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FOR MINA







When we come under the spell of the deeper domain of [technology], its economic character and even its power aspect fascinate us less than its playful side. . . . This playful feature manifests itself more clearly in small things than in the gigantic works of our world. The crude observer can only be impressed by large quantities—chiefly when they are in motion—and yet there are as many organs in a fly as in a leviathan.


—ERNST JÜNGER, THE GLASS BEES
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IN JULY 2008, I RENTED a small yellow car in Tucson, Arizona, and drove it south toward Tombstone. There were three passengers in my car, and I was following a white van with government plates carrying nine more. Between these two vehicles we had eleven microbial geneticists from six countries with nearly three hundred years of collective education. We also had five hundred plastic bags, a thermos of dry ice, and three hundred fifty cryogenic vials, each the size and shape of a pencil stub. We had two days to get ten thousand termites.


I was there because I’d received an email titled “Termite Safari?” from Phil Hugenholtz, a researcher at the U.S. Department of Energy Joint Genome Institute (JGI). Earlier that year I’d done a story for The Atlantic about Phil and thirty-eight other scientists who sequenced a million genes from the microbes found in the guts of Nasutitermes corniger—termites they’d found in trees in Costa Rica. Because termites are famously good at eating wood, the genes in their guts were attractive to government labs trying to turn wood and grass into fuel: “grassoline.” The white van and the geneticists all belonged to JGI.


As I drove, the price of gasoline in the US was more than four dollars a gallon, the highest it had ever been. America, maybe the world, was spinning into a financial crisis, and a vicious presidential race was on. In those days, gasoline was always on my mind because I’d written a book about oil. When I received Phil’s email, I had been writing about the problems of petroleum for seven years, and I was staring at twenty open PDFs about energy on my computer’s desktop. I was at the end of my rope, both as an oil-consuming citizen and as a human being. Oil’s troubles are systemic, dating back at least a hundred years—and they’re made much nastier by modern politics. Termite Safari? Sure! Anything was better than sitting at my desk and thinking about oil.


Microbial geneticists are young and goofy: they sincerely believe in the scientific method and they blink in the sun. Phil, who led the lab with a jangly self-deprecating pride, called them “gene jockeys.” They lived in statistics and databases and thought in codes, both computer and genetic. Their organization was so antihierarchical that I sometimes had to tell them to stop bickering. “Stop it or I’ll turn this car right around,” I’d say.


Left on their own, the geneticists would never find ten thousand termites. They might not even find one hundred. North American termites are cryptic in the extreme: they live in tunnels underground and inside wood. So Rudi Scheffrahn, one of the country’s leading termite experts, sat in the passenger seat next to me, charting a course to the bugs.


He wore bifocals over his sunglasses while he scoured the last survey of termites in the area, published in 1934, around the time of the building of the Hoover Dam. Funded by a sugar refiner, along with lumber, railway, and electric companies, the survey hired entomologists to figure out which bugs might try to eat the electrical poles, bridges, and railway trestles that industry was erecting across California, Nevada, Arizona, and Mexico.


When Rudi sensed termites in the landscape, his sunburned knees began to twitch, which jiggled his head, sending little triangles of reflected light from his two pairs of glasses ricocheting around the rental car. It felt like a party.


When there were no termites, he seemed depressed. We drove past a lake. “Probably a nice place,” he said, in a flat, declining tone. “But there’s no termites there.”


Rudi is a termite chauvinist. He talked world records. Oldest insect: termite queens can live to be twenty-five years old, maybe more, no one knows. Fastest animal: some soldier termites slam their mandibles shut at 120 miles an hour, faster than a cheetah runs. Biggest terrestrial structures: mounds in Africa, Asia, and Australia can be up to thirty feet high. And about termites’ reputation as pests? Only twenty-eight out of twenty-eight hundred species are invasive pests, and Rudi believes that the first destructive drywood termites traveled from Peru on Spanish ships in the 1500s. Not their fault.


The geneticists in the back of the car laughed politely. They were not here to appreciate termites; they were here to appropriate them. Termite guts are a molecular treasure chest: 90 percent of the organisms in them are found nowhere else on Earth. The purpose of this trip was to gather the termites and their microbial mush in the vials and jam them into the dry ice before the genetic information they held deteriorated. The geneticists didn’t just want the microbes’ DNA, they also wanted the molecules of RNA, which could tell them which parts of the genetic code were in use at the precise moment the termites took their tumble into the thermos. Perhaps by seeing exactly how termites break down wood, we’d be able to do it, too.


If this trip succeeded in capturing a few good molecular moments, humans might eventually be able to power our cars without worsening climate change, or make fuel without drilling in national parks or causing oil spills. This trip could change the world—or at least the lives of the scientists in the cars.


We barreled down a long hill toward a scrub basin when Rudi’s legs began to twitch. The reflections from his glasses whizzed around the interior of the car. “I look out here and I just see billions of termites.”
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JUST BEFORE I got interested in termites, they lost the identity—the distinctive order Isoptera—that they’d had for the last 175 years. In 2007 a paper was published called “Death of an Order: A Comprehensive Molecular Phylogenetic Study Confirms That Termites Are Eusocial Cockroaches.” And just like that, termites became homeless and nameless, demoted to gregarious cockroaches, very distant cousins of the praying mantis. Maybe more important, they were suddenly defined not by what they looked like, but by their genes. Their relationship to the most despised of bugs wasn’t news: it was first explored in the 1920s, and became obvious with DNA sequencing by 2000 or so, but it wasn’t considered a fact until 2007.


Here’s a possible story of how termites came to be—and why we were chasing them across Arizona. Once upon a time, cockroaches were solitary scavengers that ate fruit, rotten leaves, fungi, and bird droppings. They developed their eggs in beautiful bean-like sacs, shot them out their backsides at high speeds, and walked away, leaving their young to fend for themselves.


Sometime between 250 million and 155 million years ago, termites evolved from the chassis of these ancient roaches when some of them ate microbes that were able to digest wood. Wood was plentiful, but to survive on it the bugs needed to have those microbes handy at all times. The problem was that they regularly molted their intestines, which cleaned the microbes right out. Our evolving cockroaches started to exchange what entomologists politely call “woodshake”—a slurry of feces, microbes, and wood chips—among themselves, mouth to mouth and mouth to butt. After they pooled their digestion, it was a quick trip to constant communal living. One for all and all for one: Termites forever!


Termites’ twin innovations—wood-eating microbes and eusociality—are each worthy of an invertebrate Nobel Prize, but millions of years of evolution refined them still further. While the dinosaurs stomped around outside, these proto-termites evolved inside their dark logs, improving their togetherness by communicating through chemicals, sound, and touch. The queen, who produced all of the eggs for a colony, secreted chemicals that kept most of her children from reproductively maturing. Most of them were workers, gathering food, feeding the queen and the young, and doing tasks around the nest, but some differentiated into what we call soldiers, with ingenious strategies to better sacrifice themselves for the survival of the colony: nozzles filled with noxious chemicals on their heads, slashing mandibles, or big wedgy heads they could use to seal off passageways from invaders. Without the need to reproduce, or to venture far above ground, both worker and soldier termites lost things they didn’t need: eyes, wings, and big, tough exoskeletons.


By the time Pangaea split up and an ocean grew in between Brazil and Africa, termites were well positioned to evolve in ever weirder ways on different continents, in a big belt stretching around Earth at the equator and extending halfway to the North and South Poles.
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FROM TOMBSTONE WE drove south to Bisbee, Arizona, and then toward the border with Mexico, stopping whenever Rudi felt termites. I finally found some on my own in the Coronado National Forest, when I wandered far from the road in the higher-altitude desert there. The light was pinkish and flat and the air smelled lightly of sage. Rudi said to look for termites under rocks because they’d be orienting themselves thermally. So I threw over a flat rock and got down on the ground. To capture the termites I had an aspirator—a homemade contraption consisting of a test tube, a tiny air filter, and some tubing—that allowed me to suck up specimens without getting a mouthful of termite.


Under the first rock I saw only beetles, grubs, white spiders, millipedes, and ants. When I looked up, I saw a white Homeland Security truck with a cage on the back, roaming the land like a human aspirator. In a gully were old sneakers, flattened Mylar hydration packs, and other evidence that some person or persons had come through from the border with Mexico. I hated to think of someone hiding, dehydrated, in this no-man’s-land. My phone chuckled intermittently, delivering texts that said I’d crossed into Mexican telephonic space and different rates would apply. The scrub here was barer than in other places we’d stopped. I wondered if it was recently vacated or secretly occupied. I didn’t so much feel eyes upon me as I felt an uncanny tingle.


The landscape made me feel dumb and clumsy. If I had to be dumb, I wanted to be systematic about it. I began turning over every stick, rock, and rotten cactus in my path. Termites had chewed the underside of most sticks and left behind eerie little wooden galleries—ghost towns with tiny, sticky dust webs fluttering like tattered lace curtains.


I had almost forgotten I was searching when I lifted a rock and saw a glint of glossy exoskeleton flowing into some little tunnels. I dropped to my knees and began sucking on the aspirator, a disgusting process that stimulated saliva production and made me dizzy. Two minutes later there were no more termites on the ground and I had about twenty-five in the test tube attached to the aspirator.


After the long hunt, my pale termites were disappointing. When I separated one from the clutch, it was less substantial than a baby’s fingernail clipping. Doddering around blindly, it waved the flimsy antennae on its bulbous head. In its stubby, translucent body I could almost see its coiled guts—and presumably whatever it had eaten for lunch. Ants have snazzy bodies with three sections, highlighted by narrow waists, like pinup models’, between the segments. Termites, which are no relation to ants or bees, have round, eyeless heads, thick necks, and teardrop-shaped bodies. And they long ago lost the cockroaches’ repulsive dignity, gnarly size, and gleaming chitinous armor. I put the termite back in the test tube.


What had I just sucked up? My little gang of twenty-five was incapable of doing much of anything. Without a colony, they had nowhere to bring food to, and thus no reason to forage. Without a crowd of soldiers, they couldn’t defend themselves. Without a queen, they couldn’t reproduce. Twenty-five termites are insignificant in the scheme of life and death and reproduction. Meaningless. What’s more, they were clinging to one another, making an icky beige rope of termite heads, bodies, and legs reminiscent of the game Barrel of Monkeys. In the miniature scrum I couldn’t even see a single termite—they looked like a clot, not a group of individuals. Or perhaps I’d found a single individual who happened to have twenty-five selves.


I’d stumbled into one of the big questions termites pose, which is, roughly, what is “one” termite? Is it one individual termite? Is it one termite with its symbiotic gut microbes, an entity that can eat wood but cannot reproduce on its own? Or is it a colony, a whole living, breathing structure, occupied by a few million related individuals and a gazillion symbionts who collectively constitute “one”?


The issue of One is profound in every direction, with evolutionary, ecological, and existential implications. The word used to describe this many-in-one phenomenon these days is “superorganism,” but at the time I didn’t know much about that concept.


By the end of that day I still couldn’t see termites the way Rudi could, but I had a basic idea that the fewer I saw, the more termites there might be. Where I had thought of landscapes as the product of growth, on that afternoon they inverted to become the opposite: the remainders left behind by the forces of persistent and massive chewing. The sky was no longer the sky, but the blue stuff that is visible after the screening brush and cacti have been eaten away. Termites have made the world by unmaking parts of it. They are the architects of negative space. The engineers of not.
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NOBODY LOVES TERMITES, even though other social insects such as ants and bees are admired for their organization, thrift, and industry. Parents dress their children in bee costumes. Ants star in movies and video games. But termites are never more than crude cartoons on the side of exterminators’ vans. Termite studies are likewise a backwater, funded mostly by government agencies and companies with names like Terminix. Between 2000 and 2013, 6,373 papers about termites were published; 49 percent were about how to kill them.


Every story about termites mentions that they consume somewhere between $1.5 and $20 billion in U.S. property every year. Termites’ offense is often described as the eating of “private” property, which makes them sound like anticapitalist anarchists. While termites are truly subversive, it’s fair to point out that they’ll eat anything pulpy. They find money itself to be very tasty. In 2011 they broke into an Indian bank and ate $220,000 in banknotes. In 2013 they ate $65,000 that a woman in Guangdong had wrapped in plastic and hidden in a wooden drawer.


Another statistic seems relevant: termites outweigh us ten to one. For every 132-pound human you, according to the termite expert David Bignell, there are 1,320 pounds of them.


We may live in our own self-titled epoch—the Anthropocene—but termites actually run the dirt. They are our underappreciated under-lords, key players in a vast planetary conspiracy of disassembly and decay. If termites, ants, and bees were to go on strike, the tropics’ pyramid of interdependence would collapse into infertility, the world’s most important rivers would silt up, and the oceans would become toxic. Game Over.
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BY THE END of the trip we had eight thousand termites in Tupper-ware tubs and plastic bags, but they needed to be labeled and killed before going to California to be sequenced. Phil borrowed a lab from a colleague at the University of Arizona, and we all set to work hustling the termites into small plastic vials. Each vial was given a letter and some numbers in accord with a complicated system of geographic location, food, and species. Anna Engelbrektson, the lab’s tech, sat cross-legged on a lab counter in a bubble of Sharpie-scent, labeling at a high rate of speed while telling the postdocs what to do. Then she tossed containers into the dry ice and that was that. Frozen in the thermos, the termites were on their way to immortality: a collection of genetic code sitting in some database on a server somewhere, intellectual property, a sequence of nucleotides that might solve a wicked problem someday.


That night in the lab we sat on the border between natural history and an unnatural future. We weren’t alone: all over the world, scientists are trying to find biology’s underlying rules and put them to use. They’re doing it with genes, behaviors, metabolisms, and ecosystems. They’re seeing nature in new ways, and at the same time they’re trying to reinvent it and put it to work for us.


We started this trip with Rudi retracing the termite survey from 1934, just before the Hoover Dam altered the course of the Colorado River, put 247 square miles of land underwater, and massively relocated both water and power throughout the West. That dam now sits like a crown between two mountains—an awe-inspiring machine-age masterpiece, harnessing the big forces of nature to tie the globe together in a web of power lines, pipelines, refineries, satellites, and fiber optic cables.


But that was all the old future. In the next future, we will harness nature’s tiniest life-forms—microbes and insects—both their systems of organization and control, and their genes and chemical capabilities. This fits with our paradoxical desire to have a lighter footprint on the Earth while having greater control over its processes.


At the core of this project is the provocative dream of changing biology into a predictive science, much the way physics started as the observation of phenomena like gravity and then became the science of making plans for the atom bomb. Will there be termite bombs? Whether the answer to that is yes or no, our grandchildren will laugh at the innocence of our question.


Termites, I came to understand, are the poster bug for the twenty-first century—a little guide to really big ideas.
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I PUT MY HEAD down on a table to nap. I had no idea where my interest in termites would take me over the next eight years. I didn’t realize I would become obsessed and spend many hours reading research papers. Or that I would cold-call scientists until I had a collection of friendly roboticists, computer scientists, physiologists, ecologists, synthetic biologists, physicists, geneticists, and mathematical biologists who let me watch them work in places as far-flung as California, Namibia, Massachusetts, and Australia. Nor did I have any premonition of the curious things I’d meet along the way: the northerly spires, the singing queen bee, the charismatic termite, the paradoxical creature with the mixed-up hairs, and the white ants.


I awoke a little before eleven, having dreamed of moving spots. With the sorting and freezing almost done, Anna was exhorting the postdocs to start cleaning. As I got up to help, I noticed that all of us except Rudi were wearing stonewashed jeans. They were in all the stores then, so there was nothing obviously extraordinary about this. After my sun-scorched days in termite land, though, they looked like exoskeletons, protecting us from thorns and sun. Reproductively, they identified us to fellow members of the species “mall shopper,” signaling sexy industriousness to potential mates.


As I started sweeping, I recalled that the thing about stonewashed jeans is that there are no stones, only genes. In those days, one of the biggest markets for genetically modified proteins was enzymes that could be painted onto blue jeans to make them look faded and worn—replacing an older process of battering them with stones. On balance, the enzyme process was better for the planet, but I always get hung up on how funny it is that we have devoted decades of scientific study to make new jeans look like they’ve been out digging ditches.


Borrowing genes from the environment—whether for clothes or to turn wood into fuel—is a very termitey thing to do. Were we unwittingly becoming somewhat like our quarries? I had hardly spent any time with termites and already my fellow humans were looking a little strange.
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IT TAKES ALMOST A DAY to fly from the United States to Windhoek, the capital of Namibia. First I went to Germany and then on to Johannesburg and from there a short hop westward to Namibia, which is a wedge of sun-blasted land between South Africa and the Atlantic Ocean, capped by Angola to the north. As we prepared to land, the ground appeared to be a finely arranged carpet of scrub, like a Persian rug with a pattern I couldn’t quite take in. Once on the ground I got a rental car and began driving north toward the town of Otjiwarango, on assignment from National Geographic to write about J. Scott Turner, an American biologist who has spent decades studying how and why termites build their mounds. Along the way Scott’s investigations had taken a turn into computer simulations and speculative collaborations with an engineer who sees termites’ ability to build mounds as an inspiration for constructing shelters on Mars.


Namibia only has a few paved roads, and this one, the B1, was perfectly flat, nearly empty, and as straight as if it had been drawn on a map with a ruler. Once Windhoek’s city limits were behind me, I could see the land that had looked like a carpet from above, but now I perceived it in horizontal layers: first brownish dirt, then shimmering green acacia bushes, and standing above the scrub, symmetrical trees that resembled giant broccoli stalks. As I drove northward the dirt became a garish matte orange and then lurid salmon pink. Other times it was dark brown or beige.


After an hour or so a spire of dirt appeared beside the road. About fifteen feet high, the dirt appeared to have been tossed up from below the ground’s surface, the way Bugs Bunny tunneled before he took a wrong turn at Albuquerque. I was excited to see it: I knew from reading Scott’s papers that this was a Macrotermes mound, home to several million termites. I also knew that below the mound sat a large fungus that the termites tended. What I did not expect was that the top of the mound would lean so.


More mounds appeared beside the road. Their shape was clearly not accidental. If a fist made of dirt punched through the surface of the ground from below and then extended one finger to point at the sky, it would account for the mounds’ aggressive posture and distinctively wide base and narrow spire. Then there were dozens of them. And then many dozens. Their colors shifted with the dirt around them: Cream-sicle orange, then bone, then salmon, then a solid homespun brown. All of these dirt fingers appeared to be pointing north, as though directing me to my destination.


Soon I could see nothing but termite mounds to the horizon on both sides. I had been traveling for many hours, and I began to play with them in my mind. Were they a troop of thousands of mournful monks in robes? Or were they comic? Maybe they were a Busby Berkeley chorus line, each dancer holding her straw hat aloft at the same inviting angle in the direction I was driving: Come with us!


I had no time to stop and investigate because I needed to meet Scott in Otjiwarango before dusk, when—yellow signs warned—kudu and warthogs would begin jumping into the roadway. As I drove I mused about termites, the puzzling straightness of this road, and the odd arrangement of the termite mounds beside it.


[image: image]


TERMITE COLONIES BEGIN theatrically on rainy evenings. Small holes open in the sides of existing termite homes and largish, winged termites emerge, shake out their sticky wings, and fly. In Northern California termites of the genus Reticulitermes suddenly appear on the sides of buildings they inhabit. In South America Nasutitermes shower down from nests in the trees. In New Orleans, Formosan termites, of the genus Coptotermes, burp from colonies in the ground and take to the air in swarms so dense they show up on weather radar. In Namibia these giant Macrotermes mounds seem to spring a leak, spilling froths of winged termites down their sides.


In the mound, most of the termites are eyeless and wingless, but the fertile termites who leave the mound on this night have eyes and what at first appears to be one single translucent teardrop-shaped wing, starting at their heads and ending, rounded, at their hinds. When they are ready to fly, this single wing, still soft and moist, fans out into four. Called “alates,” these termites are like fragile balsa wood glider planes: just sturdy enough to cruise briefly before crash-landing their payloads of genes.


Alates are scrumptiously fatty, and reportedly have a nutty flavor, so what starts as a confetti shower of gametes turns into a scrum of birds, lizards, aardwolves, and sometimes humans trying to gobble them up, with the result that hardly any survive this nuptial flight. It’s possible that catching and eating these termites gave our australopithecine ancestors a booster shot of fat, proteins, and micronutrients that helped to feed their growing brains, leading eventually to our current human situation. This strange fact—that termites themselves may be partly responsible for the brains with which we try to study them—is typical of the weird dual vision of studying termites. They are both utterly alien and strangely familiar.


One of the greatest storytellers of the termite is the South African writer Eugène Marais, who spent many years peering into their mounds. Here is how he describes what happens next in the nuptial flight, when a single female has just landed on a bit of damp ground:


The first thing she does is to discard her wings. This she succeeds in doing by a lightning-like movement—so fast that we cannot follow it with the eye. One moment we see her with her wings intact, the next moment she steps away, and her four wings are lying on the grass—she is much, much quicker than a woman who discards her evening gown and hangs it over a chair. It took months for her wings to grow. For years perhaps she has lived in subterranean darkness, in preparation for this one moment. For a period of three seconds, for a distance of perhaps three yards, she enjoyed the exquisite thrill of flight and with that the object of a great preparation has been fulfilled and the fairy-like wings are flung aside like a worn-out garment. . . .


She comes to rest on her fore-feet and lifts three-quarters of the hinder part of her body into the air, and she remains stationary in this position, as still as if she were merely the statue of a termite.


If you want to learn about ants, you can read books by great scientists like E. O. Wilson, Bert Hölldobler, Deborah Gordon, and the photographer Mark Moffett. My local bookstore has so many books devoted to bee economics, bee democracy, bee dancing, and more, that you could mistake it for a self-help department for people hoping to take up life as bees. But when I went hunting for books on termites, there were academic texts and there was Marais’s The Soul of the White Ant, originally published in English in 1937. Everything about the book is ridiculous, starting with its name and going on from there. What sort of writer has women and termites alike throwing off their evening gowns with exquisite haste? His tale of the termite mound is part close observation, part poetic riddle, and part thumbnail guide to the universe, but it’s not exactly scientific. Still, nobody since has gotten further into imagining the thoughts of the mound than Marais, making his book an invaluable document—of our minds more than theirs.


Marais was a journalist, a poet, and a lawyer. Around 1905, his wife died after giving birth, and he had already gotten on the wrong side of Paul Kruger’s regime, so he went into exile in the veldt. He soon fell in with the termites, digging into their mounds, running little experiments, intuiting what he couldn’t test, and spinning stories. He also spent time with baboons, and even adopted one he named Piet who rode in his wagon, took the reins, and wore a gourd as a hat. He worked alone—taking morphine to expand his senses and dull them, too. He apparently lacked some of the usual fears: his biography states that he once injected dried mamba venom into a honey badger to see if it was fatal. I don’t know how he got either of those animals to submit to the process. He read some Freud, tried to submit a paper to the Smithsonian about male baboons having sex with each other, and hypnotized his neighbors. Years later his son told a biographer, “In any piece of writing by my father you can always see at work the poet, the journalist, the morphine addict.”


I read The Soul of the White Ant as a cautionary tale about the way stories shape our understanding of nature. Or just a cautionary tale.


But in spite of all that, Marais was a surprisingly accurate observer of termites.


Continuing the story: his termite “statue” of a queen emits a perfume-like “wireless SOS” into the air. Today we’d call that a pheromone—a specialized chemical hormone that signals to males that the queen is fertile. In Marais’s day, pheromones had not yet been discovered, yet his description of a perfume is not far off: in 2012 the researcher Kenji Matsuura analyzed the queen pheromone of another type of termite and found it was composed of a chemical found in pineapple and an alcohol that is a component of the smell of black truffles. Eau de Termite. Understandably attracted to this delicious scent, a male may manage to land unsteadily nearby, scratch off his own wings, and then race off with the female across the damp ground. “His haste is terrible and irresistible” as they scuttle off in search of a spot to dig a burrow where the two will mate.


At first the two termites will be alone in their dark hole. The modern researchers Christine Nalepa, Theo Evans, and Michael Lenz have written that termite parents bite off the ends of their antennae, which may make them better at raising their young. Antennae give termites lots of sensory information, and biting off the segments toward the ends could reduce that stimulation, making it easier to live in a tiny burrow with a few million children. (It may be analogous to how human parents, numbed by sleep deprivation, can deal with toddlers’ tantrums without losing their minds.) It’s also likely that removing some antenna segments alters which genes get expressed, changing the specific mix of chemicals that Ma and Pa Termite produce.


Soon after, the queen gives birth for the first time. Marais:


For a long while she stands on the place where the eggs are to be deposited, before she begins laying. Her body is in constant movement. The antennae sweep in circles and her jaws move ceaselessly. Occasionally she lifts the hinder part of her body in just the same way as she did when she was sending her first signal to her mate. Two or three times before the eggs actually are laid, she turns round and looks at the ground as if she expects to find something there. With the actual laying of the eggs the bodily contractions increase tremendously. When the first batch is laid, she turns round once more and examines them long and carefully. She touches them gently with her jaws and front legs, and then she lies motionless beside them for a time. What does it all mean? That line always cracks me up: “What does it all mean?” Is the termite queen the torch singer Peggy Lee, asking if that’s all there is to an egg?


Speaking for Nature, Marais tells the queen: “Although you will apparently be an immobile shapeless mass buried in a living grave, you will actually be a sensitive mainspring. You will become the feeling, the thinking, the seeing of a life a thousand times greater and more important than yours could ever have become.”
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AFTER SHE HAS laid her first eggs, the queen cleans them often to remove harmful fungi until they hatch as nymphs about three weeks later. The nymphs will molt, grow, and develop, but under the influence of the queen’s pheromone, most of them won’t fully mature, remaining permanent stay-at-home preteens—eyeless, wingless helpers. Males and females alike will spend their time gathering food, tending eggs, building the nest deeper into the ground, and eventually tending a fungus. As the family grows bigger, some morph into soldiers: possibly, they receive special cocktails of chemicals while feeding from their parents’ anuses, causing a change in both behavior and the shape of their heads, which grow larger, dark-colored, and hard in a distinctive way, depending on their species. Thereafter they must be fed by their siblings the workers. Soldiers appear to return the favor by dosing the colony with antimicrobial secretions that help it resist disease.


Over time, in the small smooth dirt room where she lives, the queen’s body becomes “physogastric,” her abdomen swelling to the size of my thumb, constricted by taut black bands remaining from her old exoskeleton so she looks like a soft sausage that’s been carelessly bound with string. Or, as Marais puts it: “an unsightly wormlike bag of adiposity.” Her head, thorax, and legs remain tiny. Immobilized, except for the ability to wave her legs and bobble her head, she lays eggs at the rate of one every three or so seconds. The king stays by her. Her children lick off the liquid that appears on her skin, feed her, and care for the eggs.


Or at least, that’s life for some Macrotermes queens. There are, however, at least three thousand named termite species, and thus at least three thousand ways to be termites. Some have multiple queens; some have cloned kings or queens; some are, improbably, founded by two male termites. One species doesn’t really have workers. Different species eat wood, others eat grass, and some eat dirt. Macrotermes tend a fungus, but most others do not. All termites, though, live in their own version of a big commune.


Marais called the termite mound a “composite animal,” uniting the millions of sterile workers, the soldiers, the fat queen, and the king with the dirt structure of the mound itself into a single body. “You will need to learn a new alphabet,” he warned his readers before leading them in. The hard-packed dirt on the outside of the mound, he said, is a “skin” constructed by termites, which build passageways inside that allow the mound to breathe—like a lung. The organism’s stomach is the symbiotic fungus that sits in catacombs under the mound, digesting grasses delivered by termites. The mound’s “mouth” can be found in the hundreds of foraging tunnels the termites construct through the surrounding landscape. Because they carry nutrients and rebuild the mound, the sterile workers resemble blood cells. The mound’s “immune system” is the soldiers who rush to defend the space whenever it is invaded. To Marais, the queen was no Victoria, but instead a captive ovary, walled into a chamber no bigger than her swollen, sweating body. Marais imagined that eventually the mound would evolve into a being that could move across the veldt—very slowly in its dirt skin—a monster hybrid of soil and soul.


Marais’s insight wasn’t original to him, and many scientists had taken to calling such social arrangements of termites, bees, and ants “superorganisms.” The originator of the term was the entomologist William Wheeler, the founder of the study of ants in the United States. In 1911 Wheeler wrote an article called “The Ant-Colony as an Organism.”


For a time, superorganisms were all the rage. The concept dealt neatly with what Darwin had called the “problem” with social insects. Darwin’s theory of evolution proposed that natural selection worked on individuals and the fittest individuals bred with others similarly fit to their ecological niche, while the less fit were less likely to reproduce. The problem with social insects was that while single termites seem to be individuals, they do not function as such. Only the queen and king of a colony breed, so who was the “individual”? By declaring the whole colony the individual, Wheeler said its members made up “a living whole bent on preserving its moving equilibrium and its integrity.”


In the late 1920s and early ‘30s, the paradigm of the superorganism grew colossal, verging on physogastric. Instead of studying individual trees, biologists studied forests as superorganisms. By 1931, the concept snuck into popular culture when Aldous Huxley reportedly based the dictatorship in Brave New World on humans as social insects, with five castes. Wheeler proposed that “trophallaxis”—a word he invented for the way insects regurgitate and share food among themselves—was the secret sauce, the superglue of societies both insect and human, and the foundation of economics.*


Even during the superorganism’s heyday, Marais was alone in his assertion that the mound had a soul. His description of it was fantastic: “The functioning of the community or group psyche of the termitary is just as wonderful and mysterious to a human being, with a very different kind of psyche, as telepathy or other functions of the human mind which border on the supernatural,” he wrote. Sometimes Marais seems to be working some new ground between Freud and Darwin, while at others he seems to be trying to suss out the obsessive behavior of his own brain. But in that “soul,” he was subversively tweaking Descartes’s famous definition of animals as “soulless automata,” and challenging his readers to ask how different we are from animals, or even insects.


If a child in a fairy tale went into a termite mound looking to save his own soul, you might expect him to come to ruin. And so it was for Marais. He believed that the newspaper articles that formed the basis of his book were plagiarized by the Belgian Nobel Prize winner Maurice Maeterlinck, who published a book called The Life of the White Ant in 1926. From South Africa Marais fought for recognition but eventually gave up. He struggled with addiction and depression. In 1936 he borrowed a friend’s shotgun “to shoot a snake,” and turned it on himself. He didn’t die with the first shot and had to fire a second.


Marais’s observations had not brought him any expectation of benevolence: “If Nature possesses a universal psyche, it is one far above the common and most impelling feelings of the human psyche. She certainly has never wept in sympathy, nor stretched a hand protectively over even the most beautiful or innocent of her creatures. . . . Pitiless cruelty, torment, and destruction of the weak and innocent. The thief, the assassin, the blood-stained robber, these are her favorites.”


[image: image]


WORLD WAR II turned out to be great for invasive termite species, but terrible for the concept of the superorganism. With the shipment of goods and munitions around the world after the war, the Formosan subterranean termite was transplanted from Asia to Louisiana and other southern U.S. states and began to spread in massive supercolonies.


In the aftermath of the atom bomb and with the discovery of DNA’s double helix, biology turned away from grand holistic theories toward discrete parts like genes and molecules. This shift reordered biology’s priorities and perspectives from the forests back to the trees. In the backlash, the superorganism became “a pariah,” according to the complexity theorist Peter Corning. By 1967, the scientist E. O. Wilson said the inspirational concept of the superorganism was nothing more than “a very appealing mirage.” And forget the soul: “The organism is only DNA’s way of making more DNA.” Later he described one of his magnificent leaf-cutter ant colonies as “an organic machine.” For decades, scientists studying termites and social insects avoided using the word “superorganism” in their papers.


But by 2009, when I first went to Namibia, it seemed that the concept had merely been dormant, because it was suddenly a topic of discussion again. I couldn’t tell whether superorganisms were an idea with actual scientific merit or a rich metaphor that raised important questions about social insects. In any case, Wilson himself had recently written a book titled The Superorganism with his collaborator Bert Hölldobler.


Although I was driving to meet Scott Turner to write a story about his own research, I also hoped, on a personal level, to find out what he thought about the idea of superorganisms and the work of Eugène Marais.


Marais’s wild tale, for all its flaws, still provokes conversations. One day in 1999, for example, the evolutionary biologist Richard Dawkins and the evolutionary psychologist Steven Pinker met in London to debate the question of whether science was killing the soul. Unsurprisingly, the two agreed on too many points to have much of a debate. But then Dawkins brought up The Soul of the White Ant while talking about the design of the human brain. He explained that the book describes termites as individuals working for the single unit of the mound, following rules, so that the mound has emergent properties—it’s more than the sum of its parts. And then he wondered if the human brain is likewise made up of many termite-like “mindlets,” all cooperating and creating the illusion of one unitary mind. He ended on a plaintive note, as though turning his own brain inside out: “Am I right to think that the feeling that I have that I’m a single entity, who makes decisions, and loves and hates and has political views and things, that this is a kind of illusion that has come about because Darwinian selection found it expedient to create that illusion of unitariness rather than let us be a kind of society of mind?”


After so many hours of flying and driving, my mind had given up all pretense of unitariness. I struggled to focus on the straight highway while ignoring the termite mounds enthusiastically motioning me onward.





*Wheeler supported Herbert Hoover’s presidential campaign because Hoover had been in charge of shipping American food to Europe after the end of World War I. Wheeler considered this a giant intercontinental act of trophallaxis, according to the historian Charlotte Sleigh.






THREE


AN INCONVENIENT INSECT





LATE THAT AFTERNOON I reached Otjiwarango, a dusty grid of a town with two big grocery stores and a street named Hindenburg. Scott was waiting for me at a gas station. Bearded, probably around sixty, he bent over to look at me with the posture of a question mark. He navigated as I drove out of town to Omatjenne, the forty-two-thousand-acre government research farm where he had been working for nearly a decade. I slalomed the Toyota around the mud pits on the farm’s long dirt road while Scott offered coaching and spoke affectionately about warthogs and kudu and guinea fowl. He was intensely pragmatic, no mention of Mars. And while his manner was a formal version of jolly, the affable tour guide, I knew I was being closely observed.


Over the next ten days I came to appreciate Scott’s capacity for cerebral observation. Ask him a question and he’d blink behind his gray gradient lenses, offer a long, nasal hmmmm, and begin a Socratic interrogation of the topic in a guarded tone. I never heard him answer a question without giving it thought. Often, like a chess player, he’d already thought three steps beyond. Sometimes, as he stood looking at a mound, or a termite, it seemed like thinking could be a physical thing: something that could be heard or measured. He never spoke of his emotions but they were easy to read in his shoulders, which often hunched with defeat and occasionally folded even further downward into abjection.


The lab and living space were in a neat single-story farmhouse made of cement blocks. The grass around the farmhouse was about four feet tall, and termite mounds stuck up above it like a pinkish archipelago in every direction.


Scott’s lab was in the farmhouse’s largest room. It was furnished with derelict camp furniture and a hodgepodge of equipment: a blowtorch, petri dishes, cylinders of oxygen and carbon dioxide, a mass flow controller, a periscope made from a mirror and PVC pipe, empty margarine containers, an eighty-pound bag of concrete, and a light table propped up on James Ellroy’s The Black Dahlia. The walls were decorated with spreadsheets with headings like “60 termites, 10 July 2006.” A pile of laptops, cords, and adapters sat safely at the end of the lab, away from the mud that was often tracked in from outside. You could do anything you wanted here as long as you were capable of building it with a soldering iron and an old Sunshine D margarine tub.


We got into Scott’s battered VW van and took a ten-minute ride through the fields, passing hundreds, maybe thousands of mounds. Some of them showed signs of Scott’s experiments over the years: they’d been drilled, cut in half, invaded with a homemade scope, or sprayed with water, only to be rebuilt later in some altered way by the remaining termites. The broken mounds were a memory of all the questions that he had asked, trying to figure out how termites built them and why, and also a testament to the termites’ resilience. The grasslands appeared to be nearly empty, except for a few cows, but dozens of workers lived on the farm.


We stopped at an open shed with something white glowing lightly under the roof. It felt like a shrine. Here Scott had once filled a termite mound with plaster of paris and then washed away the mud. What was left was an eerie sculpture of curving white pillars of varying thicknesses, reaching about twelve feet skyward to end at the same rakish angle I had observed on the mounds while driving up. This new thing was the exact inverse of a termite mound—present where the termites had removed the dirt, absent where they had built it up, mouthful by little mouthful. It was a beautiful object, with large sinuous plaster shapes revealing the smooth tunnels the termites had excavated in the middle of the mound surrounded by a lace of smaller ones.


The sun was setting and I was very tired; greenish twinkles skittered across the white surfaces of the not-mound and it seemed to animate slightly, the plaster forms echoing bleached bones and blood vessels with a vague but undeniable personality.


The mound, Scott explained, looks like a fixed structure, but it is really a dynamic process. It’s always falling down and rising up at the same time—much the way our bones are continually disassembled and repaired as we stand on them. And as with our bones, the mound’s structure is organically coupled with its functions. Rains and animals knock down parts of the mound and the termites rebuild, with a preference for the warmer sunny side. Scott spent years taking time-lapse photos of mounds every day at the same time. Run together like an animation, the photos reveal protean mounds, wiggling and waggling that finger of dirt toward the sky. In the four or five years it took for termites to form a colony and build this mound, that process of rain-driven falling and sun-driven rising came to approximate the average zenith angle of the sun at this latitude: 19 degrees from north.


The mound, then, became something entirely beyond Marais’s fairy tale: it was a computation of its own position in the solar system, relative to Earth’s latitude, in mud, with termites as the calculating agents. So there was the answer to the first riddle of the north-pointing mounds.


Termites are an inconvenient insect, Scott said. Over the past thirty years, scientists have sketched out a grand mathematical theory of how social insects have evolved. While it works for ants and bees, it does not work for termites. More generally, he has watched the cryptic logic of the mounds ruin one beautiful intellectual theory after another, leading him to a set of unwieldy and unconventional ideas. But for Scott, the Macrotermes present a more emotional inconvenience, because they take him away from his family in Syracuse, where he’s a professor.


Scott was trained in physiology, a strain of biology that has a long history—back to the grand holistic thinkers of the 1800s. When biology turned reductionist in the 1950s, physiologists refocused on finding biology’s little machines. Physiologists can tell you about the design of the giraffe’s heart that allows it to lower its head to the ground without fainting. They will tell you that tuna have heaters in their brains, giving them the slightest advantage in outwitting predators.


Scott dropped out of college to work in construction and returned to school with a large set of skills for fabricating structures and devices, an interest in biology and physics, and a constitutional irritation—like a grain of sand in his viscera. He has a basic impatience with questions that are too small and safe. Early on he put alligators in wind tunnels to see how their body shape helped them regulate their temperature. “I had a collection of fifty alligators,” he said. “But you know . . . putting an alligator in a wind tunnel, for crying out loud! Who does that?” In 1985 he got a postdoc position at the University of Cape Town, South Africa. He had gone there in pursuit of alligators, but started studying the physics of egg-warming—all very mathematical and reductionist. Apartheid South Africa was under a scientific boycott at the time, so he started building his own electronics. He also fell in love with Deb, a vivacious South African, got married, and had a child on the way.


In the late 1980s, he found a job teaching the principles of physiology at a nursing school in a remote town near the Botswana border. He thought that the three-foot-high termite mounds around the school would be a good way to demonstrate a well-known theory about how open-topped mounds function. The going hypothesis was that wind blew across the top of the hole, inducing the hot air deep in the mound to flow out the top, while cool air rushed in from the sides. He found a broken gas leak sensor, repaired it, and bought a canister of propane to demonstrate that the mound worked in an organized fashion. When he put the propane in the mound, however, it behaved unpredictably—sloshing around sometimes, rising others, seemingly dependent on whether the winds were steady or gusty. He became interested in termite mounds, and their mystery deepened when he moved his work to Namibia. The closed-top mounds found in Northern Namibia had been famously described as working like chimneys—with buoyant warm air in the nest rising through the mound and out the top—by a physiologist named Martin Lüscher in the late 1950s. When Scott measured flow in the closed mounds with propane, it sloshed again.


And so there went a beautiful theory. But what would replace it? It would take Scott years of experiments to show that mounds could work a bit like lungs, with interconnected chambers taking advantage of fluctuations in wind speed. Air moves back and forth through the porous dirt skin of the mound by two systems: in big puffs driven by buoyant gases rising from the hot fungus nest (like the sharp intake of breath from the diaphragm), and in small puffs, the way air wheezily diffuses between alveoli in your lungs. Scott suspected that the termites themselves circulated air as they moved, like mobile alveoli. This insight didn’t just prove Lüscher wrong; it was an entirely new way of thinking about the problem. The mound was not a simple structure where air happened to move, but a continuously morphing complex contraption consisting of dirt and termites together manipulating airflow. Somehow, while distracting himself with a broken gas sensor, he’d found the biggest animating question of his career.


Early in his work Scott had done experiments with propane and later put small plastic beads in the mounds to see how termites moved particles. More recently, he’d been trying to get a deeper, more conceptual sense of what they were doing by working with computer game designers and an engineering professor named Rupert Soar.


I met Rupert when we went back to the farmhouse for oryx steaks and small squash roasted over a campfire. He wore a mud-spattered argyle vest and longish shorts, and stood near the fire drinking beer along with a boisterous group of similarly dirty British men. There were nearly a dozen people staying in the farmhouse, including Scott and some grad students, and dinner had the feeling of a salon. Though he looked exhausted, Rupert had the ability to pull whole thoughts, paragraphs, out of the muck. “The concept of construction is very human and it ends with occupation. The process with termites is ongoing so that the structure morphs over time. It’s never finished.”


Termites who spend a year building an average mound ten feet tall have just built, in comparison to their size, the Empire State Building. Those who build taller mounds, at nearly seventeen feet, have just built the Burj Khalifa in Dubai—2,722 feet and 163 floors of vertigo—with no architect and no structural engineer. Such unthinking, seat-of-the-pants design is not possible for humans, who required squads of professionals, advanced equipment, and seventy-five hundred people working for six years to build the Burj Khalifa. Rupert hoped to harness the powerful constructive groupthink that comes from the tiny mouths of termites and their even tinier brains to build structures in remote environments like Mars. But there were issues: termites, he said, engineer to the point of collapse—their mounds only need to stay whole 51 percent of the time to survive.


Rupert had recently left his job at a university to devote himself to exploring the possibilities of termite-inspired buildings. He’d brought the crew here to make a plaster cast of a mound in the field in the hope of selling such casts to museums. This, I later realized, is exactly the sort of vexed inspiration you’ll get if you stare into termite mounds long enough. If the team could pull the plaster mound out of the dirt, they’d need to load it into a truck and drive it to Windhoek without breaking it.


I mentioned that the road—the B1 that I’d just driven up—seemed plenty straight and flat for the task. Someone explained that it stretched from South Africa nine hundred miles north to Angola, and that it had probably been used to transport military supplies for South Africa’s Angolan wars between the 1960s and the 1980s.


I found a mattress in the back of the house and went to bed having learned the answers to both of the afternoon’s riddles: the north-pointing mounds and the very straight road. What I didn’t know that night was that the answers would become puzzles themselves, leading me further into termite territory.






FOUR


INTO THE MOUND





ONE MORNING, WHEN SCOTT STOOD in the kitchen mixing fluorescein dye in a large Coke bottle so that it glowed an ominous yellowish green, there was a loud mechanical shriek in the yard.


A tall white man got out of a dust-covered Land Rover. Whatever was holding the Land Rover together was also at work on his clothing: one sandal hung by a broken strap, giving him a slight limp; both his shorts and his shirt were ripped. His hair was brown and gray and it stuck out at angles from his head in a kind of fan. His face was deeply sunburned and he squinted as though the light was too bright, which I first assumed was a habit or a tic but came to believe was a way to keep his glasses from sliding down his nose. He was an entomologist, the chief curator of Namibia’s National Museum, and the reason Scott was doing work on the farm.


And his name was Eugene Marais. He said he was no relation to the other, but like him he had stories to tell about lions and snakes. Later in the day he handed Scott a scorpion. In his youth, Eugene was sent to Europe by the Namibian government with a large case full of entomological specimens to take to the big museums in the hopes of getting definitive identifications. He had to wear a suit for the task. It was easy to imagine the big case of specimens; much harder to imagine the suit.


The three of us got into the van with the Coke bottle, which now glowed like a kooky prop from a Disney movie about professors. Under a black light fluorescein becomes bright green, and Scott wanted to use it to trace where termites carried water. On the way to find a mound to dump it into, we drove past the twelve mounds that the grad students photographed daily. Whenever dirt fell from them in the rain, a student scraped it up, tagged it, dried it in a nearby cowshed and weighed it. In this manner Scott had gotten a basic idea that 11 pounds of termites could move about 364 pounds of dirt in a year.


Each observation served to embellish a story, a big pile of hypotheses. Termites suck water into their own bodies, sometimes taking up a quarter or even half of their body weight in water. They also grab soupy mud balls and move them to drier parts of the mound. For every pound of dirt the termites moved, they also carried nine pounds of water, meaning that in a year those termites were also moving thirty-three hundred pounds of water. If you could see the mound on the right timescale, it would be a bucket brigade of water—a very diffuse water fountain, spilling over into the dry land.


[image: image]


BUT WHAT, EXACTLY, were the termites doing? When Scott first started poking around the mounds, he’d assumed that the structures had evolved for the purpose of exchanging gases, much the way gills in fish evolved to be lungs on land. But the more he understood about the volume of water flowing through the mound, the more he wondered if it had evolved as a way to balance water and dryness and maintain the right moisture in the nest, making the gas exchange just a by-product of the flow of water. It was a kind of circular reasoning. He mused, “Does the spire keep the termite mound dry, does it give them a place to move the water to?”
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