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Umbrella magnolia and two-winged silverbells flower in early May in the understory below a pin oak in a Pennsylvania garden.
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The layered landscape in late April in the Darke-Zoehrer garden
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Watching the woods from a tree house at Longwood Gardens.





My gardening life really began more than four decades ago when I joined the staff of Pennsylvania’s Longwood Gardens. Fresh out of school with a degree in botany, I had the good fortune to be hired as assistant to Longwood’s Ph.D. plant taxonomist, Donald “Dutch” Huttleston.


Dutch grew up in rural upstate New York with a pet crow trained to perch on his shoulder. Hoping to make his career as a naturalist, he taught himself to know both the local flora and fauna: the wildflowers, trees, shrubs, ferns, mushrooms, and lichens as well as the birds, insects, and other animals. As we began working together, frequently on foot through the great woodlands and meadows surrounding Longwood’s formal gardens, his ability to put a name on virtually any plant we encountered and to identify unseen birds by their song delighted me. Along the way, we hunted for morels rising through the leafy woods floor after spring rains. In the course of our work, we observed bees and butterflies engaged in myriad pollinating and nectar-gathering activities.


I was in awe of the breadth of his knowledge, which made life in Longwood’s landscapes all seem connected, and I asked how he’d come to focus on plant taxonomy. Dutch explained that in his era the dream of earning a living as a naturalist proved an unlikely prospect, and for economic reasons he accepted the need to specialize. In time, I too specialized professionally, though I’ve held on to the belief that our definition of the garden could be broadened to include a wondrous array of vital connections. Over the years, I’ve looked for opportunities to promote this idea in projects, lectures, and publications.


The chapter-long study of life along the Red Clay Creek that forms the ethical core of my book The American Woodland Garden: Capturing the Spirit of the Deciduous Forest draws directly from observations of local natural process, and from both floral and faunal associations. My earlier submission of the study in preliminary form to a garden magazine was nearly rejected by a horticulturally oriented editor who first dismissed it as “nature study, not gardening!” I’m grateful to the editors at Timber Press for taking the chance that the gardening community’s recognition of the relevance of such an ecological work might be growing. Despite this, the fact that the book’s over 700 photos include only one bird and one bee (and those are both in the Red Clay Creek chapter) is a reflection of the then-current separation of non-plant diversity from garden design.


Doug Tallamy and his wife, Cindy, are friends and neighbors with my wife, Melinda Zoehrer, and me. We all share personal and professional interests in supporting biological diversity, and we each garden in our own way. In recent years, Doug and I have been on the programs of various conferences together, and these events have revealed both the overlap in our work and the insights that result from combining our respective disciplines. My perspective is primarily that of a plant ecologist, horticulturist, and landscape designer, and Doug’s is primarily that of an entomologist, behavioral ecologist, and ornithologist.


Many conversations with professional friends and with conference attendees encouraging us to collaborate led inevitably to the idea of producing a book together. Our goal has been to focus on the common ground in our approaches and methods without losing the varied perspective that results from preserving individual voices. In keeping with this, the majority of the text is written in a combined voice with both authors contributing. Following our respective introductions, individually written material is identified with abbreviated bylines: —RD (Rick Darke) or —DT (Doug Tallamy).


Is this book only about gardening with native plants? No. It’s a book about how native plants can play essential roles in gardens designed for multiple purposes, with a focus on proven functionality. For better and worse, the native plant movement in North America has evolved in the last decade. Increased interest in natives has resulted in a greater diversity of commercially available locally and regionally indigenous plant species, and this is for the better, even if it is still only a fraction of the whole. Unfortunately, the focus has remained primarily on decorative qualities such as colorful flowers rather than suitability for a variety of roles in which plants make gardens truly alive and livable. Providing beauty is a valuable function; however, other equally important functions include screening, organizing spaces, cooling, groundwater recharge, and providing food and shelter for both humans and diverse wildlife.


One of the most important functionalities is durability: the capacity to thrive over a long time without dependence on resource-consuming maintenance regimes. Claims that natives are always better adapted than exotics fail to take into account radically altered environmental conditions in many suburban landscapes. Claims that a palette primarily of exotic plants has no negative impact on relational biodiversity are equally flawed, as Doug discusses in depth in chapter two. In most cases and most places, the design of broadly functional, ecologically sound, resource-conserving residential gardens requires a carefully balanced mix of native and non-native plants. It’s time to stop worrying about where plants come from and instead focus on how they function in today’s ecology. After all, it’s the only one we have.


Since writing The American Woodland Garden, I’ve worked on, visited, and revisited a broad array of gardens and habitats, documenting observations I believe are relevant to modern landscape design and management. Melinda and I have now had the uncommon experience of tending the same garden for more than 20 years. It’s been both our home and our living laboratory, and has provided a wealth of first-hand experience and lessons that I’ve made extensive use of in this book.


One of those lessons has been a deeper appreciation of the vital role of wildness in designed landscapes. Although The Wild Garden: Expanded Edition gave me the chance to frame this concept and point to its promise for modern gardeners, the present book provides the opportunity to illustrate the practical application of wild gardening in much greater detail.


It isn’t easy to write a book about combining beauty and biodiversity in garden design without constantly referencing Nature (with a capital “N”), but we’ve done our best. Why? Because the traditional idea of Nature is rooted in separatism—in the dichotomy of Man and Nature—and this book is about connection.


British philosopher Raymond Williams suggested the word Nature is a “singular term for the multiplicity of things and living processes,” and I can live by that definition. However, popular culture defines Nature as an “other,” a near-sentient force operating beyond the bounds of human community. I was raised with that notion and can empathize with the nostalgia often accompanying it, but I can’t accept the idea of a separate Nature any more than I believe digital data resides in “The Cloud” (the data resides in machinery that is typically plugged into a wall socket).


No other species on Earth is as influential as ours is, yet we are part of it all, connected to it all. Our actions have far-reaching consequences, and if we’re thoughtful, most of them can be good ones. Making a garden and living in it is a great way to practice the art of ethical, functional design. A well-made garden should be full of life, human and otherwise, providing infinite, daily opportunities to experience that glorious multiplicity of things and living processes.





Preface


by Doug Tallamy
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A blue grosbeak male stakes out his breeding territory.





Three summers ago my wife, Cindy, and I were privileged—but not accidental—participants in one of nature’s special performances. A pair of birds nested in our yard. I know: that doesn’t sound very special, but when you think about what it took for that avian couple to reproduce successfully in our suburban setting, it becomes very special indeed.


I still remember the first time I saw the male blue grosbeak. I thought it was one of our many indigo buntings, but it was larger, had a beautiful streak of red on its wings, and produced a different song. At first, he spent all day singing. From his perch on one of our ironwood trees, he would flex his azure crest and sing his heart out. His goal was not to entertain me, but to stake his claim to a breeding territory. He chose our property to raise his young because it is dotted with the small trees and shrubs that are perfect for concealing his nest. Even more important, the insects he needed to feed his nestlings are plentiful here.


The male grosbeak sings for two reasons: to warn off intruding males and to attract a mate. It didn’t take him long to find romance; a chocolate-colored female, lured by his melodies, found him and the quality of the territory he was guarding to her liking. Soon she started to construct a nest deep within an alternate-leaf dogwood tree.


Blue grosbeaks are among the few birds that use snakeskins as nesting material. The task of locating a suitable skin typically falls to the male, and at our house, he was in luck: a black rat snake had left a 4-foot skin near a groundhog hole in our meadow. Soon the grosbeak and his mate had woven the skin among grass blades and sticks to form the nest that would become home for three nestlings. This was his only successful bout of reproduction that year, but he sang in celebration every morning at seven sharp from midsummer until early autumn when he and his family departed for their overwintering grounds in southern Mexico.


Please remember that what I have described did not take place in a national park, or even in a small county preserve. It happened in our yard. It happened there because we have built our landscape with all of the bits of nature that blue grosbeaks require to make more blue grosbeaks. Once mowed for hay, our property is now a mix of young oaks, birches, and viburnums; gray, flowering, and alternate-leaf dogwoods; eastern red cedars, winterberries, and inkberries; American elms, plums, chestnuts, and beeches; silverbells, fringe trees, black cherries, red maples, and other productive native species. We have planted our yard with a diversity of plants that, not coincidentally, makes the food necessary for grosbeak reproduction. Our woody natives alone support well over a thousand species of caterpillars, as well as myriad other insects that are the sole source of nutrition for young grosbeaks. After the fledglings leave the nest, these same plants supply the grosbeak family with seeds and berries to supplement their continued diet of insects.


We have the snakeskins our grosbeaks use to build their nest because we have black rat snakes, black racers, milk snakes, dainty little DeKay’s snakes, ring-necked snakes, garter snakes, and ribbon garter snakes in our yard. We have these harmless reptiles because we have the mice, voles, shrews, salamanders, pollywogs, frogs, and toads that they eat, and because we have groundhog dens that are perfect places for snakes to avoid the weather extremes of winter and summer. In addition, we have snake food because we have the plants that supply the insects and seeds eaten by mice, voles, shrews, and toads, and because we leave refuges for them so they can avoid being decapitated during Saturday mowings.


We have nesting blue grosbeaks in our yard, as well as chipping sparrows, field sparrows, song sparrows, yellowthroats, willow flycatchers, chickadees, cedar waxwings, robins, cardinals, mockingbirds, bluebirds, brown thrashers, titmice, woodpeckers, wrens, and 40 other species of breeding birds because we have redundancy in each of their ecological requirements. If a mockingbird has already built a nest in a suitable dogwood, our grosbeaks can find an unoccupied dogwood—because we have many. If our black cherry trees do not produce enough larvae of the promethea moth, white furcula, and small-eyed sphinx to satiate the baby grosbeaks, our oak trees will fill the void with unicorn caterpillars, red-humped oak worms, confused woodgrains, variable oak leaf caterpillars, and white-dotted prominents. If our black rat snakes shed their skins within a mole tunnel where the grosbeaks can’t find them, our black racers will leave their sheds in plain view on one of our mowed paths.
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A grosbeak nest built with shed snake skins within alternate-leaf dogwood (Cornus alternifolia).





In short, we have built a landscape that guarantees a steady supply of all of the resources needed by blue grosbeaks to reproduce successfully—a landscape with enough complexity to promote long-term balance and stability in the food webs it creates. We have lawn, but only in the areas we typically walk. At our house, grass carpet is not the default landscape, something we do with the land when we don’t know what else to do. Rather, it is a mechanism for formalizing plant communities and for guiding us through our dense plantings. Cindy and I have built a landscape that emphasizes ecological function because we so much appreciate the added value that wild things bring to our lives.


I am an entomologist and ecologist by training, a behavioral ecologist by choice of specialty, and a citizen of this planet by circumstance. My academic experiences have taught me to observe what is happening around me and relate it to the ecological processes that keep water in my bathtub, food on my plate, air in my lungs, and birds at my feeder. I wrote Bringing Nature Home to introduce the idea that not only can our residential landscapes make valuable contributions to preserving earth’s biodiversity and ecosystems, they must make such contributions to meet the rising human demand for ecosystem services. But I was also motivated to share what Cindy and I have discovered at home; suburban restoration really works! None of my academic training had prepared me for how well and how fast it can work. I needed to tell the world!


Building upon the message in Bringing Nature Home, the present book, written in collaboration with Rick Darke, focuses on creating landscapes that support life without sacrificing traditional aesthetic values. This is why Rick, with his sense of aesthetics and skill in conveying the beauty inherent in natural landscapes, and I, with my interest in ecosystem function, are collaborating. We hope our collaboration will be the personification of the new balance between humans and nature that will happen right in our gardens.


Creating beautiful landscapes that are also functional is the point of this book. With just a little thought and knowledge, and a different perspective about what our gardens could be, we can build such landscapes. We can choose plants that inspire us with their own beauty, as well as the loveliness, interest, and yes, excitement that comes from the life around us. We can simultaneously appreciate how landscapes look and how their interconnected parts create the vital ecosystem services that sustain us all.





Introduction
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Suburban landscapes in southeastern Pennsylvania in May.





No matter how much any individual garden may seem like a separate place, a refuge, or an island, it is in truth part of the larger landscape, and that in turn is made of many layers. The layering of the larger landscape varies over place and time, and is profoundly influenced by the life within it.


Some landscapes have more layers than others, and some layers are more apparent than others. The richness of life in any given landscape is generally linked to the richness and intricacy in its layering.
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Suburban landscapes in southeastern Pennsylvania in November.





A bird’s-eye view of typical urban and suburban landscapes reveals that they lack many of the living layers characteristic of broadly functional ecosystems. In addition, many of the layers that are present have been stripped of much of their complexity, and because of this, the biological diversity and ecological functions of these landscapes are greatly diminished.


Since we spend so much of our time in such landscapes, it’s easy to adjust to their simplicity and unconsciously to accept it as the norm. However, if our intent is to create beautiful, livable landscapes that are also highly functional in environmental terms, integrating meaningfully detailed layers has to be a primary design goal.


Many suburban residential landscapes already include a few or many of the literal layers that have made traditional habitats and other long-evolved ecosystems so full of life. Existing layers can be enhanced and missing layers can be appropriately created. The key is to develop a familiarity with the basic functions, inter-relationships and living dynamics of layered landscapes, and then to use horticultural skills to reprise and maintain them. Learning to read and draw lessons from the structure, composition, and processes of functional ecosystems will be increasingly essential to good gardening and the making of broadly functional landscapes for life.
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A suburban residential development in northern Maryland.





The lack of biological layers is especially evident in many commercial landscapes and in the majority of urban landscapes since so much of their available area is dedicated to buildings and to the extensive paving necessary to accommodate cars and other motorized vehicles. Although there are opportunities to reintroduce layers to such landscapes, the greatest opportunity lies in the suburbs, which are now home to approximately half of the United States’ population.


Despite frequent remnant patches of layered woodlands, grasslands, and wetlands within the broad suburban landscape, they are just that: patches. These isolated fragments are typically surrounded by highly altered expanses with minimal habitat functionality. Their separation and relatively small size is insufficient to sustain the great diversity of wildlife that requires larger, continuous habitat. Reintroducing layers to residential landscapes is the best strategy for restoring biological function on a vast scale, contributing to habitat and to a wide range of ecosystem services that are broadly beneficial, including replenishment of atmospheric oxygen, carbon sequestration, groundwater recharge and filtration, soil conservation, and moderation of weather extremes.
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An urban landscape in northern Delaware.





The first chapter of this book examines the patterns and processes in wild, unmanaged systems. Using a woodland as example, the chapter unpacks the components of the literal vertical and horizontal layers in a wild landscape. It also addresses cultural and temporal layers, edges (transitional areas), and wildness (the ability of a natural habitat to perpetuate itself).


Chapter 2 looks at relational biodiversity—the interactions of plants and wildlife in a regional ecosystem. Although we often measure biodiversity in terms of the numbers of different species present in an area, this chapter makes the case that biodiversity encompassing long-evolved interrelationships is more meaningful, more functional, and worthy of conservation and enhancement.


The third chapter answers the question, “What does your garden do for you and for the environment?” Some of the human-oriented functions that might be asked of a home landscape include the following:




• create living spaces suitable for play, meals, entertaining


• add beauty and sensual pleasure including color and fragrance, framing, and order


• offer shelter and refuge, privacy and screening


• yield sustenance through edible plantings


• produce opportunities for storytelling and other artistic expression


• inspire and educate by providing exposure to or immersion in natural phenomena including seasonal cycles, cycles of plant and animal growth and migration





Likewise, a home garden can be designed to serve a variety of environmental functions:




• recharge groundwater


• replenish atmospheric oxygen


• sequester carbon


• furnish shelter/cover for wildlife


• promote a stable food web for wildlife


• support pollinator communities


• provide the right conditions for natural hybridization and the continuing development of biodiversity





Because many gardeners confess to an inability to see the life present in local habitats and in their gardens, chapter 4 provides examples and illustrates strategies for developing one’s visual acuity and capacity to observe and recognize local biological diversity.


Chapter 5 applies the concepts and strategies of wild landscapes to a home garden. Drawing on personal experience, the authors look at the composition, content, functionality, and maintenance of the literal layers described in chapter 1, starting from below ground and moving up. Other themes such as managed wildness and edge dynamics (primarily a function of lateral spatial design) are addressed as appropriate within each layer, as are varying site conditions such as moisture gradients (dry, average, moist, wet), drainage (sharp well-drained to nearly anaerobic and poorly drained), pH (acidic to alkaline), and available light (full sun to dense shade). Authentically related plants and animals are shown in various settings.


Although the concepts and strategies discussed and illustrated in the book are applicable to many parts of the world, the book’s specific examples are drawn from temperate eastern North America. They integrate Rick’s conservation-based planting design and management strategies, with Doug’s vision of the roles residential gardens can play in sustaining local and regional insect and animal biodiversity. A chart at the back of the book lists selected plants and the functions they support by region, giving home gardeners ideas for getting started wherever they live.


In sum, this book addresses both the practical and ecological functions of the home landscape. It is not a how-to book. Rather it aims to provide readers with inspiration and strategies for making and maintaining truly living landscapes—gardens that are full of life and truly vital to both human needs and the needs of local and regional wildlife communities. Such gardens offer homeowners beauty at multiple scales, outdoor rooms for a variety of social functions, turf areas for kids and dogs to run and play, fragrance, and edible plants, while simultaneously meeting various ecological functions and providing cover, shelter, and sustenance for wildlife.
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Photographed in late October, comfortable chairs and a small table offer an all-season destination in a suburban Pennsylvania garden. A canopy of seed-grown American beech trees provides shade and cooling and in all seasons adds a sense of enclosure. The seating encourages conversation, outdoor meals, or simply enjoying the colors, textures, and living events unfolding in this multi-layered landscape.
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A richly layered deciduous woodland in Pennsylvania.








CHAPTER ONE



Layers in Wild Landscapes


What does a richly layered landscape look like? This chapter reflects upon the layers often found in natural habitats and other landscapes beyond the deliberate influence of human activity, illustrating patterns and processes that can serve as models and inspiration for making and maintaining ecologically healthy residential gardens.


Learning to recognize and read the layers in any landscape is enjoyable and useful. As the layered organization of a landscape becomes apparent, it provides a framework for more detailed observation and understanding. This framework helps us to appreciate the richness and complexity without being overwhelmed by it.


Knowing where to look for elements and events in the life of any layer is an enduring pleasure. An increasing ability to comprehend interactions between elements in the layers makes it ever more possible to recognize stability or to anticipate change, and to perceive the influence of internal and external forces on living systems. Gardens have layers, too, and an appreciation of patterns and processes in unmanaged systems is a powerful tool for deciding how and when to emulate or intervene in the landscape each of us calls home.


Adopt the perspective of landscapes being comprised of layers and it quickly becomes obvious that some layers are more literal than others. Layers that accumulate through the influence of human culture—the cultural layers—are often more conceptual in nature, and can’t always be identified by defined spaces or discrete structures. The layering that accrues over time—the temporal layers—are perhaps the most conceptual because they consist of interwoven patterns that are by their nature ephemeral. Though their boundaries aren’t often rigidly defined, the vertical or horizontal layers of things and processes—the literal layers—are the most obvious.


THE LITERAL LAYERS


The grand scale, inherent organization, and common presence of the deciduous forest make it an excellent model for beginning an exploration of literal layers. The deciduous forest offers the most dramatic and easily readable example of vertical layering. Starting at the top with the canopy and moving earthward through the understory trees, the shrub layer, herbaceous layer, and ground layer, the forest is comprised of habitat zones distinguished most obviously by elevation.




Literal Layers in a Landscape


VERTICAL LAYERS


Canopy


Understory trees


Shrubs


Herbaceous plants


Ground layer


HORIZONTAL (LATERAL) LAYERS


Dynamic edge


Wet edge


Wetlands


Meadows and grasslands
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The mid-October color peak in this western Pennsylvania forest canopy precedes the impending leaf drop, which will enrich the ground layer’s organic matter while once again allowing unfiltered sunlight to energize the lower layers.






CANOPY



Formed by the heavily branched tops—the crowns—of the tallest trees, the canopy is the forest layer that literally brushes the sky. The canopy crowns are the first to catch sunlight, and because of this, photosynthetic productivity is higher in this layer than anywhere else in the forest. The direct sunlight captured by the canopy is also responsible for the prolific flowering, fruiting, and seed production that takes place in the canopy.


Lower layers compete for light filtered by the canopy and for light streaming through openings in the canopy. The quantity and quality of light passing through the canopy varies with the growth forms and patterns of canopy trees and with the optical properties of their foliage, which vary among tree species.


Leaf arrangement, size, thickness, color, translucency, reflectivity and other characteristics of internal anatomy all influence the intensity and spectral quality of light traveling through, and this influences the growth of plants growing below. Light in the red and blue ranges of the spectrum is generally most important for plant growth and flowering, and green light is least important. During the growing season, we see most foliage as green in color because most plants reflect green light.
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The canopy of this deciduous forest in Pennsylvania is dormant and leafless in early February (above), allowing the majority of available sunlight to pass through to the ground below. By mid-April (below), new leaves are opening and the canopy’s photosynthetic activity begins another year. The window of opportunity for plants in the understory, shrub and ground layers to benefit from relatively unfiltered sunlight is about to close. By April’s end, canopy foliage is nearly full-sized, dramatically changing the intensity of light reaching the lower layers until leaves are shed in autumn.
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Prolific flowering of red oaks (Quercus rubra) near the top of the canopy in early April.





In addition to influencing light passing through it, the canopy also affects air quality in the forest and sometimes well beyond. When dormant and leafless, the branched crowns of deciduous trees reduce air movement below while allowing sunlight to pass through barely diminished. Consequently, air temperatures inside the forest are often higher than outside of it in late autumn, winter, and early spring. The reverse is true when the canopy is in full summer leaf. Temperatures within the forest are then noticeably cooler.


As the forest’s primary photosynthetic engine, the canopy takes in huge amounts of carbon dioxide and releases a great quantity of oxygen as a photosynthetic byproduct. A single acre of productive forest uses tons of carbon dioxide gas each year, storing or “sequestering” it in the form of carbon as the major component of woody tree tissue. This isn’t the end of the story, however: the processes of respiration and decay reverse the equation. These oxidation processes consume oxygen and release carbon dioxide.


Mature, healthy, functioning forests recycle oxygen and carbon dioxide in roughly equivalent quantities, affecting no net change but helping to maintain the Earth’s atmospheric oxygen component at approximately 20 percent. The equation changes when forests are felled by human activity, which eliminates oxygen production while accelerating carbon dioxide release through the eventual oxidation of woody material.


A quick look at any forest canopy reveals that no two trees are identical, and there are many reasons for this. Genetic diversity plays a strong role. The common genetic traits of a particular tree species produce an outward appearance that is reliably distinguishable from other species. For example, the flowers, fruits and seeds, leaf shape and color, bark color and texture, branching pattern, and ultimate height of a white oak (Quercus alba) make it easy to tell from a beech (Fagus grandifolia).


Genetic variability within a species also results in varied appearance. For example, although they will both exhibit all the features that qualify them as white oaks, no two seed-grown, genetically individual white oaks will be exactly the same. Even when growing in identical circumstances, they may grow at different rates to different heights, flower or set seed at slightly different times, or turn different colors at different times in autumn.


Appearance is not the only realm in which genetics plays a role. Genetic variation affects the way tree species and individuals of a species respond to local site conditions. For example, just as some species are more capable than others of thriving in normally dry conditions or of tolerating extended droughty periods, individuals within a species may also respond differently to the same set of conditions.


Over time, the genetic makeup a given population of a tree species may change in response to growing conditions in a local or regional habitat. Although the changes are often quite subtle and may not be expressed in outward appearance, they can significantly affect the trees’ response to site conditions. Such genetically distinct populations are called ecotypes.


The structure and form of the canopy reflect long-term conditions far below on the ground. Consistently favorable ground conditions capable of sustaining tall-growing forest species contribute to the formation of an evenly dense canopy. Woodland streams, seeps, ponds, and other constantly saturated areas on the ground can create effective voids within the forest’s tall tree growth, resulting in openings or separations in the canopy. Topography, exposure, and underlying geology are also profoundly influential. Tree species vary considerably in their ability to grow on different degrees of slope, and on slopes at different angles to the sun. Rock outcrops within the forest can so strongly influence the type of soil forming over them or the soil’s relative moisture that the trees species able to establish there will be dramatically different from adjacent areas.


Contrary to popular belief, trees rarely have taproots beyond the seedling stage. The root systems of most deciduous trees extend out from the trunk at least as far as the canopy branches, yet they rarely grow deeper than 2 or 3 feet into the ground. This is partly because roots require oxygen, which is increasingly scarce in the lower soil horizons.
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Red oak acorns mature at the top of the canopy in late August.
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Used by small mammals, birds, and other wildlife for nesting, perching, foraging, and food storage, dead trees, or snags, often contribute more to functional habitat than when they were alive. Insects that recycle dead wood provide critical sustenance for others higher up in the food chain.





Wind and other weather-related events play regular and important roles in shaping the canopy and, consequently, the layers below. Constant winds often influence the form of canopy trees. Canopy openings are often the result of wind bursts or strong storm winds, especially if they are accompanied by rain and saturated soils. Though large-scale fires are uncommon in today’s deciduous forests, lightning strikes to trees occur frequently, and are responsible for many openings in the canopy. Standing dead trees, known as snags, make important contributions to the canopy as a functional habitat, providing sustenance and shelter for countless insects, small mammals, and birds. Living trees with hollow trunks, cavities, and dead limbs are similarly essential to wildlife.


Trees make up the canopy, but they’re not the only form of life in this layer. The canopy provides habitat for many different plants and animals. Canopy plant life includes vines, which climb up from the distant ground layer by twining stems, tendrils, or adhesive pads. Epiphytes are uncommon in temperate forest canopies, but there are a few including mistletoe (Phoradendron serotinum) and rock polypody fern (Polypodium virginianum). Lichens are plentiful on the trunks and branches of canopy trees.


Animals that spend much of their time in the canopy layer include squirrels, raccoons, numerous birds, micro-invertebrates, spiders, and a multitude of insects such as katydids, walkingsticks, acorn weevils, and sawflies. Tree squirrels, which include eastern gray squirrels, red squirrels, and fox squirrels, find shelter in the canopy in leaf nests and tree cavity dens. The leaf nests, which are called dreys, are typically constructed high up in tree crotches or on strong limbs. Dreys are built of a framework of interwoven twigs and occasional vines covered by an outer shell of leaves, moss, and fine twigs. The inner space is often lined with leaves, grass, and strips of bark. Sturdier than they appear, leaf nests offer protection from predators and precipitation.


Katydids also reside in the canopy. Their green color makes them hard to distinguish from foliage; however, their loud mating call, produced by rubbing their forewings together, is impossible to miss. Katydids are primarily active at night, filling the forest with their song. They reach adulthood by mid to late summer, and then spend the rest of their short lives mating and laying eggs. Females glue the flat eggs to twigs in double overlapping rows. These weather the winter months and hatch into tiny wingless replicas of their parents in late spring.
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Life in the canopy is often obscured from view by foliage. This mid-May photo of a Delaware woodland shows a blue-gray gnatcatcher nest atop a beech branch, effectively hidden from view.
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The greater anglewing katydid (Micro-centrum rhombifolium), pictured here, is rarely seen because it lives primarily in the upper canopy. Like other katydids, it gets its sustenance by eating the leaves of deciduous trees.
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An eastern gray squirrel peers from a canopy den. Squirrels rely on leaf nests in woodlands where natural cavities are scarce; however, cavity dens offer better protection, especially from cold. Squirrels don’t hibernate—they’re active all year—and the use of cavity dens means less energy must be expended maintaining body temperature in winter. This squirrel leaf nest, or drey, was built in a river birch tree that has lost its top.
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Ironwood (Carpinus caroliniana) almost exclusively inhabits the understory, rarely attaining canopy height. Like many understory species, it has foliage that opens early, taking advantage of available sunlight before the canopy closes.









UNDERSTORY TREES



In broad terms, the forest understory includes all plant growth and associated animal species that exist below the canopy; however, a more detailed look at forest structure reveals a layer of understory trees. It consists of two groups: young specimens of canopy species and other inherently shorter-growing species that never attain canopy height. Both are important to the forest’s viability. The shorter-growing trees contribute to mid-story habitat and the young tall-growing trees are essential to the ongoing replacement of canopy trees lost to disease, old age, or weather-related events.


Many canopy species are capable of growing for indefinite periods in relatively low light, and they manage this in part by modifying the internal anatomy of their leaves. The majority of forest species can produce shade leaves or sun leaves to suit conditions. Shade leaves are typically thinner, with a thin epidermis and reduced numbers of palisade mesophyll cells (the specialized chloroplast-rich cells that convert sun energy to chemical energy through photosynthesis). Sun leaves have much thicker mesophyll layers and have a thicker, often waxy epidermis that protects from moisture loss and makes them appear glossier. Many canopy tree species growing in shade conditions flower less and produce fewer fruits and seeds to conserve their energy for vegetative growth.


Minimum light requirements vary with species. For example, pines (Pinus species), hickories (Carya species), and tulip tree (Liriodendron tulipifera) require nearly full sunlight to grow and reproduce. Beech (Fagus grandifolia), maples (Acer species), and basswood (Tilia americana) can complete their life cycles in shade or semi-shade conditions. Shorter-growing tree species that are tolerant of the reduced light levels below the canopy include dogwoods (Cornus species), ironwood (Carpinus caroliniana), and American hop hornbeam (Ostrya virginiana).


Pawpaws together with zebra swallowtail butterflies present a classic example of relational biodiversity. Though pawpaws are capable of growing as single-trunked trees over 30 feet tall with a caliper up to 12 inches, they more commonly form multistemmed thickets or patches. The closely spaced stems are produced as suckers from an extensive root system. Pawpaw patches help reduce woodland soil erosion in times of heavy rains or flooding.


Up to 2 inches wide, the wine-colored flowers of pawpaws are produced in early spring before the foliage of pawpaws or the forest canopy has fully expanded. Pawpaws produce the largest edible fruit of any indigenous North American species. Often di∑cult to spot in the low light of the understory, pawpaw fruits are technically berries. The thin outer skin encloses a soft edible pulp containing large reddish-brown seeds. The fruits are eaten by a variety of mammals including squirrels, raccoons, opossums, foxes, black bears, and humans.


Zebra swallowtail larvae feed exclusively on the new leaves of pawpaws, ingesting acetogenins, which are present in pawpaw leaves, fruits, and bark. Acetogenins are phytochemicals that make the caterpillars and the mature butterflies unpalatable to birds, protecting zebra swallowtails from predation throughout their life cycle.
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A flowering dogwood provides cover for a nesting robin.
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A young blackgum (Nyssa sylvatica) makes its way upward through the understory in autumn in a West Virginia woodland. It will eventually join other canopy species, but at this stage, it seeks available light, stretching away from the year-round shade of pines.
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Sun streaming through the early spring canopy in a Virginia forest illuminates the thin, translucent foliage of a young umbrella magnolia (Magnolia tripetala) in the understory.
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Redbud (Cercis canadensis) blooms in early May in a Virginia forest. Though they flower best in openings, edges, or full sun habitats, redbuds are tolerant of interior conditions and will bloom even in the shade of a high canopy.
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Pawpaw (Asimina triloba) dominates the shrub layer in an oak-maple forest in western Pennsylvania.
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A zebra swallowtail larva about to feed on the emerging new leaves of pawpaw.
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In this early May image, taken in a Maryland woodland near the Susquehanna River, a female zebra swallowtail deposits eggs on a pawpaw leaf.
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An adult zebra swallowtail alights on a sugar maple seedling not far from a pawpaw patch.







[image: Images]


Roseshell azalea (Rhododendron prinophyllum) adds color and sweet fragrance to the shrub layer of a West Virginia woodland in May, growing nearly 8 feet tall under a canopy primarily comprised of chestnut oak (Quercus montana). The canopy is not completely closed—it has regular openings—and the light reaching the understory is sufficient for the azalea to bloom. Evergreen mountain laurels (Kalmia latifolia) join the azaleas at about the same height in the shrub layer, and black huckleberry (Gaylussacia baccata) creates its own sub-layer below both of them.








SHRUBS


A healthy shrub layer contributes significantly to habitat richness and biodiversity by providing cover and shelter and by adding to the variety of foliage, seeds, berries, and other fruits available to sustain wildlife. Woodland shrub layers inhabit the vertical space from the ground layer to a maximum 15 to 20 feet in height. Shrubs are generally defined as multistemmed plants growing no taller than this, and in most cases this is sufficient to distinguish shrubs from trees, which by definition grow taller and produce single stems of significant diameter. The stem diameter of woody plants is referred to as caliper.
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