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			Praise for Alive

			“The difference between not-alive and alive is perhaps the universe’s biggest mystery. If, like me, you’ve wondered what aliveness is, how it happens, why it works, and how it takes charge of itself. In Alive, Melanie Challenger has worked her magic to enlighten us in this extraordinary expedition into life itself.”

			—Carl Safina, PhD, author of Alfie and Me

			“For centuries, western thought has been corralled by a particular notion of what life is, one that takes its model from machines…. Enter renowned naturalist and bioethicist Melanie Challenger, whose new book, Alive, turns this way of thinking on its head. Written with equal parts wit, eloquence, and erudition, Alive introduces us to a world teeming with agents, each one inseparable from its embodied form, and all united by the quality shared by all life: to define its own purpose and find ways to fulfill it.”

			—William Egginton, author of The Rigor of Angels

			“Alive is a profound, provocative and moving meditation on the question of what makes living organisms so special and remarkable. By insisting that life is not an abstract but rather an embodied property, Melanie Challenger offers a vision of the living world that can restore to it the wonder and reverence it deserves.”

			—Philip Ball, author of How Life Works

			“In this beautifully written and awe-inspiring book, Melanie Challenger celebrates the brilliance of Aristotle’s view of life as embodied, bringing it to the forefront of current scientific knowledge and beyond. Yet she goes further, inspiring us to face dying as an inescapable gift of having lived, and, in so doing, teaching us the value of living purposeful lives.”

			—Marcelo Gleiser, author of The Dawn of a Mindful Universe

			“Alive hits like a shock to the body: bracing and brilliant. Melanie Challenger is an alert and fascinating guide through tricky terrain, leading us from ancient philosophical academies to cutting-edge biology labs to make a startling argument about what it is to live and what it means to be alive.”

			—Jonathan S. Blake, coauthor of Children of a Modest Star
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			Psyche is the first actuality of a natural body which has life potentially.

			Aristotle, On Psyche
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			All things in the world are born out of being. Being is born out of non-being.

			Tao Te Ching, 40
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			Aristotle stands on a pale hasp of land on the crook of one of the crooked fingers that reach out into the Aegean. He is fresh from a good-natured quarrel with his teacher, in which he complained about the bitter roots of education. But who can blame him? Not only is he forced to believe things that seem to him self-evidently false, but he must learn at the scalpel of his father.

			Behind him are the chalky walls of the city in which he was born. It will not be too many years before the son of his father’s employer will reduce the whole complex to rubble. And it will be his tutoring of this man’s son that will, in turn, sweeten tempers enough to have the city rebuilt again. Such are the stakes.

			But today, as the young Aristotle turns the earlier argument in his mind, his gaze settles on a difference somewhere out on the distant sea. There is something dark and dynamic, a quarrel of its own kind against the ordinariness of the waters. A sort of polarity cutting the waves. He watches it, never moving. And then, all of a sudden, there is a visible scattering of the elements, and an arc of flesh lifts clear of the blue like some of the depths tugged free. Not the wind, then, but life, unmistakably. A dolphin! Ah, not one, but four or five of them, maybe more. Aristotle feels a surge of excitement.

			Why? he asks himself. Why and how and when, and for what purpose?
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				PROLOGUE

				On the Principle of Seeds

			
			For seeds contain the first principle of growth in themselves…

			and it is by the root that the plant gets nourishment; for it needs growth.

			Aristotle, Generation of Animals

			The fire is a holy shade of white. White enough to melt iron and turn sand into glass. Enough to boil the waters of our bodies and ash our bones. It is August and a fire is raging in a remote part of the Sequoia National Park in California. By the time this fire is done, more than one hundred and fifty thousand acres of forest will have burned.

			Fire needs three things: fuel, oxygen and heat. But the actions of animals also help. Some human folly likely started this one. A flicked cigarette butt. Or the rusty wheel of a battered truck flinting on hot stone. However it started, tiny particulates dance in the air, the final legacy of trees that saw the days of Jesus’s crucifixion.

			In temperatures like this, fire becomes mirror. It turns the road into a night river. It moves so fast that the far-off trees seem to hang in a sunset all their own. And as it burns, the fire is like pure will without the curb of mind and nerves. Soon leaf-fall and scrub become a black, mineral aftermath. But this fire is unlike those that came before. It has burned too deep, too long and too hot. In places, even some of the tallest trees have been felled by the flames.

			Still, it is not all devastation. On the northern slope of the mountain, a giant sequoia perhaps eight hundred years old has been flashed by a low-lying fire – not enough heat to kill but to spark life instead. Giant sequoias, like other trees that have adapted to fire-prone conditions, hoard their seeds inside the cones in their canopy. When the flash point comes and fire reaches, the cones dry out in the hot air, turning from green to tan, opening like secrets. The seeds spill free. And then wind, that gift of wildfires, offers the seeds their wings and they flurry down to the earth as if panted out on a last breath.

			There are around two hundred seeds in a giant sequoia cone. Yet there’s only a small chance of getting a tree from one of the seeds that drift in the Sierra air like dust. The true figures aren’t known for certain, but John Muir hypothesised in 1878 that less than one in a million sequoia seeds germinates and less than one in ten thousand seedlings survives to maturity.

			‘The vegetable life does not content itself with casting from the flower or the tree a single seed,’ wrote Ralph Waldo Emerson, ‘but it fills the air and earth with a prodigality of seeds, that, if thousands perish, thousands may plant themselves, that hundreds may come up, that tens may live to maturity; that at least one may replace the parent.’

			Most sequoia seeds desiccate in the sun. Should a seedling get going, they will face a fleet of dangers, from being cooked by heat, starved of light or blighted by moulds or fungi, to being gobbled by sparrows or cutworms or any number of creatures. Of those seeds that germinate, fewer than 2 per cent will be alive after two years. In fact, seedlings often do better after an intense fire because the heat destroys or limits some of the pathogens that can kill them.

			Imagine now that one of these seeds catches a little updraft, coming to land on ground that has been newly cleared and enriched by fire. This seed has grown and matured through the activities of the parent tree. Fertilisation of the female plant took place as sperm from the male pollen entered through a weak spot on the seed’s coat called a micropyle. Now there is a tiny embryo inside the seed ready to begin its life. The embryo is a miniature of the adult plant, with both primary root and leaves. Yet, loosed from its parent, it is almost helpless. It can’t direct its fall. It can’t begin to grow without some outside influence. It is the vessel of fate.

			I say almost helpless because there is one thing this seed can do, despite its vulnerabilities. It can keep itself going for years, until the time is right. As the survival of young plants is so precarious, seeds must be capable of persisting as seeds until there is a good moment to germinate.

			One of the ways plants enable this persistence is by reducing the water in the seed’s cells to around 10 per cent of viable levels. This desiccation happens in the final stages of development. During desiccation, the cell’s cytoplasm shifts into a glassy rather than fluid state, and the chemical processes of life all but stop. Some plants, like the date palm, have seeds that can remain dormant for centuries. The seed coat of trees like the sequoia has also adapted to be water-resistant, so that water is held in check both internally and externally to prevent growth while the seed is still attached to the mother tree.

			Millions of seeds sleep like this for years, even decades, tucked in the dark of cones, like fairy-tale miniatures. Yet the seed isn’t passive; there is activity within, even if only the merest flicker. So, now my question to you: is the dormant seed alive or not?

			
				
				[image: Drawing of a Giant Sequoia reproductive structure, showing a detailed, textured cone hanging from a short twig with scale-like leaves at the top, and below it a single oval seed drawn in cross-section with a central embryo and surrounding seed coat; handwritten text reads “Cone and seed of a Giant Sequoia, Sequoiadendron giganteum.”]
			

			Though its workings are invisible to us, the small, seemingly lifeless shell of the sequoia seed is a phenomenon unmatched in the observed universe. The seed, along with every form of life known to us, is harnessing energy to empower actions of a distinctive kind. In simple terms, the seed is acting purposefully. By ‘purposefully’, I do not mean with conscious intention. I mean that a life-form’s activities are directed toward goals that originate from them. Yet the seed has no brain, no thought processes like those that we experience. So how can this be?

			The most obvious answer is also the most curiously neglected. Life-forms pursue goals because they are alive, and life is, by its nature, purposeful. Yet in our most dominant accounts of life, this defining feature has been treated as incidental rather than intrinsic. Instead, we search for the cause elsewhere.

			By far the most common explanation throughout history is that a creator made life this way. More recently, life’s purposefulness has been dismissed as the legacy of evolutionary processes, with the goals of a life-form blindly engineered into genes through the survival of the fittest.

			But whether we favour God or evolution as the ultimate cause, life-forms themselves are marginalised in the account. This can leave us with the impression that the intelligence of a living being is somehow an illusion. Far from being self-determining, we are more like puppets on a string or machines running on a program – devices of some kind that are operated by an external force acting on an internal substance.

			For those who assume God’s design, the internal substance that animates life is the soul, by which a living being is directed and sustained. From an evolutionary perspective, the remarkable activities of living beings are instead determined by genes that are ultimately scripted by the environment beyond.

			What is striking in all this is how both soul and gene are described as self-like agents, the true initiators of the acts of a life-form. And these substances, whether the spirit or DNA, are not only thought about as self-like but also as immortal. Eternal and singular, they outlast us creatures, who fade away into irrelevancy. In this way, the organism becomes ancillary to a deeper essence that is both permanent and immune to physical decay.

			Here is Plato in Phaedo, putting into words several thousand years ago an idea that remains powerful and widespread today: ‘the soul is immortal and imperishable, and our souls will truly exist in another world’.

			And here is Richard Dawkins in his hugely influential 1976 book The Selfish Gene: ‘[Genes] are the replicators and we are their survival machines. When we have served our purpose, we are cast aside. But genes are denizens of geological time: genes are forever.’

			As such, both ways of explaining life – the spiritual and the heritable – are also means of salvation. And so, two very different traditions nonetheless arrive at a similar position. Both displace the organism as the ultimate cause of their own actions and choices. And both assume the workings of a hidden essence that is somehow immortal. These similarities in otherwise starkly different worldviews suggest we seek existential reassurance in our basic understanding of the foundations of life.

			Beliefs in a bodiless essence offer rich rewards to an imaginative primate such as us. There is ample evidence, beyond the anecdotal, that religious faiths bring real and sustained consolation against the common fear of death. In 2015, a team of researchers developed an assessment tool for perspectives on the afterlife called the Connection of Soul scale, which found that regardless of the differences in the concept of the soul as God-centred, cosmic-spiritual or secular, all offer reassurance in the face of our mortality. ‘These spiritual beliefs result in positive psychosocial functioning,’ writes Professor Amy Ai, who led the study, ‘and act as a buffer against death anxiety.’

			Scientific and materialist worldviews can play a similar role when they bolster our self-esteem and promise to throw us a lifeline. We can see this in how many have conceived of the mind. The idea of mind or consciousness – and even what we mean by these terms – has preoccupied our species for millennia. There are hundreds of theories. Yet some themes have dominated, including the belief that the mind is a separate substance of some kind, a ‘thinking thing’ that is governed by different laws than ordinary matter. This has given rise, in turn, to the hope that our mental experiences might somehow live beyond death.

			As the philosopher Gilbert Ryle summarised in his 1949 book The Concept of Mind, ‘The official doctrine, which hails chiefly from Descartes, is something like this…every human being is both a body and a mind…His body and his mind are ordinarily harnessed together, but after the death of the body his mind may continue to exist and function.’

			Given all this, we shouldn’t be surprised that we have so commonly and vigorously defended the idea that a self is fundamentally something that thinks. Here’s John Locke, for example, in the seventeenth century, with a definition that still features in our dictionaries today: ‘Consciousness always accompanies thinking, and…makes every one be, what he calls “self”.’

			But beneath these diversions lies a deep refusal to recognise the living body as the true agent of life. Even when the stories we tell deprive organisms of their centrality, we are seduced by the idea that we can survive the putrefying flesh that we fear – the fragile, mortal bodies that, sooner or later, will die, decay and come apart. Whether souls or molecules or minds, then, we look to the afterlife. We can see this in the tech quest for a bodyless life. As technologist Ray Kurzweil imagines, we may one day have ‘a backup version of ourselves’ in the cloud. In this way, our preferences reflect our fear of death more than reality.

			The unintended consequence of this view has been the marginalisation of the body’s own intelligence, and a relegation of purpose – arguably life’s defining feature – to the margins. In neglecting these, we diminish our sense of what is fundamentally at stake in understanding living beings. This book sets out to correct that distortion by presenting evidence that restores the body and the reality of purpose to the centre of how life is understood. This will not be easy.

			Yet, there are far-reaching consequences when we isolate one part of life as a ‘saviour’ substance. It can skew how we think about what ultimately matters. We can find ourselves prioritising the survival of genes or the onward journey of our souls – rather than, for example, our health and wellbeing or the flourishing of the planet.

			Most dangerously, we can end up building a world that mirrors our delusions. By leaning too heavily on chance or design to explain the workings of life, we invite metaphors that objectify living beings or reduce them to machines. At the same time, we elevate the mechanical and informational far beyond their proper measure. The impact that this is having on our world today cannot be overstated.

			The denial of the intrinsic intelligence of living beings has made cruelty and neglect systemic. Treating non-human life as mere resources is a commonplace in law and industry, contributing to large-scale patterns of loss and decline across the living world. For example, humans and the domesticated animals we keep comprise roughly 96 per cent of all mammal biomass and, in birds, poultry outweigh wild species by more than three to one – proof of how deeply human interests have come to govern the fate of life on the planet. The most likely trajectory, at present, is towards further desensitisation.

			There are also some new and troubling trends. CRISPR gene editing and synthetic biology allow organisms to be engineered for industrial ends. And this feeds into a larger pattern, in which automated farming and the normalisation of artificial intelligence are reinforcing the metaphor of life-as-machine.

			The world we’re designing and increasingly occupying is a deceptive and impoverished simulacrum of a vivid, complex reality, and it dampens our perception of the beauty and intelligence of life. If we believe this won’t, eventually, catch up with us and affect what it is to be human, then we are being naive. The changes are already afoot.

			There are some hopeful counters in the form of social and legal innovations that seek to restore agency to the living world itself. The Rights of Nature movement, as an example, has secured personhood in law for rivers in New Zealand, Colombia and Canada. The UK recently recognised octopuses and lobsters as sentient in the 2022 Animal Welfare (Sentience) Act. Yet too often such approaches run the risk of denying the embodied truth of being alive, or focus too much on a handful of capacities like sentience, as though establishing the ability to feel pain is sufficient moral orientation.

			The attempt, therefore, to re-engage with what it is to be alive is necessary, if only to bring our attention back to living beings in their entirety. First and foremost, a life-form is never passive material. Consider how our bodies persist. Life-forms use energy to remain locally discontinuous with the environment. Living bodies do something unusual in the universe: they perform work to preserve their own organisation. In simple terms, organisms resist disintegrating into the background. This resistance comes through the regulation and maintenance of the body, which is the primary work that any living being does, whether single-celled or multicellular. And what is phenomenal about this act is that it is self-generated, even while it requires taking in energy from the environment and expelling waste.

			In accordance, then, staying alive is fundamentally effortful. We can see this at the molecular scale. Every cell is bounded by an electrically charged membrane, a storm of activity, a dynamic interface, open and responsive to the conditions beyond. This is ceaselessly perpetuated in a circular dependency.

			There are hints that our ancestors intuited this long ago, as seen in the classical Egyptian idea of ka. Though often treated as an analogue of the soul, ka was understood as something sustained by an ongoing exchange with the environment – an animating force that required nourishment even after death.

			This intuition found a modern parallel when the separate studies of late nineteenth-century scientists Ludwig Boltzmann and Alfred Lotka came together in the theories of Nobel Prize–winning chemist Ilya Prigogine. Prigogine asserted that the main character of any living system is openness. As he and the philosopher Isabelle Stengers put it in their 1984 book Order Out of Chaos, most phenomena of physical interest are continually exchanging energy or matter. Life, they added, ‘appears as the supreme expression of the self-organizing processes that occur’.

			In physics terms, a system in equilibrium will tend towards a disordered state, with the lowest free energy but high entropy. But life-forms ceaselessly work and transform themselves to stay in a low-entropy state that has order – as such, we must, all the time, put in effort to stay in shape. And life does this by consuming energy and passing entropy on to the environment. In other words, we eat and we poop.

			But there’s more than just an open self-preservatory physical pattern at work. The boundary of the body and the enclosure of life’s chemistries and pathways create a distinct inner environment, one that is physically and chemically different from the surrounding world. Through this difference, the living body acts as a translator, turning external changes into useful internal physical responses. This allows the organism to carry out specific reactions in controlled conditions that support their survival and wellbeing. More importantly, internal regulation gives an organism’s actions a unique logic of their own. Organisms can then act in accordance with the current state of their bodies and the world as they find it. This is key to understanding an organism’s purpose.

			For anything to be meaningful in the truest sense, the meaning must be relative to something else. Neuroscientist Kevin Mitchell puts this nicely: ‘[U]nlike the designed machines and gadgets that surround us in our daily lives, which…serve a purpose, living organisms are adapted for the sake of only one thing – their selves. This brings something new to the universe: a frame of reference, a subject. The existence of a goal imbues things with properties that previously never existed, relative to that goal: function, meaning, and value.’

			Note, however, that Mitchell uses the word ‘adapted’. I am more ambivalent on that point. It’s reasonable to assume that the basis for a purposive living body was in place before Darwinian natural selection was underway as an evolutionary force. We will return to this possibility.

			We humans have built machines that mimic life to some degree, but only in the most superficial of ways. There are also natural entities like tornadoes, moving through the landscape as howling gyres of energy. Again, they share some properties of life. Yet there’s no special border separating them from the environment, and their parts don’t coordinate towards a unified goal. Without this, there is no ‘self’ and nothing at stake. And so, the storm doesn’t shift course when it senses its journey is ending or the energy it feeds on is running out.

			But organisms are ‘sense-makers’, parsing signals from within and without, ceaselessly reinventing and reconfiguring themselves in response to changes in the environment that will be better or worse for them at that moment in time. Genes are critical here, but are better understood as tools, or even as memory molecules that support persistence, rather than the initiators of agency. Genes need to be understood within their context.

			An understanding of life as embodied and inwardly directed is importantly different to life as a derivative either of God or of evolution. When we recognise a living being as one whose constitution is directed towards its own ends, life becomes both more frightening and more astonishing. Purpose, if you like, becomes the law of the body. We can see this in how life-forms are continually oriented towards their own continuity, and therefore able to seek and respond in a world that has been set alight with meaning.

			Seeing life this way doesn’t alter the underlying science of biology and evolution, but the way we interpret and understand what is at stake. The shift in thinking it requires of us is to consider every life-form as a self, however simple or unthinking. It does, however, raise the spectre of death. For, if the living body is synonymous with selfhood, then it’s hard to imagine what might persist beyond death. This is a distressing, even abhorrent idea for many of us. But that doesn’t mean we shouldn’t confront it.

			Life is not only a chain of chemical reactions but a distinctive form of organisation that gives rise to purposiveness.

			Once there were living beings capable of maintaining themselves, a new form of causation appeared in the universe. When we have beings in the world to whom things matter, then all kinds of phenomena can suddenly be brightened by their importance to us. Evolutionary variations on a theme of purpose bring about curious and wonderful things. Time has allowed for the emergence of introspection, for example, by which we generate abstract ideas or fantastical goals, with all the beauty and conflict that can follow.

			Being alive is the singular transformation of matter-become-body – a body that sustains itself through ceaseless work. But a living body does more than just persist. Life-forms act intelligently for reasons grounded in their own needs and qualities. They are active makers of meaning in dialogue with a world made significant by their presence. Objects, places, events become better or worse, helpful or harmful, alluring, disgusting, attractive, terrifying. As such, living beings are neither docile machines nor puppets of fate.

			Yet these are not strictly new ideas. More than two thousand years ago, the Greek philosopher Aristotle poured his energies into making sense of nature. How can we describe time? What is death? What forces lie behind changes of state and form? He was endlessly fascinated. He wanted to know how ants move, why oak trees grow, and when life began. And he wished to teach a younger generation to think more boldly about the living world by directly observing it.
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			Few of Aristotle’s works that we possess today are formal, authorised publications. But we have his teaching notes. And, despite the swathes of time that have passed, his thinking remains relevant. He was a bold and exceptionally wide-ranging scholar and naturalist. Where he had evidence, he asserted. Otherwise, he speculated with logic and care.

			He was wrong about many things, of course. He asked everything yet had at his disposal very little of what we now know, and none of the technologies. But that doesn’t invalidate his efforts. No doubt in another two thousand years, if there are still humans casting their eyes back, we too will be shown to have misunderstood.

			Yet Aristotle, though a philosopher, has a claim to being one of the world’s first systematic scientists. Indeed, Aristotle was more like the Darwin of his day – and, like Darwin, he had a big idea. Where Darwin sought to uncover the basis for how life diversifies, Aristotle wanted to know why living beings behave differently to the rest of matter. In his effort to understand, he arrived at a revolutionary idea that modern science is only now beginning to recover. Life is not just stuff, but particular stuff organised in a particular way that carries within it the pattern of its own continuity. From this combination of the what and the how of the living body – its completeness and determination – emerge entities that are inherently purposeful. For this reason, Aristotle and his theories will be woven throughout this book.

			In his teachings, Aristotle used certain technical words. The first was telos – the end to which something is directed. In living beings, we might take this to mean the body’s orientation towards goals, the first being that of persistence. Then there is energeia, which might be roughly translated as ‘activity’, but which is more accurately considered as ‘being-at-work’. In biology, we might think of this as the physical activities of living itself.

			But the most important concept is that of psyche. Philosophers will often use the ancient Greek and pronounce this ‘p-soo-kay’. But I think, for most of us, it’s easier to use the pronunciation of the modern term.

			Psyche is Aristotle’s word for the unique form of something alive – the fundamental pattern that turns aimless matter into purposive being. It is not the genome, though the genome carries the pattern forward across generations. Rather, psyche is the defining structure of a life-form. ‘Psyche,’ Aristotle wrote, ‘is the cause and principle of the living body.’ In this sense, psyche comes very close to what we mean by ‘being alive’. Indeed, anima is often the word used in modern philosophical translations of Aristotle’s works in place of the original psyche, in part to convey this animacy. But I have favoured the title On Psyche rather than De Anima in this book, both for specificity and to avoid the possibility of an independent enlivening force. For Aristotle, psyche was neither separate nor separable from the body of the organism.

			For people then as now, this was an alarming and, in a real sense, confining thought. And, indeed, after Aristotle’s death, psyche was repeatedly mistranslated as ‘soul’ in the spiritual sense, so that his scientific and philosophical insight became distorted. Detached from the organism, psyche came to mean the opposite of what Aristotle had intended – an immortal essence rather than the embodied form of life.

			But Aristotle’s insight remains sound. And modern science is finally catching up. In recent years, we have amassed striking evidence of the body’s intelligence. This research has brought purpose and agency back to the fore. From thermodynamics to systems biology to self-regulation, we are rediscovering that what makes life unique lies in the inherent powers of the living form.

			I believe that our planet should rightly be seen as suffused with meaningful activity – what I call in this book ‘the psychosphere’, the backscattering of countless intelligent agents. I will come to the psychosphere in detail at the close of the book, but the basic idea is as follows: the Earth is not shaped by life in some inert, functional or mechanical way, but is continually transformed by the dynamic activity of living intelligences who confer meaning on the planet’s physics, chemistry and matter. By ‘psychosphere’, then, I mean the world created by these myriad centres of experience – a realm of intention, perception and responsiveness that overlays and interacts with the material world.

			With this in mind, let’s consider the sequoia again. From a perspective that places genetics at the heart of the explanation, the tree’s life and events are largely mechanical. When this is coupled with the idea that to be a purposeful being, one must also be a thinking self, then the absence of a brain and nervous system can reduce the tree in our minds to something more like an object. This is indeed how many of us look on plants: as ornaments or scenery. Yet life-forms are nothing like objects, such as tables or computers. They are importantly different. And we don’t need to invoke a separate soul to clarify that difference.

			While still a seed, the sequoia has only one goal: to remain. Yet, if the seed can survive, the potential is staggering. After dropping to the ground in the shock of heat, the seed finds soft earth, tipped to the light. Within a day or two, it has been buried in soil shaken by the recent fire. There, moisture enters the ripe, dry seed, because water by its chemical nature attracts more water. In this way, the seed doesn’t have to do very much by itself. But within a few hours of the influx of water, the major functions of the living plant kick in, including respiration. From here on, the journey of this individual seed becomes a dynamic process of negotiating a world of significance.

			Every activity or movement of the emerging tree is alive and perceptive. And every change afoot will amplify the ability of the mature tree to enhance their wellbeing and keep the act of life going into the future, in vibrant correspondence with their community and the world. So, too, the tree’s activities create change and new possibilities for other life-forms, who sense and act in turn.

			The sequoia’s first efforts go towards the lengthening and division of cells that then push the radicle outwards from the seed. Like a little pale finger, the radicle extends slowly into the soil to form the first part of the stem. The sequoia isn’t thinking about what they’re doing. There’s no need to attribute human-like characteristics to the tree. Many aspects of biology work by harnessing predictable physical properties, such that very little in the way of complex agency is necessary for most bodily functions. The extension of the root from the seed relies on the turgor pressure of water, for example, just as the desiccated seed relied on hydrophilia. Yet to make proper sense of what is happening, it’s important to identify the sequoia both as the source of the activities and as the proper beneficiary of them.

			In time, the radicle will become the taproot, securing the tree to their home and embedding a specialised part of the tree into the earth. The taproot and the roots that branch off from it allow the tree to feed and to act sensitively towards what exists and shifts in the underground. As plant scientist Ying Fan Reinfelder put it, following the publication of her 2017 global survey of the roots of more than a thousand species, ‘Roots sense the environment. They sense the water, where there are more nutrients, and they go for these resources. Roots are the smartest part of the plant.’

			Most usefully, roots grow less in dry areas and lengthen towards wetter regions, an ability known as hydrotropism. This begins deep in the root tip, where shifts in calcium ions and other molecular signals attune to differences in water around the root, setting in motion a chain of events that makes some cells lengthen more than others, bending the root towards moisture.

			Once the roots absorb sufficient water and nutrients to support metabolism, everything quickens. The little sequoia both increases their agency over events in the world and relies on a much wider repertoire of actions. From the ability to selectively seal off damage to the formation of symbiotic relationships with other species, and from the release of chemicals that attract or deter specific animals to the capacity to alter metabolism for a changing season, the tree ceaselessly acts for reasons that belong properly to the tree both as the cause of these actions and the rationale for them.

			Over the hundreds, perhaps thousands, of years that this sequoia will grow upwards towards the feast of the sun, they will be an indefatigable source of activities. Their roots will broaden and withdraw, answering to change. They will re-establish, where possible, what storms and opportunists damage or destroy of their body. When energy and good fortune allow, they will make more like them, passing on their unique pattern and a lifetime inscribed in their cells. And they will gift us humans breath, while sheltering countless other lives without thought. In this way, the sequoia, as with all living beings, however small, however seemingly insignificant, has psyche: a goal-directed, self-regulating living body.

			The philosopher Philippa Foot argued in her book Natural Goodness that human purposes follow from what seems good for humans in their uniqueness. This recalls Aristotle’s famous passage in the Nicomachean Ethics that ‘if there is an end for all that we do, this will be the good achievable by action’. By the same logic, all living beings have a ‘natural purpose’, deriving from that which is necessary for them. Different species and separate individuals within species, for example, will attempt to create niches for themselves according to their own particular needs.

			All being well, this shouldn’t give rise to a hostile or negative relationship with the environment. What is of note about humans, of course, is that what we desire can sometimes be at odds with what directly benefits our wellbeing and that of other members of our community. We are such tortuous creatures that, through us, purposiveness can give rise to bewildering contradictions as we navigate cultural and symbolic constructs. Humans create narratives and form beliefs at individual, community and societal scales, generating competing purposes far beyond the sensitivities of our bodies. This can both inspire and confound us.

			And the checks and balances that emerge when lots of different organisms come together is absent in our case. At present, we are a dominating force that, in our widespread disregard of other intelligent agents in nature, exist in an echo chamber of human interest that makes us paradoxically destructive to ourselves and our planetary home. We will get to this conundrum in due course.

			One final note: in what follows, I use terms such as ‘purpose’, ‘purposeful,’ and ‘purposive’, along with related concepts including agency, intelligence, and goal-directedness. None of these terms is entirely satisfactory. ‘Goal-directedness’ and ‘purposiveness’ can sound overly mechanistic and may obscure the subjecthood of living beings, while ‘purposeful’ can suggest conscious intention when I mean only activity directed towards ends. I have tried to use these terms as carefully as possible, but language is inevitably imprecise, and my usage should be understood in that light.

		

	
		
			

			Plato nudges Xenocrates, ‘Here comes the little foal.’ The sun is bright and Xenocrates winces as he turns to look. Ah, there’s Aristotle, walking straight towards them, his friends beside him like waves trimming a bow. I hope he doesn’t believe I was grimacing at him, Xenocrates thinks to himself. For a few seconds, he locks eyes with Aristotle before dropping his gaze to the earth.

			Another steps into the flow to ask something and the men huddle in conversation. Plato draws a breath against his tongue, whistles faintly in exhalation.

			‘Vanity.’

			It’s true that the man’s tastes speak to his privilege: the fertile curl of his brown hair brushed and oiled, his beard short and neatly trimmed, his chiton a fine linen of the deepest blue. And is that a ring on his left hand, sparking like agate as his hands strike the air? Xenocrates feels a tremor for this man that he loves.

			‘What next?’ Plato mutters. ‘An ibis feather on his cloak? The bare face of a child?’

			Aristotle shifts at this moment and looks directly at Plato. He nods and raises a hand. Plato, silent, nods in reply. Then he is coming straight to him. It is as if he knows, Xenocrates thinks.

			And, indeed, Aristotle sees the look on his teacher’s face and understands. How it pains him to see difference, thinks Aristotle with tenderness. No doubt he has been whispering about me to Xenocrates. Calling me his polos, his rebellious foal.

			‘I have been wanting to verify something that has been troubling me,’ he says, as he arrives.

			‘Go on,’ Plato replies.

			‘I recently made observation of a change in the form of the embryo. As you know, I’ve been dissecting eggs at regular intervals…’

			‘Some might say obsessively…’

			‘Obsessively, yes, so be it. Nevertheless, it is clear that a necessary process is at work, one which follows the imperatives of the form. The heart,’ Aristotle adds, with a smile, ‘comes before the brain, for example.’

			Plato nods, gazing steadily at him. He sees where this is going.

			‘It looks to me,’ Aristotle continues, ‘as if the form arranges the matter and not the other way around. I wonder,’ he muses, ‘I just wonder whether the living form might, in and of itself, have some means to determine, even to change, itself. Within limits, of course.’

			Xenocrates scarcely breathes. He looks with both affection and concern at his friend, who delights in these provocations. At first, Plato columns himself, not giving an inch.

			‘It is not in spoiling our hands with blood that we hold the truth,’ Plato says, stiffly, ‘any more than in cupping the sea waters, we conceive the ocean.’ He turns his body ever so slightly in dismissal.

			Aristotle sees the tiny movement of withdrawal and judges that his teacher will soon make to leave. By this time, a small crowd has gathered – a boon. Why not have some fun? It is easy to bring a flush to the old man’s skin.

			‘But no more can you look at the sky to see the principle of an egg. The body isn’t a trap for something heavenly. There’s potential that only a living form has the means to translate.’

			Plato inhales. And he pauses because, for now, for the time being, the power is his. How much longer, though? He must do more, he thinks to himself, as he looks into his former student’s dark eyes, to ensure the right succession. He shifts his gaze to his comrades, all awaiting his words eagerly. Finally, he returns to Aristotle and smiles.

			‘How well you look in blue,’ he says, and turns on his heel.

			
				[image: Drawing of a round coin showing a stylized bird in profile with a long neck, open beak, and raised, layered wing, standing on thin legs at the center of the disc, with a slightly irregular, textured border around the edge.]
			

		

	
		
			
				ACT ONE

				Grasping the Why

			
			We think we do not have knowledge of a thing

			until we have grasped its why, that is to say, its cause.

			Aristotle, Physics

			Why?

			Nobody knows why the universe is here. And nobody knows exactly how it came to be. And without that understanding of what caused the universe, none of us can safely say what caused us to be. And that’s an exciting and disorienting thought.

			Even when we know more about the early history of the universe, we may yet discover a deeper or weirder level of possible causation, like the infinite iterations of a reflection in a mirror. But, for now, we are in the dark. All that we can say for certain is that life is a unique phenomenon.

			The philosopher and pioneer of science fiction Olaf Stapledon wrote a novel called Star Maker in the 1930s in which the stars are both intelligent and amoral. It’s a thrilling and original idea. But, as best we know, the stars that surround us don’t possess any kind of agenda. Stars don’t make choices or try to alter their futures; indeed, they appear to have no reason to do anything at all.

			But we and all other life-forms known to us are constantly pursuing goals. We see this as the trout noses upstream away from danger, or the crow exerts a counteracting force against gravity to rise to the nest where her young await a meal. It is this purposeful behaviour that makes life so strikingly different to everything else.

			Consider carbon, one of the most common elements in our bodies. Whether it’s a lump of coal or a glimmering diamond, carbon by itself is mindless and unmoving. But here we are, a carbon-based life-form, full of dreams and wild imaginings and a ceaseless search for meaning.

			Outside of a life-form, molecules and materials appear to have no means or, more importantly, reasons to act purposefully. Only when incorporated into an organism do the elements of life become something extraordinary: a being with needs and interests.

			But when we study the molecular scale, there’s no identifiable agent of the kind we’re predisposed to look for, and yet generating reasons to do things is everyday stuff to a life-form. So how is this ‘reasoning’ possible?

			To examine how the living body achieves such marvels, we must derange ourselves for a while. Getting at the dilemma and the ways to think about it depends on a host of other concepts that can confuse. What is a self, for example? What do we mean by agency? Is purpose the same as goal-directedness, and why do some people favour one term over another?

			Bear with me. In time, we will arrive at the splendour of a coastal giant salamander in the old-growth forests of Oregon and the strangeness of a Humboldt squid supersizing in the deep waters off the coast of Mexico. But we cannot truly look at the living world with

			What is life?
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