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AUTHOR’S NOTE

Humans are part of nature. I mean this in the context of the big, Alexander von Humboldtian sense of the word “nature,” the nature that includes black holes and supernovae. To imagine we are somehow bigger than that nature is the sort of hubris that is only possible when sitting indoors. But I also mean it in the narrower sense, relative to the nature of the living world. Often, people will talk about “wild animals” or mention humans and animals. This is wrong. We, as humans, are animals. Ironically, the more distant we have come to feel from our animal selves, the more dependent we have become on our relationships with the rest of life. We are part of nature and dependent on our relationships with nature.

This book is about one part of living nature, mutualisms, specifically the mutually beneficial relationships between humans and other species, but it takes as a starting point the understanding that as we engage or fail to engage in these relationships, we do so as one species among millions, perhaps billions or even trillions, a species no more or less special than a blue whale, a reindeer lichen, or a Myrmelachista ant.1
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If it be true that this feeding of a stranger goes through all Nature as something having the character of a general law—then many an enigma would be solved.

—Goethe






INTRODUCTION

As a biologist, I’ve studied sourdough bread, the growth of tropical forests after clear-cutting, beer made from yeasts found in the bodies of bumblebees, the mites that live on all human faces, the evolution of human stomachs, climate change, seed dispersal by ants, and the ecological consequences of the temperatures at which people keep their houses.1 Doglike, I’ve followed my nose story to story. But there is one topic I keep coming back to, mutualisms.2 Mutualisms are relationships in which individuals of two or more species interact and mutually benefit.3 Mutualism is lesser known than its converse—cooperation—which happens when two individuals within a species help each other, and yet, arguably, mutualism is far more common. Some mutualisms are very old, interwoven, and persistent, and others are fleeting, multispecies trysts.

I first studied mutualisms when I was twenty years old. I’d traveled to La Selva Biological Station in Costa Rica to study microbes inside the guts of termites. The termites I was studying live in nests in trees. Their nests can contain tens or even hundreds of thousands of individuals, among them a stubby king and a regally corpulent queen, her abdomen distended with eggs. All of these individual termites depend on microbes in their guts for existence. The microbes depend on the termites for food delivery and housing. The more I considered this mutualism, the more layers it seemed to have.

While studying termites, I encountered other forms of mutualism everywhere. I saw tens of species of hummingbirds playing the role of sexual intermediaries to flowers for the reward of nectar. I saw enormous leaf-cutter ant colonies living in mutualism with the fungi that they grow and eat. Even the skinny cows standing under trees in the fields near to the forests were not alone. They housed bacteria on which they depended in order to digest their food. Above it all, the tallest trees depended on the webs of fungi in the soil and leaf-litter for their nutrients; and so, too, those fungi depended on their trees. Since then, I’ve had the chance to study many of these interactions, to observe the networks of mutual benefit running like rivers—or maybe it is better to say like hyphae—of connection among species.

In rainforests, many mutualisms are relatively conspicuous. But mutualisms are present everywhere. As my colleagues and I concluded a number of years ago, when studying the bacteria that live in human belly buttons, our bodies are like rainforests.4 Your belly button is a jungle of interactions. So is nearly every other cranny of your body and life. Many of those interactions are mutualistic. Humans engage in mutualisms with belly button microbes, crops, the bees that pollinate crops, the pets in houses, and the trees that gather carbon dioxide out of the air, produce oxygen, and filter our drinking water.

We humans are dependent on our many thousands of mutualist partners. But we don’t always act like it. We need to tend to our mutualisms. Yet this seemingly obvious imperative is largely, and perhaps increasingly, overlooked. We live and act as though we were all alone and could chart a future independent from the rest of the living world. This way of thinking and being is, I hypothesize, delusional, and, at the very least, lonely.

This book is a call to action for a more mutualistic, less lonely future. It is a call to remember to listen to, touch, smell, and engage with the other species around us. Intentionally, it does not provide simple solutions as to how we might revitalize and reimagine our mutualisms. We crave simple answers. I’ve come to understand that there are no simple answers to any interesting questions. Nor are there simple solutions to the biggest problems. The best answers and solutions contain multiple perspectives and conditions. As such, this book instead offers a rolling portfolio of ways we have collaborated or could collaborate, mutualistically, with other species.

I ground my consideration of humans in the perspectives ecologists have gained from the study of the nonhuman world, particularly nonhuman societies. Ironically, ecologists have done a better job of studying mutualisms of species with nonhuman societies than they have of species with human societies. Among the ants I’ve long studied, for example, mutualistic interactions abound. Some ants ferociously defend the plants that provide them housing. Other ants defend and transport the aphids that provide them with near limitless supplies of milky sugar in exchange.5 Still others partner with fungi that provide them food in exchange for care, and then with bacteria that they employ as pesticides to help defend their fungi against other fungi. The success of ant societies is predicated on their cooperation with each other and, also, their tendency toward mutualism with other species. When we think of ants, we often think of their wars, but they are far more likely to negotiate various forms of interdependent peace.

In telling the stories of the interactions between humans and other species, writers and scientists alike often feature the stories of competition, predation, and dominance. These topics, yes, are part of our prehistory, and future. But humans, like ants, are also extraordinarily mutualistic. I believe that humans engage in more mutualistic interactions than any other species ever to exist. We are, as the natural historian Dan Janzen has written, “the most mutualistic of all organisms.”6 Or at least we have been. What our relationships with other species will look like in the future is an open question, or rather a series of such questions that I pose in this book.

Humans are not unique in engaging in mutualisms. We are, however, unique in being able to make conscious decisions about the future of our relationships with the rest of life.

But allow me some reflection. If human mutualisms are so important, why aren’t there already dozens of books about them? There are many books about humans (or more often “man”) the predators or warriors. Yet no one seems to have attempted to holistically tell the story of humans the mutualists, humans the partners, humans the deal brokers.7

I’ve long taught students that there are three reasons that a topic might be (or seem to be) missing from the scientific literature. The first, and probably the most common, is that the topic is boring. Is this the case with human mutualisms? Perhaps cooperation and codependence lack the drama of conflict and competition. But I don’t think so. Any topic that includes sourdough bread (Chapter 7), dogs’ butts (Chapter 17), and belly button bacteria (Chapter 19) isn’t boring. The second reason is that the student is mistaken and the topic has in fact been studied or written about. In a scientific world in which tens of thousands of papers are written every year, and the rate of publication is accelerating rapidly, this is always a possibility. Yet, while there are useful antecedents to this book, none of them considers the big picture. The third reason is that there is some inscrutable problem that has prevented work on a topic. For graduate students, this is dangerous terrain. Beware of projects that everyone else thought were too difficult; they may still be too difficult. The very best-case scenario is that a student finds a new approach that solves a problem that was, until their work, inscrutable. Hooray.

I’ve also, however, become aware of another reason that topics get ignored: our cultural and sensory blinders. It has been argued that the fondness of biologists for competition, predation, and war—so-called negative interactions—reflects the cultural biases of Western scientists.8 Western scientists, some scholars argue, like conflict. Perhaps the influence of European and world wars on the psyche of Europeans and Americans led ecologists in these regions to consider war in other species more than they might have in a time of relative peace. This hypothesis has merit as well as echoes in other disciplines of biology. For example, inspired by wartime and postwar sentiments, immunologists long focused on the war between human immune systems and other species. This has been called “the martial model.” In doing so, they missed the opportunity to notice that just as often the immune system helps nonhuman species, particularly mutualistic microbes.9

Competition, predation, and parasitism might also just be more conspicuous to our human senses than is peace. This seems to be the case with ants. Many ant biologists in Europe have studied the obvious wars among thatching ants. Their wars are conspicuous. But those same ants engage in many less obvious mutualisms, particularly with aphids and their relatives. The ants care for the aphids in their colonies during the winter and then, in the spring, bring the aphids back onto the sugary shoots of birch trees where they feed. Similarly, in the Amazon, many Indigenous groups feature the wars and stings of so-called needle ants in their oral traditions, rituals, and even medicine. But needle ants also form mutualistic relationships with plants. The ants sow seeds in their nests on the branches of trees and then care for and defend the plants that grow from those seeds.10 The ants benefit the plants, which are defended from herbivores, competitors, and gravity. The plants, in turn, benefit the ants, by providing stability to the ants’ shelters. Yet such mutualisms may be harder to spot than ant wars and less likely to be “felt” than ant stings. They often occur high in the canopies of trees.

My own guess is that it is a mix: European and American science may have been particularly likely to study and feature negative interactions, and mutualisms may be a little more difficult to notice, tending to often involve small species.

Then there is the issue of the increasing specialization of scholars. In the past few decades, academics have come to focus ever more narrowly on particular disciplines. No one is, anymore, a biologist. Instead, they are a particular type of biologist, such as an ecologist. But ecologists don’t really exist anymore either; most are more specialized and so are plant ecologists or aquatic ecologists. Even these narrower labels, though, are viewed as too broad in some contexts, such that if you look on the websites of aquatic ecologists (for example), you will invariably see a description of their narrower focus. “Allison is interested in tritrophic interactions in high-latitude Nearctic streams.” Or, among insect ecologists, you might see, “Thorbjørn focuses on the dietary specializations of Amazonian treehoppers.” This narrowing means that few people see the big picture of ecology, much less the big picture that connects ecology to crop science, anthropology, theology, engineering, and all of the other fields that come to bear on the consideration of human mutualisms. Because people who study different kinds of human mutualisms don’t talk to each other, the big picture often doesn’t exist. One can’t see the forest for the trees, or, for that matter, the Amazonian treehoppers.

In addition, with human mutualisms, we must also confront the blinkered ways in which we think about ourselves as humans. Many scholars bring to the consideration of human mutualisms a deeply held belief in the power of lonely heroes. Historically, scholars have often featured the story of the solitary odyssey. The narrative we return to again and again in talking about humans is a story of a lone person, usually a man, out to prove himself, a man on what is often called “the Hero’s Quest,” an element of “the great man theory” (or, as some have called it, “the great man fallacy”). The challenges these lone questing individuals face tend to involve a mix of human, god, and beast. Odysseus was challenged by a Cyclops, Sirens, and the lotus-eating people. He met those challenges either individually or with the help of his men, almost never by relying on other species.11 Where he does rely on another species, it is a sheep, and even then, the sheep provides him with little more than camouflage when he hides beneath it to escape the Cyclops, Polyphemus. Odysseus just becomes a hero in sheep’s clothing. In Western societies, we have told ourselves that being successful means going it alone. Often it means being independent of other humans—and, especially, independent of other species. It is possible to tell other kinds of stories, ones that feature our interdependence rather than our independence. Many societies do.

Each of us makes decisions about the world around us in light of the stories we tell or hear. In our globalized and yet diverse society, we need to tell and feature stories (plural) of our species in which we remind ourselves that to be successful is to work together, not only with other humans (cooperation), but also with other species (mutualism). We need to be better mutualist partners and to value our mutualisms. But we also need to make hard choices about which mutualisms and which futures to work for (not singular choices, not a single future, but choices all the same). In this book, I revisit our past and present as a way of illuminating possible futures, lifting up the hidden roles that mutualisms have played and can play in our human stories. We are only fully human and whole in light of our partnerships with others. I retell the story of our many histories and prehistories by focusing not on our independence, but instead on our interdependence. As I do, I will return again and again to a sentiment that is easy to express though harder to internalize: if we are to improve the longevity and well-being of individuals of our species, we are going to need to find ways to live in mutualism with more and different species.

The time to embark on our new collaborative, multispecies futures is now, while we have the chance. On the one hand, a new generation of genetics-inspired research has provided ever more evidence of the intimacy of the relationships between humans and other species. We are, this new research shows, connected to the rest of life in the way that a baby is connected to its mother through an umbilical cord. Scientists have invented new words to describe this intimacy. We are no longer just organisms. We are, instead, holobionts, beings that include our own bodies and those of our microbes. It isn’t just our genes and genomes that influence our being and behavior, but instead our hologenomes—the sum total of genomes for both us and the species that live on and in us.

On the other hand, simultaneously, we are individually becoming ever less aware of those relationships in our daily lives. The benefits of the living world have become so inconspicuous as to often be invisible. Taking the United States as an example, in 1880, more than half of all working Americans worked on farms. On farms, they helped to birth animals. They raised those animals, often giving them names. They butchered those same animals. They raised crops. They tended to the forests that helped to purify their drinking water. Even when their daily lives put them in conflict with elements of the living world, they were aware of the living world. The story of agriculture is the story of dependence. But all that has changed.

For several decades now, the average person has lived in a city. In my work as an ecologist, I’ve shown that the living world still abounds in cities, even in houses. But the living world in cities is, nonetheless, quiet. It is quiet even to me, someone with years of professional experience paying attention to inconspicuous species. Recently, I stood in Times Square in New York. There were thousands of humans. But the rest of the living world was invisible. No plants. No visible nonhuman animals, not even rodents (apart from people dressed as mice—Mickey Mouse and Minnie Mouse). There were billions of microbes. Not far away there were, almost certainly, flocks of still-wild pigeons. One of my collaborators discovered a newly introduced species that I know is present, somewhere, in Times Square.12 And above me, in the stars, there was the potential of planets with forms of life not yet known to science. But I could not see any of this. The real rodents, if present, were hidden underground, the microbes were too small to see, the pigeons were elsewhere, and the universe, well, its lights were duller than those of the screens in Times Square. This is our modern view of nature, a view in which the rest of life is veiled by modernity’s postindustrial cacophony.

Generations of biologists have written about the experience of being a naturalist in the city. My recent moment amid the masses was not new. What is relatively new is that the experience of living “in a city,” far from the conspicuousness of the living world, is now the normal human experience. Even many who live outside of cities still spend most of their time indoors and so live “as if” in a city, circumscribed by human invention rather than the calls of the wild. Our technology reinforces this divide: Microsoft Word, for instance, corrects me when I type “beetles,” meaning the ancient lineage of animals that includes hundreds of thousands of species. “Don’t you mean the Beatles?” When I type the Amazon, as in the river or rainforest, it corrects me again, asserting the company’s name as, simply, Amazon. No “the” needed. The digital Amazon has replaced the physical Amazon in our conversations and in our consciousness.

Simultaneously, fewer and fewer people both in the United States and around the world now live and, perhaps most importantly, work in contexts in which they directly (and with self-awareness) tend to the living world around them. For many people, the particulars of the living world have become unapparent. In one study, my collaborator Stephanie Manka led a project that surveyed children across North Carolina about the animals they loved or feared.13 Stephanie hypothesized that rural kids in North Carolina would be more likely to love and fear local species, whereas kids from cities might tend to mention species they had seen on TV or at the zoo. She was wrong. Across the state, regardless of where they lived, the kids nearly exclusively mentioned species that did not live anywhere near them. Living nature is a less and less salient feature of the daily lives of many people. Where the kids did mention local species, they tended to mention them as being scary. The benefits of the species living around us have dropped out of view. Ada Limón has written that “poetry and nature have a way of reminding us that we are not alone.”14 But this reminder is conditional on our paying attention.

It is in the context of modernity’s disconnections from the living world that the idea that other species benefit us, and we them, has become almost radical, something that is at once very old and also new. It is upon this new, old, radical path that we now embark, one in which we need other species and they need us. These needs are accelerating as the climate changes. It is this path that I’ve been walking for a while now, the path of understanding our mutual relationships with the rest of life, calling attention to them, and, as we contemplate the future, choosing among them.15
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In the late 1500s an Italian miller named Menocchio learned to read, and, among a handful of other books, he began reading the Bible. Doing so led him to begin to reconsider the history of the Earth. He questioned the Bible and also thought about other histories. Somewhere in this process, he became convinced that the Earth was originally a giant ball of cheese, or maybe it was like a ball of cheese. As he would later say, “in my opinion, all was chaos, that is, earth, air, water, and fire were mixed together; and out of that bulk a mass formed—just as cheese is made out of milk—and worms appeared in it, and these were the angels. The most holy majesty decreed that these should be god and the angels, and among that number of angels there was also god, he too having been created out of that mass at the same time, and he was named lord with four captains, Lucifer, Michael, Gabriel, and Raphael.”1

We now know that most cheeses are complex communities of mutualistic organisms that transform curds into richer and more delicious foods. Bacteria partner with fungi. Even, sometimes, as is the case in one cheese in Sardinia, with cheese worms, the maggots of a particular fly. The bacteria, fungi, and flies partner with the humans who eat the cheese, humans who are, in turn, in a partnership with the milk-making beings, be they cows, goats, sheep, or even camels. The Earth, Menocchio was arguing, began in a web of mutualisms and transformations. The worms, the microbes—they were the angels of mutualistic transformation.

The Catholic Church was unimpressed with Menocchio’s ideas. Their inquisition imprisoned him for sacrilege and threatened him with execution. “If you,” they told him, “speak again about the cheese and the worms, we will kill you.” He promised to behave, which he did, at least for a while. But then he was overwhelmed again with the beautiful idea of the Earth as a cheese. And so he started, again, to tell people of his discovery. The pope found out. Not long thereafter, Menocchio was again called in for questioning. “Did you, once again, claim that the Earth was created from a ball of cheese by angelic cheese worms?” “Yes,” he responded, “I did.” Menocchio was shortly thereafter burned at the stake.
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