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  CHAPTER 1


  INTRODUCTION


  ON SUMMER SATURDAYS WHEN I WAS A KID, MY FATHER WOULD TAKE me to the Morgan Arboretum near our house to hunt for salamanders. We’d bring nets and jars and head down to an old rock quarry surrounded by maples, hemlock, and beech. The quarry had been hewn into the side of a small hill, leaving a sheer granite wall overlooking a shallow depression that filled with water in the spring. I would wade into the water from the opening facing the wall into a pool teeming with the most mysterious and amazing creatures I had ever seen. Large green frog tadpoles with two pairs of legs scattered as I approached. Much smaller and deep-black American toad tadpoles swarmed in the sunshine, like a flock of starlings in the fall. Eastern newts hung just below the water’s surface, legs dangling and flat, keeled tails slowly moving from side to side. But best of all, blue-spotted salamanders, their dark, shiny bodies mottled electric blue, swam in the deep, seen only if they were unfortunate enough to end up in my net.


  It was these salamander hunts that started me on the path to becoming the ecologist and professor I am today, and to writing this book. To my young eyes, the strange and beautiful creatures I encountered in the quarry pond were ambassadors of a world so full of intriguing permutations and possibilities that it baffled my imagination. Here were animals that, in a single lifetime, swam and breathed like fish underwater and walked and breathed like me on land. They could even breathe through their skin, and some did so all the time because they lacked lungs. Some, like adult newts, could pick and choose their lifestyle, remaining fully aquatic from egg to adult, or moving from the water to land and back again twice over depending on local conditions. To top it all off, we now know that salamanders fluoresce green in blue light—I won’t even speculate on my reaction to a quarry pond filled with fluorescent salamanders—and can regrow severed limbs and regenerate parts of their brains and spinal cords.1


  It astounded me that the seemingly superpowered creatures I encountered on these trips with my father lived such very different lives from my own, and, more so, that these incredible animals inhabited the same bustling Island of Montreal that I and approximately 1.8 million other people at the time called home. While blue-spotted salamanders were busily travelling to and from breeding ponds, I was riding to and from school, until that point oblivious to their existence. The glimpse I got at the quarry pond of frogs, toads, newts, and salamanders in all their glory awakened my mind to the myriad non-human lives being lived all around me. The world beyond my doorstep instantly became much more complex, beautiful, and interesting, and one which now held countless fascinating secrets waiting to be discovered.


  My wish for you as a reader of this book is that you come away from the experience the same way I did after I netted my first salamander. I’d like you to experience your everyday world with new eyes that see the diversity of animals and plants that surround you where you live. Just like my newfound knowledge that a salamander or toad is living out its extraordinary life in a pond near my house, my goal with this book is to help you become aware of the birds nesting in your yard, the variety of trees along your street, the butterflies in your park, the otters in your local creek, and the coyote in your neighborhood (yes, there most likely is one, no matter where you live). In short, after reading this book, I’d like you to go about your day where you live, work, and play astounded and thrilled by the other species you live amongst. I’ve looked at my urban and suburban living spaces this way ever since my first outing to the quarry pond. In writing this book, I hope to share with you the joy I experience when I notice a turkey vulture peering down at me from a neighbor’s roof, the bright epaulette of a red-winged blackbird at rest in my park, or sun-loving painted turtles in my stormwater pond.
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  The way I have chosen to share my experience of the natural world in urban and suburban places in this book is by focusing on the connections each of us has with the species where we live. Spending an average of twenty-two hours each day indoors or in vehicles, as Americans do, it’s easy to overlook the innumerable ways in which we may interact with other species in our day-to-day lives.2 Our indoor culture has led us to lose touch with nature, like a friend that you haven’t spoken to in a long time and you no longer know where they live, what they do for a living, or whether they have a partner or kids. We can no longer name the species around us—case in point, few if any of my students year after year recognize the house finch, one of the most common species on campus that they surely would have seen at home as well since childhood. We also no longer realize how much our health and well-being depend on nature: to what extent trees clean and cool the air, help to reduce violent crime, and improve our immune systems; the capacity of species-rich wild nature to relieve stress and boost happiness; and the potential of nature to clean and manage urban stormwater and limit flooding. By showing you your reciprocal connections with nature where you live—how your activities, and human activities in general, affect nature and how, in turn, nature influences your and your neighbors’ health and well-being, my aim is to foster a deeper relationship between you and nature that is full of awe, beauty, appreciation, and respect. Ultimately, I hope a realization of the intertwining of our lives with those of wild species, even in the most developed of places, will motivate you to act to enhance nature in your living spaces and across your city, town, or county.


  Taking action to foster nature in urban and suburban landscapes is central to this book. Each of us can contribute to making the cities, towns, and developed counties where we live healthier environments for ourselves, our neighbors, and our children. As you’ll see in the sidebars with recommendations in each chapter, there are many practical ways, small and large, that you can make your living spaces more welcoming to wild species. Most of us live in landscapes of lawn and asphalt where streams are buried or sunken from view and woodlands and grasslands are relegated to nature preserves or the edge of a local park. In my view, precisely because wild nature has been largely excluded from them, our developed landscapes are blank slates just waiting to harbor a native flowering plant attractive to pollinators, an eastern phoebe on the hunt for an insect meal, or a curious chipping sparrow. To be sure, developed landscapes are first and foremost where people live and therefore must satisfy resident preferences and needs. But there is so much room to include wild nature in our neighborhoods in ways that are safe and enjoyable and improve our health and well-being. I’ve tried to include as many as I can think of in this book, but there are likely very many more yet to be imagined.
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  Why do we need to act? Quite simply, because animals and plants are disappearing from the planet at a rapid rate, a devastating loss of beauty and wonder from the world that also threatens our very existence. According to the World Wildlife Fund’s Living Planet Index, which combines population estimates for over four thousand vertebrate (mammal, fish, bird, amphibian, and reptile) species around the world, the
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  average vertebrate population has declined by two-thirds, or 68 percent, between 1970 and 2016.3 To put this in perspective, Kenneth Rosenberg at the Cornell Lab of Ornithology and his colleagues estimated widespread declines of birds in North America during the same time period, from larks to finches to starlings, totaling 29 percent of the continent’s individuals.4 That’s less than half of the Living Planet Index, but it’s still three billion—yes, billion with a b—birds. There is also evidence that invertebrates, those animals without a backbone such as insects, are disappearing. The biomass, or collected weight, of Puerto Rico rainforest arthropods (a group that includes insects and spiders) has shrunk substantially from what it was in the mid-1970s, and in protected areas in Germany, flying insect biomass has diminished by 78 percent since 1989.5 In the oceans, live coral cover on reefs has declined by nearly half in the past 150 years, and more than half of ocean area is now being subject to industrial fishing. As a result of such dramatic decreases in wildlife populations, an increasing proportion of species are now threatened with extinction. Of the animal and plant groups that have been sufficiently studied, the average proportion of species at risk of extinction is 25 percent (the proportion varies from over 40 percent of amphibian species at risk to 10 percent of insect species).6 These values indicate that the global rate of species extinction is at least tens of times higher than the average rate over the last ten million years and that millions of animal, plant, and fungi species on Earth are at risk of disappearing forever, some within decades.


  Surprisingly, some of the best places to mitigate these worldwide declines are the urban and suburban places we call home. This is in part because urbanization is a major cause of species loss, so that working within developed landscapes, we can diminish its negative impacts. It’s also because, contrary to what you may assume, urban and suburban places are exceptionally biodiverse. In chapter 2, “The Urban Ecosystem,” I’ll describe how places with high human population density also have many animal and plant species, including threatened species. For instance, 170 bird species have been observed at Morgan Arboretum, where I netted salamanders, including the yellow-billed cuckoo, the bobolink, and the Cape May Warbler, that, according to the North American Breeding Bird Survey, have declined by 34 percent, 56 percent, and 70 percent respectively, since the mid-1960s. Focusing on urban and suburban places as priority sites for nature conservation also addresses the fact that protected areas alone will not be sufficient to lessen the loss of species. The Morgan Arboretum is a tiny six hundred acres that represents just 0.5 percent of the heavily developed Island of Montreal, home to myriad species. In the United States, just 13 percent of the land area is conserved for biodiversity, but 38 percent is estimated to need conservation attention to effectively safeguard wildlife.7 This 38 percent includes protected areas such as national parks, but also the land where roughly forty-three million Americans live. Clearly, slowing the loss of species requires envisioning and enacting different ways to build, travel, and manage land in our settlements so that more space can be made for the wildlife we live amongst. This book is a contribution in that direction.


  Urban and suburban places are critical locales of nature conservation for one more, and perhaps the most important, reason: They are where most people live. Worldwide, more humans now occupy urban areas than rural ones, especially in developed regions. In America, 86 percent of us live in urban cores or suburban areas.8 Therefore, it is in urban and suburban places that the large majority of Americans regularly experience the natural world, in their yards, on their way to work, and in parks and greenways. This proximity sets the stage for sustained and meaningful interactions between people and nature—those I hope to foster in this book and many more. These interactions will, over time, develop and deepen people’s knowledge and understanding of wildlife and its ways, and lead to a lasting appreciation and respect for nature in all its forms. Urban and suburban places, then, are where most Americans can build strong connections with nature. And a strong connection with nature is exactly what is needed to motivate people to take action to protect and enhance nature locally and globally. As I describe in chapter 3, “Your Yard,” the global conservation of species critically depends on people’s relationships with nature in the most developed parts of the planet, the urban and suburban landscapes we call home.


  HOW TO USE THIS BOOK


  The organizing concept underpinning this book is the urban ecosystem, the interconnected web of living and non-living things in urban and suburban places in which humans play a central role. In the next chapter, “The Urban Ecosystem,” I’ll show you that the interdependent relationships that comprise an urban ecosystem link all the natural elements where you live—the multitude of other species you live amongst and the physical environment—and all the human elements—our built structures, people’s activities, behaviors, preferences, and attitudes, and the workings of our social systems and institutions. The human elements have an outsized influence on urban ecosystem structure and functioning. By this, I mean that how we build our cities and towns and what we do in them have large effects on the characteristics of their urban ecosystems, such as air quality and tree cover, and how they work—for example, how easy it is for you to get to the park nearest where you live and how often flooding inundates your home or interrupts your daily commute. This outsized influence can be harnessed to fundamentally change the way cities and other urban and suburban places are conceptualized, designed, and planned to create healthy habitats for our and other species. At the same time, the many direct and indirect relationships between the human and natural elements in an urban ecosystem mean that how each one of us acts in relation to nature makes a difference.


  The urban ecosystem concept is thus an excellent basis for a book about connections between people and nature where we live. The concept is also scalable, in that it works equally well to describe these connections across an entire city as it does for a single yard. I’ve capitalized on this flexibility in this book to show you how you are connected to nature in the different places you are most likely to experience it. Each chapter focuses on a different location: your yard, your street, your park, your greenway, your neighborhood, and your city (or town). In each, informed by my own and fellow scientists’ research, I first show you how what you do, or what the community of which you are a part does, affects the presence and quality of nature in the space in question. I follow this by doing the same thing but in reverse, showing you how the presence and quality of the nature in the space in question directly or indirectly affects you. Each of these chapters shares two main messages with you: one about how you affect nature and one about how it affects you. You can find these main messages as subheadings within chapters and summarized in chapter 9, “Conclusion.” Each chapter, as well as chapter 2, “The Urban Ecosystem,” also includes several sidebars with recommendations that list practical actions you can take to enhance nature around you, to experience its benefits, or to manage its potential drawbacks. These sidebars and their page numbers are tabulated after the Contents page.


  To make the most of the knowledge, insight, and recommendations for action in this book, use it as you would a handbook. By all means, feel free to read the book from start to finish. But each chapter also stands up well on its own, as does each chapter half that describes one direction of the two-way interaction between you and nature that is the overarching theme of this book. Read just one chapter or a chapter half as time and interest allow. Or simply use the book for the sidebars listed in the front matter. I’ve designed the book to hopefully be as useful as possible and as a reference that you can easily return to as needed. I hope my efforts to share my enthusiasm and expertise about urban nature with you in this way enriches your urban or suburban experience, as writing this book has mine.


  





  CHAPTER 2


  THE URBAN ECOSYSTEM


  IMAGINE YOU ARE IN A PLANETARIUM. YOU ARE RECLINING IN A CUSHioned chair, expectantly waiting for the surrounding lights to dim and disappear. Suddenly, as if you hadn’t known it would happen all along, the room goes dark. The ceiling above you comes alive with the luminous, swirled surface of the Earth. You marvel yet again at how blue the planet appears; how small the continents look. As you begin your journey and start to pull away and move into space, Earth becomes a bright globe in the darkness. Other planets in the solar system come into view—Mars, Jupiter, Saturn—and then shrink in turn. Soon you are floating in the vast Kuiper Belt beyond the orbit of Neptune, getting a close-up look at the icy balls of gas that are the precursors of comets and dwarf planets like Pluto. The sun is now just one of many stars peppering the ceiling, and somehow, you feel physically smaller than you did when you sat down. As your journey continues, the Orion Arm of the Milky Way coalesces out of the starry sky. It, too, quickly becomes smaller and smaller until you can see the spiral galaxy in its entirety and realize it is just one of hundreds of billions of other galaxies, multicolored shapes that have replaced the stars. At this point, the enormity of the universe in which you live makes you feel tiny indeed.


  There certainly aren’t hundreds of billions of species on Earth; a reasonable estimate is at least eight million, but all the same, your place in the constellation of living things surrounding you is analogous to Earth’s position in the universe.1 Most likely unbeknownst to you, you share your home and yard with thousands of other species. Early in the
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  COVID-19 pandemic, Matthew Holden, Russell Yong, and Andrew Rogers, three young scientists at the University of Queensland in Australia and sharing a house in the suburbs of Brisbane, decided to pass their time in lockdown by cataloguing their additional “roomates.”2 They regularly searched the vegetation in their yard, looking under leaves and occasionally shaking plants to see what emerged, monitored their porch light for visiting moths and beetles, and even made forays under the house to look for spiders. A year and a half later, their tally has exceeded one thousand species, including 556 insects, 95 plants, 40 birds, 34 spiders, 8 mammals, 7 reptiles, and 2 amphibians. Of the insects, just under half are moth species (249 species), 35 species are wasps, and 33 are butterflies. What’s more, this astounding biodiversity has been sharing a property that is just a tenth of an acre. A tenth of an acre is about one-tenth the size of the average American grocery store or about the same size as a double row of thirteen parking spaces facing each other. Albeit not all the species that Holden, Yong, and Rogers found were living with them all year round, each one of those species partook of resources, such as food and shelter, made available on the property.


  Holden credits their ability to identify all the different species he and his housemates found in part to iNaturalist, an app that uses artificial intelligence and the power of community to catalogue wild animals and plants. The app originated in 2008 as the final project of three University of California at Berkeley master’s students: Ken-ichi Ueda, Nate Agrin, and Jessica Kline. Today, iNaturalist is a joint initiative of the California Academy of Sciences and National Geographic and boasts over a million community members. iNaturalist is an instance of citizen or community science, science performed by nonprofessionals that is revolutionizing the amount and type of data available to help solve pressing environmental challenges. People around the world use the app and their phone’s camera to identify the species they come across, helped along by image-recognition software that suggests possible matches for the organisms depicted in photographs. The member community, which includes some of the foremost naturalists in the world, can then weigh in on what was spotted, thereby improving the accuracy of species identification. In other words,


  How to use iNaturalist


  iNaturalist is a database of species observations and a community of people interested in the natural world. You can use iNaturalist to log observations of species, to identify other users’ observations, and to explore the natural world around you.


  Creating an observation


  The purpose of an observation is to record the presence of a species. The most useful observations are those that are accompanied by photographs or sound recordings, but it’s not necessary to associate media with your record. When you create an observation, iNaturalist will want to know what you observed; the day, time, and location of the observation; and whether the species is captive or cultivated. What you observed can be as simple as “vine” or as detailed as “yellow passionflower.” iNaturalist will suggest groups or species that most closely match your observation input and provide more information about each possibility, including its Wikipedia page, a map of its distribution, its seasonality, and a link to similar, nearby observations. You have the option to remove or change the automatically generated date and time of your observation, and the ability to choose whether the location of your observation is associated with precise coordinates of latitude and longitude or a more general area. Importantly, you can add your observations to projects aimed at better understanding the species that occur in a particular place, like the Metro Phoenix EcoFlora project, or even create your own.


  Identifying other community members’ observations


  You can help improve the accuracy of iNaturalist by adding your own identifications to other users’ observations. You can find other observations by simply exploring where you live or by searching for specific species or groups. Once at least two-thirds of identifiers agree on the identification of a species and the observation is accompanied by a date, latitude and longitude, and photograph and/or sound recording, and isn’t captive or cultivated, the observation gets classified as “Research Grade.” Research Grade observations are enabling scientists to map changing patterns of species occurrence much faster and over much larger areas than was possible just a few years ago. For example, iNaturalist data have been used to track the expansion of disease vectors such as ticks and mosquitoes and to map the incursion of pumas into urban areas during the pandemic.3


  even if you have absolutely no idea what that weird-looking insect on your deck is called, iNaturalist and its members can help you find out (see the sidebar How to use iNaturalist).


  Exploring the map of my location in iNaturalist on my phone just now brings me back to my cosmic analogy likening the plethora of species all around you to the stars and galaxies in the universe. To the thousand species Matthew Holden and his housemates identified in their home and yard, we can add an average of nine thousand more fungi and bacteria living in the dust collecting on the upper trim of doors in homes across the United States, making where you live something like the Pleiades cluster of stars in the sky.4 Zooming out to my neighborhood on iNaturalist—a mushroom-obsessed neighbor seems to be identifying all the fungi he spots on his walk, from eastern jack-o’-lantern to hare’s foot inkcap—I’m reminded of bright pinpoints of light coalescing into the Orion Arm of the Milky Way. Zooming out even further brings me to the galaxy that is my city and its myriad of species, including, at last count, at least 899 species of moths.5
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  For the past three years, my city has participated in the City Nature Challenge, a community science initiative like iNaturalist but focused exclusively on urban places. The City Nature Challenge began in 2016 as a friendly competition between the Natural History Museum in Los Angeles and the California Academy of Sciences in San Francisco to determine which city could document the greatest number of species of any kind during an intensive eight-day search, or “bioblitz.” The yearly event has grown from the two founding cities in the United States to 419 cities spread across every continent except Antarctica in 2021 (going back to my analogy, you can think of cities as multicolored and variously shaped galaxies spread across the globe). In that year, 52,000 people made nearly 1.3 million observations and identified more than 45,300 species in total. The number of species identified in each city varied from 4,466 in Cape Town, South Africa, to just one in Anta District in Peru. In the United States, the event seems to have struck a chord with Texans in particular—many of the largest numbers of species and participants were from the state where sixteen cities joined the challenge, nearly as many as California, New York, and Florida combined. Despite Texans’ love of urban biodiversity, the species totals per city are low in comparison to the roughly ten thousand species of animals, plants, fungi, and bacteria estimated to inhabit homes and yards. As more people participate in the program, each helping to find and identify species, these numbers will surely grow. Interestingly, even with the relatively few species identified in each city, the City Nature Challenge inventoried more than two thousand rare, threatened, or endangered species, such as the Blainville’s horned lizard in Orange County, California, and the witches’ cauldron fungus, also known as the charred-pancake cup, in Russia.


  The fact that people are finding rare, threatened, or endangered species in cities may seem counterintuitive. Current wisdom dictates that places where people congregate are devoid of nature, especially rare species that depend upon a narrow set of environmental conditions to thrive. When we think of where we live, we tend to focus on the built environment, the places we use and are familiar with, and we overlook the natural nooks and crannies hiding along stream edges, in the patches of forest interspersed among our houses, and throughout the old fields and abandoned, brushy lots on our commute. These places, as well as our homes, bridges, and buildings, host a multitude of species. In fact, if you calculate the correlation, or association, between the number of species and the number of people in an area, you will find that this correlation is positive. Gary Luck, an adjunct professor at Charles Sturt University in Australia, took it upon himself to compile all such correlations to determine whether the overall association between the number of species in an area, or species richness, and human population density was positive or negative, regardless of variation across individual studies, like where the study was carried out.6 He found that, contrary to what most people assume, places with high human population density had high species richness. This positive association holds for birds, mammals, plants, geographically restricted species, and threatened species.


  If we rightly assume that most species don’t flourish on pavement, then it doesn’t make sense that places with the highest density of human beings, and therefore built structures, host many species. The key to this paradox lies in the size of the area under consideration. Most of the studies included in Luck’s analyses measured human population density and species richness in relatively large areas of about one thousand square miles, equivalent to a square area thirty-three miles across. The easiest way to picture landscapes of this size is to think back to your last take-off in an airplane in clear weather and the view of the mosaic of houses, forests, and fields below you. The reason areas this big can have lots of people and species is simply because they have room; there is room for houses and habitats. In addition, the more room there is, the more habitat types there are, and consequently, the more different species that depend on these habitats. This explanation is not meant to discount the positive association between the locations of people and species, since a concurrent study carried out by Marco Pautasso, currently at the European Food Safety Authority, found that the positive association persisted in areas as small as 1 kilometer, or two-thirds of a mile, across.7


  There are several reasons why people and other species are found in large numbers in the same places. Humans and other species may be responding to the same underlying gradients of energy availability, elevation, and/or spatial heterogeneity. The availability of energy from the sun, along with water availability, powers natural systems through the process of photosynthesis that transforms photons into plant matter. The more energy and water that are available, the greater the number and diversity of plants, and ultimately of herbivores and predators, including humans. Humans and other species also reach high densities at low elevations for the similar reason that environmental conditions at low elevations are more amenable to a good life. Finally, places with many different environmental conditions, resources, and habitats provide humans with more resources overall and thus permit larger populations and represent a greater diversity of niches that more species can fill. These explanations are simplistic in that they do not consider human cultural, economic, and settlement patterns, or other reasons for humans to aggregate in certain areas. But they do hint at why dense human habitations also have lots of other species. And where there are many species, there are likely to be more rare species, such as those with restricted geographic ranges assessed by Gary Luck.
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  Other explanations for the positive association between human population density and species richness are that humans import a lot of species—Luck also found a positive association between human density and the number of non-native plant species—and that humans actually create a diversity of novel habitats—think of all the greenways, gardens, hedges, stormwater ponds, forest patches, railway corridors, streetscapes, industrial sites, and office parks packed into a relatively small urban or suburban area—that attract a diversity of species. The good news from this unexpected, positive association between the density of humans and the number of species is that we live among a truly dazzling array of natural wonders that, in the case of some species and some cities, occur nowhere else on Earth. The bad news is that our activities can and do lead to the loss of some of the native species we live amongst, the rare ones being the most vulnerable, as evidenced by the positive correlation between the number of threatened species and human density reported by Luck. In reconciling these two realities, I like to think that the places where we live represent a life-changing opportunity to embrace nature in our day-to-day lives. It’s an opportunity that is not easily seized, but that once acted upon, will improve our health and well-being and that of the planet.
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  At this point, I hope to have shown you that you share your yard, subdivision, and city with innumerable other species. My point in doing so is to introduce the organizing concept of this book: that you, and all the other species that occur where you live, are part of an urban ecosystem, an interconnected web of living organisms and the physical environment in which humans play a large role. As a part of an urban ecosystem, you regularly interact with other species, and you and other species respond to, and influence, your common physical environment. I’ve chosen the urban ecosystem concept as the basis for this book because it is fundamentally concerned with these relationships—all the myriad connections that link people, other species, and the air, water, and minerals upon which we all depend. As a result, it’s a great way to situate the reciprocal relationships between people and nature that occur where you live and that I’ll be focusing on in each chapter. In the next few pages, to give you a better idea of what an urban ecosystem is, I’ll first provide you with the classic definition of an ecosystem that dates from the beginnings of the field of ecology. Then, I’ll describe a forest ecosystem and the interactions that define it in order to compare these to the interactions that are characteristic of an urban ecosystem, in this case a neighborhood in Vancouver, Canada. I’ll show you how urban ecosystems are similar to, but also very different from, natural ecosystems, most importantly with respect to the outsized influence of people. I’ll also define exactly what I mean by “urban,” since ecologists use the term much more broadly than it is generally understood.


  The classic definition of an ecosystem is a community of organisms and their physical environment interacting as an ecological unit. The term “ecosystem” originated with Arthur G. Tansley in 1935 at a time when ecology was a young field of study and adepts were focused on bringing
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  order to the search for a better understanding of the living component of the natural world.8 In contrast to those who maintained that relying on the concept of the community, a group of organisms of different species occurring in an area and interacting among themselves by means of predation and other such relationships, was the most productive way to advance ecological understanding, Tansley argued that organisms were inseparable from the physical environment and, therefore, a useful unit of ecological organization must incorporate both living (the community) and non-living (the physical environment) components. Only by explicitly accounting for the ways in which organisms respond to and shape the physical environment in an ecosystem could we hope to advance our understanding of why plants, animals, and other types of organisms occur and persist where they do.


  A forest ecosystem is probably the example with which most of us are most familiar. Picture yourself walking through a pleasant, open stand of trees. It’s fall, as it is now as I’m writing this, and leaves are slowly falling from the branches overhead. You regularly hear a dry shuffling as squirrels forage for acorns in the leaf litter. Small birds flit among the nearly nude branches, and a woodpecker’s tapping reverberates through the woods. If you’re in luck, you might even see a doe and fawn ambling in the sun-dappled distance. All these elements, and the air, water, and minerals surrounding and within them, compose the forest ecosystem. However, none of them would exist without interacting with one or more of the others.


  The interactions among the living and non-living components of a forest ecosystem are myriad and complex. A focal point for many of these interactions is the trees. Trees perform photosynthesis, the process by which energy from the sun and carbon dioxide and water from the air are chemically transformed into glucose and oxygen. Glucose is combined with nutrients from the soil and underlying bedrock to form the matter in tree trunks, branches, and leaves. Fallen leaves accumulated on the forest floor are broken down into nutrients by armies of invertebrates and bacteria and an intricate network of filamentous fungi. Insects, birds, and mammals that eat tree leaves, nectar, and nuts are themselves transformed into nutrients when they die. They also eat and are eaten by other animals. And most living things are continually respiring, or burning their stores of carbohydrates, protein, and fat to produce energy, taking in oxygen and emitting carbon dioxide and water in the process.


  An important thing to note about these interactions is that they are often reciprocal. For example, trees both absorb and emit carbon dioxide when they photosynthesize and respire, respectively. The nutrients ingested by squirrels in the form of acorns are returned to the soil once the squirrel or its predator dies, to be taken up by the tree once more and turned into more acorns. Put another way, the tree in part creates the conditions for the squirrel to occur and thrive, and the squirrel returns the favor in time. I’ll return to this interdependence of elements when I describe the relationships between people and nature that form an urban ecosystem.


  When ecologists study ecosystems, they focus on the interactions that define them by quantifying the flow of energy and/or nutrients among the elements. For forest ecosystems, the nutrient most commonly quantified is carbon. Trees and other plants “fix” the inorganic carbon in carbon dioxide in the air by adding it to oxygen and hydrogen to make glucose, a sugar used for energy and as a building block of more complex organic molecules such as carbohydrates and protein. When leaves fall from tree branches to the forest floor, carbon is being transferred from one ecosystem “pool” to another. It is these pools and transfers, or fluxes, that ecosystem ecologists measure. For example, Suzanne Simard at the University of British Columbia and her colleagues recently estimated the amount of carbon in different pools in a sixty-eight-year-old fir-cedar-hemlock forest near the city of Vancouver in order to assess the effects of logging intensity and climate on forest carbon stocks.9 About 65 percent of the total carbon in the forest was held in aboveground pools, including live (50 percent) and dead (9 percent) trees, woody debris such as logs and twigs on the forest floor (7 percent), understory plants (0.15 percent), and stumps (0.04 percent) (the sum of values exceeds 65 percent because I averaged measurements from multiple sampling sites). The other third or so of carbon was located in tree roots (11 percent), in leaf litter (19 percent), and in mineral soil under the litter (8 percent). In another study nearby, Elyn Humphreys, then at the University of British Columbia and now at my alma mater, Carleton University in Ottawa, Canada, estimated the exchange of carbon dioxide between a fifty-three-year-old Douglas fir stand and the atmosphere.10 In one year, the stand absorbed 2 kilograms of carbon per square meter and emitted 1.75 kilograms of carbon per square meter, for a net sequestration or storage of carbon of 0.25 kilograms per square meter. That’s equivalent to the weight of an AA battery for every square foot of forest per year.


  [image: Carbon circulates among reservoirs, or pools, in forest ecosystems, such as trees, leaf litter, and dead branches on the forest floor.]
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  The last point I’d like to make about the ecosystem concept before turning to how it has been applied to an urban context is that the concept is scalable. By this, I mean it can be used to describe the interactions among organisms and the physical environment in areas of different sizes. One can refer to the ecosystem in a Petri dish, to a pond ecosystem, or to the forest ecosystem of a nature preserve or county. The size of the area under consideration will constrain the elements that are included in any particular instance of an ecosystem and, as a consequence, the types and magnitudes of interactions among elements. However, ecosystems are typically open systems in that they receive inputs and produce outputs that link them with areas outside their boundaries. The ecosystem concept is really a means of understanding how organisms and species depend on one another and their physical environment in a given place at a given time. Think of the ecosystem concept as one of those powerful satellites that are so useful in techy police dramas and spy movies to pinpoint the bad guy’s location. With it, you can view entire cities, and in an instant, zoom in to a neighborhood, streetscape, and yard. In an analogous way, the concept and the perspective that it brings will be useful in the following chapters as I examine the connections between people and nature that occur in your yard, along your street, in the places you visit like your local park, and in your neighborhood and city. In each place exists a web of interconnected living and non-living elements of which you are an important part.
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  In a sense, an urban ecosystem is just like any other ecosystem. It is an ecological unit constituted of the interactions among organisms and the physical environment. When urban ecologists study urban ecosystems, they do so in very similar ways as ecologists trying to understand other types of ecosystems. They focus on the cycling of energy and/or nutrients and define and measure pools of material storage and fluxes, or exchanges of material, among pools. Ronald Kellett and his colleagues at the University of British Columbia did just this for a neighborhood in Vancouver and carbon cycling.11 Cities are hotspots of carbon emissions to the atmosphere. As a result and given the severity of climate change and its impacts, the sources and magnitudes of carbon emissions in cities are of special interest to scientists and decision-makers, not least because identifying and understanding them may assist in the development and design of avoidance and mitigation measures.


  Kellett’s case study was a 1.2-by-1.2-mile area in the Sunset neighborhood, an inner suburb of Vancouver, a city of 630,000 people in a metro area home to nearly 2.5 million. The study area is mostly single-family homes with lots of about a fifth of an acre, but also includes commercial, institutional, and mixed-use development, especially along


  

  

  

  

  

  

  

  

  [image: Cities and suburbs around the world exhibit the Urban Heat Island Effect of higher temperatures compared to surrounding rural areas. The dominance of built structures and surfaces that generate, absorb, and retain heat is largely responsible.]
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  Cooling off: what you can do to mitigate the Urban Heat Island Effect


  

  
	Maintain the trees on your property and add a few more. Trees shade your home and increase local evapotranspiration, the process by which water is evaporated from plant leaves and other surfaces, absorbing ambient heat as it does so. An International Society of Arboriculture–certified arborist can help you keep your existing trees in good health for the long term (www.isa-arbor.com).


	Walk, cycle, or take public transit when possible to reduce the overall heat emitted from transportation where you live.


	Choose a cool roof that reflects more sunlight and heat than a traditional roof when it’s time for a replacement.


	Consider installing solar panels on your roof. The shade from the panels will reduce the temperature of your home and decrease your air-conditioning needs.


	Minimize the heat emissions from energy used in your home: increase the thermostat in the summer and lower it in winter, use smart power strips to reduce phantom power used by your devices, change your bulbs to LED, choose energy efficient appliances, and upgrade your windows and home insulation if you can.


	Help to map the Urban Heat Island in your city. The National Oceanic and Atmospheric Administration’s NIHHIS-CAPA Urban Heat Island Mapping Campaign is funding cities and their partners nationwide (https://nihhis.cpo.noaa.gov/Urban-Heat-Islands/Mapping-Campaigns/Campaign-Cities). Campaigns need volunteers of all ages to collect the data necessary to target mitigation strategies to those most in need.




  [image: Trees help mitigate the Urban Heat Island Effect. A black tupelo sapling with a watering bag around its base.]
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