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			Preface

			“I’ll serve it without the flower,” says the bartender as he stirs my cocktail.

			“No! Bring it on, I love flowers.” We share a smile.

			He perches a single orchid bloom on the rim as he slides the glass across the bar top. I feel a moment of guilt for the decapitated moth orchid, then raise the glass. My senses converge: purple glow of petals, aromas of fruit and bitters, and the taste of gin. Like a happy bee, I sip.

			“Yeah, guys will send the drink back if I garnish it with flowers or use fancy stemware. They can’t deal with it.” As the bartender explains, the couple next to me laugh and nod. She has a martini glass. He’s drinking beer straight out of the bottle. I look at the orchid perched on the rim of my glass. Biologically, the flower, like most flowers, has both male and female sex cells, making pollen and eggs. Yet, in this bar the orchid is shoehorned into a symbol for a single human gender.

			I’m in Knoxville, but masculine disdain for flowers reaches much farther than Bible Belt Tennessee. When a reporter for The New York Times, Becky Hughes, visited bars in Manhattan, bartenders told her that many men cannot abide drinks that, in their view, send the wrong message. Flowers in the drink? A curvy glass? Nope. Too girlie.

			This is just one of the ways that we box flowers into limited symbolic roles. In many parts of contemporary Western culture, as well as being seen as feminine, flowers are regarded as weak and merely ornamental. Flowers are pretty, but not strong or in charge. This way of thinking hides an essential truth. Flowers are world changers.

			When flowers evolved, they upended and transformed the planet. They were late arrivals on the world stage, appearing about two hundred million years ago, long after the evolution of complex animals and other land plants. By one hundred million years ago they were the foundation of most habitats on land. Earth was forever changed by flowers. They created habitats like tropical rainforests and prairies, and catalyzed the evolution and diversification of bees, butterflies, birds, mammals, and many other animals. Today, 90 percent of all plant species on the planet are flowering plants. They provide food and habitat for much of life on Earth. Without them, humans would not have evolved, nor could we feed ourselves today. Flowering plants are some of life’s great revolutionaries. They belong at the center of the story of how our world came to be.

			Revolution is a word not often used by biologists. Evolution has wrought so many changes in three and a half billion years that those who study life’s history have a low tolerance for exaggeration. There is no formal definition, but biological “revolutions” are events that set the world on entirely new courses, reworking the physical and chemical nature of Earth, and inventing new ways of life and new habitats. Revolutions remake the planet. The oxygen revolution was one, starting 2.4 billion years ago. Microbes and, later, algae and land plants suffused the water and air with oxygen, poisoning many ancient creatures but paving the way for the modern world. The explosion of animal diversity and the evolution of swimming animals 550 million and 400 million years ago were also revolutions. Flowering plants join this small pantheon. Flowers’ evolution and eventual takeover of much of the world is called by biologists the “Cretaceous terrestrial revolution,” for the Cretaceous period when they became abundant. This name from the technical literature is too modest, though. Flowering plants remade life in the oceans, as well as on land, and their revolutionary innovations continued long after their appearance and rise in the Cretaceous. We live on a floral planet.

			Flowering plants caused an explosion of biodiversity and ecological productivity. Today, they are the foundations of most of the Earth’s habitats. They transformed the climate, locally and globally. Not bad work for a group of creatures whose defining feature, the flower, usually lasts only a few days. The revolution brought by flowering plants was largely catalyzed by beauty and cooperation, with some genetic innovation and sensory illusion thrown in for good measure. Flowers are especially good at drawing together different species into unlikely, but highly productive, partnerships. By interweaving the lives of soil microbes and fungi with the aboveground world of pollinating insects and fruit-dispersing birds, for example, they ignited frenzies of evolution and created habitats whose ability to alchemize sunlight and air into life is unparalleled.

			Today, flowering plants quite literally run most of the planet’s ecology. We humans are especially indebted to them. Without grasses—recently evolved flowers that build sweeping expanses of food-filled prairies, savannas, and steppes—we’d still be small-brained apes swinging through the forest. Most of the calories we now eat come from grasses such as rice, maize, wheat, and sugarcane. Much of human agriculture focuses on keeping these grasses happy so that we, too, can thrive, a planetwide symbiosis between mammal and flower.

			Symbiosis also manifests in our sensory entanglements with flowers, especially in gardens and through perfumery. There, the art and science of flower cultivation merge human desire and floral abundance. Amid the beauty that grows from our tending of flowers, though, brokenness and injustice sometimes emerge as we poison and disregard land, people, and pollinators in our quest for floral perfection.

			Flowers also inspired intellectual revolutions. It was through the study of floral sexuality that modern biology, especially the study of classification and evolution, was born, strangely and tragically twinned with horrific ideas about race in humans. The enslavement of people was partly justified by European colonists with biological “classifications” that had their origins in the study of flowers but were then distorted into racist falsehoods when applied to human diversity.

			Looking to the future, the resilience and creativity of flowers offer near-term visions of playful flowering weeds taking over a world upended by human destruction. This is no balm. The nimble flowering plants that come in our wake are impressively adaptable, but they are a shadow of the former diversity and abundance of floral life. Gazing further, tens of millions of years hence into a post-human world, flowers offer a surprising vision of beauty. In the past, places with poor soils, fire, and heat—the very conditions we are now imposing through our improvidence—have been crucibles from which emerge the world’s most spectacular flowering plants. Such speculative visions underscore the need to protect the diversity of flowers today, for their vitality is the precondition for future resilience or renewal.

			Flowers overturned the old order of Earth and built the world we live in. They will also shape its future. Yet, we seldom credit flowers with making our world. Send that idea back to the bar and take out the flower.

			Our limited imagination about the astonishing creativity and productivity of flowers is part of a more general disregard for plants. Fewer than 1 percent of European Paleolithic cave paintings feature plants, and none represent flowers. A meat-heavy ice-age diet may partly explain this bias. In places like the Australian Kimberley and the American Southwest, flowers and leaves appear more frequently in rock art, although animals usually still dominate.

			The bias continues today. We use plant metaphors to sneer at weak language. “Flowery” sentences use ornamentation to hide lack of substance. Real flowers are such successful communicators that whole dynasties of insects—butterflies and bees—evolved to read them. “Wooden” writing is poor, even though real wood is supple and strong. We admire the animal flesh in “muscular” language. Even the “flower power” of the 1960s denoted passivity, yet real flowers actively direct the animal world around them, and their prodigious growth builds new ecosystems. Consider, too, how we name the stages of life’s history. Children’s books, old biology textbooks, and modern nature documentaries mark the grand divisions using animals, the “Age of Dinosaurs” and then our present “Age of Mammals,” even though the sunflower and orchid families each include more living species than all mammals and reptiles combined. Scientists use similar categories, dividing time into Paleozoic, Mesozoic, and Cenozoic—the “Ancient Animal,” “Middle Animal,” and “New Animal” eras. Zoic is from the Ancient Greek zôion, meaning animal, hence zoos and zoology, although the word sometimes encompasses all life.

			Walk into most natural history museums and the story of life’s past is told by animals. There, trilobite fossils, vertebrate bones, glass-eyed birds, and pinned butterflies tell us of life’s grand narratives. In these zoocentric museum galleries, plants live in the background or underfoot. Flowers are usually barely mentioned. These animal-focused narratives of the past omit some of evolution’s leading characters, the plants, especially flowering plants, that built and shaped the storyline. True, plants leave fewer fossils than animals, but the bigger problem is that we would rather see ferocity than flowers, Tyrannosaurus than tulips, and so there is little appetite for giving plants a leading role in re-creations of the story of life on Earth.

			In Manhattan, for example, flowers are celebrated in museums devoted to aesthetic appreciation, but not in those whose focus is life’s evolution. Art is floral, but science, apparently, is not. The American Museum of Natural History is packed with wonders and staffed by brilliant curators and scientists. Yet, as we enter a space whose name encompasses the history of all life, we are greeted by fighting dinosaurs standing on bare earth, not a shred of green to be seen, let alone a flower. Above them, a giant wall inscription proclaims Theodore Roosevelt’s thoughts about “MANHOOD.” These displays of violence and masculinity date to the early twentieth century, when the museum was expanded as a memorial to Roosevelt. To see flowers celebrated, we walk across Central Park to the Great Hall of the Metropolitan Museum of Art. There, gorgeous giant bouquets stand year-round in wall niches and at the central information desk, refreshed weekly, kept in perpetual bloom by a dedicated endowment.

			Botanic gardens, strangely, sometimes reinforce the message that flowers are attractive but inconsequential. Many have reminders amid their floral displays about the practical utility of some plants (vanilla in the orchid room, cacao in the tropical glasshouse), but few send the message that flowers built most ecosystems and are now running the planet. One notable exception is the Royal Botanic Gardens, Kew, in London, where signs at the entrance proclaim, “If plant life stops, all life stops” and the most prominent link on the front page of the website invites us to “Discover the power of plants.” All life. Power. These are words that break through cultural prejudice.

			At Kew, the word power also carries a dark shadow of colonial history. The command gained by studying, transporting, and commercializing flowering plants—cotton, coffee, sugar, tea, indigo, rice, and many more—was a foundation of European colonialism. The scientific and commercial elite of eighteenth- and nineteenth-century Europe founded or expanded private and public botanic gardens to better explore and control the floral world. Unlike some of their descendants in American barrooms, these men had no problem with flowers. Instead, they built obscene empires with them. Ornament, science, and power were united in colonial botanic gardens, and the study of flowers was foundational to modern biology. Before this, kings, queens, and emperors sometimes used flowers as symbols of authority, associating beauty with dominion. The chrysanthemum is the imperial symbol of Japan, and roses and lilies signified royalty in Britain and France for centuries. Flowers, then, have not always and in all places been dismissed as, well, shrinking violets or wallflowers.

			In this book, I aim to put flowers back where they belong, at the center of the story of how our world came to be. I also want to reclaim flowers for all human genders. I will succeed if you look on flowers with awed gratitude. If you order a bloom-garnished drink and tell florid stories to your bar companions, so much the better.

			Luckily for us, our ancestors have done the introductory work. They bequeathed to us senses that purr in the presence of flowers. Eons of natural selection gave us bodies that respond to flowers with a rewarding shot of pleasure. Etched in our genes is old wisdom: Enjoy and be curious about the many pleasures of flowers. Hey, our forebears tell us, lean in and sniff. Enjoy the shapes and colors of petals. Give your lover a bloom. This book is an answer to these invitations, an exploration and a celebration of flowers. At the end of the book, I also offer some practical exercises with everyday flowers to deepen your curiosity and sensory delight.

			A word about what I mean by flowers. The term has two related meanings, both of which I explore. Flowers are the sexy and parental parts of many plants, containing all that is needed to attract pollinators, unite egg and sperm, and then care for the developing embryos. Petals, pollen, ovaries, fruits. These are all flower. The other meaning is shorthand for “flowering plant,” from roots to twig tips, the whole beings from which emerge the blooms.

			Flowers—in both meanings of the word—made our world. To see how, let’s start by following the scent of a blooming magnolia.

		

	
		
			
				Magnolia

				Ancient flowers revolutionize the world with beauty, bisexuality, and motherhood
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			A delicious aroma announces summer’s arrival in Atlanta. In front of office buildings in Midtown, my nose plunges into sweetened almond and tangerine, then resurfaces in a miasma of truck fumes. The scent brushes past me, too, on the scuffed lawns of city parks and along shady streets in older neighborhoods. To find the source of these delights, I look up. White flowers the size and color of porcelain dinner plates sprout from the branch tips of huge southern magnolia trees. A plume of scent streams from each bloom. These aromatic trails dance like ribbons in a breeze, so I can never know when one will warm me with its touch. Over the next month, this scant first bloom will grow. By June, a large tree can have one hundred or more flowers open at the same time.

			The delights of magnolia flowers are portals into deep time. When Tyrannosaurus stomped through the subtropical forests of the late Cretaceous, magnolia-like plants had been thriving for fifty or more million years. If magnolias were rare animals, they’d be corralled into theme parks, at the center of movie franchises, and be central characters in thousands of children’s storybooks. In the floral world, we don’t need a dinosaur movie; we live in one.

			The Earth’s first flowers left traces of pollen in the fossil record about 130 million years ago, in the early Cretaceous. Studies of DNA suggest that flowers evolved before this, sometime between 150 million and 250 million years ago. This is astonishingly late in the evolution of life. Most of the major groups of complex animals evolved 500 or more million years ago. The first plants, none of which had flowers, came onto land at about that time, too. Flowers were latecomers, but when they finally showed up, the party really got going. Within a few million years of flowers’ appearance, perhaps as few as three million, the family tree of flowering plants splayed into almost all of the main branches that are still with us today. After this initial frenzy of diversification, evolution calmed down, producing new floral diversity at a more leisurely pace.

			Ancestors of water lilies and of Amborella, a shrub known only from the island of New Caledonia in the southwestern Pacific Ocean, were among the earliest offshoots of the family tree. Magnolias were another early branch. The palm and lily branches of the family tree came later, then came plants that would later become roses, sunflowers, and their kin. By the time fossil pollen shows up in rocks, evidence from genetic genealogies shows that all the major branches of the flowering plant family tree were established. By one hundred million years ago, flowering plants were flourishing all over the globe and, by ninety million, were dominating not only the understory where they first evolved, but forest canopies.

			Truly, this was a revolution. In a few million years, the green-brown world of tree ferns, conifers, and other ancient plants was overthrown by the flowering newcomers. Plants that had dominated the land’s surface for three hundred million years were suddenly in the shade of upstarts. Nothing was ever again the same. Most ecosystems are now founded on flowering plants. Our own species would never have evolved without them. We are sustained today by floral gifts, from the food on our tables to the perfumes on our skin. The Earth is a floral planet, and although we seldom realize it, we are a species almost entirely dependent on flowers.

			Magnolias offer us an especially clear view of the revolutionary early days of flowering plant evolution because, although modern magnolia species all evolved in just the last few million years, they are little changed in their overall structure from more ancient times. Archaeanthus, for example, a plant known from 96.5-million-year-old fossils, would not look much out of place in the magnolia grove of a modern botanic garden. Like living magnolias and their cousins the tuliptrees, Archaeanthus flowers sprouted from branch tips. A ring of simple petals enclosed a central axis with female and male parts. The match between ancient and modern is not perfect—the fossil flowers are rangier than living magnolias and differ in some anatomical details—but is close enough to tell us that modern magnolias and tuliptrees are, in many aspects of their biology, holdouts from ancient times. When biologists reconstruct a hypothetical ancestor of flowers by mapping floral characteristics onto a genealogy of living species, the speculative “first flower” is like a magnolia bloom, a shaggy bisexual, female atop male in a bowl of petals. For flowers, the term bisexual differs from its meanings among humans and refers to the presence of both female and male sex cells in the same bloom. In a bisexual flower, petals serve both pollen and eggs. This union of female and male into one structure was, as we shall see, a brilliant move, one that allowed flowers to work collaboratively with insect pollinators.

			Glimpsing the earliest days of floral evolution offers more than a fun moment of time travel. We are transported to early scenes from one of the most consequential stories in evolution. When I sink my nose into a magnolia bloom, I’m face-to-face with an ancient revolutionary.
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			Stories about revolutions often hinge on brilliant individuals and singular inventions. These “hero narratives” obscure the network of relationships and ideas from which innovations grow. Thomas Edison’s light bulb was invented and perfected by a team of employees at his research lab. Printers used movable type and presses long before Gutenberg. Innovation grows from cooperation and convergence, not solitary genius. Or, perhaps, individual genius is a weaver’s art, the ability to see which strands can be united and improved. The same is true for the evolution of flowering plants. No single biological invention explains how or why they changed the world. Rather, flowering plants took existing structures and ecological relationships and knit them in new patterns, stitching in a few novelties along the way.

			In any complex and gorgeous tapestry, some of the needlework is showy and obvious, and other parts are raveled or knotted below the surface. For the story of the evolution of flowering plants, magnolias are the former, plainly showing the most important converging innovations. Later, we’ll visit other flowers to find the secrets hidden in genetics and physiology. Magnolias, though, bring early flowering plant evolution to our unaided senses.

			To better experience and understand this convergence, I pick a few southern magnolias for close study near our house in Atlanta. Although the trees are native to more southerly forests, their evergreen glossy leaves and huge flowers make them favorites here in gardens and parks. A magnolia tree planted decades ago towers over our house—this book is written in its shade—but its flowers are too high to reach. Instead, I find a scraggly row of youngsters growing between a sidewalk and a wooded gulch just down the road. In May, their branches are thick with flower buds at eye height. Each unopened bud is shaped like a candle flame, but larger, about as tall as the length of my hand. I attach fine cotton thread on the twig below the buds, then mark each thread with a unique number of knots so that I can track individual flowers.

			At daybreak in late May, the air hazed with the night’s humidity, I see that a flower on a low branch is waking. I call it “triple-knot” for the tags on its thread. The cupped, furred scales that enclosed the flower bud have fallen, pushed by the swelling floral tissues within. The white of the unfolding bloom stands out against the tree’s dark leaves, a beacon. The flower takes the form of a champagne flute as it opens. I lower my nose to the flower’s tip. Wham! Unlike the gentle wafts that greet me as I walk past, this aroma is ecstasy. Quite literally: Ekstasis in Ancient Greek means to be cast out of ourselves—ek, outside of; stasis, where we stand. Even though I know that I’m just standing on an ordinary sidewalk sniffing a flower, somehow the experience knocks me sideways for a few seconds, retexturing my consciousness.

			The smell is a blend of rose and citrus, with a darker undertone of cloves. Like other young flowers that I’ve sniffed, this one also has a tang of something green and bitter, a whiff of cucumber skin. But none of these comparisons come to mind in the moment. Instead, I’m suddenly, and only briefly, in a warm, ambrosial space. Ek stasis, indeed. I’m leery of admitting it—eye roll, keep a lid on the prose, flower-boy—but I’m transported.

			A few moments later, I’ve come down. I’m a pathetic huffer lurking in my neighbors’ hedging. The linguistic parts of my brain catch up, naming and judging. In the moment of wordless experience, plant chemicals lit up my sensory consciousness and emotions without the meddling influence of the fatty gray matter that clogs the rest of my cranium. Unlike the other senses, smell connects directly to brain regions that spark deeply felt experience.

			Attractive floral aromas are so commonplace that we forget how strange they are in the long view of life’s history. Land plants first evolved about five hundred million years ago. Animals hauled themselves out of the water about the same time and, in the many years that followed, caused dire trouble for plants. Mandibles, teeth, and stylets destroyed foliage, severed roots, drained sap, and robbed seeds. Then, flowering plants used beauty to flip the relationship. By enthralling animal senses with floral aroma and colorful petals, plants spoke directly to animal nerves. The plants turned creatures that had been mortal enemies into partners and servants. Both flowers and their animal partners benefited, surging in diversity and abundance through the Cretaceous as flowering plants rose to ecological prominence all around the world.

			Flowering plants are successful and diverse partly because they are champion relationship-builders. The evolutionary trees of many of the world’s most common insects—moths, butterflies, wasps, bees, flies, and beetles—fanned in twiggy profusion as flowering plants appeared and diversified. Some, like bees and butterflies, owe their existence to flowers. Bees evolved from wasps 120 million years ago, feeding on floral pollen and nectar as flowering plants took over much of the planet. The mutual reliance between flowers and bees continues to this day, and most bees feed exclusively on flowers. The need to learn which flowers are rewarding also gave bees the most sophisticated cognitive abilities of all insects, along with senses tuned to the aromas, shapes, colors, and even electrical fields of flowers. Butterflies evolved from moths about one hundred million years ago, also in response to the new abundance of flowers. Unlike moths that feed mostly at night, butterflies seek flowers during the day, often searching for them by sight rather than smell. This created new opportunities for visual signaling during courtship among butterflies, accounting for their bright colors, a contrast to the camouflage of their moth ancestors who signal to one another in the dark using scent. Other insects, like beetles, wasps, and flies, existed long before flowers, feeding on sap and pollen, but became vastly more diverse as flowers took over.

			Modern birds, too, diversified in what a recent study of their evolution called “remarkable lockstep” with flowering plants. Many ancient birds fed directly on flowers and fruit, and others benefited indirectly as flowering plants built productive forests. Without flowers, there would be no nectar-drinking hummingbirds, sunbirds, and honeyeaters. More, birds that eat fruits and grass seed are wholly dependent on flowering plants, as are the legions that feed on flowering plants indirectly by feasting on insects and other herbivores. Our own dependence on grass seed (wheat, corn, and rice) and fruit (plant oils, especially) is not so different from that of the birds and, as we shall see, was a catalyst for human evolution.

			The evolution of flowering plants also filled the world with animal song. As readers of my book Sounds Wild and Broken will know, almost all of the modern world’s singers, from cicadas to crickets to grasshoppers to birds, exploded in diversity in concert with flowering plants. A planet in bloom is a planet in full voice.

			Flowering plants were not the first great green cooperators. From the moment their ancestors first came onto land, five hundred million years ago, plants have been working with belowground creatures like fungi and bacteria. These relationships built the world’s soil and were the foundations of the first forests, long before flowers evolved. Flowering plants took this cooperative spirit to the aboveground world. The air became as thick with relationships as the soil. Like the soil, the flowers’ dense network of relationships with animals created new possibilities. Take away soil, and the Earth would wither. Take away the flowers’ relationships with animals, and almost all modern animals and most ecosystems would disappear.

			If this were a nature documentary, cue the soaring violins and a long shot from a drone of vast expanses of rainforest, then zoom to flower-besotted bees and fruit-plucking birds. Cue also Technicolor and aroma diffusers. Flowering plants added pigmented and scented blooms to an otherwise brown, green, and gray world that smelled of leaf, mushroom, and mud. In the words of the twentieth-century science writer Loren Eiseley, the “old, stiff, sky-reaching wooden world had changed into something that glowed here and there with strange colors.” Fruits, too, dazzled and smelled delicious, and offered food in packets dense with nutrients and energy. These fruits even gave our own ancestors—ancient primates—the ability to see red, the better to find food. Today, perfumes, air fresheners, electronic screens, dyed clothes, and specially bred flowers stimulate us with diverse experiences of aroma and color. It is hard to imagine what startling innovations floral aromas and hues would have been in a previously quiet, ferny-green world. These sensory enticements knit animals to flowers, to the benefit of both.

			Cross-species experiences of beauty, then, turned hundreds of millions of years of plant-insect war into fruitful cooperation. Partly so. Plants still wrestle with hordes of murderous, thieving animals, but the evolutionary genius of flowers was to convert some of these pirates into solicitous, hardworking allies. This then spurred diversification across the tree of life.

			Flowering plants did not invent the experience of beauty. Animals had been sniffing one another with admiration or fear for hundreds of millions of years. Animals also used gastronomical aesthetics to seek and judge good food. The color receptors in animal eyes, too, first evolved to ogle potential mates and snacks. Flowers took these self-centered animal experiences and turned them outward, stitching distantly related species—plants, insects, vertebrates—into cooperative relationships, mediated by sensuality.

			The human love of floral aroma and pigment is a curious form of voyeurism. We get a surge of pleasure from eavesdropping on plants’ chemical and visual whispers to insects. We’re so enamored of the experience that lately we’ve domesticated floral aromas in perfumes and the appearance of flowers with plant breeding. In later chapters I visit perfume gardens and flower shows to explore the beauty and hidden brokenness of these entanglements. Magnolias teach us that these aesthetic experiences of the moment carry messages from deep time. Human sensuality—sexy perfumes, lovely gardens, gorgeous bouquets—is most thrilling when the boundary between human and nonhuman blurs. This unifying power is one the flowering plants’ great creations. When we spritz rosy eau de toilette or give a bunch of flowers, we’re evoking the flowers’ ancient spell, pleasure that reaches across species boundaries and unites unlikely partners.
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			Over the morning, triple-knot’s petals ease open, turning the flower’s shape from a champagne flute into a wineglass. A column stands at the center of the flower, cupped by the petals. The column’s base is sheathed by about a hundred upward-pointing white waxy struts, each the size of a matchstick. These will mature into pollen-shedding stamens, the male parts. Each pollen grain is a tiny capsule enclosing what will become sperm, the plants’ way of transcending rootedness and winging its genes far and wide. Atop the tidy struts stands a conical knob bristling with about fifty downcurved yellow-green claws poking from a felt of sandy-colored hair. Each claw is a female stigma whose sticky surface traps pollen. Buried below the claws are eggs enclosed in ovaries.

			Like many other modern flowers—roses, lilies, daffodils, and daisies—magnolias are biologically bisexual, making pollen and eggs in the same flower. Most ancient nonflowering plants, though, segregated the sexes. A few lived as male and female individuals, as ginkgo trees mostly still do today. Many had separate male and female parts on the same plant, as modern pine trees do with male and female cones. Sexual segregation is great if pollen is carried by wind. Many pine trees, for example, put female cones at the top of the tree to better catch pollen from far away. But the first flowering plants worked with insects, not the wind. Early flowers needed to both give and receive pollen, and to reward insects with food. A bisexual flower does all three. Bisexuality therefore enabled cooperation with insects, letting beauty do its work. Today, with some exceptions, most flowers stick with the insect-friendly bisexual innovation of their ancestors.

			A dozen black-and-gray beetles crawl over the sexual parts of the triple-knot magnolia flower. The beetles are tiny—the size of rice grains—and slid through the openings between the petals as soon as the flute opened. A few beetles rummage over the tidy verticals, but most go higher, to the claws. These are tumbling flower beetles, named for their careening escape tactics. When I nudge the flower, three of them kick off with their hind legs, then spin around pointed rear ends as they fall, bouncing off leaves before hitting the ground.

			Tumbling flower beetles love to eat pollen and nectar, and they are common visitors to open-cupped flowers. They are also the oldest known flower pollinators on the planet. Ninety-nine million years ago, a tumbling flower beetle made the mistake of getting caught in tree resin. Ooze engulfed the beetle. Entombed in what later hardened to amber, the beetle’s body is so perfectly preserved that, today, the animal seems to have tumbled into the resin only hours ago. Flower pollen is caught in the fine hairs on the time traveler’s body. Its mouthparts are clearly visible and, like its modern kin, are adapted to eat pollen.

			Just like their long-dead ancestor, the beetles in triple-knot are dusted with pollen. As the beetles clamber, the claws’ sticky surfaces catch some of this pollen dust. Plant DNA has taken wing. The flower’s first task is done. Thanks to the beetles, pollen grains will hatch on the claws. Invisible to human eyes, pollen cells emerge and burrow through the claws’ tissues toward eggs hidden in ovaries deep in the flower’s core. Because the male part of this flower has yet to mature, the female part of the flower is gathering pollen from other trees, minimizing the risk of self-fertilization.

			At this stage, when the female parts of the flower are collecting pollen, the flower may be duping the beetles. The beetles seek a meal of fresh pollen, yet the flower has none. Instead, the flower mimics the smell and appearance of a pollen-shedding flower. The claws look somewhat like the pollen-making stamens lower in the flower and are toughened to withstand chewing by beetles. The deception is slight—pollen is on its way—yet magnolia gives us a hint of the deceits that would come later in flower evolution, especially among the master-illusionist orchids.

			I look up from triple-knot’s flower and gaze into millions of leaves and twigs in the magnolia and other trees nearby. Amid this vastness, a pinch of magnolia pollen finds a stigma. Unlike Cupid’s blindly shot and inaccurate arrows, pollen from another tree has, from a great distance, sunk its love dart into a target the size of a cherry, namely triple-knot’s stigmas. Or, from triple-knot’s perspective, the female part of the flower has reached through dense forest and grasped her hidden mate, like the goddess Eos plucking her lover from a teeming throng of mortals. The union was timely. Magnolia flowers receive pollen for only a few hours on a single day. The hunger and keen senses of beetles make pollination both accurate and efficient. The breeding season for magnolias lasts several weeks and so, although a single bloom is receptive for a short time, the abundance of surrounding flowering trees and the flower-to-flower flights of beetles mean that pollen is likely to arrive at the right time.

			Thanks to a beetle trapped in amber, we know that insects have winged pollen among flowers for at least ninety-nine million years. But the flower-insect partnership is older. Most of the surviving species in lineages of early flowering plants are partly or entirely insect pollinated, suggesting that their ancestors were, too. Likewise, the magnolia-like hypothetical primordial flower that biologists reconstructed from genealogies of living species is an insect-pollinated cup. Fossilized flowers provide another line of evidence. At one site in Kansas, hundreds of flower parts are encased in 103-million-year-old stone. Many of these remains are notched, nibbled, or punctured, signs of flower-feeding insects like shield bugs, thrips, beetles, flies, sawflies, and moths. In modern ecosystems, these insects not only munch on flowers, they sup nectar and eat pollen, then wing pollen from one flower to another. Pollen from these fossilized flowers is mostly rough-surfaced and stuck into clumps, making it easy for insects to carry, unlike smooth-surfaced wind-borne pollen. Flowers, then, likely first evolved to attract and reward insect visitors.

			Flowers’ self-interested hospitality continues. About 90 percent of today’s flowers are pollinated by insects. Flowering plants, though, did not invent insect pollination. Instead, they vastly expanded on what had been more happenstance relationships between plants and insects. Club moss spores are lodged in the fossilized remains of insect guts from 309 million years ago. Fossil earwig-like insects from 280 million years ago have pollen stuck to their bodies. These insects were preying on plant spores and pollen, helping themselves to portable snacks. As they fed and moved, no doubt insects ferried pollen and spores, albeit in a haphazard way.

			Nutritious pollen was not the only reward for ancient insects. Nonflowering plants like early conifers and their relatives oozed drops of sweet fluid near the plants’ eggs. These drops, still found in some living nonflowering plants like cypress and yew, capture pollen, then provide sugar for the sperm cells that hatch from the pollen grains. These pollination drops became energy drinks for insects. By 165 million years ago, some scorpionflies, true flies, and lacewings had evolved fluid-slurping tubular mouthparts. The plants involved, though, lacked petals, attractive aromas, or other sensory enticements. They were also unisexual, segregating pollen-producing and egg-bearing parts. Pollen-feeding insects had no reason to visit female flowers, and sugar-drop drinkers no cause to stop on male flowers for pollen. Flowering plants used sensory lures and bisexuality to improve on these stumbling early relationships. Beauty enticed pollinators, nectar and pollen fed the insects, and bisexuality made sure that visitors were useful to the flowers.
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			By late morning at the triple-knot flower, the claws have dried and yellowed, their short few hours of pollen gathering over. As female receptivity wanes, the male part of the bisexual flower matures and sheds pollen. The matchstick sheath at the base of the central column loosens into a brush of dozens of upward-pointing struts. Each one is ivory with a flush of purple where it attaches at its base. The struts are now hazed with pollen, especially along their edges. Beetles crawl into the thicket. As the insects move, struts fall from the central column and accumulate in a jumble inside the flower’s bowl. More beetles roam through this debris. Their mouthparts are too small to see, even with a hand lens, but the insects’ focus suggests that they are eating the pollen, getting their protein-rich reward. Magnolias supplement this with nectar at the base of the flower, although these sugary secretions are miserly compared to many other species of flowering plant. Ample pollen is reward enough.

			I sniff the flower again. The aroma is stronger and sweeter, with intense spicy overtones. The bitter green edge is gone. As pollen is shed, the flower cranks up its chemical and visual signaling, intensifying the aroma and throwing open the petals into a disk that is shockingly white in the daylight. Magnolias signal their maleness with copious floral perfume and a blazing-white ruff. What a contrast to our impoverished cultural imagination of sex, gender, and flowers. In contemporary Western culture, floral perfume is almost exclusively marketed as feminine. Men either shun scent or are guided to aromas of wood, moss, and dark spices. Flowers subvert such narrow ideas. Magnolia’s scent—and that of roses, violets, and other perfumery standbys—is the aromatic signature of a biologically bisexual flower leaning into their male side as they shed pollen.

			Compared with those many other species, magnolia blooms are especially male. We can tell this from their showiness and size. Across all flowers, those whose primary aim is sending as much pollen as possible into the world tend to be large and invest proportionally more in conspicuous, large petals. These are species in which competition among the male parts of different flowers is intense, both for the attention of pollinators and, when pollen arrives at the female part of the flower, for access to eggs. In other species, it is the success of eggs that is the primary limit on the flowers’ success, not the amount of pollen that can be sent out. In these, such as the gentians and verbenas, flowers have relatively smaller petals and invest more in the protective structures around the eggs. Magnolia flowers are like elk antlers, giant displays that evolved through jousting among males.

			Alongside my sniffing, I’ve been zapping the flower with a portable laser thermometer, checking for sexual fever. I aim the machine with the laser guide, probing the inner petals, then—ping!—the digital readout tells me the temperature. The process is like scanning a barcode at the supermarket checkout and feels at odds with the luscious organic union of human senses with floral aroma and color. Ping ping ping: The temperature is a little warmer in the floral cup, but no more so than in a protected space between leaves. In some other species of magnolia, though, the fertile flower warms above the ambient temperature by up to 10 degrees Celsius (18 Fahrenheit), especially when pollen is shed. Like perfume on warm skin, this floral heat speeds the release of aroma to the air. A warm flower shouts louder to insects. Heat can be its own reward, too. The activities of insects are often constrained by temperature. On a cool morning, they are too sluggish to fly. By resting in a heated flower, insects can break out of their cold torpor and start their day earlier. Warmth also benefits developing tissues in the flower, speeding their maturation.

			It is a mystery why some magnolia species warm their flowers but others do not. Heated flowers grow on magnolia species that live in the cool mountains of China as well as species from the tropical forests of Brazil, so this feature is not restricted to just one climate zone. Perhaps the heated species face especially stiff competition from other types of plants for pollinators, making it worth their while to burn scarce energy stores? In a crowded market, you need to shout louder. The huge flowers and intense aroma of southern magnolias may attract sufficient numbers of pollinators without adding warmth.

			Many other “basal” flowering plants, species that branched off the family tree early in evolution, also warm their flowers. Heat might have been an early inducement and reward for pollinating insects. Water lilies and soursop, for example, crank up their internal chemistry to warm flowers, as do a few nonflowering cycads and conifers. Today, the record holders for floral heating are more recently evolved plants, the Philodendron genus common in tropical forests and often grown as houseplants. In some species, flowers routinely get 10°C (18°F) above ambient, with a few exceptional examples of temperature boosts of 34°C (61°F). They achieve these floral hot flashes by peppering their flowering stalk with sterile male flowers whose sole task is to pump their metabolisms at rates that rival those of hummingbirds. These pollenless male flowers are bed warmers, not lovers. Floral heating in this species coincides with the release of aromas that attract pollinators such as scarab beetles, some of which feed and mate exclusively on Philodendron.

			Triple-knot’s white glow and strong scent last through the afternoon into the evening. As dusk falls, the blooms catch the scant light and stand out in the gloom, like paper luminaries. Hey, beetles: Here! When the beetles arrive, the flower encourages them to stay. In the center of the disk of petals, two smaller petals stood erect all day, cupping the central column. Now another rises. These inner petals form a rotunda with the reproductive column inside. In tropical magnolia species, this nighttime closure traps large beetles, thoroughly dusting them with pollen all night. But for the southern magnolia, there is no trap, especially not for the tiny tumbling flower beetles, just hospitality. The nightly closure is more vigorous in the southern magnolia’s original home, more southerly coastal forests, but even in the relative cool of Atlanta nights, the blooms clench as light fades. Insects, the flowers seem to say, stay tonight in this scented bower, why don’t you, safe from predators and rain? Later at night, I visit triple-knot with a flashlight. There they are, beetles in their bed of petals, some seemingly snoozing, others rummaging through the mess of pollen.

			Petals are so ubiquitous among flowering plants that we forget what an innovation they were. By reshaping the ordinary green leaf into petals of various kinds, flowering plants produced a structure that allows them to enclose, support, and display their sexual parts, to scent the air with aromatic oils from petal surfaces, and sometimes to trap pollinators. Most modern flowers have two types of petal, showy inner petals encircled by green protective ones called sepals. Magnolias have just one kind, known among botanists as tepals, a simple design that is perhaps a holdout from the earliest days of plant evolution.

			Petals are not just passive billboards and aroma diffusers. In some more recently evolved plants like evening primrose and petunia, petals serve as ears and electrical sensors, detecting the arrival of pollinators so the plant can sweeten its nectar or pass the message on to neighbors, perhaps to coordinate the flowers’ responses to pollinators. Whether magnolia flowers communicate among themselves is, so far, unknown.

			The sensory enticements of a fertile flower are ephemeral. No matter how old the plant, the flowers that it presents to the world are fresh-faced, each petal and other flower parts no more than a few days old, an alluring signal to pollinators. The flowers on a one-hundred-year-old magnolia tree are as youthful as those on a sapling. Would that our human faces could look so eternally young. Flowers achieve this bright, lively sexual display by newly growing each flower from embryonic cells in a bud. Magnolia blooms last three or four days, about an average longevity for flowers worldwide. Some asters offer flowers that last only two hours. A few wild orchids can persist for a month. In general, the more reliable your pollinators, the shorter your bloom. But floral perfection never lasts long compared with other parts of the plant like leaves and roots. Once pollen has been received and shed, flowers have no interest in charming pollinators. The flower digests itself, returning precious nutrients to the rest of the plant to be recycled into new blooms. I return to triple-knot in the morning and the ambrosial scent and gorgeous white bloom are gone. Rain has knocked the pollen-bearing struts out of the rotunda into pools of dull orange water cupped in browning petals. I sniff and the aroma is tannic, with a faint whiff of the compost heap. Despite the rain, the tips of the claws are entirely dried out and blackened as if singed. The beetles have fled.

			Over the next four days, decay proceeds, hastened by chemical signals within the flower that tell cells to die and return their assets to the parent. The struts and petals turn leather brown, then fall. The aroma sours into a day-old apple core. But the “flower” is not dead. It merely sheds the baggage of youth and moves on. The top part of the column fattens by about a tenth of its volume each day. Swelling tissue engulfs the claws, leaving only their tips at the surface. After a week, the flower looks like a miniature pineapple atop a purple stalk. Inside, sperm from pollen meets eggs, and embryos start their development.

			The flower was a lusty bisexual. Now the flower matures into fruit whose aims are maternal. Although the developing fruit looks radically different from the sexual parts of the flower, anatomical continuity underlies the transformation. There is no tissue in the fruit that was not already present in the flower. Even the maturing embryos inside the fruit, each one a new genetic individual, are unions of floral sex cells.

			A fruit is a mature flower. The scientific term for flowering plants, angiosperm, recognizes this: from the Greek angeion, “vessel,” and sperma, “seed.” A flowering plant is one that encloses its seeds within fruits made by floral tissues, unlike all other plants that have naked or near-naked seeds. And so, when flowering plants evolved, they invented botanical motherhood. More precisely, they greatly advanced and elaborated earlier attempts at maternal care of seeds. Like flowers’ partnerships with pollinators, these maternal innovations not only helped the plants, but opened opportunities for many other species. Bite into an avocado or a grape and we’re eating fruit and thus flower. The starch in rice and wheat comes from another floral innovation, food supplies from the mother flower for the embryo, kept in special storage tissues in the seed. What is true for our diet is also true for ecosystems worldwide, from rainforests to coastal wetlands. Flowering plants mother and feed the world.

			What does a fruit do? It encloses the growing seed. Some are wall-like, defending the seed in a husk. Others swaddle the seed with tissues so poisonous that no animal dares bite. These same tissues later turn from bane to delicacy, enlisting animals as seed dispersers. A few fruits buoy seeds across salty oceans. Some mature into catapults or guns. Many dry into wings and carry seeds aloft. All fruits nurture the seed by easing extremes of moisture or temperature, and by deterring pathogens like bacteria and fungi.

			Before the evolution of fruit, seeds received less solicitous care. Pine cones provide temporary protection, but then release naked seeds to the wind or to animals: You’re on your own, kiddo. Cycad seeds often have colorful and fleshy seed coats to attract dispersing animals, but this simple coat did not then evolve into the wide range of forms that flowering plants have invented. Ginkgoes independently evolved a fleshy covering for their seeds, but they founded no dynasty, perhaps because the fruit-like coat was dissociated from the flowering plants’ other innovations like cooperation with pollinators.

			Beauty, bisexuality, and motherhood: The magnolia reveals a powerful convergence. Each had precedents among earlier plants. In a brilliant move, the first flowering plants united these innovations into a single structure, the flower.

			I check in on triple-knot throughout the summer. After the hour-by-hour excitement of flowering, things calm down. The fruit grows week by week at a slower pace than its initial swelling. After a month, the blackened tips of the claws poke from bumps of tissue. Each bump looks like the pad on a cat’s paw and is made from the flower’s ovary tissues. Now these tissues enclose one or two maturing seeds.

			In mid-August, bumps flush pink and a vertical furrow appears down the center of each. In the second week of September, the furrows split and a bean-sized seed erupts. The seeds’ skin is smooth and bright crimson, a shock to the eyes. A few seeds lodge in the splits. Most fall out and dangle by a silvery thread, swaying and flashing red in the wind. By the end of the month, the fruit has browned to a dry husk, a muted ground against which glow the seeds.

			Red is a popular autumnal fruit color here in the southeastern United States, proffered by magnolia but also dogwood trees, spicebush shrubs, and wildflowers like jack-in-the-pulpit. The plants hope to attract birds, another ancient trick of flowering plants. Bird eyes, like those of their reptilian kin and unlike most mammals, have a light receptor tuned to orange and red. The color speaks of sexiness and social status in many bird species. By daubing their fruits or seeds in red pigment, plants tapped into this preexisting visual enthusiasm. A few nonflowering plants like cycads advertise their seeds with orange and red, but flowering plants were more exuberant, like kids at a painting party. They splashed red onto seeds, fruits, and petals, and offered ample sugary and fruity treats.

			Today, a large magnolia tree with mature fruit in Atlanta can host four species of woodpecker and three species of thrush, all at the same time. Each tree offers hundreds of fruits and thousands of seeds, and so there is plenty to go around. Triple-knot is only about a decade old and, although the trees grow fast and live only about a century, it will take another thirty or more years before this tree reaches the grandeur of a flower-festooned giant. For now, a single downy woodpecker probes its fruits. This is an old relationship. When magnolias first evolved, birds had been around for at least fifty million years. We don’t know the color of the ancestral magnolia seed, but a good guess would be crimson red.
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			That the early days of flowering plants should be reenacted in an everyday setting is wondrous. But magnolia tells a peculiar story, one at odds with the narrative of almost all other flowering plants. Magnolias are a rare time capsule of animal relationships and floral forms mostly unchanged. For other flowering plants, early innovations led instead to explosive diversification and rapid change. This profusion of flowers catalyzed and fueled evolution in animals, microbes, fungi, and other plants.

			Magnolias are holdouts, radicals in their youth, but now traditionalists coasting on an old formula for success. Like former firebrands now turned conservative, they have some great tales to recount about the past. Most other flowering plants, though, did not settle down after an exciting youth. Instead, they continued the revolutionary spirit, remaking the world with their creativity and productivity. For them, what happened one hundred million or more years ago was prologue. To understand these restless others, we need to turn our gaze from the magnificence of the southern magnolia trees to the weeds poking their impetuous heads from field margins and pavement edges. They have a secret about ancient innovation buried in their DNA and a message about who will thrive on a future Earth.

		

	
		
			
				Goatsbeard

				Abominable mysteries and genetic storms
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			Yellow goatsbeard is a badass dandelion. More firework than pom-pom. The sulfur-yellow bloom sits at the center of a burst of green spikes. The yellow outer petals are long, too, and tipped with tiny teeth. The flower stalk reaches calf high. The overall effect is of a ball of sunlight lancing up then exploding. The flower matures into a fluffy seed head sometimes as big as a tennis ball. It takes a vigorous huff to dislodge the seeds, each of which floats from a tufted, silky parachute as big across as my thumbnail.

			I first met goatsbeard as a “weed” sprouting from the untended edges of the community garden in Colorado where my partner, Katie, and I grew vegetables and flowers for a few years. Katie is a violinist and has grown flowers and vegetables for years, with a musician’s keen appreciation of the beautiful tension in gardens between order and surprise. Goatsbeard fits the latter, poking up on the margins of our garden plots and blooming along the edges of roads and well-worn hiking trails. The species is not native to the region and is often regarded as an undesirable interloper, but we both admired how the flowers erupted from gravelly, beaten-up places that other plants shunned. Especially during the first months of the COVID-19 pandemic, when Colorado’s skies were often shrouded in smoke from massive forest fires, goatsbeard offered unexpected exclamations of beauty in a somber world.

			Originally from Europe and
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