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For Mum, Cat, Toby and Clio. Always.











The machine itself makes no demands and holds out no promises: it is the human spirit that makes demands and keeps promises. In order to reconquer the machine and subdue it to human processes, one must first understand it and assimilate it.


Lewis Mumford, Technics & Civilisation


I can only answer the question ‘What am I to do?’ if I can answer the prior question ‘Of what story or stories do I find myself a part?’


Alasdair MacIntyre, After Virtue


But they are useless. They can only give you answers.


Pablo Picasso on computers, The Paris Review













Introduction


In his 1999 essay ‘How to Stop Worrying and Learn to Love the Internet’, the British author Douglas Adams had this to say about technology.




‘Technology’, as the computer scientist Bran Ferren memorably defined it, is ‘stuff that doesn’t work yet.’ We no longer think of chairs as technology, we just think of them as chairs. But there was a time when we hadn’t worked out how many legs chairs should have, how tall they should be, and they would often ‘crash’ when we tried to use them. Before long, computers will be as trivial and plentiful as chairs . . . and we will cease to be aware of the things.1





Adams was both being very funny and making a serious point. The world we’re born into is underpinned by millennia of innovation and ingenuity, most of which long ago sank beneath the surface of human attention. ‘Technology’ is the shiny, strange, new stuff; the gadgets we can’t wait to get our hands on as teenagers, only to fret over their mind-warping powers once we become parents. So should we all take a deep breath, re-read his essay’s title, then stop worrying and accept that this is just how things are?


Despite being a lifelong fan of Adams’s writing, my answer is ‘no’. In fact, it’s important for us to head in the opposite direction. It’s not that the world needs more hand-wringing over smartphones, or the kind of nostalgia that forgets how much suffering our ancestors endured (unreliable seating wasn’t the half of it). Rather, we need the right kind of worries. And this means turning our gaze away from gadgets towards the values and assumptions baked into them – not to mention the structures, incentives and understandings surrounding their creation.


Is it a good thing that my children enjoy near-instantaneous access to more knowledge than the entirety of humanity possessed half a century ago? Absolutely. But the fact that a few titanic corporations mediate most of their encounters with this knowledge is less desirable; while the fact that conspiracists, cranks, hate-mongers and professional narcissists are given prominent platforms by some of these same corporations is downright depressing. And that’s before you dip your toes into the murky waters of algorithmic inscrutability, bias and surveillance – let alone the future of AI or the ongoing environmental consequences of industrialization.


As Adams notes, most of us treat the technologies that already existed when we were born as normal; those invented between then and our thirtieth birthday as exciting; and anything invented after the age of thirty as ‘against the natural order of things and the beginning of the end of civilisation as we know it until it’s been around for about ten years when it gradually turns out to be alright really.’ As a species, we are ceaselessly in the process of reinventing ourselves, and this adaptability is central to our thriving. But it also makes us vulnerable, not least to the assumption that the cultural and technological order we’re born into is both natural and inevitable – while only ‘the stuff that doesn’t work yet’ is worth debating.


If you truly love technology, the opposite is true. To love something is to be obliged to worry about its history, purposes and imperfections; to want it to be better; to say no as well as yes to its offerings.2 Caring about technology means paying close attention to many of the things it encourages us to forget: that the world didn’t have to be this way; that it isn’t going to stay this way for long; and that what happens next is, to a discomforting degree, up to us.


‘We shape our tools, and thereafter our tools shape us.’ The media theorist Marshall McLuhan didn’t actually say this (it was written by his friend Father John Culkin in a 1967 article discussing McLuhan’s work) but it captures one of McLuhan’s most enduring insights.3 Technology exists in a constant dance with its creators, each influencing the other, neither able to go it alone.


Faced by the power, complexity and momentum of this inheritance, it’s easy to despair: to submit to the sense that, sooner or later, the systems we’ve created will inexorably save or condemn us.4 Yet the determinism underpinning this view is flawed at its foundations: blind to the entwining of our own and our creations’ evolution; deaf to the lessons that history, biology and art can teach. We are – for better and for worse – both free and obligated to negotiate the terms of our existence.


How should we set about making our worries useful? First, we need to see that the deep histories of our own and our technologies’ evolutions are inextricably entwined, and that we can’t hope to understand one in the absence of the other. Second, we need to resist the denigration of human agency in the face of our creations’ scale and significance: to acknowledge the depths of our interdependence while refusing to accept that there’s anything inevitable about what lies ahead.


In particular, it’s vital for us to overcome certain delusions when it comes to our conceptions of technology: false beliefs that stand between us and a rich, reality-based engagement with the twenty-first century’s challenges.


Technology is everywhere today. It touches everything we do and believe ourselves to be. It shapes our deepest anxieties and hopes, our politics and our most intimate relationships. Yet many of the most influential stories through which we seek to understand it are told from the wrong angle: as if its nature can be debated without reference to our own; as if people and machines are locked in an existential struggle over everything from work and leisure to love and art; as if technology’s progress must necessarily define humanity’s.


None of this is true, and much of it is harmful. Technology isn’t just something we make or do to the world; that we pick up or put down. We cannot separate ourselves from it, because it has been with us since before the beginning, evolving alongside us, shaping our biology and our ecology. Contrary to many wishful critiques, there is no such thing as human nature or existence in the absence of technology; and this was already true when Homo sapiens first walked the African continent over three hundred thousand years ago. Nor is there any such thing as a neutral tool, untouched by human designs and desires.


Our species is wise and foolish in ways inconceivable to any other creature – and technology is implicated in every one of them. Thanks to the labour of countless generations, we can collectively describe, explain and remake our world in remarkable ways; can shield ourselves against brute necessity while dreaming new selves. We can apprehend our universe’s vastest and most microscopic scales while mourning the transience of each individual life. Yet we can also be prodigiously self-defeating, solipsistic and destructive; deniers and deceivers as much as creators. Confronting the future hopefully means finding a way to acknowledge all of these things: our vertiginous ambition, scope and vulnerability.


At least at the time of writing, machine superintelligences hadn’t entered the picture. But the faith that our fate rests in the hands of a technocratic elite is alive and well, alongside the delusional hopes and discontents it breeds: the abnegation of collective responsibility; the miscasting of certain individuals and corporations as avatars of destiny. Against this, we need a conception of the human-made world that acknowledges its continuities with this planet’s other systems; that embraces the virtues of compassion, curiosity and humility; and that promises us neither certainty nor mastery, but rather the collective struggle to become less deceived.5










PART ONE


Origins










CHAPTER 1


Technology in deep time:


The delusion of inevitability


Technology, in the sense I’ll be exploring over the course of this book, describes the entirety of the human-made artefacts that extend our grasp of the world: not just computers and cars and planes, but also clocks, clothes, dwellings, weapons, written words and cooking vessels.1 We can’t be sure when the first such artefacts appeared. But we do know that over three million years ago, ancestors so distant they didn’t even belong to our genus were creating crude tools: stones that they sharpened, in order, most likely, to help with butchery and breaking open animal bones.2


In this, these ancient ancestors weren’t so different from several other groups of animals living today. Plenty of creatures can communicate richly, comprehend one another’s intentions and put tools to intelligent and creative use: not only our fellow primates but also cetaceans (whales and dolphins), cephalopods (squids and octopuses) and corvids (crows and ravens). Some can even develop and pass on particular local practices. Subpopulations of orcas have been observed developing and passing on social ‘fads’ such as ramming boats, while New Caledonian crows exhibit a ‘culture’ of tool usage, creating distinct varieties of simple hooked tools from leaves in order to help them feed on insects.3


Humans, however, are unique in having turned such craft into a shared body of knowledge and practices: a system of collective, cumulative discoveries that over mere hundreds of thousands of years has harnessed phenomena like fire to cook food, smelt metal and generate power; gravity into systems of levers, ramps, pulleys, wheels and counterweights; mental processes into art, numeracy, literacy and computation.


This, above all, marks humanity’s departure from the rest of life on Earth. Alone among species – at least until the crows have put in a few million years’ more effort – humans can improve and combine their creations over time. It is through this process of recursive iteration that tools became technologies; and technology a world-altering force.


In his 2009 book The Nature of Technology, the economist W. Brian Arthur argues that it’s not only pointless but also actively misleading to do what most history books cannot resist, and treat technology’s lineage as a greatest-hits list of influential inventions and inventors: to tell stirring tales of the creation of the compass, the clock, the printing press, the lightbulb, the iPhone. This is not because such inventions weren’t important, but because it obscures the fact that all new technologies are at root a recombination of older technologies – and that their emergence enacts an evolutionary process resembling the one governing life itself.


Consider the printing press, the inevitable poster-child for anyone wanting to offer a historical-ish perspective on the dissemination of information. The German inventor Johannes Gutenberg was, famously, the first European to develop a system for printing with movable type, in around 1450. Yet he was far from the first person to realize that using individual, movable components to create each character in a line was a good way to speed up printing.


Indeed, Gutenberg’s heroic presence in Western cultural history – complete with eponymous Bible – obscures many of the most significant elements of print’s global story. As early as the year 800, wooden blocks dipped in ink were being used in China to print entire pages of text onto paper. Between 972 and 983, no fewer than 5,048 volumes of the Buddhist canon known as the Tripitaka were printed from such wood blocks in the city of Chengdu, totalling around 130,000 unique pages. Experiments with movable wood-chiselled ideograms followed, along with attempts at producing individual porcelain characters, knowledge that spread alongside Chinese imperial expansion.4


By around 1234, the Korean civil minister and scholar Choe Yun-ui – tasked by the ruling Goryeo dynasty with producing multiple copies of the Buddhist text The Prescribed Ritual Text of the Past and Present (Sangjeong Gogeum Yemun) – had adapted a coin-minting technique to create the first known form of printing with bronze characters, which were held in a wooden frame, inked and pressed against paper. Choe Yun-ui is, arguably, the closest thing movable metal type has to an ‘inventor’; but the books he created were not widely distributed.


By the time the aforementioned German craftsman Johannes Gutenberg began seeking investors for his latest venture two centuries later, some knowledge of printing had likely travelled along the great east–west trade routes of the silk road. Gutenberg – who had already been involved in a failed venture to make polished metal mirrors for pilgrims – suffered bankruptcy and repeated lawsuits during the course of his efforts to mechanize the labour-intensive business of producing books. But he also benefited from the relatively small number of letters in German; from his knowledge of metal-smelting as a blacksmith and goldsmith, which helped him perfect the casting of a malleable yet durable alloy of lead, tin and antimony; and from his insight that the kind of wooden presses used for centuries in Germany to make wine could be repurposed for pressing type against paper, itself a technology developed in China 1,500 years previously.5


Wooden wine-presses, metal alloys, the Roman alphabet, oil-based ink, paper: every piece of the puzzle assembled by Gutenberg and his collaborators was based in a pre-existing technology whose origin could itself be traced back through previous technologies, in unbroken sequence, to the very first tools. We may admire his ingenuity and tenacity – as we should that of Choe Yun-ui – but the desire to valorize a particular moment and individual tells us more about present priorities and preferences than about how technology develops over time.


In a sense this is self-evident. It is, after all, only possible to build something out of components that exist – and these components must, in turn, have been assembled from other pre-existing components, those from others that came before, and so on. Equally self-evidently, this accumulative combination is not by itself sufficient to explain technology’s evolution. Another force is required to drive it, and it echoes the one driving the evolution of life itself.


In the case of living things, evolution is based upon a combination of reproduction, selection pressure and heritable variation. The genetic code of successful organisms is passed on, while less successful ones fall by the wayside. Genetic mutations produce incremental variations in species, some of which may prove favourable; while mechanisms such as sexual reproduction combine the genes of different individuals and potentially produce further advantages. Other mechanisms for the recombination of genes include micro-organisms like bacteria adapting themselves to exist entirely inside other organisms’ cells, symbiotically conferring benefits upon their hosts.


In the case of technology, survival and reproduction are similarly entwined, but via different underlying mechanisms. This is because technology’s transmission has two distinct requirements: the ongoing existence of a species capable of manufacturing it; and (in the case of all human technologies more complex than sticks and stones) networks of supply and maintenance capable of serving technology’s own evolving needs.


Humans’ fundamental needs are obvious enough – survival and reproduction, based upon adequate food, water and shelter – but in what sense can technology be said to have needs? The answer lies all around us, in the immense interlinked ecology of the human-made world. Our creations require power, fuel, raw materials; globe-spanning networks of information, trade and transportation; the creation and maintenance of accrued layers of components that, precisely because they cannot reproduce or repair themselves, bring with them a list of requirements outstripping anything natural. And beneath all this lies the most fundamental fact of all. Technologies need to be needed: to fulfil (or, at least, to become bound up with) some human purpose. Each and every one must be conceived, created and prove worth preserving.


Consider the printing press once again. Wine-presses, smelted metal, paper, ink: the moment was ripe for a new technology to combine these and other elements. And it was ripe partly because sufficient interconnections of manufacture and supply existed to make their combination feasible – and scalable. The paper Gutenberg used to print his Bible was imported from the paper-making centre of Caselle in Piedmont, now a part of northern Italy. Its delivery entailed transfer across the Alps by ox cart, then by barge along the waterways of the Rhine. Caselle’s expertise had in turn been learned from southern Italy, which had acquired it from Spain and North Africa, whose Muslim rulers had first brought knowledge of paper-making along the silk road from China.6


Power, politics and profits all played their part in creating these possibilities: lines of ambition and desire traced across the Earth. So did chance, contingency and the momentum of unfolding events. Yet no matter how complex the context, no matter how unforeseen its consequences, every one of its elements also depended upon the actions or inactions of a human life.


Agriculture and civilization


In its separateness from yet reliance upon biological life, technology is uniquely powerful but also uniquely needy. Made rather than grown, it is unshackled from the limits of flesh and blood. Its capacities are orders of magnitude greater than anything obliged to balance growth and self-preservation, but these capacities rely upon an ever-expanding network of dependencies. In this sense, technology invents many more needs than it serves – with both its requirements and its potentials growing at an exponential rate compared to our own. This exponentially increasing complexity is perhaps technology’s most familiar feature. And one of the most familiar stories of its origins is bound up with the emergence, around twelve thousand years ago in a region known as the Fertile Crescent, of agriculture.


It was here, at the heart of the modern Middle East, that as the last ice age retreated hunter-gathering tribes began the gradual process of domesticating the plants and animals they relied upon for sustenance. Wheat, peas, chickpeas and flax were among the first crops bred selectively from wild stock for better yields; pigs, then sheep, then cattle, were similarly selected across thousands of years for qualities such as tameness, milk yield, body fat and bulk.7 Gradually, humanity was developing the capacity to reshape not only the physical environment but also the genes and natures of the creatures living within it. Human desires had become decisive evolutionary pressures for other species – which, in effect, became biological tools bent to human purposes.


As the global climate became more hospitable, and as tribes travelled and mingled, a swelling variety of human populations across the globe domesticated local flora and fauna, in the process developing ever-expanding bodies of expertise. Multiple elements of agriculture were developed several times across different locations, reflecting a standard feature of evolution: that sufficiently effective innovations can emerge independently across distinct lineages.8


New kinds of complexity went hand in hand with these developments. More permanent settlements and more secure food supplies permitted – and demanded – more elaborate building, craft and trading practices than a nomadic existence. By just over five thousand years ago, the so-called Bronze Age (an epoch named for its defining technology, the smelting of tin and copper into the first alloy to be worked into tools) saw the birth of the first civilizations to count their citizens by the tens of thousands, and to build the prototypes of nation states ruled by central authority: Sumer, Ancient Egypt, the Indus Valley, Ancient China.9


As these civilizations emerged, the networks of need and expertise surrounding them expanded still further. Great systems of law, commerce, architecture and fealty arose. The kings of Egypt’s Early Dynastic period, for example, unified the societies of the Upper Nile and established a capital at Memphis that commanded trade routes to the peoples of the Levant; that grew and stored grain by the tonne; that bought and bartered thousands of agricultural and artisan products while erecting monuments to its monarchs that would endure for millennia. A single family was little more than a cog in the state’s machinery.10


This is a skeletal narrative of what we now call civilization’s emergence: one in which countless technologies played a vital role. It’s a familiar tale in essence, if not in detail, with a gathering momentum to its discoveries – and a foreshadowing of all that ‘civilization’ was to become. Yet the closer you look, the more complex the narrative of cause and effect becomes; and the more any suggestion of a linear progression from ‘primitive’ to ‘civilized’ turns out to misrepresent the sheer variety, strangeness and uncertainty of our species’ development.


For example, the claim that agriculture and city-states were prerequisites for large-scale construction projects is impossible to reconcile with the fact that the first appearances of monumental architecture in Eurasia substantially predate these things. Among the most famous such sites is a vast complex of enclosures in south-east Turkey at a place now known as Göbekli Tepe. Here, from around 11,500 years ago, limestone pillars – weighing up to eight tonnes, standing up to five metres high and hewn into anthropomorphic ‘T’ shapes – began to be excavated and transported from nearby quarries, then erected in carefully shaped slots and linked by concentric stone walls. Some of these pillars are carved with representations of animals or abstract patterns. All would have required dozens of people working cooperatively for months to excavate and raise, while the site itself has an overarching geometrical scheme that seems to have been built in three distinct phases across approximately 1,500 years of continuous use.


What was the Göbekli Tepe complex for? We can never know the details. But we can be certain that a site this elaborate, beautiful and enduring embodied something other than survival and brute necessity; and that it stands as an extraordinary monument to prehistoric humanity’s ingenuity and cultural richness. It also suggests a startling inversion of the claim that social complexity necessarily arose from technological innovation. The first great stones of the site were erected in around 9,500 bce. Nearby, some of the very first evidence of crop cultivation has been traced to half a millennium later. Hunter-gatherers, it seems, came together to erect a vast monument – and then found new ways of feeding the multitudes it drew.11 As the late, pioneering German archaeologist Klaus Schmidt has argued, excavations at sites like Göbekli Tepe make it increasingly clear that:




the factor that allowed the formation of large, permanent communities was the facility to use symbolic culture, a kind of pre-literate capacity for producing and ‘reading’ symbolic material culture, that enabled communities to formulate their shared identities, and their cosmos . . . the general function of the enclosures remains mysterious; but it is clear that the pillar statues in the centre of these enclosures represented very powerful beings. If gods existed in the minds of Early Neolithic people, there is an overwhelming probability that the T-shape is the first known monumental depiction of gods.12





If Göbekli Tepe were the only site of its kind, it might seem an enigma, drifting outside the main current of history. But mounting evidence suggests it was of a piece with numerous other grand, collective achievements by pre-agricultural societies. Elaborate stone sculptures, carvings and totems erected on a monumental scale across the Levant and Upper Mesopotamia; a wooden totem almost three metres tall found east of the Urals and dated to 12,000 years ago, carved from a single larch and decorated with faces and limbs;13 even, from as long as 25,000 years ago, a twelve-metre-wide circular structure built from the skeletons of over sixty woolly mammoths near the banks of the River Don in western Russia:14 these achievements seem to have been symbolically and aesthetically significant, and imply sophisticated shared traditions. And all of this existed outside of the grand narrative of cities, nations, laws and monarchs often treated as synonymous with culture and mass collaboration.15


Indeed, the very notion of a steady transition from hunter-gathering to agriculture is hard to reconcile with the actual evidence of cultural practices that survives: of a rich variety of proto-farming, herding and foraging activities that seem to have been developed for equally varied reasons; of ancestors who moved back and forth between differing social and subsistence structures. Instead of clear thresholds, categories and points of no return, we find blurred lines everywhere we look: microcosms of technological and cultural co-evolution that speak to a plethora of possible futures.16


What are we to make of this history: of the possibilities dimly glimpsed in archaeological remains? Among other things, it suggests the futility of telling any story about our species’ technological development without also delving into the intricacies of thought, belief and culture that drove it; of beauty, artistry and faith. Any narrative we project onto prehistoric times will necessarily be as much about us as it is about those who lived then. We cannot know what it meant twelve millennia ago to raise and bury monolithic representations of people, predators and prey. But this doesn’t mean, to borrow a line from the British historian E. P. Thompson, that we should subject these ancient humans to ‘the enormous condescension of posterity’17 and assume that their sole achievement was, eventually, to become us.


Similarly, the foundational delusion this book is aimed against is that technology has immemorially driven our species along a certain road: that human history should be understood as an innovation-driven progression from past to present; and that a similar progression offers the only fit template for debating our future.


Understanding our exponential age


What follows when we reject the notion that innovation drives history along a preordained path? Among other things, attending more closely to the past’s convolutions can help us better understand today’s exponentially escalating complexities – and remind us that the range of possible futures we face is far wider than many might think, wish or fear.


Time in the human sense doesn’t mean much when it comes to technology because, unlike something living, a tool doesn’t itself struggle to survive or to pass on its pattern. Without its makers and maintainers, it is nothing. For all their ferocious sophistication, twenty-first-century technologies are like the earliest stone hand-axes in this respect. Without human manufacture, maintenance and refinement, they are merely matter. Untended, the fires of every factory and power plant will go out. Metal will rust, electricity ebb from wires, data decay. The fantasies of abandonment that haunt films and literature will fulfil themselves, unobserved.


No time passes for a technology unless it is used and adapted. If a human population deploys thousands upon thousands of identical farming tools in an identical way for thousands of years, that technology is frozen in stasis. To use an ancient tool is to enact a kind of time travel. And to forget how to use a tool – or for the infrastructures of knowledge and supply sustaining it to crumble – is to slip backwards in technological time, perhaps onto a different branch of its fractal possibilities.


This is rich fuel for the imagination. Speculative fiction is packed not only with possible futures, but also parallel pasts: steampunk empires, where the information age was built from brass gears and sweating boilers; neo-medieval dystopias, within which empiricism was extinguished by dogma. The human-made world is contingent in ways that constantly challenge us to rethink what it means to be human: to be tool-making creatures caught up in systems we created but did not choose.18


While we experience this history through much the same biological apparatus as our pre-technological ancestors, however, the world we’ve made has no such continuity. So far as technology is concerned, most of our planet’s history saw no time passing whatsoever. Four billion years were less than the blink of an eye – while the last few centuries loom larger than all the rest of history.


There’s an alluringly simple mathematical way of thinking about this. When it comes to combining things, increasing the number of components you’re working with vastly increases the number of potential combinations. Three modules can be combined in six different ways, assuming each module is used once; four modules can be combined in twenty-four different ways; and by the time you reach ten modules, there are over three and a half million combinations. What this means is that, thanks to the fertile recombination of ever more technological possibilities, time and evolution are steadily speeding up from our creations’ perspective. And the rate at which they’re speeding up is itself increasing.


This has been most familiarly stated in the form of Moore’s law, which began as an observation about the manufacture of transistors in a 1965 paper written by Intel’s co-founder, Gordon Moore. With what turned out to be a remarkable mix of prescience and modesty, Moore noted that since the end of the 1950s:




the complexity for minimum component costs has increased at a rate of roughly a factor of two per year . . . Certainly over the short term this rate can be expected to continue, if not to increase. Over the longer term, the rate of increase is a bit more uncertain, although there is no reason to believe it will not remain nearly constant for at least ten years.19





At the time Moore was writing, chips boasted around 64 transistors. By 1975, he suggested, there might be as many as 65,000 transistors per chip. This figure wasn’t, in fact, surpassed by a commercial chip until 1979.20 But the increasing complexity of computing showed no sign of slowing down, and the trend of doubling complexity every two years continued for the next half-century. In January 2023, Apple announced that its latest high-end commercial chip, the M2 Max, would feature over 60 billion transistors and be capable of performing over 13 trillion calculations per second.21 Indeed, despite regular suggestions that transistor size and density are approaching their limits, the cost of computing performance itself continues to follow Moore’s curve – as does the number of transistors in the world.22


This is the point at which technology starts to do strange things to time. Among the implications of these exponential increases, futurist thinkers such as Ray Kurzweil have argued that the next two years are likely to see as much progress in raw computing terms as the entire history of technology from the beginning of time to the present; and this is also likely to be true for the next two years, and the next, and the next. ‘We won’t experience 100 years of progress in the twenty-first century,’ Kurzweil argued in his 2001 essay ‘The Law of Accelerating Returns’ – because ‘it will be more like 20,000 years of progress (at today’s rate).’23


You may have encountered versions of this analysis so often that it feels overfamiliar, or overstated. We can recapture something of its shock, however, by putting things slightly differently. From the perspective of certain technologies, humans have been getting exponentially slower every year for the last half-century. In the realm of software, there is more and more time available for adaptation and improvement. Outside it, every human second takes longer and longer to creep past. We – creatures of flesh and blood – are out of joint with our times in the most fundamental of senses.


Falteringly, we are beginning to face up to these facts. Consider one of the defining myths of our digital age, that of the Singularity: a technological point of no return beyond which, it’s argued, the evolution of technology will reach a tipping point where self-design and self-improvement take over, cutting humanity permanently out of the loop. For Kurzweil, we have already reached the tipping point preceding this tipping point thanks to the creation of computation. The result? A near-future in which technology and divinity look remarkably similar. As he put it at the end of his 2001 essay:




Once a planet yields a technology creating species and that species creates computation (as has happened here on Earth), it is only a matter of a few centuries before its intelligence saturates the matter and energy in its vicinity, and it begins to expand outward at the speed of light or greater. It will then overcome gravity (through exquisite and vast technology) and other cosmological forces (or, to be fully accurate, will maneuver and control these forces) and create the Universe it wants. This is the goal of the Singularity.24





Is any of this likely? Like most myths, the least interesting thing we can do with this story is take it literally. Instead, its force lies in the expression of a truth we are already living: that the present power and influence of our technology have no precedents; and that its potential tragedy is the scale of the mismatch between the impact of our creations and our capacity to control them.


The most important lesson that follows from this, however, is precisely the opposite of Kurzweil’s. Technology can neither dissolve our current challenges nor save us from ourselves. But it may, if we’re able to embrace and interrogate it as an integral aspect of our humanity, allow us to inhabit this world in a new way: one informed by fresh forms of knowledge about ourselves and the systems sustaining our existence; one able to accept and embrace our evolutionary history, rather than building fantasies of escape from biology.


Can we deflect the path of technology’s needs towards something like our own long-term interest, not to mention that of most other life on this planet? Not if we surrender to the seduction of thinking ourselves impotent or inconsequential – or of technology’s future as a single, predetermined course. Like our creations, we are minute in individual terms but of vast consequence collectively. It took the Earth 4.5 billion years to produce a human population of 1 billion; another 120 years to produce 2 billion; then less than a century to reach the 8 billion humans currently alive, contemplating their future with all the tools of reason and wishfulness that evolution and innovation have bequeathed.


This is what existence looks like at the sharp end of history. Humanity is unique: uniquely responsible, uniquely capable, uniquely guilty. It is our technology that bears witness to and sustains this uniqueness; that blesses and curses us with a collective duty of self-invention. And it is our most ancient accomplishments – the stories we tell, the futures we dream – that best equip us to bend this path beyond present reckonings. We have less time than ever, and more that we can accomplish.










CHAPTER 2


Stone and fire:


The delusion of mastery


What images – if any – do you associate with human evolution? If you’re anything like me, one of the first pictures the phrase may conjure in your mind’s eye is a kind of procession. At one end is an ape-like creature, hairy and stooped. At the other is a recognizably modern (and quite possibly male) human, striding erect and hairless towards the edge of the frame. Between them are a number of progressively more upright and less ape-like ancestors, embodying humanity’s ascent from its animal origins through primitive personhood to present glory.


There have been many versions of this image, but its prototype was called ‘The Road to Homo Sapiens’ and was created by the artist Rudolph Franz Zallinger for the 1965 book Early Man, part of a twenty-five-book series called the Life Nature Library.1 Often referred to as ‘The March of Progress’, the image implies an evolutionary trajectory that’s as straightforward as it is self-flattering: a linear, inexorable progression across millions of years towards humanity’s present ascendancy.


Even in 1965, human evolution was known to be more complex than this. Indeed, the text and labels accompanying the original illustration make it clear that several of the figures were either contemporaries, evolutionary dead ends or out of sequence. But the procession’s visual impact outstrips these qualifications – especially given the truth it undeniably contains, that we are the sole survivors of our evolutionary branch. There are no other surviving hominins.2 All roads lead to Homo sapiens. QED.


One problem with hindsight is that, unless you’re careful, it can fool you into assuming things couldn’t have worked out any other way. In retrospect, Neanderthals were always going to die out; this politician was always going to lose, while that one was always going to win; the iPhone was always going to be a hit. The past becomes a story that makes sense in the light of present knowledge, in the process becoming utterly unlike the cloud of uncertainty and possibility that surrounds each unfolding moment. By turning history into tidy tales of cause and consequence, we risk losing touch with the most urgent lessons it can teach: that everything could easily have been different; that things will, over time, become more different than we can possibly imagine; and that causes, effects, purposes and progress are not features of the world, but of the stories we tell about it.


If you’re looking for an image of our evolution that comes closer to the truth, try imagining not an orderly procession but an endless obstacle course: one shrouded in mist, predominantly gentle, but studded with terrible hazards. There is no finish line and no turning around, but there are islands of safety: terrains that allow respite, regrouping and reorganization; that may offer shelter for millennia before vanishing beneath fire or ice. Most importantly, there are no solo runners. Every species surges onward in gaggles of young and old, scouting and assisting and sacrificing. Sometimes, the groups help one another. Sometimes, they fight or mingle or splinter. Seen from the most distant of perspectives, they dash around their planet’s pitfalls in swelling and shrinking tides, proliferating into new groups and types. And almost all eventually vanish.


If you look back between twenty and thirty million years, you’ll see our ancestors first starting to pursue a distinct path from the rest of their primate class. Monkeys – smart, long-tailed climbers – spread across the Americas, Africa and Asia as early as forty million years ago. Around twenty-five million years ago, some monkeys began to exploit an evolutionary niche that allowed them to shed their tails, adopt a more upright posture and develop increased intelligence. At some unknowable point – one defined, like all divisions between species, by degree rather than any clear divide – these monkeys became what we now call apes.


A handful of species of ape remain scattered across the Earth today: gorillas, bonobos and chimps in central Africa; orangutans and gibbons in Southeast Asia. But their numbers are few, and their ability to survive present perils is in doubt. While monkeys remain widely distributed, apes are a tiny and endangered fraction of the planet’s current species. There’s one notable exception, of course: us. We are the apes who inherited the Earth. Yet we nearly weren’t. And the story of our emergence turns out to entail not only near-extinction, but also a degree of commingling with our kin that marks our present isolation as wholly unrepresentative.


Fossils and DNA evidence suggest that chimpanzees and humans began to diverge from a common ancestor between six and eight million years ago, giving rise to the first creatures we would in due course call hominins: progressively less hairy, more bipedal and smarter apes. By around four million years ago, eastern Africa saw the first genus believed with some confidence to be our direct ancestor: Australopithecus, the ‘southern ape’.3


Australopithecus ranged across much of sub-Saharan Africa. They didn’t have significantly larger brains than chimps, and were around a third smaller than modern humans, but – as noted at the start of the previous chapter – they seem to have been crafting and using basic stone tools from more than three million years ago.4 Interrelated species of australopiths thrived across a variety of habitats, from scrub and grassland to forest and lakeside, boasting an intriguing mix of ape- and human-like features. They had a vertical posture, big toes and stiff feet unable to grasp branches; but also long arms and curved digits. Males were almost double the size of females. Tool-usage, in other words, predated anything even approximating to humanity; a discovery that, alongside our growing awareness of other species’ mental sophistication and diversity, has in recent years upended earlier accounts of tools as unique to our immediate ancestry.5


By around two million years ago, things had changed again. Three markedly different groups of hominins now coexisted in Africa.6 Australopithecus was soon to become extinct in its original form, while several hominins of a new genus it had spawned – Paranthropus – were also dying out. But a new genus of hominin, Homo, had emerged in the form of (at least) two species: first Homo habilis and, slightly later, Homo erectus.7 Homo habilis, ‘handy man’, was named for its apparent adeptness at identifying and shaping stone tools for butchering and skinning; while Homo erectus, ‘upright man’, was named in the 1890s based on the incorrect assumption that all previous hominins moved on all fours.


Both species likely represented a further increase in terms of intellectual skills and social sophistication. Only Homo erectus, however, seems to have managed two things that neither its ancestors nor its peers ever achieved. It bridged the divide between basic tools and more ambitious creations, for the first time bringing a truly technological culture into being. And it migrated beyond the African continent, engendering a global diaspora of hominins. Both of these undertakings helped ensure its survival. But they also entailed a series of extraordinary risks – ones that would, eventually, claim every descendant apart from us.


How tools became technologies


What’s the difference between a technology and a tool? The previous chapter described technology as the entirety of the human-made artefacts that extend and amplify our grasp of the world. As it also noted, however, the emergence of technology entailed a distinction best thought of as a threshold: the point beyond which a culture of habitual tool-usage became one of evolving, combined and recombined artefacts.


When a capuchin monkey uses a stick to dig into a nest mound for eggs, the stick is an opportune extension of its agency.8 We have long known that primates are smart in ways that echo our ingenuity; while, more recently, we have begun to take note of how many other species also make intelligent use of their environments’ offerings, from crows and elephants to otters and dolphins. Indonesian octopuses are a personal favourite. They have been observed scavenging discarded coconut shells from the sea floor, emptying them of sand and mud, then using an elaborate ‘stilt-walking’ technique to transport the shells before pairing them up to protect their soft bodies.9


Seen in these terms, the earliest hominin tool-usage was impressive but not yet uniquely remarkable. Around the time Homo erectus appeared, however, things started to change. From 1.7 million years ago, simple stones with sharpened edges began to be replaced by so-called ‘hand-axes’, crafted in a standardized manner to match their wielders’ grasp. What’s known today as the Acheulean tool-making industry (it’s named after an archaeological site at Saint-Acheul, near Amiens in France, where plentiful examples of such tools were found in 1859) existed from around 1.7 million to 100,000 years ago, making it by far history’s most enduring manufacturing tradition. These personalized hand-axes were also the first objects truly to deserve the status of a technology.10


Over the vast period of time for which they were used – most likely for butchery, digging or carving – the production of Acheulean hand-axes progressed from the rough chipping of assorted stones to a specialized, skilled form of labour. Stone ‘cores’ were selected from suitable deposits, then sharpened to a remarkable consistency with the aid of multiple secondary tools. Eventually, the Acheulean tradition resulted in artefacts whose distinctive teardrop shapes perfectly matched the hands of their wielders: their symmetrical edges carved flake by flake with an expertise that would have taken years to master; their functionality married to beauty.


The crucial point here is that creating such tools demanded both the existence of skilled individuals able to pass on an accumulating body of knowledge and some generalized notion of what a hand-axe ought to be, independently of the particular material it was crafted from. To quote W. Brian Arthur’s The Nature of Technology once again, ‘new technologies are constructed mentally before they are constructed physically.’11 The very possibility of a shared, taught and evolving technological culture entailed new forms of mapping between mental and physical realms.


Once again, recent research continues to push back the frontiers of intellectual and cultural sophistication. Today’s dating of the Acheulean industry to 1.7 million years ago is several hundred thousand years earlier than was once thought to be the case, with further sites continuing to be found across the African continent.12 Evidence of advanced hand-axe ‘workshops’ has now been found from more than 1.2 million years ago, demonstrating the existence of a technical and problem-solving culture able to concentrate its labour in particular locations. As the authors of a 2023 study investigating a site in modern-day Ethiopia put it, far from merely ‘coping’ with environmental conditions, these hominins both planned around the seasonal floods that deposited the obsidian they carved and ‘creatively solved through convergent thinking technological problems such as effectively detaching and shaping large flakes of the unusually brittle and cutting volcanic glass.’13


The Acheulean tradition continues to provoke speculation (even the verdict that its earlier forms deserve the status of a technology is not unanimous).14 How and why did it endure for so long? Did it serve aesthetic, ceremonial or status-related purposes – or play a part in courtship, a theme explored by the delightfully named ‘sexy hand-axe theory’?15 Whatever the truth, it signalled the emergence of two entwined traits possessed to a unique degree by our ancestors: imagination and mental time travel. And these in turn offer some fundamental insights into technology’s prerequisites and nature.


Imagination is implicit in the standardized form of technologized tools. Somehow, ancient hominins reached the point where they could look at a hunk of stone and see within it both the tool it might become and the purposes it might serve. What, though, does the enigmatic phrase ‘mental time travel’ describe? I’ve borrowed it from the evolutionary psychologist Thomas Suddendorf, who has written extensively about our ancestors’ relationship with time; and, in particular, about how rich temporal experiences were instrumental in the emergence of culture, technology and language.


As Suddendorf notes, modern humans make little neurological distinction between past, present and future, or indeed between memory and imagination.16 No other creature is capable of thinking outside the present moment with anything like our sophistication. Somehow, at around the time of technology’s emergence, hominins’ experiences of the world started shifting towards an open-ended and ongoing project of speculation, reconstruction and collaboration. Their minds became capable of both simulating and sharing accounts of potential world-states. And their technologies were reflections and extensions of these faculties: iterated investigations of what might prove useful; snatches of memory, observation and imagination mobilized into new forms. Remarkably, incrementally, they began to remake the external world in the light of their inner lives.


The last of the hominins


Fittingly enough for so curious and accomplished a tribe, the first technological traditions coincided with hominins’ earliest global migrations. Within a few hundred thousand years of its emergence, Homo erectus had moved far beyond Africa, expanding first into southern Eurasia, then into Southeast Asia and Indonesia. It would survive in Indonesia until as recently as 150,000 years ago. And its flourishing over such a time and distance saw the emergence of a variety of descendants almost unthinkable from our present vantage: a planet populated, albeit sparsely, by interrelated yet profoundly different proto-human intelligences.17


Looking back 1.5 million years, it’s tempting to see Homo erectus’ global migration and cultural sophistication as proof that evolution’s most difficult work was done the moment tools began to become technologies. Earth boasted its first technologized, imaginative, sociable hunters, and this surely meant that – sooner or later – their descendants’ triumph was assured. Indeed, a version of this tale has long been told about our origins: of humanity’s preordained ascendancy. ‘Let us make man in our image’, declares the God of Genesis, ‘and let them have dominion over the fish of the sea, and over the fowl of the air, and over the cattle, and over all the earth’.18


Once again, however, growing knowledge of the past suggests a more uncertain path. Between 1.7 and 1.2 million years ago, erectus and other hominin populations continued to mingle, breed and develop. Among other things, this period saw the emergence of what was probably our own most direct ancestor, a species sometimes known as Homo heidelbergensis (a designation that may in future be replaced by Homo bodoensis), which evolved from those Homo erectus populations that had remained in Africa.19 More human- than ape-like in their features, with a meat-rich diet suggesting sophisticated hunting tactics, the little we know about this species fits a narrative of growing intelligence and social complexity. Yet recent genetic research also suggests that around 1.2 million years ago, the entire global population of hominins crashed to fewer than 20,000 individuals.20


Whatever its cause (climate change is one contender), the result was a genus that clung precariously to existence for hundreds of thousands of years. That Homo survived at all is a tribute to its tenacity. That it nearly didn’t spells out its vulnerability, and the degree to which the earliest forms of technological collaboration and ingenuity were far from guaranteed routes to thriving. Hominins were, and are, unprecedentedly smart in unprecedented ways. But time and evolution don’t care about such details. The only guarantee is that every successive obstacle must either be met by adequate adaptations or – as has proved the case for 99.9 per cent of the species that have ever existed – succumbed to in the form of extinction.


By around half a million years ago, some members of Homo heidelbergensis or bodoensis had taken advantage of a warmer era between ice ages to migrate into Europe from Africa, where they would grow apart from their African kin into species including Denisovans and Neanderthals. After the ice returned, this migration ceased for several hundred thousand years, during which time the first biologically modern humans emerged in Africa: our species, Homo sapiens, who start to appear in the fossil record around 300,000 years ago.21 We had arrived, more or less. But it wasn’t until around 100,000 years ago that we began our first major migrations out of the African continent: last and youngest of the hominins.22


Homo sapiens entered a world already home to scattered cousins with whom we continued to mingle and interbreed for tens of thousands of years. As recently as 75,000 years ago, the ghost of extinction shivered into view again: a supervolcanic eruption at the site of Sumatra’s present-day Lake Toba which, by some estimates, caused a global reduction of sapiens to fewer than 10,000 breeding pairs. We survived, as did Neanderthals, Denisovans, Homo floresiensis (the so-called ‘hobbits’ of the island of Flores, Indonesia), and other as yet imperfectly understood lineages. But it was – depending upon your preferred interpretation – a close-run thing.23


Our relationships with other hominins endured for most of our existence, and have left deep traces. All modern non-African humans carry fragments of the Neanderthal genome, while some Denisovan DNA survives in Oceania and parts of Southeast Asia. In aggregate, all non-African modern humans are estimated to owe between 2 per cent and 7 per cent of their genes to archaic humans.24 Just 40,000 years ago, Neanderthals still walked southern Europe.


These species were not only smart but also culturally and technologically accomplished. The genetic evidence irrefutably tells us that we raised generations of offspring together – something that, authors like the linguist Sverker Johansson have argued, in turn demonstrates a deep common capacity for culture and language.25 Yet, by the time the last ice age ended, 12,000 years ago, sapiens found itself alone at the end of the evolutionary line. Every single one of our closest relatives had fallen by the wayside. What happened to them – and why didn’t it happen to us?


It’s plausible, of course, that we are part of the answer to this question; that over time we out-competed, out-fought and displaced our kin. But geography, genetics and climatological data suggest another overarching factor: failure to adapt to our planet’s ever-shifting states.26 Indeed, perhaps the greater wonder is not so much that they didn’t survive as that we did, for they and we possessed many of the same talents and aptitudes. We committed to the same exchanges: of specialism for adaptability; of toughness and instinct for technological culture. And through almost our entire existence, this know-how was at best a dubiously beneficial asset.


A central lesson of our survival, in other words, is precisely the opposite of the one evolution is often assumed to teach: that humanity is the pinnacle of a natural and inevitable order, and that our brilliance guarantees our thriving. Hence this chapter’s subtitle: the delusion of mastery, a reference to the belief that we have somehow stepped outside the logic governing all other life. There is enough truth in this delusion to make it seductive. In the larger scheme of things, however, it is both profoundly self-deceived and a recipe for catastrophe.


Entering an age of fire


At this point, let’s take several steps back. What do we modern humans look like in the context of evolution’s obstacle course? Compared to every species dashing madly, blindly alongside us, we are – for want of a better word – cheats. They have no idea what lies ahead or came before. If their environment becomes less hospitable, they must either move, evolve, adapt their behaviours or die. These are the rules of the game, and almost everything that has ever lived has no more power to change them than it does to weaken gravity or switch off the sun. We, however, do; because we alone have learned to harness the forces and phenomena that constitute our world. And perhaps the most fundamental force of all, whose mastery fuelled both our survival and our eventual ascendancy, is also the most elemental: fire.


Consider what happens when, today, I wake up and realize that it’s going to be unseasonably cool. The south of England doesn’t get particularly cold, even in winter, but if it’s going to lurk below freezing for a few days I’ll set our central heating system to run continuously, governed by a thermostat. If I look through the small window in the front panel of our big gas boiler, I see flames dance: blue peaks fading to white. This is as close as daily life brings me to tending a fire. The boiler does its thing while beneath the street outside my house metal pipes deliver a ceaseless supply of fuel. It’s an exchange that, in its simultaneous ease and planetary impact, embodies all that technology has given across the millennia – and may yet take away.


Like everything else we burn, the energy in this fuel was first captured from the sun by living organisms: by plants and the animals that fed upon them, in the case of natural gas, many millions of years ago. To burn such fuel is to swap old life for new heat. And without life, no such exchange would ever have taken place on Earth. Towards the start of her 2020 book Transcendence – to which the analysis of this chapter as a whole is indebted – the author Gaia Vince points out something at once fundamental and astonishing about the relationship between life and fire:




For the first billion or so years of Earth’s history, there were no fires because there was nothing to burn and no oxygen to burn it. It took the evolution of photosynthetic bacteria, followed much later by the growth of the world’s first forests, for there to be the ingredients of fire. Life itself had to generate the environmental conditions of its own destruction.27





Ever since, fire has been a force of nature in the blindest and most literal sense. Ecosystems have evolved to thrive on periodic burnings. Ice ages have seen oceans rise and fall, deserts shrink and spread. Sporadic cataclysms have brought immolations and extinctions, throughout which life has adapted and survived – and continued to fuel the possibility of its own ending. Yet between one and two million years ago, most likely in the hands of Homo erectus, fire began for the first time in history to be controlled rather than simply encountered: to become, falteringly and incrementally, harnessed to proto-human culture.


The opportunistic use of fire must have been known long before it was deliberately controlled: the capture of naturally occurring flames for heat and protection. Indeed, hominins aren’t even the only creatures to make use of wild fire. As Australia’s Aboriginal people have long known, so-called ‘fire hawks’ can intentionally spread wildfires by transporting burning sticks in their beaks or talons (they do this in order to drive out prey).28 Hominins, however, were unique in learning not only how to capture fire from wild sources but also how to keep it alive in hearths – then put it to work.


What did it mean and entail to achieve this? Fire and heat are such effortless features of our world today that we tend to project this ease backwards: to depict our ancient ancestors bashing together a couple of flints, watching sparks fall onto tinder and twigs, then whooping delightedly at the resulting flames. Although its mechanics are simple enough, however, the business of safely setting, starting and tending fires is far from straightforward. It demands carefully gathered and crafted components, cooperative labour, a comprehension of the differing roles of tinder, kindling and fuel – and thus involves not only intellect but also a society at least as sophisticated as that accompanying standardized stone tools. It was, not to put too fine a point on it, immensely effortful and counter-intuitive to arrange a survival strategy around artificial warmth.


For obvious reasons, fire leaves behind a patchier fossil record than stone, but there are signs of burnt materials in sites containing other evidence of hominin activity from as long ago as 1.5 million years; and of possible hearths from more than half a million years ago. From 400,000 years ago the trace evidence becomes denser, perhaps marking an improvement in fire management; a theory supported by the emergence of ‘hafting’ techniques in tool-making, meaning the attachment of stone tips to wooden shafts with twine and glue, an exercise likely to have required heat treatment.29


What did fire mean to those who made and tended it? Above all, it meant life. Stone tools allowed us to hunt, cut, scrape and craft skins and branches into new forms. But it was flames that truly transformed our relationship with the material world. As Vince puts it:




Whereas our earliest human ancestors had bedded down in tree nests for safety, fire protected their descendants from predators and the cold, allowing them to sleep in open savannahs. Fire culture was adapting our species’ habitat for their survival; as fire made our world safer, we altered the environmental selection pressures acting on our genes.30





Fire fuelled many of the first feedback loops between biological and technological evolution, intensifying and accelerating both of these in the process. It created warmth and safety in the absence of hairy bodies and woodland habitats. It allowed us to range further and more freely; to craft finer tools; to increase through cookery the calories and nutrients available from food. For the first time in planetary history, energy was being domesticated. For the first time, a species was knowingly rather than instinctually harnessing a source of energy greater than itself.


Sapiens went far further, and faster, than erectus had ever done in the harnessing of flames. And it’s in the degree of sapiens’ reliance upon artificial heat that perhaps the best clue to our survival lies: in the ways our vulnerability and weakness may have become a source of strength. Homo erectus had long vanished from Africa by the time sapiens appeared, and its isolated communities in Southeast Asia had also become extinct before our ancestors’ arrival there. For a brief time, however, sapiens shared western Eurasia with the last of our ancient kin, Homo neanderthalensis.


Based on the best available evidence, Vince imagines the Neanderthals’ final generations settled near caves at the base of what we now call the Rock of Gibraltar: cooking, eating together, threading eagle talons onto necklaces, carving intricate patterns into stone by firelight. ‘These are people with rich interior lives,’ she writes,




with time to think and create art. Deep inside in the cave, past the little sleeping chambers with their individual protective fires, there is a special nook containing a deliberately carved rock engraving: a crosshatch of parallel lines. Its symbolic meaning will be lost in the befuddling layers of time . . .31





By the time sapiens arrived, the Neanderthals seem already to have been in terminal decline, most likely thanks to a combination of climate change, inbreeding and disease. They didn’t know their species was dying. Or did they? Neanderthals were smart, creative and richly communicative; human enough to interbreed with us. So far as climate and fate were concerned, however, they may have been insufficiently fragile. Well adapted for the cold of interglacial Europe, with larger brains and more powerful bodies than our own, they never travelled further from their origins than central Asia. They may simply have required too many calories and wandered too little to survive time’s accumulated obstacles – although they lived long enough to gift us a fragment of their genome.


Was sapiens driven by a more restless, relentless curiosity? Whatever the reasons, Neanderthals joined this planet’s other hominins in oblivion while we embarked upon migrations to its farthest reaches. And we carried with us the gift of domesticated energy: a Promethean spark that would one day bake clay, smelt metal, fuel furnaces and transform the future of life on Earth.32


The bargain struck by Homo sapiens began with fuel and flames, and this is also where it may end. We have labelled ourselves ‘wise humans’ in tribute to the fact that language, culture and learning make us unique; that they have driven us faster and further than any other species. Yet the story of our exponentially accelerating impact upon this planet is most starkly told in terms of energy. In geological terms, cold rather than heat has ruled recent history. Over 800,000 of the last 900,000 years have been icy, with the entirety of what we call civilization contained within a dozen post-glacial millennia. It was climate that most likely sealed other hominins’ fates, and a return to ice is overdue. Thanks to humanity’s incineration of millions of years of captured light within the space of a few centuries, however, we are instead lurching in the other direction: towards unprecedented heat at unprecedented speed.


There are several names for the era of human influence on the Earth – the Holocene, the Anthropocene – but one of the most recent speaks to energy itself. In a 2015 essay for Aeon magazine, the environmental historian Stephen J. Pyne suggested that we are now living in the Pyrocene: an age of fires and burnings. As I write these words, in late 2023, atmospheric levels of carbon dioxide are 420 parts per million, an increase of almost 50 per cent on pre-industrial levels. The last time the atmosphere held anything like this amount of carbon dioxide was three million years ago, when global temperatures were three degrees centigrade warmer than the present and sea levels fifty feet higher – and the genus Homo didn’t exist.33


So far as the future is concerned, all bets are off when it comes to climate. The natural glacial cycles that defined our evolution may be a thing of the past, but what will replace them is unlikely to be gentle. As Pyne puts it:




Something seems to have broken the rhythms [of natural glacial and interglacial periods]. That something is us. Or more usefully, among all the assorted ecological wobbles and biotic swerves that humans affect, the sapients negotiated a pact with fire. We created conditions that favoured more fire, and together we have so reworked the planet that we now have remade biotas, begun melting most of the relic ice, turned the atmosphere into a crock pot and the oceans into acid vats, and are sparking a sixth great extinction . . . fire has become as much a cause and consequence as ice was before. We’re entering a Fire Age.34





In environmental terms, the first decades of the twenty-first century offer a foretaste of what an age of fire will be like: one characterized, unlike those of ice, by speed and volatility; by oceans and an atmosphere stirred into ferocious instability; by ecological losses to rival our planet’s previous mass extinctions.


Yet, Pyne notes, there is also hopefulness – of a kind – within fire itself. Fire is our evolutionary companion, our foundational technology. And it remains ours to harness; to grasp in all its systematic consequences, if only we can acknowledge these in time.




Between ice and fire, ice is the more terrible. It obliterates what it mounds over; it crushes and drives off life. By contrast, fire is a creation of the living world: life gave it oxygen and fuel and, with people, ignition. Its fundamental chemistry is a biochemistry that takes apart what photosynthesis puts together. It cannot exist without life. We can manipulate fire, directly and indirectly. We can’t ice. We survive ice by leaving. We survive fire by living with it. If at times it seems our worst enemy, it is also our best friend. We can’t thrive without it.35





To return to this chapter’s subtitle, the story we most often tell about ourselves is one of mastery: of landscape, of other species, of ourselves. There is truth in this, up to a point. We have bent the Earth to our will. As its systems start to pass beyond certain tipping points, however, we are discovering that it no longer yields. Perhaps it is time for us to learn another lesson: that mastery is no longer a fit aspiration for our species.
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