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How connected are you?


Follow this link to find out:
https://tinyurl.com/u94zyf9
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Introduction


As a child, I was eager to believe in the supernatural. It seemed intuitive to me that with enough practice I could master the ability to move objects with the power of my mind. I consumed books written by Indian yogis on how to levitate and invented secret phrases, believing these could help me save penalties in football if I imbued them with enough willpower. These inclinations continued, dare I say, until I was part way through my undergraduate degree. In a zoology practical, I investigated the turning behaviour of insects, observing them walk along thin lengths of wood, about the width of an ice cream stick. At the end was a T-junction where they were forced to turn left or right. The aim was to demonstrate how bugs that chose to turn left the first time, would next time turn right — a corrective behaviour allowing them to move in a broadly straight line overall. As I carefully watched them, I wondered whether I could harness the power of the human mind to influence the direction they initially turned. I even speculated that other species groups such as ants could be more easily influenced because, as social insects, they are sensitive to subtle cues from their many workmates. Maybe the electromagnetic fields of our human brains could interact with those of the ants to influence their behaviour and, if my brainwaves alone were insufficient, what if the experiment were placed in a football stadium with thousands of people concentrating on influencing their turning. Might it just work?


Bizarre as the idea was, in my defence it was not ‘anti-scientific’ – I proposed to test it with a sound scientific experimental methodology. I had a clear hypothesis: that somehow the electrical brainwaves of humans could interact with those of ants and influence their turning decisions, and I was conceiving experiments to falsify or support my hypothesis. But while it was not anti-scientific, it was just probably not sensible given what we know about human brainwaves and ant behaviour in the twenty-first century. Many people would, from the start, discount the idea based on ‘common sense’ that mind-over-matter is nonsense, but I might have countered this by saying those people are not deeply questioning how the world works. I was refusing to unthinkingly accept the common wisdom and trying to challenge the status quo. Fortunately, I ended up picking a project that was less likely to be a complete waste of time.


Fast forward a few years, and I learned that my tendency to intuitively believe in mind over matter and, more generally, in the supernatural, was an inherent ‘cognitive bias’ – a systematic failure in rational judgement. Our human minds evolved this way; an ability to identify patterns of causality in a noise of input data is highly adaptive, even if it means we sometimes come to false conclusions. Even babies have this ability for self-deception, finding agency where none exists. Though false, these supernatural beliefs could still be beneficial if they helped early human groups to work together. Believing in a supernatural god who promised to reward cooperation and punish cheats helped people to work together successfully in closely knit groups.


From our tantruming toddler years to narcissistic adolescence, we eventually take stock one day to find we have reached the calmer shores of adulthood. Humans tend, mostly, to become more rational and less self-centred as they grow older. It is clear from recent neuroscience and psychology studies that our mind matures slowly and, as late as our third decade of life, the frontal lobes of the brain continue to develop higher reasoning capabilities. In a poetic way, the development of an individual human throughout their lifetime reflects in microcosm the long evolutionary journey of the human mind from early hominid to modern-day Homo sapiens. The primeval parts of our brain, the circuitry for the fear and aggression responses and the tendency to believe in supernatural agency, were dominant in early humans, and these are phases we pass through in our early life stages – from toddlers to adolescents. In later phases of our life, as fully developed adults, we have access to the higher cognitive reasoning that is the unique tool of modern Homo sapiens. Our species has evolved through biological adaptation and culture to develop a rationality which we have used to dispel myths, edging ever closer to seeing the objective truths of the universe. A significant milestone in the cultural evolution of human minds was the acceptance that the Earth is not the centre of the universe, the so-called Copernican revolution. However, we have one more big myth to dispel: that we exist as independent selves at the centre of a subjective universe. You may feel as if you are a discrete individual acting autonomously in the world; that you have an unchanging inner self that persists throughout your lifetime, acting as a central anchor-point with the world changing around you. This is the illusion I seek to tackle with this book, where I hope to convince you that we urgently need a Copernican-like revolution of human identity.


There are over seven billion humans on the planet as I write. Add to this all the humans who ever lived, or who will ever live, and ask does each one of those humans have their own universe that revolves around them – do they each exist as an independent centre-point? Or, are we all part of one connected, objective reality, influencing each other so strongly that the proposition we are independent entities is simply a defunct idea? To answer this question, we need to take a voyage into the centre of the human being. Do we even have a centre, and if not, what will we find? Like the characters of a Jules Verne novel who journey to the inner core of the Earth, we will also need a vessel to explore inside ourselves. That vessel is our imagination; fuelled with scientific facts, it will help us to explore our inner space. On our journey together we will travel through multiple dimensions: the physical body, our mental spheres and our social spheres. Then you must draw your own conclusion. Mine has been the realisation that supernatural powers do not exist, but also, surprisingly, that individual humans do not either: we are seamlessly connected to one another and the world around us. Our independence is simply an illusion that was once adaptive but now threatens our success as a species. A fundamental shift in self-perspective is the next step in our continued evolution as humans. There is a real urgency, because there are stark consequences of remaining stuck in our individualistic and atomistic mindsets, as we will discover.


It is time now to dismantle the illusion of individual human centredness, time to make the psychological transition we urgently need to solve the pressing environmental and social problems of the twenty-first century. It is time to conquer our ‘self delusion’.


To begin, imagine that everything you have ever believed is a lie. Like a character in a movie, you have been living in a world of illusion. But unlike a Hollywood film there is no nefarious mastermind intent on keeping you trapped in a dreamlike state while selling off your body parts, and Keanu Reeves will not break into this dream and help you escape. It is up to you to examine your core beliefs about the world and to detach yourself from this illusion, to see reality with a fresh perspective.


Consider this statement: ‘I am a man with brown hair and brown eyes who lives in the town of Wallingford.’ Which part of this seemingly innocuous statement is untrue? Perhaps any of my gender, appearance or home address, you might say. But I assure you, you will find me looking as described if you visit and knock on my door (please don’t, though). The falsehood in this statement lies at the start: an inoffensive, easily missed pronoun – ‘I’. Behind this tiny letter lies a world of fantasy, the seed of an illusion. Consider, for a moment, who or what you mean when you refer to yourself as ‘I’? Perhaps it feels as if this ‘I’ is the core of your character, the familiar seat from which you observe, interpret and initiate action in the world. Yet, it turns out we are programmed to think this. Like toy soldiers designed with limb mechanisms to move in a certain way, our brains are structured to create an illusion called ‘I’. We have little choice over this programmed fantasy, although certain philosophies and cultures promote a stronger illusion of individuality, while others help us to perceive a deeper reality. In the modern globalised world, overcoming this self delusion is becoming increasingly essential for a whole host of important things like personal happiness, justice and maintaining a habitable global environment. No small thing, then.


But let’s not get carried away with the idea of complete self-annihilation. The ‘I’ is also a survival tool. As essential as a penknife in the woods, it is part of our evolutionary toolbox that has allowed us to thrive as a species for over 200,000 years. Without some sense of individual identity, we would not be able to plan, motivate and direct our lives. However, just as certain behaviours, such as voraciously seeking out fatty foods, helped early humans to survive in the wild, our biological survival mechanisms do not always equip us in an optimal way for the modern world. We now realise that our fondness for fats leads to obesity in environments where calories are abundantly available, and we are gradually learning to use our rationality to overrule innate urges to binge on fatty food. In a similar way, the illusion of an independent ‘I’ has become maladaptive, leading to problems in an increasingly connected and globalised world. Despite overall improved quality of life, personal happiness is heading in the wrong direction. We are facing a mental health epidemic with a growing frequency of anxiety, depression and self-harm. Through selfish overconsumption we are destroying the natural world and using non-renewable resources at an accelerating rate. Pollution and the spread of antibiotic resistance are set to undermine the advances in human health of recent decades, while ethical dilemmas loom on the horizon as a result of climate change and mass human migration. I will explain how our sense of self-identity underpins these global issues, why they are becoming more severe and how we can get them back on track.


Reforming our individualistic self-perspective cultivates the mindset necessary to address these global problems. Their root cause is that we perceive the human condition as one of multiple independent entities vying for individual success, rather than all of us, being not only equal, but also deeply interlinked in connected systems. These personal views of the world become collectively enshrined in our institutions, and as long as these institutions that manage the environment, economy, justice and health continue to be based on our flawed logic, they will remain incapable of tackling the big problems that need solving for our species to survive. Fixing these problems starts with us. A first step in reforming our self-identity is to take a deep dive beneath the troublesome veil of illusion which gives us a sense of being an independent ‘I’.


We tend to think of ourselves as discrete entities, as somehow separate and distinguishable from our surroundings, yet in many aspects – from our physical bodies to our brains and minds – we are deeply linked to the world around us. So connected, in fact, that an outsider objectively examining us – let’s say an intelligent alien who is not susceptible to the same delusions of identity – might not be able to distinguish unique entities. Findings across a wide range of scientific disciplines increasingly support the idea that the central, discrete ‘I’ we obsessively nurture, protect and talk to throughout our lives is just an illusion.


Our body is a key part of our identity, yet most of the estimated 37 trillion cells that make up these bodies have but a short lifespan of days to weeks, so there is a near continual turnover of material. New molecules continually flow through us, derived from atoms from the furthest reaches of the universe, and which have also made up the bodies of countless other plants and animals before us. And since our bodies are essentially made anew every few weeks, the material in them alone is clearly insufficient to explain the persistent thread of an identity. Furthermore, most of the cells in our body are not even human: we contain more bacterial cells than human cells. Moreover some of these have the ability to influence our moods and manipulate our behaviours, further detracting from our supposed autonomy.


If not the materials in our body, what about the DNA instructions that code for its design, perhaps these comprise our unique identity? Just like the molecules that make up our bodies, our genetic code flows so fluently through – and between – the branches of the tree of life, that it is more like one great networked cloud computer program. Our bodies harbour a small subset of that code, cut and pasted into a transient entity.


If our DNA code does not comprise our unique identity, what about our minds: these are surely our own? Advances in psychology and neuroscience suggest that we have no unchanging, independent identity. Instead, we are a bundle of beliefs and self-reflections in constant flux. Our identity is contingent on the time of day, where we are and who we are with. Our perceptions are filtered by our consciousness, which is itself a product of those perceptions, and so our self-identity is a continually evolving product of the environment we are immersed in. This environment is hugely determined by other humans. Indeed, as humans we are grand architects of our environment. We have achieved this by being the most mutualistic species on earth. Try considering a simple man-made object that is close to you now. Its creation was contingent on the cooperative actions of hundreds, if not thousands, of humans across continents and over hundreds of years. Beyond the creation of these objects, our combined human endeavour contains the spoken and written cultures that so fluently cross the blood–brain barrier into our minds and unavoidably determine the way we think. To consider ourselves to be sovereign individuals is a deeply misplaced belief.


Unfortunately, we often struggle to comprehend our interconnectedness to others and the world around us. We struggle to see the bigger picture of our selfhood because we suffer from a form of blindness that we might loosely call an ‘individualistic perspective’, or more critically a ‘self delusion’ when we recognise its harmful aspects. The technical definition of a delusion is, according to the Diagnostic and Statistical Manual (DSM IV, the professional psychiatrist’s bible of personality disorders), a false belief that is firmly sustained despite what almost everyone else believes and despite incontrovertible evidence to the contrary. We might ask why their definition makes a delusion contingent on what everyone else believes. Under the DSM IV definition, social norms usurp absolute truth and can make a blatantly false belief non-delusional, as long as everyone shares the same view. One can only speculate this caveat was added so psychiatrists didn’t end up diagnosing the vast majority of the population with a mental disorder and getting themselves in a whole lot of hot water. However, it would seem more rational to label any belief as delusional if it is objectively untrue irrespective of social norms. As a thought experiment, imagine a future world where only a few people survive under the guidance of a cult leader who they all believe is Elvis Presley reincarnated. Would those people be deluded even though they all share this same belief together? If your answer is, like mine, that they would surely still be deluded, then you would probably also agree we should base our definition of delusion on the contravention of objective truths. We humans have suffered many such delusions over our cultural histories. We were once deluded about supernatural beings, we were deluded about a father-like God figure in the sky, and we are deluded that we exist as independent autonomous entities.


We are like a thread in a tapestry that is unaware of the majesty of the whole interconnected piece. This blindness is to an extent innate, but it has also been reinforced by our human culture. There exists a world beyond our senses, consisting of very small things, like the thriving diversity of bacteria and viruses with which we share our body, and of large-scale expansive processes, like the consequences of our actions that ripple across the entire globe. Just as a blind person can learn new ways to know the world they cannot see, so too can we learn to know the world through science. Technology and the scientific process are revealing a world beyond our limited human senses, but to fully ‘see’ this world we need to piece together the facts, like pieces in a jigsaw puzzle, to build a new perspective on the world and our place in it. Here, imagination is crucial. Just as novels help us to experience situations we have never encountered before by putting us into someone else’s shoes, so too can imagination help us comprehend a world beyond our senses. Only with a vivid imagination can we synthesise scientific facts into a more accurate worldview that reveals our deep interconnectedness. Only with imagination can we see beyond an individualistic perspective and dispel the delusion of a discrete ‘I’.


Coming back to the aliens observing the earth from space, would they really see a single you as a discrete physical body or, taking an objective science-based view (as intelligent space-faring aliens might), would they rather see all the organisms on earth as part of a single body of life – a ‘web of genes’ – between which molecules flow. And would they observe you as a single consciousness, or would they look across all humans to see one great interconnected ‘Mind’ composed of linked sub-units between which ideas continually flow – ‘a web of memes’? Encouragingly, this ‘systems science’ perspective adopted by the intelligent aliens is also increasingly common in our earth-based science. There is a slow tectonic shift towards holistic, systems-based thinking in physics, biology, social sciences, economics and many other disciplines. Using the systems approach, emergent properties can be observed that are hidden when simply analysing individual components.


Perhaps surprisingly, other areas of literature, including some religious and philosophical texts as well as poetry, have long recognised the deep interconnectedness of phenomena and have tried to describe experiences of unity, but the precision and evidence-based approach of science has been lacking. Although systems thinking is now becoming more mainstream in science, there has been little attempt so far to synthesise the implications of these approaches for humans and our place in the world. The outcome of any synthesis is greater than the sum of the parts. By reading this book I hope you will be able to draw together new and different perspectives to gain a bigger picture of the human condition and, as a collective, we will be in a better position to tackle some of the problems we face as a species, as well as becoming happier and more carefree.


Of course, comprehending a truth theoretically is different to integrating it into our deepest beliefs and attitudes, and so changing how we act in the world. To do that, we need to overcome deeply ingrained habits of thinking that we have been reinforcing most of our lives. Even when we mentally grasp the truth of our deep interconnectedness, we are often rapidly drawn back into our mental cockpit to see things with respect to a central and supposedly distinct ‘I’. Have you experienced times when you have been anxious about something and catch yourself in the sudden realisation that you have been ruminating self-centredly for several minutes? How does this feel in contrast to moments when we interact with others, experiencing a deep sense of compassion, or when we are immersed in the natural world? These are wonderful, albeit transitory, moments of connectedness. Then we turn away from the other person, or head back indoors, and the feeling rapidly evaporates as trivial, self-centred concerns once again dominate our thoughts. The tendency for our minds to snap back to the perspective of isolated individualism is similar to what happens with an optical illusion. The Muller-Lyer illusion comprises parallel lines with a set of arrows at their ends. You probably know the one, where one line ends with inward-pointing arrows, the other line with outward-pointing arrows. Intuitively, the two lines seem to be of different lengths; the line capped with outward-pointing arrows appears to be shorter. Though we can grasp theoretically, and with some mental effort perceive, albeit briefly, the reality that the lines are the same length, when we lose concentration our perspective snaps back to its default view and we suffer the illusion once more. In a similar way, our minds are programmed through 
biological evolution – and reinforced by cultural evolution – to snap back to the illusion that we exist as autonomous discrete individuals. To truly dispel this illusion, we need to do more than just acknowledge it theoretically; we need to proactively overturn our deeply held mental models of the world. If we are successful, then it may catalyse a seismic shift in society. And it would not be too soon: we are at a critical crossroads as a species, where we must rapidly reform our mindsets and behaviour to act in less selfish ways. Otherwise, we will face increasingly hostile conditions that threaten not only our personal health and those of our families, but even the very future of our species.


We heard earlier how the development of the human mind towards greater rationality throughout our lives is like a microcosm of the long evolutionary journey of the human brain. In a similar vein, the transformation of our personal mindsets towards a more expansive, networked sense of self-identity may ultimately be reflected, in macrocosm, in a broader seismic cultural shift in society. Simultaneous changes happening in multiple people can lead to a domino effect preceding a rapid evolution of culture. So, although the negative trends in health and global sustainability may seem gloomy, we shouldn’t forget that societal change can occur very quickly. A transformation to a more networked human identity may be just around the corner.


These ideas seem a long way from the supernatural beliefs of that young boy who tried to steer ants with his mind. Science tells us that particular feat cannot be achieved, not least because there is not even any independent mind to achieve it in the first place. As a famous economist once said in response to accusations over how he was changing his mind over an important matter: ‘When the facts change, sir, I change my mind! What do you do?!’1 In this book, I will provide facts that reveal we are not sovereign individuals, but part of a deep interconnected universal network. I ask you to take the quote above more literally than it was probably first intended: consider changing your mind in light of the facts – change your mental perspective, loosen your grip on the illusion of an independent ‘I’ and open your eyes to the hidden connections all around you. I believe you will find it opens the door to a more exciting, happier and fairer world.




PART ONE


OUR INTERCONNECTED BODIES


To see the World in a Grain of Sand,


And a Heaven in a Wild Flower;


Hold Infinity in the Palm of Your Hand;


And Eternity in an Hour


William Blake, ‘Auguries of Innocence’


All things by immortal power,


Near or far,


Hiddenly,


To each other linked are,


That thou canst not stir a flower


Without troubling of a star


Francis Thompson, ‘The Mistress of Vision’


We shall walk together in this path of life, for all things are part of the universe, and are connected with each other to form a whole unity


Maria Montessori, To Educate the Human Potential




1


You literally soaked up the atmosphere


Imagine the scene: it’s a stormy night in Chicago with the howling wind and rain dashing against the Victorian windowpanes of the Old Infirmary. A flash of lightning reveals the form of a man hunched over a table with a bloody scalpel in hand. He shuffles across the room to the boom of thunderclaps, takes up a pen and starts to write: ‘The subject was a white male 46 years of age, 53.8 kilos in weight, and 168 cm tall. Death was due to skull fracture as a result of a fall.’ He stops writing and turns to glance over his shoulder at a table supporting a shape covered in a sheet, before continuing with a feverish excitement in his spidery scrawl: ‘Dissection of the cadaver to obtain the various organs and tissues desired for study … performed on a stainless steel table covered with a polyvinyl sheet. Soft tissue samples prepared for analysis by first being diced in a porcelain bowl with stainless steel knives.’


This macabre scene sounds like it might be from some kind of gothic horror fiction. You may be surprised, and a little worried, to know that the quoted text is taken word for word from a scientific journal paper in 1953 by Dr R. M. Forbes from the University of Illinois.1 What kind of strange experimental dissection was this? The aim of this seemingly gruesome study was, in fact, to determine the composition of the adult human body through chemical analysis.


The question ‘what are we made of’ has troubled us for millennia. In the ancient Far East, Hindu and Buddhist scholars believed the substance of humans and everything else on earth was a mix of five elements: fire, earth, air, water and ‘akasha’ – the first four accounting for the material world and the fifth element accounting for the void beyond it. Across the globe, the Ancient Greeks settled on a similar idea, with the fifth element named ‘aether’. Aristotle suggested poetically (but on rather flimsy evidence) that the stars must be made of this unchangeable and heavenly substance. These five elements were presumed to combine to make the human body, which Hippocrates described as being composed of four ‘humours’: yellow bile, black bile, blood and phlegm. Fantastic as it might seem, this theory held some sway for hundreds of years right up until the advent of modern European medicine in the nineteenth century. Perhaps its tenacity rested on the observation that blood in a glass container separates into four layers: a dark clot of black bile at the bottom, then red blood cells, then white blood cells they called phlegm, and finally a yellow serum at the top, which they called yellow bile. An imbalance of these humours was thought to lead to ill health, with an excess of black bile revealing susceptibility to deep depression. Some of the words in the English language still used today reflect this medical attribution. Melancholy is derived from the Greek melankholia meaning black bile, and phlegmatic describes someone who is calm and stoical.


Although the balance of humours in your body was thought to underpin your personality, there was also scope for changing this balance, for example, through the foods you ate. In Shakespeare’s Taming of the Shrew a livid Petruchio is served overcooked meat and shouts to his wife, ‘I tell thee, Kate, ’twas burnt and dried away and I expressly am forbid to touch it for it engenders choler, planteth anger and better ’twere that both of us did fast!’ If a person became ill, terrible remedies were prescribed, such as laxatives or the letting of blood to restore the imbalance of the bodily humours. Such practices continued for hundreds of years until around the nineteenth century, when a more rigorous approach to science meant such ideas were eventually discredited.


So what did modern science find to replace the theory of the ‘four humours’ and explain the composition of the human body? Returning to our friend Dr Forbes, his macabre study may be able to shed light on the question. The results from his experiment are remarkably close to many later studies using more refined techniques. The composition of the human body is roughly as follows: oxygen (65 per cent of the total mass), carbon (18 per cent), hydrogen (10 per cent), nitrogen (3 per cent), calcium (1.5 per cent) and phosphate (1 per cent). The remaining 1.5 per cent is made up of a large number of other elements, including things like mercury, titanium and ar­senic, in trace amounts. We are a cocktail of elements, and no yellow bile in sight. There was one thing the ancient medics got right, though: water (H2O) is a primary component of our bodies.


Compared with all the fanciful theories about the constituents of our bodies, the reality seems perhaps rather mundane – we are comprised of the same commonplace elements that make up everything else in our universe. Dig deeper though and we may find that the commonplace is more extraordinary than we first think. Where did the chemical elements come from that are in your body right now? Where were each of the oxygen and carbon molecules before they found their way into making up your person? Well to start with, let’s consider how many molecules we are actually talking about.


If we take oxygen, the most common element in our bodies, the average person in the world, weighing 62 kg,2 contains just over 40 kg of oxygen. (It’s perhaps surprising then that we don’t all float around rather than walk, but the close attraction between water molecules make it denser than air.) To work out how many molecules there are in this substantial mass of oxygen, we need to go back to some school chemistry: to convert the mass of an element to the number of molecules it contains you first need to know its standard atomic mass. Dig out a periodic table and you’ll see the symbol O, for oxygen, is accompanied by the value 15.999. This is the mass of one ‘mole’ of a substance (a mole is a constant quantity, a bit like a ‘dozen’, but bigger; a lot bigger in fact – it is roughly 6.02×1023 molecules and known as Avogadro’s number). Dividing our mass of oxygen in grams by its standard atomic mass (15.999) and multiplying it by Avogadro’s number gives an estimated 1.52×1027 oxygen molecules in the average human body. That is an exceptionally large number. Probably too big for us to imagine easily.


Here’s a way to visualise it. Try to imagine the volume of the atmosphere around our planet. The earth’s atmosphere actually has no definite upper boundary as it merges into outer space, but an accepted arbitrary definition is the ‘Karman line’ (named after a Hungarian–American engineer and physicist) which is 100km above sea level. The volume of the atmosphere between the earth and the Karman line comes to nearly 52 billion cubic kilometres.3 Another very big number. Returning to the number of oxygen molecules in your body, let’s imagine them exploding outwards and dispersing into the atmosphere so that there is an equal distance between all of them, producing a cloud of molecules surrounding the entire earth. How far apart would each oxygen molecule be?


They would be just 0.33 mm apart. Or, to put it another way, in every cubic metre of the atmosphere around the entire Earth there would be roughly 29 million of your oxygen molecules.4 Imagine this dense fog of molecules stretching around the entire planet and then, in the blink of a geological eye, they are pulled together into one body – your body – right now. You have incorporated them into you with every breath you have taken throughout your life, with the food you have eaten and with the water you have consumed. The molecules have come from farms, rivers and springs from across the entire world, but what about before that?


Each molecule in our body has its own amazing history. One particular oxygen molecule may have circulated in the atmosphere for hundreds of years, swirling in eddies of wind that scoured the great deserts and the arctic tundra then, in a tropical storm, it may have plunged into the sea and continued its journey in a slow waltz among the currents of the great oceans. Another molecule may have passed between countless bodies – from fish to birds, plants and insects – before entering yours. It is not an exaggeration to say the molecules in your body have been recycled through the dinosaurs that walked the earth millions of years ago. All the organisms that have ever existed on the earth since the origin of life, approximately 3 to 4 billion years ago, are made of these same molecules, recycled in a never-ending cosmic dance. And each molecule has followed a different global path through time before ending up together in your body at this moment.


And before that? All the elements that make up our bodies were originally converted from hydrogen and helium, the two elements produced as a result of the ‘Big Bang’ at the origin of the universe. As stars formed, intense nuclear fusion processes deep inside their cores led to hydrogen and helium forging into a diverse range of elements. The atoms in our bodies are derived from these. Just as the American astronomer Carl Sagan suggested, we are literally made of star-stuff. However, we are not simply made up of atoms from stars in our own Galaxy, the Milky Way. A study by US and Canadian astronomers in 2017 found that over half of the atoms in our bodies have travelled from far off parts of the universe. Daniel Anglés-Alcázar and colleagues used computer simulations (‘cosmological hydrodynamic simulations’) to confirm that atoms spewed out by dying stars, as they become supernovae,5 are picked up on streams of charged particles known as ‘intergalactic winds’, which travel between galaxies. Large galaxies like our Milky Way amassed half their matter from neighbouring star clusters up to a million light years away. As the authors describe succinctly, and somewhat poetically: ‘intergalactic accretion feeds galaxies from the cosmic web’. So it turns out that atoms from the furthest reaches of the universe are gathered in our bodies. Quite a thought, that may provide an antidote for when we are feeling isolated: take a deep breath, inside your body is a meeting place for molecules from across the entire universe. Aristotle’s claim that the stars were made of aether, which was also part of our bodies, turned out to be tantalisingly close to the truth.


Right now, trillions of these molecules are packed closely within your body, but this is just an infinitesimal blip in the life of the universe and, when your life expires, they will be released to continue their own journeys across the globe. As a dead body dries and decays, the molecules will leap forth again and will ultimately form the bodies of countless creatures to come. As the physicist Fritjof Capra suggests, our bodies do not really die but ‘they live on and on again’.6


We started this chapter discussing the somewhat fanciful and fantastical theories of what makes up our bodies. In the face of aethers and humours, the true explanation that we are made from a set of chemical elements which also make up everything else in the universe may, at first, sound somewhat inane and dull. But a momentary meditation on this subject reveals the truth is far more awesome and exciting than we might first think. As the character Sherlock Holmes in Conan Doyle’s novel says to his friend Watson, as they sit beside his fire in Baker Street: ‘My dear fellow, life is infinitely stranger than anything which the mind of man could invent. We would not dare to conceive the things which are mere commonplaces of existence.’ So it is with the origin of our human bodies; they are made up of molecules from across the universe and that once formed the bodies of countless others. Though it is quite beyond the scope of our day-to-day comprehension, we are fantastically connected to and intimately part of the Earth around us.




2


You are a work in progress


It is early morning on 4 April 1994 and particularly cold in the Sonoran Desert in Arizona. The silver moonlight glints like ice on the raised arms of huge saguaro cacti. A lone figure picks her way deftly around them, her shoes crunching on the cold sand. Up ahead lies a huge glass structure shaped like an Egyptian pyramid, lit up brightly from the inside. It is connected to a complex of other buildings like a great city of light surrounded by the dark desert.


The pyramid towards which Abigail Alling heads contains no less than 150 rainforest plant species. Unlike the air of the desert, which on this cold night is not far above freezing point, the night-time temperature is a balmy 22°C inside the super-insulated glass walls of the pyramids. Condensation streams down the walls, dripping onto the trees below. This rain­forest biome is connected to others – a fog desert (where mist supplies the water for plants to survive), an ocean area and, in a large minaret-like structure overlooking the centre of the complex, the human living quarters.


Abigail approaches the pyramid and stands in front of it, silhouetted against the triangle of light. Inside is the culmination of more than a decade of her life’s work. She was involved in the design of the biomes, painstakingly selecting and planting the species within. In 1991, she was part of a team of six ‘biospherians’ on a pioneering scientific mission who would be sealed inside the glass complex for two years. Their mission: to become self-sufficient in the self-contained miniature world. The team would grow their own food and carefully monitor the atmosphere, minerals and water. The project was called Biosphere 2, in reference to Biosphere 1 being Planet Earth itself.


Abigail clenches her fists tight and starts towards the pyramid, breaking into a run heading for the two doors at the bottom of the structure. They are labelled with a warning ‘Do Not Open Unless in Emergency’, because doing this would expose the sealed unit to the outside air, compromising months of scientific research. Abigail grabs the handles and pulls. The doors crash open and a burst of warm, moist air smelling of soil and foliage rushes out towards her. Minutes later police cars swing into view and Abigail is arrested by federal marshals. She is later charged with criminal trespass, criminal damage and burglary.1


The strange behaviour of Abigail Alling might be viewed as particularly odd, given the years of dedicated work she devoted to the project. But, if you were to listen to her side of the story, she would explain how she was acting in the interests of her fellow scientific colleagues locked inside. The Biosphere 2 project was plagued with failures from the start, losing millions of dollars and forcing a new management team to be flown in.2 Locks on office doors were changed, the police called in and the previous senior staff were barred from accessing the site. Yet, the new team in charge had no proper knowledge of how to run the complex environment, and Abigail was concerned for their safety. As she explained to a colleague: ‘I judged it my ethical duty to give the team of seven biospherians the choice to continue with the drastically changed human experiment … or to leave … It was not clear what they had been told of the new situation.’3


It turned out that maintaining a closed ecological system was hugely difficult. The atmosphere inside the Biosphere 2 biomes fluctuated wildly. High carbon dioxide levels meant that the health of the research team was compromised, and oxygen had to be pumped in. Many plant and animal species died, and some of those that survived became dominant and grew out of control.4 Far from being a sealed unit, the doors had to be opened on a regular basis to bring in extra food. In the first mission, the biospherians were only 80 per cent self-sufficient in meeting their nutritional needs.5 The team suffered from vitamin D and vitamin B12 deficiencies, meaning that extra calories and vitamin supplies had to be brought in. Towards the end of the first two-year mission, it was clear that artificial lights were needed as well as the introduction of predatory mites and biocontrol agents to control crop pests. Over the course of the project, the advisory panel of scientists, including NASA experts, quit over differences with the directors. At great expense, the ultimate goal to produce a closed ecological system had failed.


If the scientists had looked more closely into the workings of Biosphere 1, the earth itself, they may have thought twice about embarking on their experiment. In the 1970s (more than two decades before), a scientist called James Lovelock proposed a hypothesis known as ‘Gaia theory’, which described the earth as a self-regulating, complex system helping to maintain the conditions for life on the planet. In Lovelock’s theory, processes needed to maintain the earth’s ecosystem (mineral cycles, ocean currents, gas exchange with the atmosphere) operate over vast global scales and strongly interact with one another. For the sceptical scientist, the name of the theory has slightly unfortunate connotations of sentience (indeed the original word Gaia is the name of the ancient Greek deity that personifies Mother Earth). It suggests a ‘co-evolutionary’ process between individual organisms and the environment, which maintains the stable conditions for life. According to Lovelock, when conditions on the planet, such as oxygen levels in the atmosphere, ocean salinity or global surface temperatures, deviate from the optimum for life, feedback mechanisms kick in to rebalance the system. The popularised version of the theory tends to paint the earth as some kind of ‘superorganism’, although the suggestion of a directed, purposeful agency behind organisational processes is an emphasis which its creator Lovelock denies in later writings.


Regardless of this dispute, Gaia theory has certainly highlighted one set of truths very well: the strong interconnectedness between earth systems such as the biosphere – all life on earth – the hydrosphere – all water on earth – and the lithosphere and pedosphere – all rocks and soils – which later research has repeatedly confirmed. A new discipline of earth systems science has developed around these planetary-scale interactions. In many cases, research results are surprising and challenge our governance systems, because the processes investigated surpass national boundaries. For example, cutting down forests in one area and replacing them with pasture or crops can lead to less rainfall in neighbouring regions. This means large forests like those in the Amazon and Congo basin which are dependent on high rainfall could be under threat, not only because of local deforestation, but also because of land management occurring in several South American or African countries.6 The study of the formation of weather patterns over very large spatial scales gave rise to the popular term the ‘butterfly effect’. This idea was initiated by the American mathematician Edward Lorenz, who found that tiny changes in the initial conditions of his computer simulations led to very different outcomes in terms of global weather patterns. Like many scientific discoveries he stumbled upon this by accident; he could not work out why he was getting very different weather outputs from repeated simulations, until he realised he had entered a certain input value as 0.506 instead of 0.506127. The tiny differences in initial conditions multiplied up and led to completely different predicted global weather patterns. Lorenz titled a subsequent scientific presentation ‘Does the flap of a butterfly’s wings in Brazil set off a tornado in Texas?’, suggesting that something as small as a butterfly’s flights in one location could affect the weather in a completely different country. Whether that is exactly true or not, it powerfully highlighted the interconnectedness of the whole planetary weather system.
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