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Prologue



HOMO INDOORUS
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WHEN I WAS a child, I grew up outside. My sister and I built forts. We dug holes. We made trails and swung on vines. The indoors was a place reserved for sleeping, or for playing when it got so cold outside that our fingers seemed as though they might fall off (we lived in rural Michigan where that could happen well into the spring). But the outdoors—that’s where we lived.


In the time since our childhood, the world has fundamentally changed. Kids today grow up primarily indoors, their lives punctuated by short bouts of movement from one building to another. This is not hyperbole. The average American child now spends 93 percent of his or her time in a building or a vehicle. Nor is it just American kids. The data are similar for children in Canada as well as in much of Europe and Asia.1 I mention this not to bemoan the state of the world but instead to suggest that this transition reveals a radical new stage in the cultural evolution of our species. We have become, or are becoming, Homo indoorus, the indoor human. We now live in a world defined by the walls of our houses and our apartments, which are more connected to hallways and other homes than to the outdoors. In light of this shift, it seems as though we should make it a priority to know which species are living indoors with us and how they affect our well-being. But, in reality, we’ve only just scratched the surface.


We’ve known about the existence of other life in our homes since the earliest days of microbiology. At that time, it was studied by one man, Antony van Leeuwenhoek, who uncovered an astonishing number of life-forms in his home, on his body, and within the homes and bodies of his neighbors. He studied these species with a sense of obsessive joy and even awe. During the century after his death, no one really took up where he left off. Then, once it was finally discovered that some of the species in our homes could make us sick, the focus turned to those species, the pathogens. What followed was a huge shift in public perception, wherein we began to think of the species living alongside us, when we thought of them at all, as bad, as something we should kill. That shift saved lives, but it went too far, and as a result, no one ever really paused to study or appreciate the rest of the life in our homes. A few years ago, all of that changed.


Research groups, including my own, began to seriously reconsider the life in our homes. We began to study the life in homes in the way one might inventory a rain forest in Costa Rica or a grassland in South Africa. When we did, we were in for a surprise. We expected to find hundreds of species; instead, we discovered—depending on just how we do the math—upward of two hundred thousand species. Many of these species are microscopic, but others are larger and yet nonetheless overlooked. Breathe in. Inhale deeply. With each breath you bring oxygen deep into the alveoli of your lungs, along with hundreds or thousands of species. Sit down. Each place you sit you are surrounded by a floating, leaping, crawling circus of thousands of species. We are never home alone.


Just what kinds of species are living alongside us? There are, of course, the big species, the visible life. Around the world, tens, perhaps hundreds, of different kinds of vertebrates and even more kinds of plants can be found in homes. Far more diverse than the vertebrates and the plants, and still visible to the naked eye, are the arthropods, the insects and their kin. More varied than the arthropods, and often though not always smaller, are the species of the kingdom Fungi. Smaller than the fungi, and entirely invisible to the naked eye, are the bacteria. More species of bacteria have been found in homes than there are species of birds and mammals on Earth. Smaller still than the bacteria are the viruses, both those that infect plants and animals as well as the specialized viruses, the bacteriophages, that attack bacteria. We tally all of these different kinds of life independently. But the truth is they often arrive in our homes together. Our dogs, for instance, walk in our front doors carrying fleas in the guts of which live fungi and bacteria on which live bacteriophages. When the author of Gulliver’s Travels, Jonathan Swift, noted that “each flea hath smaller fleas that on him prey,” he didn’t know the half of it.


YOU MIGHT, IN HEARING about all this life, be inspired to go home and scrub, and then scrub some more. But here is the other surprise. As my colleagues and I have looked at the life in homes, we have discovered that many of the species in the most diverse homes, the homes fullest of life, are beneficial to us, necessary even. Some of these species help our immune systems to function. Others help to control and compete with pathogens and pests. Many are potential sources of new enzymes or drugs. A few can help ferment new kinds of beers and breads. And thousands carry out ecological processes of value to humanity such as keeping our tap water free of pathogens. Most of the life in our homes is either benign or good.


Unfortunately, just as scientists have begun to discover the goodness, the necessity even, of many of the species in our homes, society at large has stepped up efforts to sterilize the indoors. Our increasing human efforts to kill the life in homes have unintended and yet very predictable consequences. The use of pesticides and antimicrobials, along with ongoing attempts to seal off homes from the rest of the world, tends to kill off and exclude beneficial species that are also susceptible to such assaults. In their place, we unknowingly aid resistant species such as German cockroaches and bed bugs and deadly MRSA bacteria (the methicillin-resistant species of Staphylococcus aureus). We not only favor the persistence of these resistant species—we speed their evolution. The evolution of species in our homes, alongside us, is arguably the fastest occurring anywhere on Earth. It may well be the fastest in the history of Earth. We are accelerating the rate of evolution in our homes at our own expense. Meanwhile, the vulnerable species that could compete with these newly evolved and ever more problematic strains are gone. Not to mention, the area affected by these changes is immense: the indoors is one of the fastest growing biomes on our planet, and it’s now bigger than some outdoor biomes.


Perhaps it is easier to think about this shift in terms of a particular place. Let’s consider New York and, within New York, Manhattan. In Figure P.1, you can see the amount of ground area in Manhattan. The larger circle is the ground area of floor, indoors. The smaller circle is the ground area of dirt, outdoors. The floor area indoors in Manhattan is now threefold greater than the dirt area outdoors. It is in this indoor world where any species able to survive finds huge quantities of food (our bodies, our food, our homes) and a favorable, invariant climate. Given such realities, the indoor world will never be sterile. It is sometimes said that nature abhors a vacuum. But that isn’t quite right. It might be better to say that nature devours a vacuum. Any species that can colonize uncontested food and habitat will do so rapidly, like the tide coming in, sneaking beneath our doors and around each corner, crawling into our cabinets and beds. The best we can hope for is to populate the indoors with species that benefit us rather than do us harm. But if we are to do so, we first have to understand the species that have already made it indoors, those two hundred thousand or so species that we know so little about.


This book is the story of both the life that is likely living beside us in our homes and the ways in which that life is changing. The life in our homes speaks to our secrets, our choices, and our future. It influences our health and well-being. It is full of mysteries and shimmers with grandeur and consequence. We do not know the stories of most of the species in our homes, but we know some of them, and what we do know will surprise you. When it comes to the species mating, eating, and thriving alongside us, nothing is quite what it seems.
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Figure P.1 The indoor area in Manhattan is now nearly three times as large, in terms of its floor space, as the geographical area of the island itself. As urban populations continue to grow and densify, much of the world’s population will soon be living in areas with more floor space than dirt. (Figure adapted from NES-Cent Working Group on the Evolutionary Biology of the Built Environment et al., “Evolution of the Indoor Biome,” Trends in Ecology and Evolution 30, no. 4 [2015]: 223–232.)
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WONDER
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My work, which I’ve done for a long time, was not pursued in order to gain the praise I now enjoy, but chiefly from a craving after knowledge, which I notice resides in me more than in most other men. And therewithal, whenever I found out anything remarkable, I have thought it my duty to put down my discovery on paper, so that all ingenious people might be informed thereof.


—ANTONY VAN LEEUWENHOEK, in a letter dated June 12, 1716




THERE IS NO singular origin story of the study of the wilderness of life in homes, but a day in Delft in 1676 comes close. Antony van Leeuwenhoek had walked the block and a half from his house to the market to buy black pepper. He strolled past the fish market, the butcher, and the town hall. He paid for the pepper, thanked the vendor, and then returned home. Once home, Leeuwenhoek did not sprinkle the pepper in his food. Instead, he carefully added a third of an ounce of the black stuff to a teacup filled with water. He then let the water and pepper steep. He was trying to soften the peppercorns so he could break them open and, in doing so, discover what it was inside them that led them to be spicy. Over the coming weeks, he checked on the peppercorns again and again. Then, after about three weeks, he made what was to prove a pivotal decision. He decided to draw a sample of the pepper water itself up into a thin tube of glass he had blown. The water seemed surprisingly cloudy. He examined it through a kind of microscope, a single lens affixed to a metal frame. This setup worked well for translucent things, such as pepper water, or for the thin sections of solid materials he would later teach himself to make.1


When Leeuwenhoek looked through his lens at the pepper water, he saw something unusual. Figuring out just what it was took some fidgeting and finessing. He either moved his candle this way and that, if working at night, or maybe he moved himself this way and that, if he was working using light from his window. He tried multiple samples. Then, on April 24, 1676, he finally had a clear view. What he saw was truly special: “an incredible number of very little animals of diverse kinds,” as he put it. He had seen microscopic life before, but never anything quite so small. He would repeat this procedure in various permutations a week later, then again, then again with ground pepper, then with pepper in rainwater, then with other spices, each substance infused in his teacup. Each time he did this, he saw ever more life. These were the first sightings of bacteria by a human. And they were sightings being made in a home while studying materials that can be found in any kitchen, black pepper and water. Leeuwenhoek was at the edge of the wilderness, the miniature wilderness of his own home. He had seen a dimension of this living world that had never been seen before. The question remained whether anyone would believe what he had seen.


Leeuwenhoek probably started using microscopes to study the life around him, in his home and beyond, a decade prior in 1667. The moment when Leeuwenhoek saw bacteria in pepper water came only after hundreds, maybe thousands, of hours spent searching his home and daily life more generally. Chance does, indeed, favor the prepared mind, but it favors the obsessed mind even more. Obsession comes to scientists naturally enough. It emerges when one mixes focus and relentless curiosity. It can strike anyone.


Leeuwenhoek was not a scientist in the traditional sense. By trade, he worked with fabrics and sold cloth, buttons, and other related bits and pieces out of a shop in his home in Delft.2 Leeuwenhoek likely began to use lenses of some kind to inspect the fine threads of particular fabrics.3 But something then motivated him to explore other things in his home. It may have been a book published by Robert Hooke, Micrographia.4 Leeuwenhoek spoke only Dutch, so he would have been unable to read Hooke’s text, but the pictures of what Hooke had seen through his own microscope could have been inspiration enough.5 From what we know of Leeuwenhoek’s personality, it is easy to imagine him, after having seen the pictures, using the first Dutch-English dictionary (published in 1648) to puzzle through paragraph after paragraph of Hooke’s words.


By the time Leeuwenhoek started to look through his microscope, other scientists had already used microscopes to see new details of home-dwelling creatures. Those scientists, including Hooke, found previously unsuspected patterns in life’s interstices, patterns that suggested a world beyond that which was known. A flea’s leg, a fly’s eye, and the long-stalked spore cases (sporangia) of the fungus Mucor growing on a book cover in Hooke’s home, all revealed minutiae not previously seen, or even imagined. We can examine the same species today, using the same magnification, but when we do our experience is very different from what it would have been in the 1600s. We already know that microscopic details exist even if we are surprised when we encounter them firsthand. For the scientists working in the early days of microscopy, the experience was more surprising, akin to discovering secret messages scrawled across each surface of the living world, messages no one else had ever seen.


As Leeuwenhoek peered through microscopes at the life in and around his home, he, too, saw new details. He saw the flea, for example, and drew many of the details that Hooke had drawn, but he also saw things Hooke had missed. He saw the flea’s seminal vesicles, each no larger than a sand grain. He even saw the flea’s sperm inside those vesicles, which he then compared to his own sperm.6 As he continued to search, he began to notice entire life-forms that had never before been seen, life-forms entirely invisible without a microscope. These weren’t overlooked details; Leeuwenhoek had found something more significant: he had discovered what we now call protists, a grab bag of single-celled life-forms united only by their size. They divided. They moved. And there were many kinds, some larger, some smaller, some hairy, some smooth, some with tails, some without, some attached to surfaces, and others unmoored.


Leeuwenhoek told people he knew in Delft about his discoveries. He had many friends, be they fishmongers, surgeons, anatomists, or nobles. One of those friends was Regnier de Graaf, who lived not far from Leeuwenhoek. De Graaf was a young man and yet already very accomplished. By the time he was thirty-two, he had discovered, for example, the function of the fallopian tubes. Leeuwenhoek’s discoveries made such an impression on de Graaf that on April 28, 1673, he sent a letter to Henry Oldenburg, the secretary of the Royal Society in London, on Leeuwenhoek’s behalf, despite the fact that he was mourning the death of a newborn child. In the letter, de Graaf noted that Leeuwenhoek had amazing microscopes and urged Oldenburg and the Royal Society to give Leeuwenhoek some specific assignments to pursue, subjects on which to focus with his microscope and skill. De Graaf also enclosed some of Leeuwenhoek’s notes about his discoveries.


Upon receiving the letter, Oldenburg wrote back directly to Leeuwenhoek and asked him for figures to accompany his descriptions.7 In August, Leeuwenhoek responded (by which time de Graaf had tragically died), adding more details about the things he had seen but that others (including Hooke) had missed: the physical appearance of mold, the stinger of a bee, the head of the bee, the eye of the bee, the body of a louse. Meanwhile, Leeuwenhoek’s first letter, the letter that de Graaf had shared on his behalf, was published on May 19 in the Philosophical Transactions of the Royal Society, the second oldest scientific journal in the world, at that time still in just its eighth year. This was to be the first of many letters, letters akin to what one might now find in a blog post. The letters were not heavily edited; nor were they always structured. They were often digressive and repetitive. But these daily observations of the small things in his house and town were novel; they were observations of scenes no one had ever seen before. It was in one of these letters, sent on October 9, 1676, letter eighteen, that Leeuwenhoek recorded his observations about the pepper water.8


LEEUWENHOEK SAW PROTISTS in the pepper water. Protists include many kinds of single-celled organisms, each more closely related to animals, plants, or fungi than to bacteria. Leeuwenhoek described what appear to have been protist species of the bacteria-feeding genera Bodo, Cyclidium, and Vorticella. Bodo has a long whip-like tail (flagellum), Cyclidium is covered with wiggling hairs (cilia), and Vorticella attaches itself to surfaces by a stalk (and filters water for food). But then he also spotted something else. The smallest of the organisms in the pepper water were, he calculated, one one-hundredth the width of a grain of sand and one-millionth the volume. In retrospect, we know something so small could only be a bacterium. But in 1676, bacteria had never been seen by humans before; this was their grand reveal. Leeuwenhoek was thrilled, as he was quick to note to the Royal Society,




this was among all the marvels that I have discovered in nature the most marvelous of all, and I must say that, for my part, no more pleasant sight has yet met my eye than this of so many thousands of living creatures in one small drop of water, all huddling and moving, but each creature having its own motion.9





The Royal Society had been pleased with Leeuwenhoek’s first seventeen letters. However, with the letter on pepper water, he had finally gone too far, strayed from the path of truth toward that of pure imagination. Robert Hooke in particular balked. Hooke, thanks to the success of Micrographia, was the acknowledged king of the microscopic and had never seen anything so small alive. Hooke and another well-established member of the Royal Society, Nehemiah Grew, proceeded to try to repeat Leeuwenhoek’s observations with an eye toward proving them false. It was part of what the society did, stage and repeat experiments. Usually they were done as simple demonstrations. In this case, however, the experiment was undertaken both as a demonstration and to determine whether or not the results Leeuwenhoek reported were true.
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Figure 1.1 Various life-forms and particles observed by Leeuwenhoek under his microscopes, drawn to scale relative to the period at the end of this sentence. (Figure by Neil McCoy.)








NEHEMIAH GREW WAS the first to try to repeat Leeuwenhoek’s observations. He failed. Hooke took it upon himself to try. Hooke repeated each of the steps Leeuwenhoek took with the pepper, water, and microscope and he saw nothing. He grumbled. He scoffed. But he also tried again. He tried harder. He made better microscopes. On his third attempt, he and ultimately the other members of the Royal Society began, finally, to see some of what Leeuwenhoek had seen. In the meantime, Leeuwenhoek’s pepper water letter, which had been translated into English by Oldenburg, was published by the Royal Society. With the publication of this letter, and the confirmation of Leeuwenhoek’s observations by the Royal Society, the scientific study of bacteria—bacteriology—began. Notably, it began with the study of a bacterium found in a mix of ordinary kitchen pepper and water, a bacterium found indoors.


Three years later, Leeuwenhoek repeated the pepper experiment, but this time he kept the pepper water in a sealed tube. In the tube, the bacteria used up the oxygen that was present and yet something continued to grow, and bubble. Leeuwenhoek had once again discovered something new with the pepper water, this time the existence of anaerobic bacteria, bacteria able to grow and divide without oxygen. He once again made this new discovery while studying the life in his own home. The study of bacteria in general and the study of anaerobic bacteria in particular both began with the study of the life in a house.


We now know that bacteria are everywhere—in places with and without oxygen, in hot places and cold places, in every place—a layer, sometimes thin and sometimes thick, of life on each and every surface, inside each and every body, in the air, in the clouds, and at the bottom of the sea. Tens of thousands of bacterial species have been identified and millions (perhaps trillions) of other species are thought to exist. But in 1677, the bacteria Leeuwenhoek and a few members of the Royal Society had discovered were the only bacteria known in the world.


LEEUWENHOEK’S WORK IS sometimes discussed, both historically and today, as though the man simply used a new tool to study the world around him and, in doing so, revealed new worlds. In this telling, the story is all about the microscope and its lens. The reality is more complex. Today, you can fasten a microscope of the same magnification as Leeuwenhoek used to your camera. (And you should.) If you do, you can use it to search around your house, but you will not see the world the way Leeuwenhoek did. Leeuwenhoek’s discoveries did not result simply because he possessed a diversity of very good microscopes with well-made lenses. The discoveries depended on his patience, persistence, and technical abilities. It wasn’t the microscopes that were magical but rather the combination of the microscopes and his careful hands and wonder-filled mind.


Leeuwenhoek was better at seeing this world, in all its grandeur, than anyone else. But doing so took work that others considered to be impossibly hard. So the members of the Royal Society, despite having seen the world Leeuwenhoek discovered, failed to continue to study it in any real earnestness. After verifying Leeuwenhoek’s observations of microbes, Hooke continued to look at microscopic life through his own microscopes for about six months. But then he was done. Hooke and other scientists left the new world to Leeuwenhoek. Leeuwenhoek was to become an astronaut of the miniature, all alone exploring a realm that was more diverse and elaborate than anyone but him seemed to understand.


For the next five decades of his life, Leeuwenhoek systematically documented each and every thing around him; he documented all of Delft and beyond (often through samples brought to him by friends), but especially the living contents of his house. Anything he stumbled across was fair game. He studied the water in gutters, the water in rain, the water in snow. He detected microbes in his own mouth, and then in his neighbor’s mouth. He observed living sperm (again and again) and showed how it varied among species. He showed that maggots arose from the eggs of flies rather than spontaneously from filth. He documented, for the first time, a kind of wasp that lays its eggs inside the bodies of aphids. He noticed, for the first time, that adult wasps survive the winter by slowing down and going quiescent. Over his years of dedicated study, he saw many kinds of protists for the first time, the first storage vacuoles,10 the banded patterns in muscles. He discovered organisms living in the rind of cheese, in wheat flour, everywhere. He searched, he saw, he wondered, he discovered, again and again and again throughout the fifty years of his ninety-year life. He was like Galileo, dumbfounded and inspired. But whereas Galileo had to satisfy himself with looking out at the universe and the movements of stars and planets as tests of his predictions, Leeuwenhoek could touch the world he had found. He could discover the life in water and then drink the water, the life in vinegar and then use the vinegar, the species on his own body and then go about his life.


Because it is hard to match Leeuwenhoek’s descriptions of the life around him to the modern names of species, we can’t tally just how many life-forms he might have seen, but it was certainly in the thousands. It is tempting to draw a straight line from Leeuwenhoek to the modern study of the life in homes, but this would be wrong. Upon Leeuwenhoek’s death, the study of the life in homes for its own sake was largely abandoned. Though Leeuwenhoek inspired the masses, he had no true colleagues in Delft after the death of de Graaf.11 His daughter may have worked with him during his later years, but she did not follow up on his observations after he died. While she was alive she kept his specimens and microscopes, but they went unused. After she died, as Leeuwenhoek himself had specified in his will, they were auctioned off. Most of his microscopes disappeared. The gardens where he made observations were subsumed by the growing edges of Delft. His childhood home, where his inspiration must have first flourished, fell into disrepair and was torn down in the nineteenth century; in its place now stands a playground for a school. The house in which he made so many discoveries was torn down too.12 A plaque was mounted to note the place where his house stood, but it was set in the wrong place. Another plaque was placed to remedy the error of the first; it, too, is not quite in the right location (one or two houses off depending on how one counts).


Eventually, other scientists would begin to study the life on human bodies and in homes anew. But by the time this happened, more than a hundred years had passed and it had been discovered that some microbial species could cause disease. These species were called pathogens. The idea that pathogens cause disease is the germ theory, credited to Louis Pasteur (though by the time Pasteur demonstrated that microscopic species could cause human disease it was already established that microscopic species could cause diseases in crop plants). With the advent of germ theory, pathogens became the focus of studies of microbial life indoors. Leeuwenhoek seems to have had an inkling that microscopic species could cause problems (he’d shown that some microbes could turn good wine into bad vinegar). He just imagined that most of the life he was seeing was harmless. In this, Leeuwenhoek was right. Of all the bacterial species in the world, for instance, fewer than fifty regularly cause disease. Just fifty. All the rest of the species are either benign or beneficial to humans, as are nearly all protists and even viruses (viruses wouldn’t be discovered until 1898, though they too were discovered in Delft). Once pathogens were known to be part of the invisible world, war was declared upon all invisible life indoors. The closer that life was to us, the more exhaustive the war. The study of peppercorns, gutter water, and the whimsical, whirling creatures found everywhere in the average home was abandoned. Time would make this abandonment ever more complete.


By 1970, nearly the only studies being done in homes focused on pathogens and pests and how to control them. The microbiologists who studied homes studied how to kill pathogens. Nor was it just the microbiologists. The entomologists who studied homes studied how to kill insects. The plant biologists who studied homes studied how to get rid of pollen. The food scientists who studied pepper considered whether it might be a source of food-borne illness. We forgot about the potential of the life around us to inspire wonder and left no room for the realization that the species around us might not only plague us but also help us. We became focused on only part of the story. This was a big mistake, one we have only very recently begun to remedy. The first big steps back toward a more holistic view of the life around us were taken at hot springs—in Yellowstone National Park and in Iceland—places that seem to have nothing to do with homes at all.
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THE HOT SPRING IN THE BASEMENT
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Let both curiosity and horror—the latter of which terrorizes us but also holds us rapt, unable to look away—be a motivator for discovery. Embrace the weird, the tiny, the things we’d like to ignore.


—BROOKE BOREL, Infested: How the Bed Bug Infiltrated Our Bedrooms and Took Over the World




IN THE SPRING of 2017, I was in Iceland filming a documentary about microbes.1 As part of the filming, we stood, again and again, beside bubbling, hot, sulfurous geysers where I was meant to point at the geysers and talk on camera about the origins of life. At one point, I was even abandoned at such a geyser, only to wait for the truck to come back to get me.2 Film crews can be unforgiving. While stranded, I had a moment to myself to contemplate the geysers. It was a cold day, and although they smelled sulfurous, I stayed near them. They kept me warm. The water in the geysers was boiling up from fissures in the Earth, warmed by the volcanism beneath the Earth’s crust. In some places, it is easy to forget that the Earth is tectonic, just as one can become numb to the night sky. Not in Iceland. The western and eastern halves of the island are tearing apart and the consequences of this great rip of stone and dirt are hard to miss. Sometimes volcanoes erupt so violently that they darken the sky. And every single day geysers, like those I stood beside, bubble up out of the ground. As they do, they sustain life, life that has far more to do with what is happening in your home right now than you’d ever imagine.


That species survive and thrive in the warmth of geysers was not discovered until the 1960s. Thomas Brock, then at Indiana University, worked in Yellowstone and then also in Iceland, not far from where I stood. Brock was fascinated by the colorful patterns around the geysers. A smeared palette of yellow, red, and even pink gave way to greens and purples. Brock thought these patterns to be the work of single-celled organisms.3 They were. The species present included bacteria but also archaea. The archaea are an entirely separate domain of life, as ancient and unique as the bacteria themselves.4 What was more, Brock discovered that many of the species in the geysers were “chemotrophs,” species able to turn the chemical energy of the geysers into biological energy; they made life from nonlife without the aid of the sun.5 These microbes were of the sort likely to have existed long before photosynthesis ever evolved, their communities akin to some of the first communities. They evoked Earth’s most ancient biochemistry. I could see them growing in a crusty mat around the geysers keeping me warm.


But these were not the only organisms in the geysers. Cyanobacteria were living in the hot water and photosynthesizing. In addition, Brock found bacteria that lived off of the organic matter swirling around in the bubbling water, be it the cells of other bacteria or a dead fly. Superficially, these scavengers were not very interesting. Unlike the chemotrophic bacteria Brock was studying, they couldn’t turn chemical energy into life and instead had to find and consume living and dead bits of other species. However, after some study Brock decided that they belonged to a new species and even a whole new genus. He called the genus Thermus for obvious reasons and the species aquaticus to reflect its habitat. For mammals or birds, finding a new species is a newsworthy event and finding a new genus, an even bigger deal.6 But not for bacteria. It isn’t hard to find new kinds of bacteria, and in terms of the features that microbiologists focus on first, this new species, Thermus aquaticus, didn’t appear terribly interesting: it didn’t form spores. Its cells were yellow rods. It was gram-negative. All true, all mundane. But there was something else.


Brock saw Thermus aquaticus in the lab only when he kept the growing medium (his cultures) at temperatures above 70 degrees Celsius (158 degrees Fahrenheit). It preferred even hotter temperatures and could still live at temperatures as high as 80 degrees Celsius (176 degrees Fahrenheit). The boiling point of water, for context, is 100 degrees Celsius, lower at higher elevations. Brock had grown what were among the most heat-tolerant bacteria on Earth.7 As he would later note, finding this life-form wasn’t hard. It was just that no one else had tried to grow microbes at temperatures so high. Laboratories had cultured samples from hot springs in 55 degrees Celsius culture conditions, too cold for Thermus aquaticus to grow well. Subsequent research has revealed an entire world of bacteria and archaea that can be grown only under very hot conditions. To such microbes, the temperatures at which we live out our ordinary lives are so cold as to be unlivable.


Why bring the story of Thermus aquaticus up in a book on houses? Because the temperatures and conditions found in geyseres and other hot springs, as unusual as they might seem, are very similar to those found around us in our daily lives. A student in Brock’s lab thought it possible that Thermus aquaticus or other similar bacteria were even living, unnoticed, alongside us. To test the idea, the student and Brock probed the coffeemaker in Brock’s lab, a machine that was plenty hot enough to favor Thermus. Given how much the machine helped fuel their work, it would have been an apt place to find the species. It wasn’t there.


Brock found himself wondering about other places around him that contained hot liquids, such as the human body. Human bodies are not nearly as warm as hot springs, but Brock thought perhaps the bacteria might be present anyway, holding out for moments of fever. Who knew? It was easy enough to check. So Brock “produced” a sample of human spit (in an email, he declined to note whether it was his own, which in my experience studying the behavior of scientists means it was). He tried to grow Thermus aquaticus from the spit. Nope, no Thermus aquaticus. He checked human teeth and gums (much as Leeuwenhoek might have). None there either, nor any other heat-loving bacteria. Neither were there any in the lake from which he took a sample, nor in the nearby reservoir. He also checked the cactus in the greenhouse in his building, Jordan Hall. Nothing. Perhaps it really was a bacterial species found only in hot springs.


Just to be sure, Brock checked one more location: the hot water tap in his lab in Jordan Hall. Brock’s lab was two hundred miles from the nearest hot spring. Yet, the lab’s tap water contained what looked to be Thermus aquaticus. This was fantastic. Brock wondered whether the hot water heaters provided the habitat for the microbe—the water in the tap was warm, but not like in a hot spring. The hot water heater itself should be nearly perfect. Maybe the bacteria lived in the hot water heater and every so often, inadvertently, rode downstream to the tap.


Eventually another pair of researchers, Robert Ramaley and Jane Hixson, both of whom also worked at Indiana University, did additional sampling of thermophilic bacteria around Jordan Hall. When they did, they too found a kind of thermally tolerant bacteria. It was similar to the Thermus aquaticus noted by Brock. But it wasn’t identical, so they called it Thermus X-1 for the time being.8 Unlike Thermus aquaticus, it wasn’t yellow. It was clear. Also, it grew faster than did Thermus aquaticus. Ramaley speculated that perhaps it was a new strain of Thermus aquaticus. Maybe the yellow pigment of Thermus aquaticus was an adaptation that protected it from the sun out in exposed hot springs. Perhaps, having colonized water sources in the building, this strain might have lost the ability to produce the expensive and unnecessary pigment. Brock, who had by then moved to the University of Wisconsin, decided it was time to study the Thermus in buildings in more detail.


Brock, along with his lab technician Kathryn Boylen, looked in hot water heaters both in homes and in laundromats near the University of Wisconsin. In laundromats, hot water heaters are often larger and used more consistently than those in homes, such that they might be even more likely to house thermophilic microorganisms. At each site, Brock and Boylen unfastened the drain on a hot water tank and examined what was inside. In hot water heaters, like in hot springs, temperatures can get very hot. In addition, all tap water contains organic material, perhaps enough of it to sustain Thermus aquaticus.


Over a century ago, the ecologist Joseph Grinnell applied the term niche to describe the set of conditions a species needs to survive. The word niche derives from the Middle French word nicher, “to nest.” It was first used in reference to the shallow recesses in ancient Greek and Roman walls in which a statue or other object might be displayed.9 The niches were just the right size for the statues, much as the temperature and food resources in your water heater seem to suit the needs of Thermus aquaticus. But just because a species can survive somewhere doesn’t mean it arrives. Scientists now distinguish between the fundamental niche of a species (those conditions in which it could live) and the realized niche (those conditions in which it does live). The fundamental niche of Thermus aquaticus includes hot water heaters, but whether it was realized was another question altogether.


It was. Brock and Boylen found that species of the genus Thermus live, in addition to in geysers exposed to magma and in the tap water in Jordan Hall at Indiana University, in the hot water heaters of houses and laundromats around Madison, Wisconsin. What was more, the bacteria found in those hot water heaters were tolerant of temperatures as extreme as any at which life had been found anywhere. Brock went to the ends of the Earth to find species of the genus Thermus. He could have made the same discovery around the corner from his laboratory in the back room of the Suds and More.10


Since Brock’s work, no other scientists have yet published papers about the Thermus aquaticus in hot water heaters. A new species of Thermus was, however, discovered in hot tap water in Iceland.11 It turned out to be the same pigment-less species Brock and Boylen found in hot water heaters, a species now called Thermus scotoductus rather than Thermus X-1.12 A graduate student at Pennsylvania State University, Regina Wilpiszeski, has spent the last few years sampling hot water heaters to see whether this is the main species present in hot water heaters. It appears to be: she has found Thermus scotoductus in hot water heaters across the United States. In thirty-five out of a hundred hot water heaters Wilpiszeski sampled, she found Thermus scotoductus. Wilpiszeski’s work is not yet done, but it already raises new questions. Why is this species present in hot water heaters and how does it get there? And why have the many other heat-loving bacteria able to live in hot springs not yet colonized hot water heaters? Why don’t very old hot water heaters take on the colorful microbial complexity of hot springs? So far, none of these questions have been answered.


I suspect different species of heat-loving bacteria live in hot water heaters in other regions. It is easy to imagine the species found in hot water heaters in faraway New Zealand or Madagascar might be totally unique. We don’t know. Much in the way that few followed up on Leeuwenhoek’s efforts, the same has been true for those of Brock.13 Wilpiszeski stands alone. We don’t know whether Thermus scotoductus has any consequences for us or our hot water heaters (be they positive or negative). Nor do we know whether the Thermus scotoductus bacteria in hot water heaters might have some uniquely useful attributes; the same species collected from other habitats seems to be able to make toxic forms of chromium nontoxic, among other tricks.14 But the story of Thermus has been key in the history of the study of life in our houses. It was an indication—indeed, the clearest reminder since Leeuwenhoek’s time—that the ecosystems in our houses are more diverse than we had thought, populated with far more on hand than the pathogens that have received so much focus. Moreover, the Thermus in the water heater spoke to the possibility that the conditions of the modern home could have invited species indoors that never used to live around us, species that had moved in unnoticed. Ultimately, the presence of Thermus in hot water heaters helped, slowly, trigger a broader search for life in homes. It inspired people like me to consider the possibility that Thermus was not alone but instead part of some much bigger story. One can find, in houses, conditions as cold as the coldest colds, as hot as the hottest hots. One can find a microcosm of the world’s conditions. It was entirely possible that these microbes had found and colonized our indoor extremes, but that no one had looked for them. The next revolution in the study of the home awaited new techniques, techniques that would allow microbes to be identified even if they could not be cultured in Petri dishes, techniques that would prove to be dependent on the unusual biology of Thermus itself.


WE HAVE KNOWN for a while now that most species of bacteria cannot be grown in the lab; they are still “unculturable.” We don’t know what food or conditions they need, so even if we sample them, we never see them. This means that for most of the history of microbiology these species were also unstudiable unless a clever and persistent biologist made an unculturable species culturable by figuring out its needs. Such was the case with species of the genus Thermus; they went unseen until Brock tried to grow them at high temperatures. But our ability to see the unculturable life around us has recently changed. It is now possible to study, and understand species we have no idea how to grow. This is thanks in no small part to Thomas Brock’s discovery of Thermus aquaticus and its kin.15


The main tool we now use to initially find and identify unculturable species is really a series of laboratory steps. Those steps often are called a “pipeline,” where pipeline just means the steps need to happen in order.16 Into the beginning of the pipeline, one inserts a sample. Out the other side comes a list of the species, be they living, dormant, or even dead, present in the sample. This pipeline is an approach worth understanding in more detail because we have come to use it again and again in our research.


The pipeline begins with the samples. Once in the lab, samples are put into small tubes that contain a drop of liquid. The samples might be dust, or feces, or water—anything that contains or might contain cells and DNA. The liquid includes soap, enzymes, and tiny round glass beads, each the size of a grain of sand, which help to break open cells, like cracking eggs, to get out their DNA, the bacteria’s genetic code. The tube is then sealed, heated, shaken, and centrifuged. The heavy beads and many cell bits and pieces sink to the bottom of the tube. The treasure, the long strands of less dense DNA, rises to the top to be skimmed off the way you might pull a dead fly from the surface of a swimming pool.17 All of this is pretty straightforward and can be done in an introductory biology laboratory with sleepy students, some of whom have likely ignored most of the instructions.


To identify the different organisms on the basis of the resulting DNA (which has been “extracted” from its cells), we need to read the DNA, a process scientists call sequencing. This is the tricky part. As opposed to microscopes, which make the thing you are looking at appear to be bigger, sequencing techniques make the invisible information in DNA intelligible by first making it more plentiful. The trick was how to make it more plentiful so that the nucleotides of the DNA, its genetic letters, could be read. All DNA, except that in viruses, is double stranded. Two complementary strands are joined by a sort of molecular zipper. It was understood quite early on that if the two strands of DNA could be (gently) unzipped, each strand could be copied, and that this might be repeated until there was enough DNA to work with and decode. The two strands of DNA can be separated using heat. That much was easy. Copying the separate strands of DNA then just required use of an enzyme called polymerase, the same enzyme cells themselves, including human cells, use to copy DNA. You could separate the two strands of DNA, add some polymerase, a primer (the bit of DNA that told the polymerase which section of DNA, which gene, to copy), and some nucleotides, and you’d be on your way. The problem was that temperatures hot enough to pull the two strands of DNA apart were also hot enough to destroy the polymerase. One clumsy, expensive, labor-intensive way around this problem was to add fresh polymerase and primers after each round of heating. This approach worked, but was painfully slow, slow enough that in studying bacteria it was still easier for most microbiologists to just focus on the subset of species that could be cultured and ignore the unknown, unculturable bacteria for the time being.


A solution was forthcoming. The solution was Thermus aquaticus. The polymerase of Thermus aquaticus works at high temperatures. More than that, it works best at high temperatures. This polymerase was exactly what was needed. Several years after Thermus aquaticus was discovered by Brock, it was realized that the polymerase of Thermus aquaticus (nicknamed “Taq”) could be added to DNA at high temperatures and the DNA would be copied rapidly. The copying of DNA using thermally tolerant polymerases, a process called the polymerase chain reaction (PCR), may seem abstract, a minor scientific footnote. Yet it is at the heart of virtually every genetics test being done in the world, whether it is to identify a child’s paternity or the bacteria in a dust sample. The bacterial lineage discovered in hot springs and hot water heaters, a lineage that inspires our quest for unusual life in homes, also provides the enzymes necessary to carry out this quest across modern scientific research.18


Just which gene scientists, technicians, or clinicians copy during the polymerase chain reaction, and how they decode the resulting copies of DNA, depends upon the goal of the study and the technology being used. Studies that attempt to identify all of the bacteria in a particular sample tend to copy a single gene, the 16S rRNA gene, which is so central to the function of bacteria and archaea that it has changed little over the last four billion years. For that reason, scientists can count on the gene being present in any species of bacteria or archaea studied. The gene differs enough among species to allow them to be distinguished, but not so much that it becomes unrecognizable. As for the technologies used for decoding the many copies of this gene, they vary greatly. Some rely on adding labeled nucleotides (those genetic letters) into the samples that have been or are going to be copied. The nucleotides are labeled with substances that can be read by a sequencing machine. The machine begins by reading each copy of the primer, that beginning stretch of nucleotides, and then it reads the letters that follow. It does this for all of what might be billions of individual copies of DNA in a sample, yielding enormous data files in which the code of each and every bit of copied DNA is listed. Those copies are then lumped into groups on the basis of their similarity to each other, and the codes of those groups of sequences can then be compared to the genetic sequences of known species in databases from other studies.19 The mechanics of this process are ever changing, but one thing about them is not. Every year they are cheaper and easier. Handheld sequencing devices are now on the horizon. (Indeed, they already exist but are prone to errors in reading the DNA. With time they will improve.)


Today, then, thanks in no small part to Thermus aquaticus, it is now possible to take a sample and process it through the “sequencing pipeline” in such a way as to identify which species, living and dead, are present in the sample. This can be done without ever seeing or growing any of the species in the sample. Biologists can identify the life in soil, seawater, clouds, feces, and anywhere else. Biologists can identify culturable species but also the many, many species we do not yet know how to culture. Such a reality seemed impossible, inconceivable really, when I was a graduate student. Today, it is ordinary.20 About ten years ago my colleagues and I decided to use such techniques to study the life in homes. At the time it had become possible, and affordable, to take a swab of dust from a door frame, a drop of water from the tap, or even a piece of clothing from the closet and to identify nearly all of the species present in that sample by decoding the DNA in the sample. Leeuwenhoek held his single lens up to the life around him. We would run the life around us through the sequencing pipeline. When we began, we really had no idea what we would find. The results would prove surprising. They were surprising both in terms of the many species we found to be present and in terms of those that were missing.
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SEEING IN THE DARK
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The only true voyage of discovery… would be not to visit strange lands but to possess other eyes, to behold the universe through the eyes of another, of a hundred others…


—CHARLES DARWIN




MY QUEST TO UNDERSTAND the life in houses has its roots in the rain forest. When I was an undergraduate student, I spent part of my sophomore year at La Selva Biological Station in Costa Rica. I was working with Sam Messier, a graduate student from the University of Colorado, Boulder, who was studying the termite species Nasutitermes corniger. Worker termites eat dead wood and leaves of the forest, foods full of carbon but low in nitrogen. To compensate for the nitrogen missing from their diet, the termites host bacteria in their guts able to gather nitrogen out of the air. Colonies of these worker termites and their queens, king, and babies are defended by soldiers with long nose cannons that expel a kind of turpentine on their enemies, primarily ants and anteaters. The nose cannons of these soldiers are so long that the soldiers are unable to eat on their own and so they must rely on nutrients given to them by workers or gathered from the air by bacteria. Some Nasutitermes corniger colonies have many of these needy, dependent soldiers, whereas others have few. Sam wanted to know whether colonies produced more soldiers after having been repeatedly attacked by anteaters. There was an easy way to test Sam’s hypothesis: simulate the effects of an anteater attack on some termite nests and not on others. This simulation was to be my job. I had a machete and would go termite nest to termite nest, day after day.


For the young boy still lurking in my twenty-year-old self, this job was great. I got to wander a trail hacking at things with a machete. For the young scientist in me, it was far better. While working, I talked to Sam about science until she tired. At lunch and dinner, I talked to other scientists until they tired. Then, when there was no one left to answer questions, I walked. At night, I walked paths with a headlamp, a flashlight, and a backup flashlight.1 The night forest was full of the sounds of life and the smells of life, but the only things that could be seen were those revealed by the light. It was as if the light, in revealing species, also created them. I learned to tell the difference between the eye shines of snakes, frogs, and mammals. I learned to recognize the silhouettes of sleeping birds. I learned to look patiently at leaves and bark where giant spiders, katydids, and insects that mimicked bird feces lurked. Some nights, I convinced a German bat scientist to take me netting for bats. I hadn’t been vaccinated for rabies. He didn’t care. I was twenty, I didn’t care. He taught me how to identify the bats. I learned the nectar feeders, the insect feeders, and the fruit feeders. I encountered the giant, bird-eating Vampyrum spectrum, so big it would rip a hole right through the net. My observations, however anecdotal, allowed me to begin to come up with my own hypotheses. I fell in love with the idea that most of what was understandable was not yet understood. I fell in love with discovery, with the way in which the unknown could be revealed with patience under nearly any log or leaf.


By the end of my stay in Costa Rica, I’d helped Sam show that the termite colonies were able to make more soldiers when bothered more often with a machete.2 That was the end of the study, but not of the influence of the experience on me. I spent much of the next decade in Bolivia, Ecuador, Peru, Australia, Singapore, Thailand, Ghana, and elsewhere, moving in and out of tropical forests, threading through them as though I was trying to sew together some big picture. I’d return to the temperate zone, to Michigan or Connecticut or Tennessee, and then someone would offer me an opportunity—a free plane ticket, a mission, and all the beans and rice I could eat—and I’d suddenly find myself once more in the jungle. In time, I found the same kinds of discoveries and joys I associated with the rain forest in other realms, be they deserts or temperate forests. I even began to find them in backyards. This shift to backyards started when a new student, Benoit Guenard, joined my lab. Benoit is fascinated by ants. When Benoit arrived in Raleigh, he searched the forests for ants, ceaselessly. He turned up a species neither he nor I could identify. It was an introduced species, the Asian needle ant, Brachyponera chinensis.3 The Asian needle ant had become common in Raleigh without anyone really noticing. In studying this ant, Benoit realized it exhibited behaviors never before seen in insects. For example, when one forager finds food, rather than lay a pheromone trail for others to follow, she returns to the nest, grabs another forager, carries her to the food, and throws her down upon it: “Here, food!”4 Benoit went to Japan to study the Asian needle ant in its native range. Once there, he found a totally new species of ant, related to the Asian needle ant, common but unnoticed across much of southern Japan, including in and around cities.5 These discoveries were just the beginning.


At about this time, back in Raleigh, a high school student, Katherine Driscoll, came to the lab. Katherine wanted to study tigers. I didn’t study tigers, and so Benoit and I told Katherine to go search for and study Discothyrea testacea, “the tiger ant.” What we didn’t tell Katherine was that we had just made up the name “tiger ant” and that no one had ever found a living colony of these ants. Katherine went off looking. I imagined she would get distracted as she searched and find something else on which to focus. Instead, Katherine found the “tiger ant”; not only that, she found it in the soil behind the building that houses my lab and office. She was, at the age of eighteen, the first person to ever see a Discothyrea testacea, “tiger ant” queen alive.6 Soon, we started to engage even younger students in helping us to sample ants in backyards, but no longer just in Raleigh.7 We made kits that allowed kids across the United Stated to sample ants in their backyards. When we did, the rate of discovery accelerated even more. An eight-year-old discovered that the Asian needle ant was found in Wisconsin. Another eight-year-old found it in Washington State. No one knew it had spread anywhere beyond the southeastern United States.


This work engaging kids in the study of backyard ants precipitated a change in the lab. We began to involve the public more often in helping us to make discoveries. At first it was tens of people, then hundreds, and soon thousands of people looking where they lived for discoveries. By following these discoveries—discoveries we were making with the public—we eventually began to study the life indoors. It was thrilling to work with people to find new species and behaviors in backyards in no small part because those discoveries were immediate to people’s daily lives. We were reminding people of the mystery that remained in the world around them. We were, I hoped, offering a little of the thrill that I experienced when I was twenty in Costa Rica but that I might have also experienced where I grew up in Michigan if I’d known there were still discoveries left to be made. It would be even more exciting, we thought, for the people we worked with to find new species, behaviors, and other discoveries where they actually spend most of their time: in the wilderness indoors.


Most studies of indoor life focused on pests and pathogens, so it was easy to imagine that other species might have been overlooked. At the time, scientists had done individual studies here and there on interesting, nonpathogenic, and nonpest species in homes (such as the work on Thermus scotoductus bacteria in hot water heaters), but these were one-offs, small studies rather than larger dedicated works. There was no field station directed to the study of, well, the inside of the field station. I assembled a team to study houses, a team that has continued to grow ever since, a team that includes scientists around the world and the public—adults, families, kids. Together we would seek Leeuwenhoek’s exhilaration, the exhilarating madness of the possible. We were nearly ready. But there was still one trick, figuring out where to start and how to see. We decided to start with bacteria. I’d been interested in the bacteria in nests since my work with Sam Messier on the Nasutitermes termites—and what is a house if not a big nest? It seemed likely that it was among bacteria and other microbes, species invisible to the naked eye, that the biggest discoveries would be made. But to study these species we were going to need more than a microscope with a single lens. Times had changed. This is where Noah Fierer, a microbiologist at the University of Colorado, Boulder (in the same department where Sam Messier was a graduate student), came in. Noah provided the tool through which we would see the life inside homes. He could identify the species present in dust on the basis of their DNA; he could sequence the life in dust and in doing so reveal the invisible life we walk through and breathe.8


By training and inclination, Noah is a soil microbiologist. He is fascinated by soil; in it, he finds the same wonder I find in jungles, a way to lose himself in discovery. Fortunately, he can also be intrigued (or maybe distracted is the better word) by life elsewhere, so long as it isn’t bigger than a fungal spore. Start talking about an ant or a lizard and Noah’s eyes glaze over. Regardless of the habitat in which he is studying small life, Noah has a genius, like Leeuwenhoek’s, for using a common tool in new ways. Leeuwenhoek is often said to have invented the microscope, which isn’t true. Nor is it necessarily even true that Leeuwenhoek had particularly special microscopes. Instead, what was special about Leeuwenhoek’s microscopes was Leeuwenhoek. In the same way, what is special about Noah’s investigations is not that he has great devices for decoding the identity of microbes in samples (though he does); it is the way he uses these devices and techniques to see what others have missed. Noah would identify the species present in samples from homes by sequencing the DNA present in those samples. Noah and members of his lab would extract the DNA from each sample, make more copies of that DNA using the enzymes from Thermus aquaticus (or, by then, some other thermophilic microbe), and then decode the genetic sequence of particular genes common to all of the species in the sample. In doing so, he could reveal not only those species that scientists know how to culture but also those that no one can. Together with the public and Noah, we would be able to detect everything, living or dead, dormant or dividing, in homes.


Our plan was to enlist the public to help us sample the dust from ten habitats in each of forty houses using cotton swabs. The houses would all be in Raleigh, North Carolina, the city in which I lived and live. We needed to start somewhere and we knew so little about the indoor environment that Raleigh was as good a place as anywhere. We chose to sample refrigerators—not the food in them but instead the growth alongside the food. We sampled the dust on door frames, both inside homes and outside. We sampled pillowcases on beds, also toilets and door knobs, and kitchen counters too. Rather, we had the participants sample all of these places.


We sent each participant9 the cotton swabs that they were to use to sample the habitats in their homes. The dust on the used swabs would contain what Hannah Holmes has called “fragments of a disintegrated world”: bits of paint, clothing, snail shell, couch fibers, dog fur, shrimp shell, marijuana residue, and skin. The dust would also contain bacteria, living and dead.10 The participants would then seal the swabs in airtight tubes and send them to Noah’s lab, where nearly every bacterial species in each and every dust sample would be identified. Noah’s lab would be the light through which we saw the hidden life in dust.


I’M NOT SURE what Noah expected from this survey of houses, but I can tell you what was known in the scientific literature when we began, what had been learned since the work of Leeuwenhoek in the 1600s. Beginning in the 1940s, studies had shown that bodily bacteria can be found around houses. Bodily bacteria thrive in the places humans spend more time, especially those places they touch with their naked skin, be they toilet seats, pillowcases, or remote controls. These studies focused on discovering problem species, the fecal bacteria in the cauliflower and the skin pathogen on the pillowcase, and their eradication. Anything that wasn’t worrisome wasn’t of much interest. More recent studies from the 1970s revealed other kinds of species in homes: Thermus in water heaters and unusual bacteria lurking in drains, for example. These newer studies hinted at the possibility that we might find many new life-forms as we explored homes. We did.
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Figure 3.1 Jessica Henley handling DNA samples soon to be spun down in a centrifuge, one of the steps required to prepare DNA that has been isolated from environmental samples for sequencing. (Photograph by Lauren M. Nichols.)








Across the forty houses, we found nearly eight thousand kinds of bacteria, roughly as many bacterial species as there are species of birds and mammals in all of the Americas. The species we encountered were not just well-known species from human bodies but also many other life-forms, some of them very unusual. We turned over the metaphorical leaves of forty houses and beneath them found a wilderness. Many of the species didn’t match up with anything yet known to science. They were new species, or even new genera. I was ecstatic, back in the jungle again, albeit the jungle of everyday life.


We decided to engage more participants to sample more houses. It took a while, but we were able to convince the Sloan Foundation, which had by then begun an ambitious effort to fund studies of the life in homes, to pay for a broader study. We also persuaded an additional one thousand people across the United States to swab four sites in their houses.11


In samples from those one thousand houses, we once more identified the bacteria. One might expect that we would have seen, in this second set of houses, species similar to those we saw in Raleigh. We did, to some extent. Many of the species found in Raleigh could also be found in Florida houses and even Alaska houses. But we also found species that were not seen in Raleigh, new species in each house and in each region. We saw, in total, some eighty thousand kinds of bacteria and archaea, ten times more than in the first sample of Raleigh.


The eighty thousand species we found included species from nearly all the most ancient branches of life. Species of bacteria and archaea are grouped into genera which are grouped into families which are grouped into orders which are grouped into classes which, in turn, are grouped into phyla. Some phyla, while ancient, are very rarely encountered. Yet, in homes, we found nearly all of the bacterial and archaeal phyla so far known on Earth. We found phyla that, a decade earlier, were not even known to exist, and we were finding them on pillows or in refrigerators. Here, then, was a humble moment amid the grandeur of life on Earth and in life’s history. To really make sense of the life in our homes, we would need to study, in detail, the natural history of tens of thousands of species. (We aren’t there yet; we won’t be for decades.) But even before we attempted that, we began to see broad patterns, ways of grouping this mass of life to make it a little more intelligible.


Some of the bacterial species we found in homes were those that had already received some attention: bodily bacteria. But most of these species were not pathogens but instead detritivores, living off the awkward reality that our bodies are slowly falling apart even while we are alive. We leave a cloud of life everywhere we go. As we wander through our homes, our skin flakes off in a process called desquamation. We all fall apart at a rate of about fifty million flakes a day. Each flake floating through the air has thousands of bacteria living and feeding on it. Riding their skin flake parachutes, these bacteria fall from us like a steady snow. We also leave bacteria on the bits of bodily fluids—saliva and more—and feces deposited here and there. As a result, the places where we spend time in our homes bear the marks of our presence. Every place we put our bodies in every house we have ever studied offers microbial evidence of lives lived.12


That we leave bacteria in our wake is not surprising. It is inescapable and largely harmless, or at least harmless in settings in which modern waste treatment facilities and a supply of “clean” drinking water (we will return to just what that means later on) are available. The vast majority of species that you or someone else leaves on a chair when you sit down are beneficial or benign species that, for a brief moment of time, eat whatever bit of you has fallen off, before dying. They are gut bacteria that help you digest your food and that produce necessary vitamins. They are skin bacteria that grow all over your body and help you fight off pathogens. They are armpit bacteria that help your body fight off pathogens when they arrive on your skin. Hundreds of studies have now considered this trail of microbes we leave wherever we go. You see these studies in the news. Human bacteria are found on cell phones, on subway poles, and on door handles. They are found everywhere we go in proportion to population density. They always will be and that is fine.


In addition to the species associated with the falling apart of our bodies, we also saw species associated with the decay of our food—rot. These species were, unsurprisingly, most abundant in the refrigerator and on cutting boards, but they were elsewhere too. One of the samples taken from a television was composed almost entirely of food-associated bacteria. Sometimes we are left to guess at what a sample like that means. Science is full of enigmas.13 Regardless, if the species that rot our food and live off of the slow decay of our bodies were the only species we found in houses, it would have been scientifically unremarkable, akin to going to Costa Rica and “discovering” that the rain forest contains trees. But the microbes of bodies and rotten food were not the whole story, not hardly.


As we looked in more detail, we found other kinds of microbes, bacteria and archaea like those for which Brock might have searched, extremophiles, species that “love” and thrive in extremes. For an organism the size of an archaeon or a bacterium, your home contains incredible extremes. Most of these extremes are new habitats we have unintentionally invented. Homes contain refrigerators and freezers that can get as cold as the coldest tundra. They contain ovens hotter than the hottest desert and, of course, hot water heaters as hot as hot springs. But homes can also include very acidic conditions, such as in some foods (like sourdough bread starters), and very alkaline (basic) conditions, such as in toothpaste, bleach, and cleaning products. In these extremes of homes, we found species once thought to live only in the deep sea, on glaciers, or in remote salt deserts.


The soap dispensers in dishwashers appear to be a unique ecosystem filled with microbes able to survive hot conditions, dry conditions, and wet conditions.14 Stoves contain bacteria able to live in extreme heat. Recently, one species of archaea has even been found to survive in autoclaves, the superhot devices used to sterilize equipment in laboratories and hospitals.15 Long ago, Leeuwenhoek showed that pepper can contain unusual life-forms. We found salt does too. Freshly purchased salt contains bacteria typically found only in salt flats out in deserts and areas that were formerly oceans. Sink drains contain a mix of species seen nowhere else that includes both bacteria and tiny drain flies, whose larvae feed on the drain bacteria. (You see drain flies often, probably without realizing it. Their wings make a heart shape and each wing is patterned with what looks like lace.) The pipes of showerheads—pipes that get dry, then very wet, then dry again—are covered in films of unusual microbes seen typically in swamps. Such new ecosystems are often physically small. In addition, the niches of their species are often narrow. The species often require very particular conditions. As a result, they are easy to miss, just as species with narrow niches can be easy to miss outdoors as well. That “tiger ant” that Katherine found, for example, is hard to find because it lives only in the egg cases of spiders, spiders that hide their egg cases underground.


Nor was the life in extreme habitats the last big discovery we found in homes. There was something else: a set of species in some but not all homes, species that, though not always common, accounted for much of the total biological diversity we found. These were species associated with wild forests and grasslands, typically found in soil, on the roots of plants, on leaves, and even in the guts of insects. This wild biodiversity was most common on outer door sills, then on inner door sills, and then it turned up here and there in other habitats in some (but not all) houses. These species may be living in the air on the bits of soil and other substances on which they have come in. They may be quiescent, waiting for just the right food, or they may be dead. Just which of these outdoor species drift indoors seems to depend on what is outdoors. The wilder the life outside a house, the wilder the life drifting through the air and settling on the doors is.16 It would be easy to think of these drifting wild species, the flotsam and jetsam of homes, as irrelevant trespassers. Easy but very wrong.


LET’S PAUSE HERE before I tell you the stories of the individual species you are breathing in right now and the stories of what happens in houses with lots of outdoor bacteria and the stories of the rest of life (the arthropods, the fungi, and more). Let me first put what we are finding in homes in a little bit more context. To really make sense of what is living with you in your home, you need to consider it relative to a longer history, the history of homes.


For most of human prehistory, we slept in nests built of sticks and leaves. We can infer this on the basis of the lives of modern apes. We share a common ancestor with these apes. Those characteristics that are different from one ape to the next say relatively little about our common ancestor, but those traits that are shared speak to habits our ancestors likely shared as well. All living apes build nests out of loosely interlaced sticks and leaves. Chimpanzees build them, as do bonobos, as do gorillas, as do orangutans.17 Apes tend to use their nests for a single night and then abandon them. They use nests more like beds than like homes, beds constructed in ephemeral settlements sometimes described, quaintly, as “dormitories.”


Recently, Megan Thoemmes, a graduate student in my lab at North Carolina State University, studied the bacteria and insects in chimpanzee nests. One might predict that these nests would be full of species associated with the bodies of chimpanzees, be they chimpanzee bodily bacteria or maybe even larger species that sneak in to take advantage of the chimpanzees. (Sloths, after all, have an entire ecosystem of arthropods and algae that live in their fur,18 why not chimps?) Fur mites. Dust mites. Maybe hide beetles. Spider beetles too. This is what we find in human beds.19 We humans are exposed, when we sleep, to the ecosystem of our decay. Instead, Megan found the nests of chimpanzees to be occupied, nearly exclusively, by environmental bacteria, bacteria from the soil and leaves.20 Just which bacteria depended on whether Megan’s samples were from the dry season or the wet season. It is likely that these were the same sorts of species that would have been found in the nests of our ancestors until they first began to build homes. The bacteria to which our ancestors were exposed for millions and millions of years would have been environmental, with the precise mix different from season to season and place to place.


When our ancestors needed something more permanent than nests, they may have initially moved into caves. Eventually, though, they began to build houses. The oldest evidence of a structure built by our ancestors is from a campsite near a beach at Terra Amata (near modern Nice).21 There, an archaeologist found evidence of at least twenty homes along an ancient shore. The most intact of these homes showed a ring of stones surrounding a floor of ash. In the floor, the location of posts used to support the roof were still visible. Around the stones, in a second ring, were the marks of stakes, each of which apparently ran from the ground and bent in to form the room. These houses were built by an ancient hominid (probably Homo heidelbergensis) more than 300,000 years ago.22 We know little about how common such houses were, how varied they were, or when they first appeared. The archaeological record offers us little, just clues here and there. For instance, shelters attributed to hominids (in this case, modern humans) at a 140,000-year-old site in South Africa. Beds at a 70,000-year-old site in South Africa.23 Whatever was going on, at least some of our ancestors were sleeping indoors, separated a little from the world outside.


By twenty thousand years ago, house sites start to turn up around the world. In nearly every case, the houses appear to have been round and domed. They were simple, like the chamber that a termite king and queen, out on their own, might build for themselves. In some places, they were made of sticks; in others, mud. Others, still, in the far north, were made of mammoth bones. Some of these homes were more ephemeral than others, used for just a few days or weeks, but I suspect that already, in these homes, we had begun to alter the species present around us. The best evidence of this change comes from studies of modern peoples living in houses similar to those our ancestors used. In Brazil, for instance, traditional, open-walled, palm-roofed Amazonian houses built by the indigenous Achuar are dominated by environmental bacteria.24 Similarly, Megan Thoemmes found that even though the houses of the Himba in northern Namibia were but a single round dome, the places where people slept contained different microbes than those where they cooked. Even simple houses tend to allow the buildup of body microbes. Yet, whereas the Himba and Achuar homes include body microbes, they are also, like chimpanzee nests, as diverse with environmental bacteria as is the air around the houses. Indoor microbes build up in contemporary Himba homes, and contemporary Achuar homes, but environmental microbes are still present as well. The modern homes of the Himba and Achuar are imperfect proxies for our historic dwellings. Yet it seems safe to suggest that exposures of our ancestors in homes like those found in Terra Amata, France, would have been similar to the Achuar and Himba homes in terms of the preponderance of environmental microbes.


Where once there were only round houses, humans began to build square houses roughly twelve thousand years ago. Though square houses had less usable area inside than did round houses, they were easier to make modular. Large numbers of houses could be stacked side by side or even on top of each other. The shift from round houses to square houses happened in nearly every place humans began to farm and live in greater densities. With this change, houses came to be slightly more isolated from the outside world. There was, to a greater extent, an inside and an outside. The old-style houses didn’t go away though. Both round houses and square houses existed side by side.


Fast-forward twelve thousand years. Today, the vast majority of humans live in cities, a trend that is only accelerating, and, in cities, ever more people live in apartments. The distance an outdoor bacterium needs to travel to get inside an apartment can be lengthy. If the windows of the apartment stay closed, a bacterium must make its way up the stairs, down the hall, past some doors, and then quickly inside. We imagine we can create a world that is sterile. But in apartments with closed windows, where the route up from the park is far, what we instead create is a world filled primarily with microbes associated with our falling apart, our food’s falling apart, and even the building’s falling apart. Once, we lived in nests in which the microbes around us were all just environmental microbes and our imprint on the places we sat or slept was so modest as to be almost undetectable. Now, in some apartments, the imprint of the environment, of nature, is all but undetectable. But here is the key: our study’s results show that life inside apartments varies as it does among houses. Some dwellings are really cut off from the environment; others, like those of the modern Himba or Achuar, less so. We have choices, choices as to how much of life’s richness we allow in.




OEBPS/nav.xhtml




Contents





		Cover



		Title Page



		Copyright



		Table of Contents



		Dedication



		Prologue: Homo indoorus



		1 Wonder



		2 The Hot Spring in the Basement



		3 Seeing in the Dark



		4 Absence as a Disease



		5 Bathing in a Stream of Life



		6 The Problem with Abundance



		7 The Farsighted Ecologist



		8 What Good Is a Camel Cricket?



		9 The Problem with Cockroaches Is Us



		10 Look What the Cat Dragged In



		11 Gardening the Bodies of Babies



		12 The Flavor of Biodiversity



		Acknowledgments



		Discover More



		About the Author



		Also by Rob Dunn



		Praise for "Never Home Alone"



		Notes



		Index











Navigation





		Begin Reading



		Table of Contents











OEBPS/images/publisher-logo.png
BOOKS





OEBPS/images/Art_chorn.jpg





OEBPS/images/Art_P5.jpg
Land Area

172 km?

Estimated Residential
Living Space

% e
7 C
oy Commercid *

Indoor Area





OEBPS/images/Art_P37.jpg





OEBPS/images/Art_P12.jpg
Pollen .

\ .. Fungus
Sperm

( Q@ spores
®

Dust
particles

&
Fine sand *@

® Yeast x Bacteria

Amoeba

Period
(300 microns)





OEBPS/images/9781541645745.jpg
NEVER HOME
ALONE

From MICROBES to MILLIPEDES,
CAMEL CRICKETS, and HONEYBEES,
the NATURAL HISTORY of WHERE WE LIVE

R OB D UNN





OEBPS/images/Art_tit.jpg
NEVER HOME
ALONE

From Microbes to Millipedes,
Camel Crickets, and Honeybees,
the Natural History of Where We Live

ROB DUNN

BASIC BOOKS
New York





