look different? 

Puberty changes some aspects of the teenage body more than others. Obviously the reproductive organs mature dramatically, but even more startling is the way puberty changes our outward appearance – our skin and our body shape.

Skin, especially, dominates our view of puberty. As the part of us that the outside world, including our lovers, will see and touch, it undergoes more than its fair share of teenage change. Also, many skin changes, or at least their disordered early stages, occur early in puberty before we are sexually or emotionally able to make sense of them. This unfortunate timing, and the fact that you cannot easily hide your skin, means that adolescent skin can be a distressing and depressing thing.

With that in mind, it is unfortunate that the first hair to appear at puberty grows around the genitals. In girls pubic hair first grows on the labia, and in boys it grows on the upper surface of the penis. Growth then gradually spreads to fill the pubic triangle above the genitals and then spills over onto the thighs. In boys it will also spread in a line up towards  the navel, and of course the pubic hair boundaries will eventually merge into general body hair. Pubic hair has a characteristic appearance best described by the colloquial phrase ‘short and curly’. Its growth driven by androgens in both sexes, its texture is unlike other hair and this has led biologists to speculate about its function. Although we still have more theories than real evidence, one thing seems clear – humans have lost almost all their fur, so we need good reasons to explain why they have retained what little remains.

It has long been suggested that we have pubic hair to disperse sexual scents produced by the sweat glands in our genital regions, acting as a ‘wick’ up which these oily secretions can seep before they are wafted away by the wind. Initially this seems a good explanation as it explains why both the hair and the glands are there. However, our primate relatives do not have such genital scent wicks, and certainly not curly ones – and many animals actually have relatively sparse hair over their scent glands (think of cats’ temples). Also, similar scent-wicking arguments are used to explain the presence of armpit, ‘axillary’, hair in humans. Armpit hair is sparse, fine and straight, and it is much easier to imagine scents being spread by gentle breezes through this stuff. Perhaps armpit hair disperses our scents far and wide whereas pubic hair traps it for those who get up close and personal.

Another utilitarian explanation is that pubic hair keeps us warm, but why the triangle above our genitals is in such need of insulation is unclear. It has also been claimed to prevent dirt entering the female genitals, although this theory renders male pubic hair functionless even though it is more profuse. Some have suggested that pubic hair retains a layer of air to promote the health of the underlying skin, and this strange  theory makes some sense – the armpits and groin are indeed common sites of skin-cleft infections. A nineteenth-century source even proposes the eye-watering hypothesis that pubic hair is a vestige of the hair to which our ancestors’ infants clung. A variation on these rather mechanical justifications for pubic hair is the idea that it prevents chafing between the genitals and thighs when walking. I personally think this idea is a good one, because it explains why teenagers grow pubic hair in advance of their genital development. Alternatively, does pubic hair prevent chafing between partners during the unusually human practice of face-to-face copulation? Of course, some couples now remove their pubic hair expressly to improve the tactile experience of sex, but it is claimed that this works best if both partners participate in the pre-coital depilation. One can almost imagine a prehistoric pubic arms race in which women evolved pubic hair to prevent abrasion by their partners’ hair, leading to corresponding evolutionary countermeasures by men.

Other theories of pubic hair relate not to its use to the bearer, but to the signals it sends to other people. First of all, it is unlikely that pubic hair is itself a sexual lure, mainly because it does not differ much between the sexes – and it tends to be the differences between the sexes that excite us. However, it is reasonable to suggest that pubic hair is a general badge of maturity, a kind of sexual ‘open for business’ sign. Another hypothesis is the delightfully titled ‘vulvocryptic’ theory, which suggests that pubic hair is the cause of just about everything we cherish as human. The story goes like this. When humans started to walk upright, female genitals were suddenly hidden from men as never before. This increased women’s control over who mated with them and when. Adding pubic hair made their genital concealment yet  more complete and allowed them to use their sexual control to actively manipulate men. As a result, human sex became a complex process based on communication, emotional interaction and thought. And this is why humans have language, emotion and great cerebral powers. Admittedly, this may not be an entirely watertight theory, but it is certainly thought-provoking.

Pubic hair has an interesting cultural history which says a great deal about our attitudes towards it. We do not know when people first started removing pubic hair, but the practice was probably carried out in ancient Greece and Rome. The contexts in which pubic hair was considered acceptable have certainly changed between then and now, and today they vary in different cultures around the world. For much of the known history of Western art, pubic hair has traditionally been omitted from ‘high art’ representations of the nude, female at least. In contrast, pubic hair was depicted in pornography from the ancient world to the mid-twentieth century. Since the late eighteenth century, however, pubic hair has appeared more frequently in art. And the inversion of classical customs has become complete now that pubic hair is almost entirely absent from modern pornography. These changes do have considerable bearing on teenagers, as the first naked people many of us see beyond our own family are in pictures. Certainly, the ebb and flow of cultural etiquette suggests that we are not entirely at peace with our pubic hair. Yet this is probably not because we see it as something sexual, as this would fail to explain our reversal in attitudes in the last two thousand years. Perhaps instead it is due to teenagers’ reactions to girls’ and women’s pubic hair. Do they see female body hair as a masculine characteristic best hidden or removed?

But general body and facial hair are fundamentally different from pubic hair. Body and facial hair are different in texture, they develop later in puberty and they also look different in the two sexes. Body and facial hair actually have a very similar pattern of distribution in women and men, but in women they are so fine and grow for so little time before being shed that they are usually almost invisible, probably due to differences in quantity and type of circulating androgens. Still, why men need more body hair than women is unknown and, as only some women find it attractive, it is unlikely that it is a general sexual lure. Perhaps body hair makes men seem very slightly larger to those they are trying to intimidate, like a cat raising its hackles. Alternatively, a fine coating of hair gives the skin a surprising amount of protection against abrasion, and if we are to believe traditional ideas about gender roles, prehistoric men had a physically rougher life than women. Men have bushier eyebrows too, and along with the shape of their brow this may divert sweat from falling in their eyes. The male beard is also difficult to explain, although many have tried – if it is an overt sign of maleness, then it is difficult to explain why it is so often shaved off. Our attitudes to our fur are indeed strange. As we leave hair behind, bear in mind that the word ‘horrid’ is derived from the Latin word for ‘bristly’ and that the word ‘bizarre’ may come from the Basque for ‘bearded’.

The glands in the skin also change at puberty, often in concert with changes in the hair. We have three main types of gland in our skin – eccrine sweat, apocrine sweat and sebaceous glands – and they all change in different ways. Eccrine glands secrete watery salty sweat through their own discrete openings on to the skin surface. In most animals, eccrine glands are concentrated in the paws where they increase grip  on smooth surfaces, but in we naked humans the evaporation of eccrine sweat has proved to be a good way to dissipate heat. However, foot odour results from the bacterial digestion of eccrine sweat by bacteria to produce methanediol and isovaleric acid, two chemicals also found in some pungent cheeses. The eccrine glands do not change much at puberty, and it is for this reason that both children and adults can suffer from smelly feet.

The apocrine sweat system is different, and changes more at puberty. Apocrine glands secrete a more oily sweat, in this case into hair follicles, which then emerges to coat the hair. In humans, apocrine sweat probably acts to emulsify eccrine sweat into a thin evaporating film, instead of it dripping off uselessly. Apocrine sweat also carries scents attractive to the opposite sex – folklore abounds with stories of young lovers devising ways to waft their apocrine sweat towards the object of their affections. (In Part Five we will look in more detail at how smell guides our sexual choices.) However, the conscious part of the human brain is not actually aware that fresh apocrine sweat smells of very much. At puberty, androgens increase the production of apocrine sweat in both sexes and also change the recipe of fatty acids within them, and this is why body odour often starts at this time – sometimes as the very first sign of puberty. Body odour is the result of bacterial breakdown of apocrine sweat to yield chemicals that the conscious brain does perceive as smelly. However, this distinction between fresh and digested apocrine sweat is an important one because it means that body odour can often be managed by washing and antisepsis.

Also discharging into the hair follicles are the sebaceous glands, which produce sebum, an even more greasy secretion which coats the hair, retains moisture in the skin, and in  humans probably also acts as a water repellent. This last function may explain why these glands are mostly present on the surfaces of the body exposed to rain – the chest, upper back, face and scalp. The surge in activity of sebaceous glands at puberty is driven by androgens in both sexes, and it is important because it causes two unpleasant features of adolescent life. The first is that most of us have greasier hair after puberty. This is part of adulthood that humans have been keen to change yet loath to lose – the hair care industry makes its money by selling us detergent shampoos to strip off our hair oils, conditioners to repair the disruption caused by the shampoo, and sprays and gels to set our hair in a fixed position, just as our own oils would have done had we left them there. Considering that sebaceous secretion is driven by androgens, it is perhaps not surprising that the more glutinous gels are directed at the male half of the market.

The second effect of androgen-driven sebaceous secretion is that traditional scourge of the teenager: acne, or ‘acne vulgaris’ to give it its even more revolting full name. Acne is blockage and inflammation of sebaceous glands, which explains why acne affects androgen-fuelled boys more often than girls, and also why it affects skin areas with lots of sebaceous glands. Acne may be less common or severe in teenage girls, but premenstrual acne can occur into adult life. One problem with acne is that although its hormonal basis is known, the exact skin changes involved are uncertain and may vary between individuals. This is probably why so much unhelpful folklore has grown up around the condition; so what actually happens in acne?

The first part of the acne puzzle is over-production of sebum caused by androgens, mainly testosterone. However, this ‘seborrhoea’ is probably not sufficient on its own to cause  acne. The second factor is that the duct through which hair and sebum are extruded to the outside world can become blocked with dead skin cells. Dead skin cells themselves are not abnormal – we shed billions of them from our hair follicles all the time – but sometimes their sheer quantity is enough to jam up the hair follicle with a yellow plug of skin cells and sebum which slowly oxidizes to the characteristic black colour of the comedo or ‘blackhead’. A third piece of the jigsaw is that some people have more of a bacterium called Propionibacterium acnes on their skin, and this is instrumental in setting up infections in blocked follicles. The acne puzzle is completed by the fact that in some teenagers the follicle is more likely to rupture and spill its noxious contents into the surrounding skin. This sets up a dramatic local inflammation which eventually removes all the debris, but can lead to scarring. This scarring is why people tell teenagers not to squeeze their spots, even though those teenagers know very well that the spot will be gone sooner if they do.

So the science of acne is complex, with at least four factors controlling whether a teenager suffers it or not. This lack of a single cause means that treatment is often only partially successful. Antibiotics are good for managing severe bacterial acne, but they do not address the original problem of excess sebum damming up in blocked follicles, although benzoyl peroxide may help with that. We do have drugs that suppress the effects of androgens, but obviously these must be used with care in developing teenagers. As well as frustration at the inadequacies of medical treatment of acne, it is difficult to give an acne sufferer a positive view of the disease. Acne is not a phenomenon that achieves anything – instead, it is a temporary effect of the inept development of the gland system which moistens the skin and deflects rain. There is no magic  ‘reason’ for acne that will assuage the concerns of teenagers, and those concerns can be profound. As we will see later, acne is a major cause of depression and even suicide in teenagers.

Teenage skin is important in one more respect, although you may not have thought of it as related to the skin. Breasts are extremely elaborate skin glands – probably evolved from ancient apocrine sweat glands – so we will consider breast development along with the rest of the skin. Breast development in girls is driven by oestrogens, mainly from the ovaries, and also prolactin, yet another peptide hormone from the pituitary gland. Like much of puberty, breast development follows a reliable pattern, often starting before the age of ten with a small conical swelling beneath the nipple, which can occasionally become slightly sore. This is later augmented by a more general growth of the breast which lifts the conical nipple away from the chest, often to the extent that it points slightly to the side and the whole breast starts to hang down somewhat. Frequently, the nipple cone then flattens out and merges with the rest of the swelling breast. All this time a branching system of milk-conveying tubes has been spreading throughout the globe of the breast, although it will not develop fully until progesterone levels increase in pregnancy. And as with body hair, the differences between girls’ and boys’ breasts are mainly those of degree – boys do form a small duct system, and later in life can even suffer from breast cancer.

Breasts are fascinating for all sorts of reasons. The most striking feature of human breasts is that they consist mainly of fat, which makes them far more pendulous than the mammary glands of any other animal. Crucially, not only do most female animals have small mammary glands when they are not producing milk, but they also have even smaller  glands before their first pregnancy. The size and shape of breasts varies dramatically between women for reasons that we do not understand, but their prominence is perhaps most inexplicable during adolescence – teenage girls’ breasts are not usually pregnant or lactating, and they are often not even fertile enough to get pregnant. Teenage girls are our biggest clue that human breasts may be uniquely prominent for a reason unrelated to producing milk.

There has been much speculation about why human breasts are so prominent. The suggested reasons fall into two groups – those related to child care, which are often championed by women, and those relating to sexual attractiveness, often proposed by men. The oldest child-related suggestion is that humans have very short chins, and that this makes it difficult for our babies to suckle from a teat on a flat mammary gland. This idea seems unlikely to me, partly because there are some fairly chinless baby monkeys around and they seem to cope perfectly well. However, there is certainly something strange about human breast-feeding – unlike most infants, babies are supposed to fill their mouth with breast when feeding, although for some reason they do not seem to do this instinctively, as many sore mothers will attest. Another suggestion is that the breast evolved so that the nipple is conveniently close to infants being carried either in the arms, or slung on the hips of their bipedal mothers. Before the invention of the bra, breasts presumably sagged early in life, so did this lower them to the same level as a carried child’s mouth? Finally, some anthropologists believe that humans went though a semi-aquatic stage in our evolution, living along an ancient African coastline. They use this theory to explain several distinctive features of human biology, one of which is that the breast evolved as something for the bobbing infant to  grab on to. However, this theory does not explain why no other aquatic species has pendulous mammary glands throughout their adult life, nor why lactating women tend to dislike their breasts being seized.

These child-oriented theories of breast size have two major problems. The first is that they do not explain why human breasts are so large when women are not breast-feeding. Also, they do not explain why the breast is such a sexually sensitive area. These flaws suggest that attractiveness to men is, after all, an important factor in the evolution of breasts. This idea depends on a process called sexual selection, which we think has been important in many aspects of human evolution. Whereas natural selection means that animal species change when certain individuals produce more offspring because they possess characteristics which help them thrive in their environment, sexual selection means that some individuals produce more offspring simply because they possess traits which the opposite sex finds attractive. This means that animals can pass on their genes to the next generation because they attract mates, rather than because they are actually any better at surviving – sexual selection explains the peacock’s tail for example. In the natural world there are many examples where sexual selection seems to have taken place, so it is not unreasonable to suggest that women evolved pendulous breasts because men liked them. Indeed some scientists claim that almost every difference between boys and girls that appears at puberty evolved because it was attractive to the opposite sex. However, the problem with sexual selection is that it is often difficult to explain why one sex (in this case men) started to like a certain trait (in this case breasts) in the first place.

It has been suggested that breasts are a straightforward  sexual lure – there to attract men. This idea is supported by the fact that girls grow breasts in advance of becoming fertile, and the fact that in many human societies breasts are covered until marriage, but not afterwards. However, it does not explain why men originally started to like breasts. Perhaps they first developed a general appreciation of the distinctive curves of the female form, and breasts subsequently swelled to appeal to that preference. A more radical idea is that rounded breasts evolved to mimic buttocks at a delicate stage in human evolution when men were adapting to the new face-to-face sexual position. Yet there is little evidence to support this idea that breasts are a surrogate for buttock-deprived men, especially considering that we do not really know whether humans evolved rounded buttocks or breasts first. More sensibly, it has been proposed that a man is attracted to pendulous breasts because they are a sign of high potential milk production for his future babies. Yet even here there are problems – the link between breast size and milk production is far from clear, and this theory also cannot explain the wide variation in size of women’s breasts. After all, many men and teenage boys like small breasts, as long as they are obviously attached to the female of the species.

A final sexual selection theory of human breast evolution is appealing because it works both ways – men are selecting women and women are selecting men. It also has its roots in other unusual features of human life – long-term cooperation by couples, and fathers’ provision for their partner and children. According to this theory, men became interested in breasts for one of the previously mentioned reasons, or perhaps because breast swelling was one of the few external signs of ovulation in women. The next stage was that women started to select breast-appreciating men, because these men  were more likely to stay with them and support them while they were pregnant or lactating – when their breasts would of course be even more voluptuous. And then the whole thing snowballed – men loving breasts more and more, and women evolving more prominent breasts and loving the men who loved them. So perhaps teenage girls really do grow breasts in anticipation of attracting the right man, although they are not doing this out of some sort of evolutionary generosity – they still have their own interests at heart.

 

It certainly seems as if a major function of puberty is to change the way teenagers look. If skin is one aspect of the body which is dramatically altered by puberty, then body shape is another. Before puberty, boys and girls have similar body shapes, but afterwards they are obviously feminized or masculinized. And although none of these changes to adolescent body shape is necessary for making babies, they go a long way towards making us physically attractive to the opposite sex. In Part Five we will see that teenagers have specific brain circuits that allow them to appreciate each other’s body shapes. Of course, like all things in human sexuality, the appreciation of body shape is a subtle thing. Boys do not have to be muscle-bound lumps to be attractive and girls do not need to be buxom wide-hipped earth goddesses – we can respond to very subtle cues, but the cues must be there.

Also, many of the differences between girls’ and boys’ body shapes are present before puberty, albeit in lesser form. A good example of this is the upper body and arms. Under the influence of androgens, boys develop larger chest cavities to increase their ability to draw in oxygen and pump blood with their larger heart. The male chest probably also serves as a display of masculinity to females and threat to other males –  and jackets further emphasize the top-heaviness of men. The large male chest pushes the shoulders apart, an effect enhanced by the wearing of epaulettes in the armed forces. I admit that I still remember the 1980s fashion for women to wear shoulder pads, presumably as a mimic of the body shape of the ‘dominant’ male – a trend that extended to spindly teenage girls in what now seems a hilariously dated way. Female self-image must have changed since those years, and many teenage girls now wear clothes which emphasize the small chest – small, fitted tops of light material emphasize rounded shoulders and longer, finer necks. A small rib cage also means that girl’s abdomens are very long, which leaves more space for later pregnancies. And crop tops and low-rise jeans allow this long female belly to be shown off to greatest effect.

A further difference between the sexes is that men possess much more muscle than women – another effect caused by androgens. Indeed, the anabolic steroids that unscrupulous athletes inject into themselves are merely artificial forms of male sex steroids. Unsurprisingly, the anabolic effects of androgens mean that boys, already stronger than girls before puberty, are much stronger after puberty – a man can grip with twice the force of a woman. The increased muscle mass also makes men look different, with massive shoulders, flat bellies (so I am told) and muscular thighs and buttocks – among the features that women find most sexually attractive about men. Unfortunately, this is where teenage boys lose out, because the growth spurt of muscle often occurs at a late stage of puberty, sometimes as late as the early twenties. Apart from making teenage boys look wimpy, the real tragedy of this delay is that male metabolism often seems to change when the muscle growth ceases – I have noticed that  my male university students can easily get into the habit of consuming huge numbers of calories (i.e. beer) because they simply do not seem to be able to put on weight, but that these habits come to haunt their midriff after the age of twenty-two or so. Another effect of increased muscle mass in boys is that it makes them less flexible than girls – so girls walk with a more flowing gait than the boys who stomp along beside them. Reduced male flexibility also exacerbates the clumsiness of adolescence. And we can explain these differences if we accept that gender roles in surviving hunter-gatherer societies reflect the mainstream of past human evolution. Perhaps girls really do deftly pluck the fruit from the tree while boys kill the beast and beat the stuffing out of their enemies.

In some ways, the other side of adolescent muscle is fat. From puberty onwards, oestrogen makes girls preferentially lay down fat over their buttocks and thighs. Also, they usually carry around 50 per cent more fat than boys and much of this is stored in a layer beneath the skin. This is why teenage girls appear smoother and curvier, because the fat hides their muscle definition. So whether or not fat is a feminist issue, it is certainly a female characteristic. And as we will see, in some of its forms fat is extremely attractive to the male senses, but the downside to this is that the changing shape of the teenage female body could be a major cause of eating disorders in girls. One reason why women carry more fat may be that they have not had to run around so much over the last few million years – and it has been claimed that the weight of all this fat is more important in causing the discrepancy between women’s and men’s athletic abilities than women having less muscle or smaller lungs. Another reason for the existence of girls’ fat stores is that they are an energy reserve for  pregnancy and lactation, because it is these, rather than everyday physical exertion, which probably placed the greatest strains on our female ancestors. This tendency to store for the future is apparent in my female students, who find it all too easy to put on weight as soon as they arrive at university and start consuming more calories (i.e. more beer). An intriguing final explanation proposed for girls’ thigh and buttock fat stores is that they reduce the female centre of gravity, which makes women more stable when carrying children – but I must admit that I have not yet conducted any experiments to see which young parents are the easiest to trip.

There are already differences between the male and female limbs before puberty, but once again these are further emphasized by the hormonal flux. Boys have relatively larger hands and feet than girls, and this may be an indirect effect of androgens, which increase secretion of growth hormone from the pituitary gland. Of course, this difference makes sense if we believe that men are built to run, wrestle and stab, but some of the other differences in our arms are harder to explain. If you hold your arm straight with your palm uppermost and look along its length, what you will see depends on your sex. Men’s arms follow a fairly straight line, whereas women’s bow out dramatically at the elbow – if you have never examined this in a member of the opposite sex, you may be surprised how great the difference is. We do not know why this difference exists, but it means that men tend to carry heavy bags with their palms facing backwards and women hold them with their palms forwards. There is a similar angulation at the female knee, and my nine-year-old daughter has already developed a ‘girly’ gait as a result. Another difference that has received a great deal of recent attention is finger length, although this is mainly a pre-puberty effect. Boys tend  to have ring fingers longer than their index fingers due to prenatal androgen exposure, whereas girls’ fingers are usually the other way round. Strikingly, parents who believe that their sons are more disruptive and aggressive are usually bad-mouthing boys with unusually long ring fingers. And as if to make this issue even more contentious, it seems that homosexual women tend to have a more male-like hand shape, with longer ring fingers, than heterosexual women.

Perhaps unsurprisingly, the greatest skeletal differences between the sexes occur in the pelvis and legs. Girls and boys have been shown to walk differently from as young as eighteen months, but puberty greatly exaggerates these childhood differences. Among primates, the human pelvis takes an exceptionally long time to mature, and the differences between the male and female pelvis become very dramatic in teenagers. While boys are growing large robust hip joints, girls are widening their birth canal. There has been a great deal of debate about how these distinctively human features evolved, because the human pelvis is exceptional in two ways – we all walk upright, and women deliver large-headed babies. These two demands presumably put different, and perhaps conflicting, pressures on our pelvis. Australopithecines seem to have already developed many of our modern adaptations for bipedal walking, but big brains and wider pelvises probably came later, during the Homo erectus  and sapiens eras. Certainly, the pelvic measurements which increase most markedly in modern teenage girls are the very dimensions that are crucial for successful childbirth. Also, the human birth canal is not only wide but also bends around a corner, making the human baby’s passage to the outside world unusually tortuous.

All this affects how girls walk, or at least we assume it does.  The width of the birth canal has pushed the female hip joints further apart and this alters the movements of the hip and redistributes the forces which stress the pelvis and thighbone – making girls and women more prone to certain injuries. However, while teenage girls do appear to walk differently from boys, there is surprisingly little agreement about how they differ. Although we assume that women ‘wiggle their hips’ when they walk, it has been difficult to measure exactly what that entails. The only thing that biomechanics experts seem to agree on is that girls take shorter steps and walk more slowly than boys, and perhaps combining this with protuberant buttocks is enough to make their gait look very different. Equally contentious is the effect that high heeled shoes have on ‘enhancing’ the female gait. Again, we assume that high heels make women rotate their hips more and arch their backs to make them stick out their bottoms, but both of these effects have been difficult to demonstrate. High heels certainly reduce the range of movement at the ankle and also place dramatically increased strain on the knee joints, but these are not usually thought of as alluring feminine characteristics. So, perhaps surprisingly, teenage girls tottering along in stilettos may be doing no more than shortening their paces, slowing their gait and making their legs look longer (which, confusingly, is a male characteristic).

A final set of skeletal differences between girls and boys is established in the teenage face. Androgens (and the hormones they control) make the skeleton of male faces more robust, with prominent ‘scowling’ brow ridges and jutting, macho chins. Also, boy’s teeth are larger, not because they contain more hard-wearing enamel, but because they have more dentine bulking them out. Androgens also make the voice box cavity larger, the laryngeal cords thicker, and the  whole larynx hang lower, creating the distinctive knobbly Adam’s apple prominent in the already short male neck. In contrast, teenage girls retain many child-like features – rounded ‘open’ faces, small teeth and long smooth necks.

This retention of juvenile characteristics into adulthood is called ‘paedomorphosis’, and it sometimes fools people into making unjustified value judgements. The crudest assumption is that women are not only inherently ‘childlike’, but also ‘childish’. However, we now believe the whole human race evolved largely by paedomorphosis – many of the characteristics we think of as human are actually retained features of infant apes, such as domed heads, weak chins, prominent brows and thin fur. So, from this perspective, teenage girls could be seen as ‘leading the way’ in retaining more and more juvenile features, while boys partially revert to their ape ancestry. (A rather more disturbing perspective on female paedomorphosis is the effect it might have on male sexual desire. If men’s brains are hard-wired to be attracted to finelimbed, smooth-skinned, high-voiced, round-faced people, does this explain paedophilia? Are male paedophiles simply men who are more attracted to the characteristics women retain from childhood than those women acquire during puberty?)

As we will see in the last chapter of Part One, perceptions of female maturity will be central to our ideas of what teenagers are. So far, we have discovered when human teenagers evolved, what hormonal forces drive them through puberty, and how the changes of puberty relate to their future roles. But puberty is not the same thing as maturity, and even a combination of puberty and maturity are not sufficient to make a teenager – there is more to it than that. So why did humans evolve adolescence, and what are teenagers for?




 Why are girls more mature? 

So far, you may have noticed two things about adolescence. One is that it is a surprisingly long process, and the other is that boys are slow developers – their adrenals and gonads start up later, and even then the male body develops at a fairly leisurely pace. I remember as a teenager that girls of my age seemed very grown up, and that I was growing so slowly that it looked like it would take some years before I caught up. As it turns out, this was not just teenage angst, but a very real phenomenon – teenage change occurs a couple of years later in boys than in girls. However, standing in contrast to this boyish slowness is one important exception: fertility. This law of teenage male sluggishness in everything except fertility is central to understanding teenagers and why we evolved them. Boys are slow for a good reason.

When scientists wish to understand any of nature’s apparent ‘rules’, they always find it helpful to study the exceptions to that rule. And as it happens, we do understand why boys often become fertile before girls, even though the male hormonal system is less mature. The answer is based on the simplicity of male reproduction and the complexity of  female reproduction. The function of the male genitalia is simply to make sperm. By mid-adolescence this is a well established, continual process, smoothly generating tens of millions of sperm a day. As you might expect, it is driven by androgens, and it does not vary much throughout adult life. The testicles are there, and they just get on with their job.

Girls are very different creatures, because there is more to female reproduction. Just as boys have to make sperm, girls have to make eggs. However, girls’ reproductive organs also have to play a second role, which is that they must be able to make hormones to support pregnancy. The female reproductive system is a dual arena for sex and pregnancy, and it must be able to switch efficiently between the two activities. This dual functionality is built into girls’ menstrual cycles, with two weeks of oestrogen dominance leading to the ovulation of a fertile egg, followed by two weeks of progesterone dominance when the system is suspecting that it might be pregnant – if no baby is detected, then menstruation takes place and the whole cycle starts up again. Indeed, this constant flipping between fertility and possible pregnancy is the very reason why women have cycles. Unlike boys who just plug away continually making sperm, girls are in a constant state of reproductive indecision.

The fact that girls cycle when boys do not, explains why teenage girls take longer to become fertile. Not only do they have to develop the hormonal interactions that boys use to maintain their steady state, they also have to develop an extra interaction between the ovary and pituitary gland that boys simply do not need. Just before ovulation, the ovary and the pituitary enter a uniquely unstable state in which they both stimulate each other – a state called ‘positive feedback’. This causes a huge, almost uncontrolled release of hormones  which climaxes in ovulation and the start of the progesterone-dominated phase of the cycle. Thus positive feedback is a very special phenomenon, which only occurs in females and is essential for female fertility. Girls usually become fertile later than boys simply because they need time to develop this additional, dramatic interaction. Many teenage girls may seem reproductively mature when they are in fact not yet fertile, often undergoing years of erratic, incomplete cycles, in which they either do not ovulate, or do not yet possess the hormonal machinery to become pregnant.

If fertility is the criterion by which boys seem more mature, then the criterion by which girls seem demonstrably more mature is height. If there is one thing that embarrasses teenage boys, it is the few years in which they are frustratingly shorter than girls of the same age. It is bad enough that most other things are conspiring to make boys look immature, but being surrounded by unattainable leggy females is the last straw. However, we will now see that teenage growth is what has crystallized our understanding of the relative immaturity of boys – why they are less mature when they are actually more fertile, and why thinking about the relative maturity of the two sexes will explain the phenomenon that is the teenager.

Young animals can grow incredibly rapidly – the champion growers of the animal kingdom include giant dog breeds, birds of prey, large flightless birds and whales. These infants grow so fast that they are on a real knife-edge of growth, in which any change in their diet can lead to deformity or failure. Although children often seem to grow ‘like weeds’, humans are in fact a relatively slow growing species. We have to get quite big in the end, but we take an unprecedented two decades to do it. Many mammals of  similar size are fully grown and have their own offspring by the time they are three years old. This slow maturation of our species will crop up several times in this book, but for now you can just accept that we are not in any hurry to grow up.

Once we are born, almost all of our increase in height is caused by structures called growth plates. Most of the long bones in our limbs have a growth plate near either end, and the vertebrae in our backs contain them too. The two growth plates in a long bone are sheets of cartilage interposed between the knobbles of bone at each end, and the tubular shaft in the middle. They have a very ordered internal structure and they spend two decades neatly stacking new bone onto the end of the shaft. As a result, they slowly lengthen the shaft, ratcheting the two ends of the bone further and further apart. And so the child or teenager grows. The process is driven by growth hormone from the pituitary, and androgens and oestrogens play a supporting role as well. But then, at eighteen in girls or twenty-one in boys, the growth plates simply stop working and are replaced by a bony scar – so we cannot grow any longer. We think that oestrogens cause the growth plates to shut up shop (a few rare individuals cannot respond to oestrogen and never stop growing), and this is presumably why growth stops earlier in girls than boys.

Yet knowing the mechanics of how bones lengthen is only the start of the strange story of human teenage growth. Things really get weird when we look at how fast we grow at different ages. The following diagram is just that – a graph of the millimetres grown each month by boys and girls in the first two decades of life:
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These curves are obviously different for girls and boys. They are also unlike the growth curves for any other animal – most mammals simply grow rapidly after birth and then slow down as they approach adult size. In fact, the human curves are unusual in four different ways. First of all, babies undergo a dramatic deceleration in growth as soon as they are born, and this continues throughout infancy – typical human sluggishness. Second, growth rates pick up very slightly at around eight or nine years of age – the childhood growth spurt. Third, and most dramatically of all, there is a sudden acceleration of growth in the teenage years – the spectacular and controversial adolescent growth spurt. Fourth and finally, the graph is visible evidence of girls maturing more quickly than boys, as their adolescent growth spurt occurs a couple of years earlier. Picking apart these strange features of human growth will explain a great deal about teenagers.

The graph highlights the differences between the heights of teenage girls and boys. Girls are clearly ‘spurting’ earlier,  but of course boys end up taller. However, compared to many primate species the human sexes are not really very dissimilar in height – an average woman is 93 per cent of the height of an average man. We humans are not what biologists call very ‘sexually dimorphic’. Similarity in size between the sexes is usually a sign of an animal society where males are not especially dominant, so maybe this says something about us. Of course it also helps for human females to be a reasonable size because their pelvises must allow the passage of such large-headed babies. And scientists have now dissected the male – female difference in height into four causes. The first is that boys are very slightly taller by the end of childhood – maybe 1.5cm – a difference so small that it does not show up on my graph. Also, boys then have a couple of extra years in which to grow before their spurt starts, and in those years they grow by roughly 6cm. Next, their growth spurt is bigger than girls’, so they gain an extra 6cm during it. Finally, they continue growing a few years longer than girls after the spurt because their growth plates arrest later, adding an extra 1.5cm or so.

So it is not just the difference between the sizes of the adolescent growth spurt in the two sexes that makes them interesting. What is fascinating is the difference in timing between the sexes, and indeed the fact that the spurt occurs at all. Scientists argue about human growth a great deal, but most of them agree that the pattern of human growth is very unusual. Furthermore, some suggest that the adolescent growth spurt is absolutely unique to humans, and is in fact the defining feature of our species’ life-plan. And I have to say that I agree with them.

Other primate species undergo transient increases in growth rate when they are juveniles, but the sheer magnitude  of the human spurt and the way it affects every long bone in the body is truly spectacular. Teenage boys’ growth rates can double within a year – imagine growing a centimetre a month! The adolescent growth spurt, and to a lesser extent the childhood spurt, have even led biologists to suggest that humans have added two novel stages to their life-plan. Most animals have infant (breastfeeding), juvenile (weaned, before puberty) and adult (after a sudden puberty) phases of their lives. Humans seem to have added a long childhood (after breastfeeding, but still very dependent) and adolescence – a strange stage of staggered growth spurts and ludicrously protracted puberty.

But why undergo this bizarre growth spurt in adolescence? What is it about humans that has led us to evolve this unusual system? Some have suggested that the adolescent growth spurt occurs so our bipedal abilities can be optimized before adulthood, but I cannot really see why that would be the case. First of all, twelve-year-old children are perfectly good at running about, and surely a sudden growth spurt can only unbalance an adolescent teenager’s coordination? In fact, we suspect that children undergo their smaller, childhood growth spurt to help them walk and run. During that spurt it is the legs that preferentially lengthen – I can see it happening almost by the day in my daughter. It has been sensibly suggested that the childhood spurt occurs once children are too large to be carried, and have to ‘keep up with the rest of the tribe’. This would also explain why there is no significant difference between the childhood growth spurt in boys and girls.

Another explanation for the adolescent growth spurt is that it is a ‘catch-up’ stage after the slow growth of childhood. This theory presupposes that we know why humans evolved  childhood, and most theories about childhood relate to the brain. Most humans survive not by their strength or speed, but by their wits. It is the three oranges-worth of buff jelly in your heads which will decide your fate. As we will see in Part Two, that jelly takes two decades to mature fully – a slow-growing brain is the price we have paid for being so darn clever. And we now think that we evolved children to be little brain incubators – charming, unthreatening people whose brains are not finished, but who do not eat much of our valuable food because they are small. It makes sense to keep them small for as long as possible, because all they have to do is talk all the time, break things and manipulate adults. But eventually they must grow up, and this is where the adolescent growth spurt is claimed to come in. Children are by their very nature small, and when the decision is made for them to grow up, they might as well do it as quickly as possible. So is the adolescent growth spurt just a crude, inelegantly rapid way to stretch children into adults?

There may be some truth to this catch-up idea, but it seems unsatisfying to suggest that adolescence is just a side-effect of childhood. Also, there are some tangible objections to the idea of adolescence as catch-up. First of all, the brain is by no means ‘finished’ by the start of adolescence – the process of childhood brain maturation simply merges imperceptibly into a process of adolescent brain maturation no less intense. So there is no sudden cessation of brain development after which we humans have to ‘catch up’. Second, if the spurt is for catching up after a slow childhood, why do girls spurt two years earlier than boys? And finally, perhaps the most telling thing about the adolescent growth spurt is that it does not actually have to happen for humans to reach adult height. Children born without gonads, or who have had them  removed for medical reasons, do not undergo an adolescent growth spurt. Yet they grow to perfectly normal heights. So, paradoxically, the growth spurt does not seem to exist to help us grow. How can that make any sense?

Perhaps we have been thinking about teenage growth in the wrong way. Maybe the adolescent growth spurt is not important because it makes us grow – maybe it is important  only because it occurs at different times in the two sexes. One theory is that girls undergo an early growth spurt so that adults can assess their ‘potential’ as soon as possible. A teenage girl’s height is quite closely related to the internal diameter of her pelvis, which is of course very closely linked to her ability to bear children successfully. This theory maintains that in ancient human societies, teenage girls were traded between clans, but that they could only be traded equitably once they had neared their adult height, thus allowing a valid assessment of their pelvic size. And the early growth spurt hastens the time at which this trading can be done. While I cannot find any awful flaws in this theory, it does sound rather cumbersome, and it makes quite a few assumptions. Also, it does not explain why boys undergo a growth spurt – no one cares what their internal pelvic dimensions are.

There is one hypothesis which I believe fits the evidence best. It is a bold idea, and it explains why both boys and girls undergo the adolescent growth spurt, and why girls do it first. It claims that the lag between the sexes is the actual reason for the existence of the spurt. And if it is correct, the spurt occurs expressly to make adolescent girls seem mature and adolescent boys seem immature. It also implies that the period of prolonged puberty and the difference in maturity between the sexes is the very essence of adolescence.

According to this theory, girls undergo an early growth spurt for a good reason – it makes them look mature. Mid-teenage girls are tall, slightly curvy, and have breasts. They look grown up, and are accepted into the adult social world early, where they often start practising their future roles. We will see in Part Two that the female brain may also feign maturity a little earlier as well, but whether or not that is true, we all know about the difficult few years when girls are simply more of a social asset than boys. And we also know that girls often date older boys (oh, the recalled torment). But the irony of all this is that these girls are usually infertile – the complexity of female reproduction means that they are playing at being mature, without actually being able to become pregnant.

Boys do things the other way round. The average mid-teenage boy is short, weedy and has a light dusting of unimpressive body hair (sorry to be so direct). He may also be less socially adept. He is, however, usually fertile, although his unprepossessing appearance means that his fertility is unlikely to be put to the test. He has to wait. He will one day grow into a man with all the sexual weaponry to make women swoon, but not yet. However, one thing that can be said in favour of teenage boys is that they are not threatening – on their own at least – and maybe this explains their slow development. And being unthreatening is a very good idea in a world where alpha males are swaggering around. This theory maintains that the teenage boy has evolved to avoid conflict and survive until he is mature – he is living to fight another day.

It took us a while to get there, but we seem to have found something approaching a definition of adolescence. It is longer than a sudden event, and more complex than a simple  gradual shift. It is the time in our lives when a cluster of pivotal processes are arranged in a neat sequence in time. The process of puberty is stretched over a decade at least, and superimposed upon that decade is the unique story of human adolescent growth. Adolescence is the time when the staggered growth spurts of boys and girls conspire to make them as dissimilar as possible at the very same time as their sexuality is lurching clumsily into action. No wonder it hurts sometimes.

 

Already we can see that being a teenager is a complicated thing. If it can be defined at all, it is only in relation to many different simultaneous processes. However, it does seem to be a good way of linking together the disparate elements of our list of unusual features of the human species. But even now, we have only looked at the physical changes of adolescence. Getting taller and undergoing puberty do not an adult make. What about socializing outside the family, risk taking, self-analysis and conflict? In the next section of this book we will move from the physical to the mental world, and see how there are yet more changes that must occur if we are to reach adulthood. And those changes must mesh seamlessly with each other, and with our bodily changes. If all this intermeshing goes awry, then teenage life can get very difficult.
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