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True solace is finding none, which is to say, it is everywhere.


—Gretel Ehrlich, 
The Solace of Open Spaces


















PROLOGUE



Decades ago, I became entranced by the stardust that resides in all of us. I sat in a California lecture hall and listened to my biology professor talk about the ways we pass that stardust not only between one another but to everything else on earth. About how those exchanges can happen in the tiniest of spaces or across the world, sometimes every second, sometimes not for millions of years. And about how our own species was rewriting the rules of the game.


It hooked me. And while the whole “we are made of stardust” thing is also a total cliché, when the lecture ended, I thought: that stupid hippie bumper sticker was a true and literal statement of who we are, our nature as well as our limits. When viewed in our most elemental form, people are trillions of outer-space atoms, moving around temporarily as one, sensing and seeing and falling in love. Then those atoms scatter, joining one new team for a bit, then another. Far from depressing, I found this notion profoundly comforting. Sure, “I” the atomic collective wouldn’t be around all that long in the grand scheme of things—but my atoms would, forever remixing and reencountering one another. I thought: No matter what happens, we’re still here. And we always will be.


Our never-ending story began at the dawn of time, when the formation of the universe blew out clouds of hydrogen and helium. For a while that’s all we had, barring a few traces of lithium and beryllium. Then things cooled off a bit as stars were born and coalesced into galaxies. The heat inside those stars became cosmic ovens in which the lightest elements fused into progressively heavier ones, including the stuff of life. Carbon, nitrogen, oxygen. Along with hydrogen, these elements are most of me, you, your dog, and your houseplants.


But it doesn’t end there. Like a meal without spices, we are nothing without twenty or so other elemental building blocks, arranged in myriad combinations that create the mind-boggling array of life on this planet. Forging the raw material to build that life took the heat of those long-distant stars, including some truly blistering ones that would put our own sun to shame. To get oxygen or anything heavier, atomically speaking, you need a stellar oven that can dial the heat up past one billion degrees.


But even an unimaginably hot furnace doesn’t create a very interesting world on its own. Life is what makes the whole recipe transform into something unexpected and miraculous. Living things, simply by going about their daily business and then passing on, exchange the planet’s stardust not only among one another but into rocks and water and air, seashells and coal and carbon exhaust. As we have for billions of years, we the living send stardust out, take it back, hold it for a while, and send it out again. A constant rhythm of movement, rot, and growth marks every minute, hour, year, and generation. One by-product of all that movement? In your lifetime, you might contain some part of every human ever.


I dove into the study of these elements, and the deeper I went, the more fascinating it became. The world was connected in ways I never dreamed. For example, forests near my Hawaiian birthplace depend on elements contained in dust that blows all the way from the deserts of Mongolia. They also rely on the ocean below them, for other elements that move from sea to air before raining back down to bathe their roots. And the distribution of the elements in the soils below those trees could reveal secrets about how past Hawaiian societies had lived and perhaps why they succeeded or failed.


The hidden secrets of life’s elements helped me appreciate how every one of us, and every living thing, exists because of communities each life form helps to construct and sustain, and also because of ones we will never know, some of which flourished and then disappeared a very long time ago. Humans carry around an uncountable number of bacteria that constantly take up a few of our elements, give them back, and in so doing help us digest our food, ward off disease, and generally make it through the day. In the middle of the Amazon rain forest, there are trees that may owe their existence to species of lumbering animals that are now extinct but who once would carry nutrients from the rich soils of the lowland riverbanks to the more impoverished interior, depositing them into the soil in their excretions and ultimately from their decaying bodies. Those same trees are also literally coated in bacteria and fungi, many of which help them access the very elements they need to survive.


I began to realize how tracing the elements of our lives shows us how we are all just moments in time, but ones that reflect a richness of stories that precede our existence and others that will continue well after we are gone. The study of these elements—the science I have pursued for decades now—is known as biogeochemistry. The word is overly stuffed with prefixes because it is part biology, part geology, part chemistry, part a whole bunch of other things too. At times physicists joke that every other branch of science is a subsidiary of their own, but biogeochemists have a good hand to play here. Given long enough, the elements that assemble life can pass from pretty much anything and anywhere to anything and anywhere else. They connect us to their galactic birth at the beginning of time and to the entirety of the world. Mary Oliver put it beautifully in “Sister Turtle,” one of the essays in her book Upstream:




All things are meltable, and replaceable. Not at this moment, but soon enough, we are lambs and we are leaves, and we are stars, and the shining, mysterious pond water itself.





The science of biogeochemistry has much to teach us. Why this cornfield needs more fertilizer than that one. Why too much of that fertilizer will kill sea life hundreds of miles away. Why one lake looks pea green and another cobalt blue. Why our ancestors flourished in one place and not in another. Even why our planet is warming.


Biogeochemistry also shows us the inevitability of life’s ebbs and flows and that not all swings are the same. Sometimes, the rules of the game are changed in a hurry, and everything and everyone must scramble to adjust. Oxygen fills our atmosphere. A massive volcano eruption or meteor strike blocks the sun. Plants evolve and spread around the world. Humans arrive and largely just hang around for millennia, then transform the entire planet in only a few generations.


But it took my world being ripped apart for me to realize one of the most important lessons of my science, of any science: it can nurture the soul.


That lesson didn’t come quickly. There was no lecture hall aha moment. For years I believed that science held the keys to nearly every answer humanity sought but that those answers were about solutions—technical, medical, environmental—not about a way of being in the world. I was sure that science could, with sufficient knowledge, explain our planet and ourselves and predict so much of what might come next. And I thought that was its essential purpose: no more and no less.


To be fair, what science can predict, answer, or invent is astonishing. But an evangelistic belief in science as the source of all answers is both limiting and dangerous. In part, that’s because science is a field created and practiced by human beings, which means it’s often a mess. Its miracles sprout at less-than-predictable times and from an ample crop of failure, and that’s just the beginning of its problems. Science is replete with histories of oppression, abuse, exclusion, and violence.


Yes… and here’s what I sometimes tell students who are embarking on a scientific path: this wild, chaotic, painful, loamy field is also the site of humanity’s greatest potential, whether we’re talking about each of us as individuals or all of us together as humankind. It’s where we can turn our love for one another into tangible and practical service. Science invites us to sow all that is best about us—curiosity, caring, altruism—and in time, with luck, reap the kind of innovation that saves and nourishes not just our loved ones but millions of other people too.


I believe this because I was reminded in the most agonizing way possible what it really means to be a scientist. It’s not an achievement, a role, or a superior understanding; it’s a process, a way of observing and existing in the world. It isn’t about being any less pathetic or mortal than anyone else; it’s about getting away from our own ego and learning to wonder—no matter what hits may come—in the teeming, crushing, profound, gorgeous, surprising, and extraordinary world that is.


Because in time I came to see that far from antithetical to faith or spirituality, science offers hope that life on earth can make its way through the eye of any needle, that our individual choices matter, and that love can bring us back from the brink of annihilation. A scientist’s mindset doesn’t just involve finding cures and creating new technologies; it can be, if we let it, a practice of spiritual self-salvation. An act of love.


I’m not a Christian. I don’t go to church. But as I’ve learned—sometimes painfully—science and religion have far more common ground than I once thought. If, as the biblical Paul wrote to the Corinthians eons ago, love is patient and kind, insisting not on its own way but rejoicing in the truth, then perhaps there is no purer form of love than science. It is an act of profound attention and empathy. It requires a willingness to come back and back and back to a problem, no matter how numerous or embarrassing your failures, in the quest for a solution. Science is the discipline of figuring out the things one can change and learning how to work with the things one can’t. On so many levels, these are lifesaving skills.


I didn’t see it this way, not yet, when seven simple words changed my life:


We found something on your daughter’s MRI.















CHAPTER ONE



Nearly twenty years before, I was mostly concerned with my right heel, because every step I took through the broiling Amazonian pastures was accented with a stab of pain. That night I sat on the edge of a decomposing porch, remaining outside because the cabin’s rough-hewn interior stunk of dirty field clothes and held the stifling tropical heat. I trained a headlamp on my heel to reveal an angry sweep of red, a white circle, and a small black dot at its center.


I turned to the man who was seated to my left. He was tall and muscled with close-cropped black hair, and his dark eyes were focused on the tip of a machete he was using to pry bits of dried mud from the sole of his boot. Greg was the reason I’d come to this part of the Amazon, after he swapped life as a Navy Special Forces officer for one as a tropical ecologist. I pointed at the black dot.


Any idea what this is?


He leaned over, then resumed the machete picking.


Bicho de pe.


What?


Bicho de pe. Foot beast. Get a knife and dig it out, or she’ll swell up and start laying eggs.


Jesus, what?


But I did as he instructed. I began by draining one of the airplane bottles of Jack Daniel’s we had smuggled into the dry Brazilian Forest Service camp, then opened the smaller blade on my pocketknife, burned its tip to a gunmetal blue, and poked gingerly at the foot beast. It hurt. Another ineffective stab proved too much for Greg.


Stop fucking around and dig it out already.


The camp was known only by its nearest kilometer marker on the pummeled road that led from the river city of Santarém, Brazil, into the deep heart of the central Amazon. Kilometer 83. A scattering of woodbox cabins, one of which sprouted a dented satellite dish that allowed discordant blasting of soccer games from all over the world, sometimes late into the night. The ubiquitous chickens. Four cadaverous dogs. And a tom turkey who somehow survived despite his piercing gobblegobblefuckinggobble around three thirty each morning. Which in turn set off the dogs. We’d lie awake, muttering obscenities and occasionally bumping against a neighbor’s hammock until, by four thirty, the howler monkeys’ asthmatic roars signaled the imminent dawn. At least the coffee was good.


Earlier that day, when my siphoning attempts to refill our pickup failed, Greg had started the flow from a rusting barrel mounted to the truck’s bed by sucking on the hose until he spat out diesel fuel in a violent spray.


There. Now let’s get the hell out of here.


Then he sent us careening down the road, our passage hazardous for the occasional wayward chicken, me trying not to have my head go through the roof of the battered white Toyota. One lucky rooster leaped before us in terror, rode the front grille for a few seconds, then somehow hit the opposite side at a dead run. It was the middle of the dry season in this part of the Amazon, and so everything was bathed in dust, including the inside of my mouth. I spilled a swig of water on my shirt when the pickup bucked yet again, while Greg laughed a bit maniacally at me and the rooster at once. He seemed to elevate the chaos on purpose, as though he needed it to feed something inside.


Now, in the dim light of the cabin’s porch, I told him to shut the hell up as he leaned near my foot, happy to have me be the post-dinner entertainment. I shoved the knife in harder, angling beneath the dot, and gritted my teeth at the pain. Another quick push released a thin stream of opaque fluid, and there it was, slumped on the tip of the blade. A nondescript crumb of black and brown, easily mistaken for a flake of the decaying cabin. I dropped it on the ground, and Greg returned to his boot picking with an air of disappointment that the show was over. Thirty yards away, yet another truck growled past in a cloud of dust and diesel, its trailer laden with logs from the Amazonian interior.


The big-money trees were often targeted first. Mahogany. Ipê. Jatoba. Cut beside their less lucrative neighbors, dragged out by bulldozer or sectioned in place and removed by horse and chain. For every tree destined to be multi-thousand-dollar tables and cabinets, another ten were felled to make way for its removal. Then many of those left behind were hacked in a more obvious sweep until a tangled mess of logs, stumps, vines, broken branches, and smaller trees were all that remained. Most of the bigger animals were now gone, escaping to nearby forest cover, assuming it was there. Those who could not travel as quickly—snakes, frogs, lizards—scuttled around. For the moment.


When the dry season is firmly in place, a forest with countless holes now punched in it and thus barely worth the label crisps quickly in the relentless heat until the whole thing is set on fire. The stumps of trees once a hundred or more feet tall will smolder for weeks, their heat enhanced by a landscape carpeted in charcoal. If you walk through it at midday, your feet will feel hot through your boots and your breath will feel labored, as though you are forced to pass through an unending sauna. The month before we arrived, so many contrails of deforestation smoke intertwined above Santarém that planes could not fly.


When the forest burns, elements the trees once contained are left on the charred ground in a layer of ash. It’s hard to imagine that potential bounty still exists in such a dystopian landscape, but when the rains come, the secret’s out. A new crop—cassava perhaps, more recently, soy—or the seeds of pasture grass will sprout with abandon, fueled by the nutrients contained in the ash. In a pasture just a year or two removed from the burn, the grass can scrape the bellies of the flop-eared cattle as they push through a thick shag carpet of brilliant green. This pulse of fertility is a big reason fires are set in the first place.


But it’s all an illusion, draped unsteadily on the bones of the former jungle. Because many of the nutrients once held in the towering forest and passed from one tree to another over centuries quite literally went up in smoke and blew away. The lush grass is on borrowed time, and when it begins to fade, the descending cycle continues as yet another fire is set, life-giving nutrients already in short supply in the ancient soils going up in smoke once more. Within a decade, give or take, patches of heavily trodden earth are everywhere, and the grass is low and coarse and beset with thorn-ridden brush. The cattle are now skeletal. The search for a new patch of forest to burn will begin again.


Novelist Richard Powers put it this way in The Overstory:




That’s the trouble with people, their root problem. Life runs alongside them, unseen. Right here, right next. Creating the soil. Cycling water. Trading in nutrients. Making weather. Building atmosphere. Feeding and curing and sheltering more kinds of creatures than people know how to count.





He’s right. Those Amazonian forests are not only a remarkable cradle of life, but they literally create their own weather. Cut them down, and the rains they seed in their daily business of piping water from soil to air starts to go away. Lose enough of the forest, and it might never return.


For weeks, we sweated buckets throughout these failing pastures. We were there to understand more about the cycle of deforestation and hopefully learn something about how to slow it down. Greg’s initial path to the navy had included training as an aerospace engineer, and while he was stationed for a few months in Hawaii, he became fascinated by issues surrounding species conservation and land management. He began to wonder how his background might allow him to measure and map such problems in ways even an army of people on the ground could not.


Now he was putting those skills to use. If everything in our admittedly ambitious plans worked, we’d be able to predict which pastures might degrade quickest, which might hang on for longer than expected, and from that how to best target better preservation of the forests—all from satellites flying far above. But first that meant collecting a whole bunch of data on the less glamorous ground.


Some days we’d lay out a grid in a pasture using a fifty-meter forestry tape. Then we’d walk the lines of that grid carrying a yellow metal box about the size of a toaster oven. The box had a digital control panel on top and a series of adjustment knobs, as well as a flexible six-foot cord that emerged from one side; at the end of the cord was a handheld sensor that we would point at the ground as we walked. The device collected high-resolution data on the light we can see… and that we can’t. The yellows and greens of the grasses, the earthen tones of the soil, the occasional blue or purple of a tiny flower somehow hanging on in these pastures—all of those colors are part of something known as the electromagnetic spectrum, within which only a fairly small fraction is visible light. But there’s a great deal of information in the wavelengths we cannot see but that still reflect off just about any surface. And some of those wavelengths could give us information about the chemical composition of the grasses. Those data, in turn, were an indicator of how healthy—or not—a given pasture might be. And from that, we hoped to go back to the satellite data to figure out what we could piece together from them. Could we see hints of those chemical changes? Could we then map that across the entire region, and from that, make some predictions about what areas were most at risk?


Carrying the box was usually a pretty fun day. Digging soil pits in the pastures was not. The ancient soils were composed of a reddish-yellow clay that would compact under the cattle’s hooves and sometimes seemed more like cement than soil. At one point as our heads swam in the heat while our shovels chipped away embarrassingly small amounts of dirt, Greg leaned on his before saying, Maybe we should have brought a goddamn jackhammer.


But getting that dirt was also essential to our plan. The soil was the ultimate source of nutrition to the pastures, and while the satellites could not see into the soils themselves, our hope was that information on the grasses from the handheld sensor, coupled with soil maps of the region and our own chemical analyses of those soils, would let us piece together that predictive map driven by those satellites.


It was hard work, but both of us were young and fueled by an optimism that a few scientific answers would turn the tide. We thought that if we could figure out where and why the pastures were failing, that information would both help the farmers and ranchers get more out of a given piece of land… and by extension, not have to cut down as much of the forest. It was, to be honest, a bit idealistic. But not totally bonkers. Years later, Greg would build on our work to create tools that were used at the highest levels of government to help understand patterns of deforestation and what was driving them. He’d even end up transforming that little handheld box into an entire airplane of his own design, one that would end up mapping large swaths of rainforest—and then, of all things, coral reefs—with a level of stunning detail that neither of us could have predicted in those early days.


Not having our own airplane yet, we had to focus our energies on a smaller scale and spent many of our days toiling in a group of sorry-looking pastures that lay just beyond a weather-beaten line of shacks and an open-air restaurant and bar. The latter faced the main road to the Amazon interior, about thirty kilometers south of our field camp. The owner of it all was a man named Manuel, who had a mat of greasy black hair and a deeply lined face that was perhaps a road map of the complicated ways he seemed to run his world. Out in the pastures, he scrambled to keep a scattering of rawboned cattle alive. In the restaurant and bar, he brought soft drinks or beers and platefuls of simple food to an uncertain and sometimes volatile mix of travelers, most of whom were truckers hauling logs or a random mix of other wares. A handful of young women helped Manuel serve the food and drinks, but in time we learned they also led some patrons to the small shacks beyond the bar. Upon their return, they’d confer quietly with the owner.


The first time we met Manuel, Greg presented him with a poster-size satellite image of the entire region, then pointed out the road, the buildings, and the patchwork of uneven squares that represented his land. Manuel put it in a central position over the bar immediately, covering up another poster that featured a barely clothed model advertising a well-known soccer brand. He called a few others over to have a look and held forth for a while in rapid-fire Portuguese, much of which we could not follow. The men around him occasionally nodded or asked a question, while Greg and I stood to the side with the goofy and uncertain smiles of those who aren’t really in the loop.


One afternoon late in the trip, Manuel stood beneath the poster while once again talking quietly to one of the women, then walked over to the corner table where I was drinking a Coke, the bottle sweating in the heat. Greg was still somewhere out in the fields, calibrating the yellow box for our next day’s work. Manuel beckoned me to follow him out to a different pasture, and we walked slowly in the hot sun before he leaned over to pull up a clump of dry grass. He sighed and spoke in Portuguese while I struggled to understand.


You see how pale and tough the grass is? Not good for the cows.


Then he pointed the offending blades at a thicket of thorny bushes.


And more of these each time I burn. They are bad too.


Why burn it then? I asked.


Worse if I don’t. No choice.


Then his face brightened a little.


Come, let me show you something different.


He led me across the pasture toward a curving line of trees. As we drew close, I could see that they bordered a small creek, its water tannin-stained but clear. Thigh-high and now bright green fronds of the same pasture grass obscured its banks, the blades softer here, all of it beneath the welcome shade of a canopy far above. One tree had fallen at an angle across the creek, and Manuel removed his scuffed rubber boots before wading in and then sitting on the log, his feet now dangling in the water. Then he suddenly jumped up and stood in the creek, looking back at the log as he pointed at an enormous ant coming across the top of the fallen tree.


Tucandeira.


I recognized the word. Known in English as the bullet ant, the insect is notorious for landing on the top of “most painful animal bites” lists. There was even a poor (crazy?) bastard by the name of Justin Schmidt who codified all the suffering into a pain scale known as the Schmidt sting pain index. This arose out of a scientist, well, being a scientist. Schmidt created the pain scale as an offshoot of his research into the ways insect venoms can affect our blood. An entomologist, he also happened to have the misfortune of being stung or bitten by most of the creatures on his list, and the bullet ant took the top prize for both the intensity and duration of the pain its neurotoxin inflicts. It is sometimes known as the twenty-four-hour ant. Schmidt passed away recently, but he maintained his sense of humor amid all the assaults he absorbed, describing one offender that comes in just behind the bullet ant as “like being chained in the flow of an active volcano” before writing, “Why did I start this list?”


Not being a crazy entomologist, I too avoided the log, taking off my boots and wading into the creek. After the heat of the pasture, the feel of the water on my bare feet was about as far from Schmidt’s index as you could get. I stood next to Manuel for a few minutes and took it all in, my mind trying to sort out his obvious love for this place with the full scope of what I now knew was going on in and behind his bar.


I pointed at a huge tree downstream. Its bark was smooth and the color of coffee with a dollop of cream, and the trunk flared at its base into a series of deep folds.


These trees are worth a lot, yes? Is this still your land?


He nodded.


Yes, but I don’t cut them.


Why not?


Because then I could not come here in the mornings and watch the birds.


He paused while I tried to understand the complexity of the man. He was apparently willing to make money from roadside prostitution but not by cutting down these trees. Manuel looked at me and said a few words I’d remember for a long time. When he spoke, it was soft, and it almost seemed like he was talking to himself.


We make choices in life, yes? And they all mean something.


In the moment, he seemed resigned and self-reflective. I wanted to believe he was questioning some of his choices, but in truth, I was probably just seeking a tenuous peace with the fact we had chosen to associate with this man at all. Years later, though, as I grappled with the ways my own life was suddenly blown apart, I thought back to how Manuel was just one more example of how very little in life is simple and how his words hinted at one of the real mindfucks of human existence. We can’t control the chaos of the world, yet our choices matter to that world so very much. The carbon dioxide we choose to release into the atmosphere with our everyday activity—car and plane trips, home heating, and yes, what was coming out of those burning trees Greg and I were there to study—stays there for a thousand years, writing a part of our legacy into the sky. Manuel’s choices to cut some of those trees down and our collective choices to go buy the hamburgers his pastures might eventually create, all of it had consequences for those who would follow us.


Our life choices similarly write lasting change within our bodies. Choosing hope over fear results in distinctly different chemical cascades within. If we can remain hopeful in the face of life’s chaos, our bodies are bathed in hormones that both settle and invigorate us; slip into fear and stress, and a different cocktail goes on the attack. Remarkably, trauma and our reactions to it affect not just our own health but can alter the gene expression—and hence the bodies—of our descendants too. Our choices really do have lasting consequences. That isn’t belief; that is scientific fact.


One understandable reaction to this fact is paralysis. So often, we obsess over the consequences of a choice, even when we don’t step back and realize how long a given choice may reverberate through the world. At one point on that trip, Greg and I floated in a remote jungle river bordered by soaring trees and chattering birds and even watched in wonder while a group of pink river dolphins swam by. Yet the beauty of our surroundings faded when we began to talk about our marriages and the radiating cracks in their foundations. As so often happens, stress and anger took hold as we ground through the unwelcome choices we each might have to face, until at one point Greg finally paused, looked around, and said, Look where we are. What the fuck are we doing?


As Manuel and I stood in the creek that day, I stumbled through my crappy Portuguese and tried to tell him more about the scientific questions we were after. He began to ask his own questions, and at one point I told him—partly in words, partly in comical moments of pantomime—about how the trees beside this creek might depend on nutrients contained in dust that blows all the way from the Sahara Desert and how some of that dust might be right inside the leaves above our heads.


When he got it, the visible stress over his struggling cattle and who knows what else evaporated, replaced by a wholly unexpected look of delight. This was followed by a peppering of questions that took us a long time to sort out. How could African dust be inside a leaf? How did that dust get here? How could I possibly know it was from across the ocean? In him, I saw how curiosity, no matter how difficult our circumstances are, not only leads to answers that can help, but it literally settles us down. Just like the balm that comes from hope, a curious mind eases our nerves, opens our hearts, and puts the brakes on those stress hormones that eat us from within. Curiosity—a bedrock of the scientific mindset—is medicine in itself.















CHAPTER TWO



Do you know what butterfly metamorphosis looks like? It’s not like what happens to a tadpole. Spindly legs and rainbow wings don’t just poke their way out of a cocooned caterpillar’s body. What happens is that after caterpillars encase themselves in a chrysalis, they dissolve (or nearly dissolve; this depends on the species). If you cut their chrysalis open at this moment, all that will come out of most is a splat of runny goo: a baby bug liquefied, an old life gone forever.


The sight is horrifying. It looks so much like death that for centuries naturalists thought that’s exactly what it was. Metamorphosis looked like resurrection. Theologians claimed that it was God’s way of proving the Jesus thing was possible.


The truth of how metamorphosis actually works is different, yet in my mind it’s equally miraculous. The liquid itself is a bunch of digestive enzymes. Within the liquid of the chrysalis, invisible to the eye, are tiny cell clusters called imaginal discs. Using the enzymes as fuel, the imaginal cells begin to multiply, forming wings and legs and a brain and eyes, and from there the whole body of a butterfly.


Just a decade ago, Georgetown University biologist Martha Weiss discovered that some of these imaginal cells contain the caterpillar’s memories, holding the wisdom of the past through the dissolution of the present and into a transformed future. The chrysalis is perhaps not, then, a living metaphor for resurrection, but for hope: how it becomes microscopic in times of trauma and loss; how it is no less present or powerful for being so tiny. Life and memory find a way to endure amid gross, frightening entropy, the near-total breakdown of the familiar. We can’t make out the past or begin to imagine the future at this moment of dissolution, but thanks to Dr. Weiss and other biologists’ work over the past sixty years, we know that the seeds of it are in there, floating in the muck.


We like to frame the world in stories, and we tend to think they should progress logically. Yet the butterfly shows us otherwise. It reveals that, much like our own realities, a story can dissolve into goo in the middle and end up as a completely different animal. And in that, it is also a microcosm for so much of science as a whole. Sometimes we get exactly what we expect. But much of the time, we don’t. Science has a way of ensuring reality intrudes, whether we like it or not, and ultimately that’s a good thing. It helps us evaluate our lives in the context of the world that is, not amid the false worlds we are prone to construct.


Among its lessons, science shows us that we live in a world that can’t handle unchecked growth. Ever. Our bodies aren’t meant to handle it; our planet isn’t meant to handle it; and our civilization can’t sustain it, whether we’re talking about the economy, development, or anything else. We’ve spent two centuries—initially in the West, now all over the world—trying to pretend otherwise, and look where that has gotten us. Scientist and author Hope Jahren aptly labeled it The Story of More, but sooner or later the world requires stories of less. It was never true that growth can just keep rolling along. And that’s why the caterpillar has something so important to teach us: on this planet, healthy growth, hopeful growth, involves disintegration as well.


My own moment of disintegration arrived on a gray November day, sitting with my wife, Diana, in the radiology waiting room of a Colorado children’s hospital, her hand threatening to crush the bones in mine. Our daughter, Neva, still lay somewhere beyond the double doors and their Do Not Enter warning. Every atom in our bodies struggled to break that command when a pediatric oncologist with kind eyes sat beside us and uttered those seven words about Neva’s MRI.


More words followed. They included tumor in the pituitary gland and will require brain surgery to remove.


Somehow, I processed this information and even found a way to ask pertinent questions. I did this because while I silently begged and hoped and prayed that the news would be different, the realization this was coming was already lodged in my gut. The data pointed the way. A set of X-rays showed that she had the bones of a toddler. She couldn’t do many of the normal things on a playground that her peers could. She was getting multiple headaches each month. None of it was normal for a four-year-old. Though cautioned against it, I took that information and googled and read and pulled articles from the primary literature until I arrived at yet another word: craniopharyngioma. In some terrible way, I was prepared. There are times when I wish the scientist in me would go away.
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