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This book is dedicated to Danny, Olly, and Uncle Eric, who created a magic garden during my childhood; and to Judy, Pip, and Wayne, who keep it alive today; to the scientists, naturalists, and traditional healers whose fascination with the Green Kingdom has helped me to understand many of its mysteries; to all those who dare to speak out against “conventional” farming and genetically modified plants and the poisoning of our planet; and to the glorious diversity and resilience of the plants and trees themselves.













Foreword by Michael Pollan
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My first reaction upon learning that Jane Goodall was taking a break from animals to write a book about plants was that this was very good news indeed for the plants. Plants don’t get nearly as much ink or respect as the animals do, something I’ve always felt was deeply unfair, if entirely understandable. Animals are much easier for humans to identify with, sharing with us, as they do, such traits as consciousness, emotion, locomotion, and communication skills. You can tell stories about animals that have the same dramatic shape as stories about people, with heroes and villains, journeys and conflicts. That’s not so easily done with plants, which seem simple by comparison and rather opaque.


It is worth remembering that before Jane Goodall came along and introduced us to a society of chimpanzees at Gombe, in Tanzania, even the primates seemed much simpler and more opaque to us—much more difficult for us to identify with. It was her meticulous observation and chronicling of the lives of Mike and Humphrey, of Flo and Gigi and Frodo—all of them chimpanzees—that demonstrated once and for all that animals were far more like us than we had imagined or cared to admit. They, too, made and used tools, learned and passed on cultural information, and formed communities of individuals with distinct “personalities”—a word that in light of her work needs some rethinking. More than any other scientist or writer I can think of, Jane Goodall expanded the circle of human empathy to take in the emotional lives of other creatures.


I’m not sure whether plants have emotional lives exactly, but anyone who reads Seeds of Hope cannot fail to come away thinking that they are far more complicated and interesting creatures than we give them credit for. I suspect the habit of underestimating them has its roots in our self-centered definition of what constitutes complexity or sophistication. We prize things like self-consciousness or abstract reasoning or language simply because these have been the destinations of our own evolutionary journey—the particular tools we evolved to help us cope with living on this earth. Yet the plants have been evolving even longer than we have, evolving their own tools for living, and these are easily as sophisticated as ours, just different. So while we were working hard on locomotion and consciousness, they were getting really, really good at biochemistry, up to and including their mastery of the astonishing trick of eating sunlight and turning it into food. Photosynthesis might be a skill hard for us to identify with, but—you’ve got to admit—it puts something like the opposable thumb, or even trigonometry, right in its place. The world could get by just fine without those little tricks, but without photosynthesis it would be a much, much duller place, lacking, among a great many other things, us.


In the pages of Seeds of Hope, Goodall introduces us to plants capable of the most extraordinary biochemical feats. There are the trees that alert one another to the arrival of an insect pest, causing the entire forest to produce compounds that render the flavor of its leaves unappetizing to the bug. (Who said plants don’t have communication skills?) And though plants may not themselves possess consciousness, at least as we understand it, they do know how to manipulate the consciousness of other supposedly “higher” creatures, manufacturing chemical compounds that can change animal minds in the most striking ways—and thereby get the animals to do the bidding of the plants. We meet plants in this book that are masters of metaphor and simulation: “carrion plants” that mimic the stench of rotten meat to lure insects, and orchids that adorn themselves so as to resemble the hindquarters of female bees. Why? To trick credulous male bees into performing acts of “pseudocopulation” that, unbeknownst to them, are actually acts of pollination. In fact there are so many stories in this book of plants getting the better of animals that you really have to wonder which kingdom of creatures is really calling the shots, even in an enterprise as seemingly humanocentric as “agriculture.” To read Seeds of Hope as a member of the animal kingdom is, among other things, a humbling experience.


In writing about plants, Goodall combines the cozy traditions of English garden writing—the epistolary ease and familiarity with horticulture—with the authority of an intrepid scientist who has spent not just days or weeks but years living in the forest among the trees. She has cultivated that way of being in (and with) nature E. O. Wilson had in mind when he coined the word biophilia. Though the book is steeped in science, Goodall’s feelings for the plants are spiritual—and her concern for their fate in the modern world is forthrightly political.


Seeds of Hope is not just a love letter to the plant world, though it is certainly that. It’s also a call to arms, sounding the alarm about habitat destruction, the violence of industrial agriculture, and the risks of genetic engineering. In our own time, the long, beautiful, and mutually beneficial coevolutionary journey of plants and animals has arrived at a critical new juncture, Goodall suggests, and this gives Seeds of Hope its sense of urgency. Jane Goodall wants nothing less than to expand the circle of human affection once again, make it wide enough to take in the sunlight eaters. For both their sake and our own, let us hope she succeeds.













PART ONE
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My Love for the Natural World















Chapter 1
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A Childhood Rooted in Nature
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Me, at about three years old, setting out to explore the forest. (CREDIT: W. E. JOSEPH, “UNCLE ERIC”)


“Jane Goodall has written a book about plants? Surely not—isn’t she the one who studied chimpanzees in Africa?” I can hear the comments. Indeed, I have been hearing them for the past couple of years as I collected information for this book. Of course I am best known—thanks especially to National Geographic’s magazine articles and documentaries—for the study of the Gombe chimpanzees. In 2010 we celebrated fifty years of research there. But there would be no chimpanzees without plants—nor human beings either, for that matter. And the chimpanzee might never have materialized for me had I not been obsessed, as a child, with stories of the wilderness areas of the planet and, most especially, the forests of Africa.


From my window, as I write in my house in Bournemouth, England, I can see the trees that I used to climb as a child. Up in the branches of one of them, a beech tree, I would read about Doctor Dolittle and Tarzan, and dream about the time when I, too, would live in the forest.


When war broke out in Europe, my father went off to fight for his country against Hitler and the Nazi scourge. This is when I came with my sister and my mother to live with her two sisters, Olly and Audrey, and her mother—known by all as “Danny” (as I could not say “Granny” when I was small)—in this 1872 red-brick Victorian house, with huge sash windows and high ceilings. The Birches.


We had little money between us—and anyway, it was wartime rationing, tightened belts, and so on. But we had a big garden (or yard) with a lawn where moss insisted on growing, and a good many trees. There was my beech and three magnificent silver birch trees, with their smooth, silvery trunks and graceful branches. There was a mountain ash, or rowan, glorious with red berries in autumn, and two Spanish chestnut trees—one of which produced minute chestnuts each year, hardly worth the bother of opening the prickly cases, while the other—which we named “Nooky”—had been maimed. The upper half of his trunk and branches had been sawed off so that he was, in effect, little more than a twenty-foot-tall stump. A stump that sprouted prolific branches that reached up to the sky for another twenty feet or more, as though to compensate for the missing trunk. Nooky never produced a flower, let alone a chestnut.


All around the garden was a tall hedge of privet interspersed with the occasional trimmed holly tree. It was not a “bright” garden, because it was shaded by two big fir trees and five pines, and there were rhododendron bushes and ivy all over the place. And so, although Danny and Olly worked hard trying to grow vegetables for the war effort, what with the shade and the sandy soil (we are just a ten-minute walk from the ocean), and the acidity caused by the rhododendrons and pines, it was only runner beans and Danny’s parsley and mint that really flourished.


But some things grew. All year-round, except in the very cold months, there were daisies all over the lawn. I wonder how many daisy chains we made each year. And dandelions appeared everywhere—almost impossible to dig up with their long, long roots. Every spring we watched for the first snowdrops pushing through soil still hard from winter frosts. They were followed by crocus and then, as the ground warmed, the primroses, foxgloves, bluebells, buttercups, and Wordsworth’s “cloud of dancing daffodils.” And all the time the buds on the trees were growing fat and bursting into tiny infant leaves. Then came the glorious awakening of the white blossom on the hawthorn, the rich pink red of the may, the bright yellow of the laburnum, and the purple of the lilac. And, best of all for me, lilies of the valley with their heady fragrance that, today, poignantly reminds me of those childhood days.


Later, as spring changed to summer, Olly’s roses began to bloom, one after the other, as did her azalea that grew beside her beloved rhubarb plant, and Danny’s special dark-red peonies surrounded by her precious runner beans. And the leaves on the trees, fed by the rising sap, reached their full maturity and worked each day to change sunlight into food for the tree or shrub that had nurtured their growing.


My love of plants and trees was heightened by hours of roaming, together with my dog Rusty, the wild cliffs that drop down to the sandy beach below. They are intersected by a series of dry streambeds that are known, in these parts, by an archaic French word—chine. Our house stands on Durley Chine Road. Every spring, gorse bushes blossom into a blaze of yellow on the lower slopes of our chine, and tiny sweet-scented violets appear in one spot. I used to try to find the very first tiny purple flowers to take to Olly. Violets were her passion.


When the rhododendrons bloom in the summer, the steep sides of Middle Chine are glorious with the mauve color of their exotic flowers—they grew thickly in our school grounds as well. Danny had a favorite outside the kitchen window that had rich-red blooms.
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Rusty and I spent as much time in the garden as we could. (CREDIT: JANE GOODALL)


Autumn was a time I loved. The verdant green of summer changed to soft yellows and gold, and here and there a splash of red leaves. Gradually the leaves fell and the ground was carpeted with their glowing colors until they rotted into rich loam or were swept from the lawn and burned on a bonfire at the bottom of the garden, where we baked potatoes in the hot ashes.


On the cliffs there were a few oak and beech trees, but mostly a host of pine trees that were planted on the original heath land in the massive landscaping project that started early in the nineteenth century. There were a couple of ancient Spanish chestnuts that, while they did not produce the large chestnuts sold commercially, were two or three times the size of those in our garden, and we loved to roast them around the grate of our small sitting-room fire.


During my childhood, Danny’s one son, my uncle Eric, would bring us nuts from the huge and ancient walnut tree in his garden, and he brought apples too. We would pick blackberries on the cliff, and Danny would make blackberry-and-apple pies. She also made elderberry wine from the clusters of black fruits from our own elder. It was nonalcoholic, but the very fact that it was called “wine” gave us children a sense of being grown up when we drank it at Christmastime in grown-up wineglasses.


I have no doubt that growing up in this idyllic home and landscape of England was the foundation of my lifelong love of the plant kingdom and the natural world. The other day, when I was looking through a box of childhood treasures that had been lovingly preserved by my mother, I came across a “Nature Notebook” in which the twelve-year-old Jane, with great attention to detail, had sketched and painted a number of local plants and flowers. Beside each drawing or watercolor I had handwritten a detailed description of the plant, based on my careful observations and probably a bit of book research.
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A painting from my childhood, “Nature Notebook.” This is a primrose, one of my favorite flowers from our garden. (CREDIT: JANE GOODALL)


This was not a schoolbook. This wasn’t done for an assignment. I just loved to draw and paint and write about the plant world. In a sense, I began writing Seeds of Hope over sixty years ago!


Of course, even as I was becoming increasingly aware of plants—well, trees really—as individual beings, I was, at the same time, learning ever more about the animals. I especially loved the barn owls that would punctuate the night with their eerie calls, the bullfinches with their glowing red-pink breast feathers, and the herring and black-headed gulls who flew low over the garden, screaming and waiting for one of us to go out and throw them bread crusts. Blackbirds, song thrushes, robins, and many kinds of tits nested in our tall, tangled hedges and in the trees. There were still one or two red squirrels left on the cliff back then, but the gray invaders were rapidly taking over the real estate. Occasionally we took a bus to the New Forest, woods interspersed with moors covered in heather, where there were New Forest ponies and deer, and if we were lucky, we might glimpse a fox.


And let me not forget the insects. In those days there were buzzings and hummings and chirpings of bugs of all sorts. In the daytime there were the shimmering, fluttering wings of butterflies (surely they were originally “flutterbys” until some medieval scholar got his f’s and b’s confused?). Then in the evening came the irritating high-pitched whine of the mosquitoes, and at night the moths arrived, attracted by the white blossoms and night fragrance of the syringa and white lilac—and, unfortunately, by our lights.


There were Olly and Danny’s enemies, the slugs and snails. My sister, Judy, and I loved snails and often kept them so that we could race them. Years later I learned that snail racing was at one time a popular pastime among elderly gentlemen in France! Our garden had its full quota of those invaluable little helpers, the earthworms, eating their way through the soil, aerating it, an important part of the ecosystem. I once took a whole handful to bed with me when I was just eighteen months old. My wise mother, instead of scolding, told me they would die, for they needed the earth, and together we took them back to a flowerbed.


And then there were the bees, the pollinators so absolutely essential to the gardener. I watched them for hours—honeybees flying busily from flower to flower, the “breadbaskets” on their legs gradually filling with bright-yellow pollen as they performed that all-important task of pollination. The big, furry-coated bumblebees, jet black with one or two bright-yellow stripes on the abdomen—who really did “bumble” from flower to flower—seemed almost lazy by comparison with the honeybees. It was fascinating to see them push their way into the foxglove flowers and watch as the blooms trembled while the invisible visitor probed for nectar.


When I got my first job—as a secretary—in Oxford, I was able to explore a different part of England. Every weekend I set off on my bicycle into the surrounding countryside, exploring lanes and hedgerows, which, in those halcyon days of the mid-1950s, were a riot of wildflowers. I would leave my bike and wander through the fields, past grazing cows (keeping a wary eye out for the occasional bull), and getting familiar with cow parsley (or Queen Anne’s lace), campion, speedwell, ragged robin, and the mauve sweet-scented clover that was so beloved by bees—and cattle and horses too.


Sometimes in the evening I would hire a little canoe for an hour and paddle, silently, past bulrushes and reed beds, nosing in toward the bank, where I could be hidden in a cave of green under the trailing branches of a huge weeping willow to watch the mallard ducks. I remember that a couple of verses of a very different sort of poem would sometimes repeat themselves in my mind in a somewhat annoying way—they came from one of my favorite childhood books, The Wind in the Willows.




All along the backwater,


Through the rushes tall,


Ducks are a-dabbling,


Up tails all!


Ducks’ tails, drakes’ tails,


Yellow feet a-quiver,


Yellow bills all out of sight


Busy in the river!





I could only paddle about a mile upriver—partly because I could only afford the canoe for an hour, but also because one then came to a stretch of river that was forbidden to women—named Parson’s Pleasure, it was reserved for gentlemen who desired to disport themselves in their “birthday suits.” I knew of girls who would hide for hours in thick undergrowth to get a glimpse of certain body parts, and I suspect the men were well aware of those immodest eyes!


Not only did my mother preserve my “Nature Notebooks,” she also saved the only three copies ever produced of “The Alligator Magazine,” written at about the same time as I was painting local wildflowers. They were put together for the benefit of the four members of “The Alligator Club”—me and Judy and the two friends who came to stay almost every holiday, Sally and Susie. I was the eldest, and bossed the others around and planned the games we would play and the things we would do.


Sally (a year my junior) and I were the real tomboys. Sue and Judy—the “Little Ones” (three and four years younger than me, respectively)—were not quite as keen on climbing trees and pretending to be Robin Hood and his men. But we got on well together—and, when I was about eleven, I started the Alligator Club. Why I picked the name alligator I have absolutely no idea!


It was a club for nature lovers. We watched the plants and animals and wrote little stories in our nature notebooks about them. Well, to be really truthful, I did those things and did my best to persuade the others to do the same. This was easier when we were together, but when Sally and Sue went home after the holidays, it was hard.


So I put together a magazine. I wrote—by hand as there was no other option at the time—articles about all sorts of things, and asked the others to make contributions. Of course, there was only one copy, so after they read it, Sally and Sue had to return it. In the next edition I asked questions about the articles I had written in the one before. The members were supposed to put their answers in the “letter box”—an envelope glued to the inside of the cardboard cover at the back. After four “editions” I tired of producing this magazine, since it was almost impossible to get the others to contribute, and only Judy answered the questions, and only because I bullied her into doing so! But it taught me a lot.


In fact it may well have been my experience with the Alligator Club that enabled me to persevere in developing what is, today, a movement for young people from kindergarten through university, now in over 130 countries—Jane Goodall’s Roots & Shoots (R&S). The Alligator Club had only four members, including myself. Roots & Shoots is encouraging hundreds of thousands of young people to take action and try to make this a better world for all living things.


Looking at my nature notebook with the carefully drawn and painted flowers, and looking through those magazines, preserved from a time long gone, brought those magical days of childhood alive. I found myself thinking about cold, wet winter days when I used to read, curled up in front of the fire, on winter evenings. Then I traveled in my imagination to The Secret Garden with Mary and Colin and Dickon. I was entranced by C. S. Lewis’s Voyage to Venus, in which he describes, so brilliantly, flowers and fruits, tastes and colors and scents, unknown on Planet Earth. I raced through the skies with little Diamond, who was curled up in the flowing hair of the Lady North Wind, as she showed him what was going on in the world, the beauty and the sadness and the joy (At the Back of the North Wind). And of course I was utterly in love with Mole and Ratty and Mr. Badger in The Wind in the Willows. If The Lord of the Rings had been written when I was a child, there is no doubt I would have been entranced by Treebeard and the ancient forest of Fangorn, and Lothlorien, the enchanted forest of the elves.


Of course, at the same time I was reading more and more about the animals who lived in the wild places of the world. I am so glad TV had not been invented then—it meant I had to, and most certainly did, exercise and develop my powers of imagination.


Those two worlds of my childhood—that of the imagination and that of nature—were, I think, equally important in shaping the person I have become. But although the memories are beautiful and precious, they are bittersweet. Today, most of the fields where I roamed have been sold to the developers, and those that remain have been destroyed by chemical pesticides and fertilizers and herbicides and fungicides and the hedges hacked down to provide more land for more farming. The wildflowers have disappeared from the fields, and many of the songbirds that sang to my young ears are in steep decline. Of course there was always war between the farmers and the animals that sought to share the bounty of their labors, the shooting of rabbits and pigeons, but the mass destruction of wildlife caused by the introduction of chemicals in agriculture did not happen until after World War II. Since then our wildflowers (along with so much wildlife) have been decreasing, becoming extinct in place after place.


And it is the same in so many parts of the world. The health of the soil has gradually been weakened, sometimes altogether destroyed. These days there are acres and acres of farmland where no crops will grow without massive doses of chemical fertilizer. And the chemical poison is contaminating the groundwater, the streams, and the rivers, bringing death to animals and plants alike. Tropical and old-growth forests, those magical places to which I had traveled in imagination, are disappearing at a terrifying rate. The same goes for other types of landscape—woodlands, wetlands, prairies and grasslands, moors and heaths. Indeed, the list is limited only by the types of environments found on Planet Earth.


Everywhere the natural world with its rich diversity of living things is under attack from human population growth, development, industrial agriculture, pollution, and shrinking supplies of freshwater. Habitat loss is a theme that comes up again and again, diminishing the biodiversity and causing local extinctions in place after place. And over and above everything else looms the reality of climate change. The ice is disappearing from the North and South Poles and from the mountaintops.


Yet here in Bournemouth some things have changed but little. The garden at The Birches has continued to provide a magical playground for children—first Judy and me, then our children, and now our grandchildren. Judy has taken on the role of gardener, helped by her daughter, Pip, and our good friend Wayne Caswell. More species of flowers and vegetables are growing—the answer was to acquire better soil and grow a lot of plants in tubs. So today we have sweet peas and morning glory, geraniums and pansies, and many more. And they grow in between peas, tomatoes, spinach, potatoes, and courgettes (zucchinis). The bright-red flowers of the runner beans still brighten the garden on a dull day, and now there are the glossy-black flowers of the broad bean, as exotic as the white fur that you find inside the seedpod when you open it. Danny’s parsley still grows outside the kitchen window, and the little pink flowers on which she waged war have obstinately remained, though not in their original profusion. My precious lilies of the valley have all but gone—the hens we rescued from a battery farm, thrilled with their new freedom to forage in a garden, ate all but a few bulbs! Olly’s greenhouse overflows with cucumbers and little seedlings of all sorts waiting to be planted outside. The pines and firs and Spanish chestnuts are still here, but our birch trees died in the 1975–76 drought, and only one of the three we planted to take their place survived a recent very dry summer. Nooky was trimmed by a tree surgeon—the branches from the old trunk were getting too big and heavy. And amazingly this produced, for the very first time, a massive crop of chestnuts—tiny ones of course.


The neighborhood—the streets, the cliffs, and the chines—is much as it was in my childhood. There has been some “manicuring”—the vegetation growing up the sides of the chines has been thinned out in some places, mainly because it provided an environment for winos and people doing drugs. Branches have been trimmed and some trees felled lest a passerby should be hurt by a falling limb and the city council sued. But the whole area is a conservation area. No one can cut down a tree without permission from the city council, and so the gardens are still green and leafy. When I am here, between my endless lecture tours around the world, there is always a dog to accompany me when, each day, I return to the haunts of my childhood. The current one is Charlie, a boxer cross—before her was Astro, who followed Whiskey, who was preceded by Cida—there have always been dogs at The Birches.


As I reflect on my early life and the experiences that shaped my thinking, I realize that it is not strange at all that I have written this book. What is strange is that this is not the book I first planned to write—that was to be simply a companion to Hope for Animals and Their World, for which I had written a whole section on the kingdom of the plants. But the manuscript for Hope for Animals was too long, and almost all of the plant section had to be cut. I was sad about that—many of those who had contributed their plant stories had been so generous and so pleased for me to write about their work. So I planned to write a short book, simply adding a little to that original plant section. It was to have been about plant species rescued from the brink of extinction. But it has not worked out that way.


It was as though the plants wanted me to write a different kind of book and sent gentle roots deep into my brain. They wanted me to fully acknowledge their importance in human history, their amazing powers of healing, the nourishment they provide, their ability to harm if we misuse them, and, ultimately, our dependence on the plant kingdom. The plants seemed to want me to share with the world my own understanding of their beingness, so that people might better honor them as important partners in so many of our endeavors.


The more I followed these promptings, the more avenues of thought I pursued, the more I talked with botanists and horticulturists and conservationists, the more fascinated I became and the more horrified at all that we are harming and destroying.


At the same time I was learning so much about the efforts that are being made, all around the globe, to protect and restore the natural world. The plant species that have been saved, in the nick of time, from extinction and given another chance. The work of the botanical gardens, introducing millions of people to the wonder of the plant world while, at the same time, carrying out cutting-edge research on the best ways of propagating endangered species. The people who are growing native plants in their gardens, creating havens for wildlife and insects. The increasing number of those who are prepared to fight for the plants and the trees, the grasslands and the forests. That is the hope.


And so I have written a book to acknowledge the enormous debt we owe to the plants and to celebrate the beauty, mystery, and complexity of their world. That we may save this world before it is too late.















Chapter 2
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The Kingdom of the Plants
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This strangler fig’s roots are now an integral part of the ancient temple at Angkor Wat in Cambodia. I shall never forget the feeling of stepping back in time, the sense of wonder at these extraordinary ruins deep in the forest. (CREDIT: © JANE GOODALL INSTITUTE / BY MARY LEWIS)


Science divides the natural world into six kingdoms, including the animal kingdom and the plant kingdom. And in both we find huge diversity of form and size and color, and so many fascinating and complex societies. Most people are more familiar with the inhabitants of the plant kingdom, for they are all around us, just about all the time. I have spent a lifetime loving plants, even though I have never studied them as a scientist. And over the years, people have given me marvelous books—collections of photographs of various habitats, and of exotic fruits and seeds and flowers that might have been drawn from the imagination of artists high on psychedelic drugs.


I have walked through forests in many parts of the world and marveled at ancient trees festooned with vines, ferns spreading their graceful fronds beside fast-flowing streams, and rocks clothed in mosses. I have a special love for old-growth forests with their wealth of interconnected life-forms—I always feel that I belong there. But there is so much more to marvel at in the kingdom of the plants. I often use the zoom setting of my camera to photograph the exquisite flowering of tiny plants that most people walk past or trample on, not noticing.


The first time I visited the tundra, in Greenland, I was humbled to see small plants that had sprung into life after enduring eight months under snow and ice. And amazed to learn that they were actually trees—but although they had managed to survive in those bleak conditions they could never attain the typical height of their species. How different that arctic habitat is from the exotic riot of color, the sheer enchantment, of an alpine meadow in spring, with its myriad of flowers, the humming and buzzing and droning as a host of insects feast on nectar, pollinating the flowers so that they will reappear next year.


When I first saw the spring flowers blanketing the California hillsides, I wanted to walk out among the lupines and poppies and wild mustard, and simply lie among them, looking up into the blue, blue sky. But I was restrained, warned of snakes among the flowers, and had to be content just to feast my eyes on their colors and inhale their sweet fragrance.


The plants of the arid parts of the world—the dry plains and the desert—are also fascinating. These are the places where succulents and cacti have adapted to survive long periods without water, storing it in their leaves and stems and roots. Just this past spring I spent a couple of hours wandering in the semidesert of Santa Fe, New Mexico, utterly captivated by the strange shapes of the cacti. I was lucky, for most of them were in bloom, their yellow and red and deep-purple flowers like gifts from Mother Nature in the dry landscape. And I have marveled to see how, after a long period of drought, the first rains will carpet the Serengeti Plain of East Africa with white and golden flowers shining through the dry, trampled grass. Here and there the vivid coral-colored flowers of the aloe plants peek through.


Recently, as I drove from Johannesburg to Nelspruit, in South Africa, I desperately wished there was time to stop off and find an elephant root tree (Elephantorrhiza elephantina), which, presumably able to withstand the cold, dry winters of its harsh upland habitat, lives almost entirely under the ground. If you walk among the branches of what seem like small bushes, rising only some three feet above the ground, you will actually be walking on the canopy of a very large and very ancient tree that is mostly out of sight beneath you.


It would be absurd in a book like this to try to describe the fantastic variety of plants, from the tiny mosses to the mighty redwoods. A recent inventory lists 298,000 different plant species (and 611,000 species of mushrooms, molds, and other fungi). And the authors reckon that as many as 86 percent of all plant and animal species on land, and up to 91 percent in the seas, remain unnamed. All I can do here is to share some of what I find particularly compelling about this vast and wondrous kingdom of the plants.


Roots


Wouldn’t it be fantastic if we had eyes that could see underground so that we could observe everything down there in the same way that we can look up through the skies to the stars? When I look at a giant tree, I marvel at the gnarled trunk, the spreading branches, the multitude of leaves. Yet that is only half of the tree-being—the rest is far, far down, penetrating deep beneath the ground. The roots. Bit by bit they work their way through the substrate, pushing aside small pebbles, growing around big rocks, coiling around one another, taking from the soil the water and minerals needed by the partner up above, and creating a firm anchor for it. In many trees, the roots go as deep below the ground as the height of the tree above the ground, and spread out about three times farther than the spread of the branches. One root system, recorded during excavation of a building site in Arizona, had grown down some two hundred feet.


Some of the so-called “weeds” that colonize our gardens as unwanted guests have very deep roots. The dandelion goes down so far it is almost impossible to get the whole thing out of the ground. I can see my grandmother Danny now, kneeling on her little rubber pad, digging down around the roots of one dandelion plant after another, then trying to yank them out of the ground with that tool that looks like the end of the hammer that you use to pull out old nails. But she never got the whole root out.


There are so many kinds of roots. Aerial roots grow above the ground, such as those on epiphytes—which are plants growing on trees or sometimes buildings, taking water and nutrients from the air and rain—including many orchids, ferns, mosses, and so on. Aerial roots are almost always adventitious (I called them “adventurous” when I was a child), roots that can grow from branches, especially where they have been wounded, or from the tips of stems. Taproots, like those of carrots, act as storage organs. The small, tough adventitious roots of some climbing plants, such as ivy and Virginia creeper, enable the stems to cling to tree trunks—or the walls of our houses—with a viselike grip.


In the coastal mangrove swamps of Africa and Asia I have seen how the trees live with their roots totally submerged in water. Because these roots are able to exclude salt, they can survive in brackish water, even water that is twice as saline as the ocean. Some mangrove trees send down “stilt roots” from their lowest branches; others have roots that send tubelike structures upward through the mud and water and into the air, for breathing.


Then there are those plants, such as the well-known mistletoe, beloved by young lovers at Christmastime but hated by foresters, that are parasitic, sending roots deep into the host tree to steal its sap. The most advanced of the parasitic plants have long ago given up any attempt at working for their own food—their leaves have become like scales, or are missing altogether.


The strangler fig is even more sinister. Its seeds germinate in the branches of other trees and send out roots that slowly grow down toward the ground. Once the end touches the soil, it takes root. The roots hanging down all around the support tree grow into saplings that will eventually strangle the host. I was awestruck when I saw the famed temple at Angkor Wat in Cambodia, utterly embraced by the gnarled roots of a giant and ancient strangler fig. Tree and building are now so entwined that each would collapse without the support of the other. I noticed that strangler figs have been at work on many of the Mayan ruins in Mexico as well.


The so-called clonal trees have remarkable root systems that seem capable of growing over hundreds of thousands of years. The most famous of them—“Pando,” or “The Trembling Giant”—has a root system that spreads out beneath more than one hundred acres in Utah and has been there, we are told, for eighty thousand to one million years! The multiple “stems” (meaning the tree trunks) of this aspen colony age and die, but new ones keep coming up. It is the roots that are so ancient.


One of the most important things about roots is that they hold the soil in place. When the early settler farmers moved onto the American prairies, they cut down the trees that grew there and plowed up the land, destroying the native grasses so that they could grow agricultural crops. Over countless thousands of years those native grasses had developed root systems that delved deep, deep into the ground, holding the soil together so that it could withstand the constant stress of the wind. Human interference in this ancient system led to the Dust Bowl of the 1930s, when the soil was blown away in great clouds, much of it ending up in far-off oceans. Something similar happens in China today, where clouds of dust are blown from the deforested center of the country and darken the skies over faraway Beijing for days on end.



Leaves


I always love to walk through the trees in the evening, when the sun is low and the leaves are backlit. And each single leaf so beautiful with all its veins etched so clearly, some with an incredibly intricate branching pattern. These veins are the end point of the system that carries water and nutrients up, up from root to leaf. And they are the start of the system that carries the sap, with its dissolved sucrose, back out of the leaf to provide nutrients to the mother tree.


When I was a child, I used to spend hours searching under the trees, looking for the skeletons of leaves—when all the soft material has rotted away and only the veins remain. It is rare to find a perfect one, without tear or holes, but it is worth searching diligently—for the one that is without blemish is truly a work of art. I still search when I am walking through the Gombe forests.


The variety of leaves seems almost infinite. They are typically green from the chlorophyll that captures sunlight, and many are large and flat so as to catch the maximum amount. Indeed, some tropical leaves are so huge that people use them for umbrellas—and they are very effective, as I discovered during an aboriginal ceremony in Taiwan, when we were caught in a tropical downpour.


Orangutans have also learned to use large leaves during heavy rain. My favorite story concerns an infant who was rescued from a poacher and was being looked after in a sanctuary. During one rainstorm she was sitting under the shelter provided but, after staring out, rushed into the rain, picked a huge leaf, and ran back to hold it over herself as she sat back in the dry shelter!


Some leaves are delicate, some are tough and armed with prickles, yet others are long and stiff, like needles. The often-vicious spines of the cactus are actually modified leaves—in these plants it is the stems that capture the energy from the sun. I used to think that the brilliant red of the poinsettia and the varied colors of bougainvillea were flowers, but of course they are leaves adapted to attract pollinating insects to the very small insignificant-looking flowers in the center. And there are those leaves adapted to capturing insects, some covered with resin-tipped glands that curl over and imprison the prey, others able to snap shut in an instant when an insect touches the hairs, which act as triggers.


And then there are the most extraordinary leaves of that bizarre plant, Welwitschia mirabilis. Each adult plant has only two leaves. When the seed germinates, it produces two cotyledons—embryonic first leaves. These survive only until the first true leaves have grown big enough. They look ordinary enough, these two long leaves. But they are not. For they continue to grow, those exact same two leaves, for as long as the plant lives—which can be more than a thousand years.


The Welwitschia was first discovered in Africa’s Namib Desert by Dr. Friedrich Welwitsch in 1859, and it is said that he fell to his knees and stared and stared, in silence. He sent a specimen to Sir Joseph Hooker, at the Royal Botanic Gardens, Kew—and Sir Joseph for several months became obsessed with it, devoting hours at a time to studying, writing about, and lecturing about the botanical oddity. It is, indeed, one of the most amazing plants on Earth, a living fossil, a relict of the cone-bearing plants that dominated the world during the Jurassic period. Imagine—this gangly plant, which Darwin likened to a duckbill platypus of the vegetable kingdom, has survived as a species, unchanged, for 135 to 205 million years. Originally its habitat was lush, moist forest, yet it has now adapted to a very different environment—the harsh Namib Desert.


The photograph in the color insert shows what looks like many untidy leaves, but they are really only the two. They first appear as the seed germinates—and as the years pass, they become increasingly leathery and tattered, nibbled by animals and buffeted by the wind—but they are never replaced. The tallest plant known is only five feet high; most are no more than twenty inches. Some Welwitschia plants growing in the wild have been carbon-dated and are between five hundred and six hundred years old, but it is thought that some of the largest could be two thousand years old.



Capturing Sunlight


At school I had to learn in my biology lessons about photosynthesis—which literally means “synthesis with the help of light.” When I looked at my son’s biology textbook some thirty years later, I was amazed—and shocked actually—by the complex chemical process that he was supposed to learn as a schoolboy. It was the sort of information that was once reserved for university students specializing in botany—the kind of stuff that would have totally disenchanted me from the wonder of plants. And, indeed, it is pure chemistry.


The point is that plants can capture energy from sunlight. I love how this was described by the German surgeon Julius Robert Mayer in the 1800s. Nature, he said, has solved “the problem of how to catch in flight light streaming to the Earth and to store this most elusive of all powers in rigid form.”


Plants do this through extremely complex chemical reactions, which can, however, be described quite simply. There are special cells, usually in the leaves, that store chlorophyll molecules. This is the source of their green color. These chlorophyll molecules interact with nearby carbon dioxide (CO2) (which they absorb from the atmosphere) and water (delivered by the plant’s roots) to synthesize glucose and oxygen. The glucose is either used at once, for energy needed by the plant, or it is changed (by another complex chemical process) into starch, which is stored until the plant needs it. Meanwhile oxygen, which is actually considered a “waste product,” is released into the atmosphere, where animals and plants use it for their respiration. It amused me, when I read about this, to think of our so-precious oxygen as a “waste product”—that is chemistry talking. The small amount of CO2 produced by the plants during their respiration (basically their exhalations) is quickly used up by the ongoing photosynthesis process.


Think about all this for a moment. Our exhalations are nourishing the plants as they capture CO2, and the plants’ exhalations allow us (and them) to breathe. How utterly amazing—awe-inspiring really. One cupful of CO2, a few tablespoons of water, mixed with a beam of sunlight: the ultimate and only recipe for the food that supports all plant life, including algae and other such forms. And since we depend on plants, either directly, by eating them, or indirectly, by eating animals that themselves depend on plants, the process of photosynthesis supports almost all life on Earth.


Carnivorous Plants


I am not a devotee of science fiction books, but John Wyndham’s The Day of the Triffids, published in 1951, utterly captivated my imagination. “Triffids” are seven to ten feet tall, have three leg-like appendages that can be rooted into the ground, a sort of trunk, and a funnel-like head containing a sticky substance that attracts and captures insects that are then digested. Within this funnel there is also a stinger that, when fully extended, can measure up to ten feet. Sometimes a triffid will shuffle along the ground on its “legs” and, when it contacts a person, will aim at the face with its stinger. The victim dies quickly, and the triffid roots itself near the body, which it can digest as the flesh decomposes.


Science fiction, yes, but Mother Nature has designed monsters too—they are smaller, they cannot harm people, but the behavior of some of the carnivorous plants would make terrifying bedside reading for the tiny prey they capture. Take the Darlingtonia pitcher plant, also known as the cobra pitcher or cobra lily. It has a well-developed forked protrusion on the end of the modified leaf that forms the lip of the pitcher, which is designed to capture insects. This protrusion offers a convenient platform on which a flying insect can land, attracted to the nasty smell from inside the pitcher—well, nasty to us but obviously irresistible to the insect.


The hapless prey then slips down the walls, helped on its way by both lubricating secretions and downward-pointing hairs, and falls into the water-and-enzyme soup. The small exit is cunningly curled downward and thus hidden from the trapped insect, which exhausts itself by repeatedly crawling up the many translucent false exits. Eventually it will drown, and as it gradually decomposes, it will be absorbed by the plant. Unlike other pitcher plants, this one does not trap rainwater in its pitcher, but pumps up water from its roots, reabsorbing it if the level gets too high.


This is just one of the plants that have become carnivorous, capturing flies and other insects in a whole variety of ingenious ways and then slowly digesting them in special juices. There are about 630 species in six genera with five different kinds of traps, known as pitfall, flypaper, snap, bladder, and lobster traps. Scientists estimate that they first appeared some two hundred million years ago in marshy, infertile soils that were lacking in essential minerals, especially nitrogen. Only by devising a novel way of getting the necessary nutrients could these plants survive. I get so carried away reading about these cunning plants—it would not be difficult to write a whole chapter about them.


The best known are the pitcher plants, sundews, Venus flytraps, and bladderworts. I remember our biology teacher bringing a sundew to school for us to see. Somehow my imagination had created a much more impressive being, and I was disappointed to see such a tiny plant, though fascinated by its behavior. Each leaf has a number of resin-tipped glands that serve to attract and capture small insects. Our biology teacher placed an unfortunate fly on this trap and we watched as the leaf curled slowly over it.


There is one carnivorous genus, Roridula, that has just two species. They are small shrubs with leaves covered by sticky resin glands. The plant cannot absorb or digest the insects that it catches, but it has a partner, an insect similar to and usually referred to as an assassin bug (Pameridea, to give it its proper name). The bug is impervious to the resin because of its thick, greasy covering. It waits among the leaves and quickly pounces on less fortunate insects, then settles down to suck out their innards. Subsequently it produces dung—and it is this that the plant is able to absorb.


One of these plants, growing in the botanical gardens of Leiden University, once captured a jay! My Dutch botanist friend Rogier van Vugt told me how he had to rescue the bird—with great difficulty! Of course, says Rogier, “Neither the plant nor the insects would eat a bird, but it shows how strong the resin is.”



Seeds and Fruits


If plants could be credited with reasoning powers, we would marvel at the imaginative ways they bribe or ensnare other creatures into carrying out their wishes. And no more so than when we consider the strategies devised for the dispersal of their seeds. One such involves coating their seeds in delicious fruit and hoping that they will be carried in the bellies of animals to be deposited, in feces, at a suitable distance from the parent.


Charles Darwin was fascinated by seed dispersal (well, of course—he was fascinated by everything) and he once recorded, in a letter, “Hurrah! A seed has just germinated after twenty-one and a half hours in owl’s stomach.” Indeed, some seeds will not germinate unless they have first passed through the stomach and gut of some animal, relying on the digestive juices to weaken their hard coating. The antelopes on the Serengeti Plain perform this service for the seeds of the acacia.


In Gombe the chimpanzees, baboons, and monkeys are marvelous dispersers of seeds. When I first began my study, the chimpanzees were often too far away for me to be sure what they were eating, so in addition to my hours of direct observation I would search for food remains—seeds, leaves, parts of insects or other animals—in their dung. Many field biologists around the world do the same.


Some seeds are covered in Velcro-like burrs (where do you think the idea of Velcro came from, anyway?) or are armed with ferocious hooks so that a passing animal, willy-nilly, is drafted into servitude. Gombe is thick with seeds like this and I have spent hours plucking them from my hair and clothes. Sometimes my socks have been so snarled with barbs that, by the time they are plucked out, the socks are all but useless. Some seeds are caught up in the mud that waterbirds carry from place to place on their feet and legs.


I wonder how many dandelion “clocks” are picked and blown by lovesick adolescent girls: “He loves me, he loves me not. He loves me, he loves me not,” and calculating the strength of the last breaths so that they can end, triumphantly, “He loves me!” Those little seeds, each suspended from a perfect parachute, are carried away in the thousands by the summer and autumn winds, colonizing gardens and parks—almost anywhere that plants can grow—and often where they are most definitely not wanted.


The kapok seed floats through the air attached to the softest white fluff. I watched one chimpanzee infant as he gazed, as though entranced at this spectacle, then reached out to try to catch some. I sometimes do the same! And I have always loved to watch the seeds of the sycamore trees growing in Bournemouth as they set off on their journey in pairs, fastened between two propeller-shaped wings that spin around and around like the blades of a miniature helicopter as they spiral down toward the ground.


Other seeds, lacking such convenient mechanisms, rely on their pods to shoot them as far away as possible. From my window, at school, I could hear the little pops of the broom pods as they burst open when the seeds were ripe inside and the sun was warm. They were carried several feet—and sometimes ants then carried them farther—which was an advantage only for those that were not eaten. The pods of some plants reach such a state of tension when their seeds are ripe that they seem literally to explode at the slightest touch—like the touch-me-not balsam. And there is a plant in Gombe that splits open, with a loud crack, at the first drop of rain, sending out seeds in all directions. I used to collect these pods and take them to my son, when he was little, and arrange a show for him.


Seeds come in all shapes and sizes. Most are quite small, but not so the coconut. This giant can be carried for miles across the ocean and, in this way, has enabled coconut palms to colonize almost every tropical island.


Sex Education


Plants reproduce both sexually and asexually. Every gardener knows how a cutting, given by a friend, can grow roots and survive. This is how my second husband, Derek Bryceson, and I built up our garden in Dar es Salaam. Some plants, such as the blackberry, form adventitious roots when the tip of a stem arches over and touches the ground. At this place a new plant will grow. Then there are those that send out special stems that are called runners when they grow over the ground, like strawberries, or rhizomes when they grow under the ground, like buttercups. When the runner, or rhizome, is far enough away from the parent plant, the tip puts out roots from which new plants can grow.


There is no doubt whatsoever that this kind of asexual, or “vegetative,” reproduction can be an immensely efficient strategy. And when plants are introduced to new environments, it can also be very destructive. The water hyacinth is a free-floating aquatic plant with attractive lavender or pink flowers. It originated in South America, but has been introduced widely in tropical and subtropical areas of North America, Asia, Africa, Australia, and New Zealand. It reproduces asexually by runners and is one of the fastest-growing known plants—it can double its population in just two weeks. It clogs waterways and lakes. It starves water of oxygen, killing fish, turtles, and other wildlife. It was actually grown on lakes in World War II to fool Japanese pilots into thinking they could land. Governments have spent a great deal of money in their efforts to control the water hyacinth.


However, while reproduction without sex may be efficient, it doesn’t allow for genetic diversity, and so almost all plants can reproduce sexually as well. We know all about human sex (way too much, in some instances). Most of us are familiar with the couplings of dogs (cats are far more discreet and usually do their thing at night). Country people know about farm animals, and naturalists have found out a great deal about the mating behavior of countless wild mammals, birds, and insects. Much of all the above involves courtship, which may be elaborate. And we have come to realize, with all this private life exposed by patience, binoculars, and DNA analysis, how much cheating goes on.


What about plants? We can hardly suppose that plants could enjoy sex—but who knows? Maybe, one day, a scientist will detect something akin to the endorphins that are produced in humans during pleasurable experiences (including excitement, love, and orgasm) in some part of a plant when bees are tickling its stamens or brushing against the pistil while it is being pollinated. Nothing in the plant world would really surprise me—but it does seem unlikely. So for now I will stick to the plain and obvious facts.


The bladder wrack, a common seaweed, was well known by us as children. We loved to walk along the beach at low tide when a storm had cast lots of seaweed onto the beach. We would seek out the strands of bladder wrack and stamp on the partially dried bladders, which made a marvelously satisfying popping sound (the same as when you pop the air bubbles of Bubble Wrap). It is at the tips of these bladders that the sperm and eggs are stored. There are male and female bladder wracks, and reproduction takes place only once a year, when both sperm and eggs are released into the water at the same time. Fertilized eggs sink to the bottom of the sea and soon attach themselves to some hard surface.


Flowering plants, of course, have the most complex reproduction. And it is the love of flowers, of the blossoms with their staggering variety of shape, color, and size, that have so bewitched people over the ages. The largest single bloom in the world is that of the “corpse flower” (Rafflesia arnoldii) of Sumatra—it may measure a yard across and weigh as much as fifteen pounds. The flowers actually look and smell like rotting flesh, which is why it’s commonly known as the corpse flower. The smallest, by contrast, is that of the tiny water weed Wolffia, which measures a mere .01 inch across. And, too, there are the perfumes, the sometimes-intoxicating scents produced by flowers, especially those that are put out at night to attract moths and other night pollinators. Even bats.


Flowers are equipped with female and male organs, the pistil and the stamen. The stamen produces the pollen, which must somehow reach the pistil so that the waiting undeveloped seeds can be fertilized. This happens when pollen grains pass through little openings (stigma) at the tip of the pistil and travel down a tube (the style) to the ovum at its base.


The Swedish botanist Carl Linnaeus discussed this in his famous work on the classification of plants. He was dismayed when he learned that one of his articles, translated into English, was banned because it was “lewd and salacious”—“stamen” and “style” had been translated with the words husband and wife. One plant was thus described as having four husbands, two taller than the others; another had twenty husbands or so in the same marriage! At any rate, irrespective of the number of husbands, successful pollination results in the development of a seed.


The countless and cunning ways that plants have devised to get the pollen grains with their live sperm from stamens to pistils are absolutely awesome. Some release their pollen in large quantities, sometimes explosively, into air or water with the hope that it will be transported by the currents of air or water to the waiting pistils. As I write this, the pollen from the pine trees in our garden is being carried by the breeze in yellow clouds. The ground, the cars, our clothes—everything is covered with fine yellow dust. Bad luck for those who suffer from allergies.


Other plants have opted to have their pollen transported by a variety of animals, who are lured into service by enticing fragrances, delicious nectars, and attractive colors. Many kinds of insects serve as pollinators—and so do birds such as hummingbirds, occasionally bats, and even, it has been suggested, small amphibians. Some plants, including many orchids, have very specific needs—only one species of wasp pollinator will do.


Probably the first pollinating insect that springs to mind is the bee. I already described how I loved to watch the bees in the glorious summer days of childhood as they buzzed from flower to flower, probing for nectar and gathering golden pollen on their back legs in what we called their “breadbasket.” This was the bee benefiting from the flower, obtaining the ingredients for making honey and “bee bread” to feed the young back in the hive. But at the same time, as the bees moved from one bloom to the next, pollen was repeatedly brushed off onto the outstretched pistils. So the flowers were achieving their goal as well.


Not all insects are attracted by glorious scent or alluring nectar—certain plants cater to the preference of those that prefer a “fragrance” most horrid to our senses. The titan arum, which stands about six feet tall, and the corpse flower (Rafflesia arnoldii) of Sumatra, which, as mentioned, has the biggest single bloom in the world, both emit a stench that is irresistible to those flies and beetles that eat or lay their eggs on rotting flesh. I well remember when a titan arum was in bloom at the Royal Botanic Gardens, Kew, and lines of people gathered for the dubious thrill of experiencing its vile smell.


Defense Strategies


The other day I watched a cow feeding in a field. She was chewing her way through grass and a whole lot of herbs. There was clearly nothing the plants could do about it. Or was there? There were a few clumps of ragwort in the field, and I noticed how the cow avoided them. She clearly knew, somehow or other (from a bad experience or instinctive reaction to the toxins in its scent), that this plant was poisonous.


Plants are unable to run away or fly, so unless they develop some kind of defense, such as poison, they are liable to become someone’s breakfast, lunch, or dinner. In fact, plants have developed a whole host of ways to protect themselves. Some simply taste nasty, and some of the nasty ones are actually as poisonous as the ragwort is to cows. Deadly nightshade, so often mentioned in the old storybooks, is even more poisonous to us than is the ragwort—children can die from eating as few as three berries—but many birds eat it without any ill effect.


Unfortunately for the ragwort, the caterpillars of the cinnabar moth have become resistant to this poison and live on the leaves. This is, of course, what happens when we spray pesticide on farms or gardens—some insects become resistant, so other forms of poison must be concocted. In nature there is usually a balance so that if an insect predator proliferates unduly, its plant food will diminish to the point where the insect numbers cannot be sustained. And when the predators are then reduced, the plants can make a comeback. Then the whole predator/plant cycle can start again.


Poison is not the only defense—plants have evolved a great variety of other weapons, many of which I learned about as a child as a result of personal experience. Holly trees have leaves with sharp prickles, as we realized each Christmas when collecting some for decorating the rooms, placing sprigs with their bright-red berries behind every picture—and one on the Christmas pudding. When we went picking blackberries in the summer, we returned with arms and legs scratched and bleeding from the thorns on the stems—and it was the same when I picked wild roses, desperate to capture their fragrance and take it home with me.


Nettle leaves are covered with fine stinging hairs. And they are vicious—my mother told me about her time as a schoolgirl when a bullying gang of older girls, which included, I regret to say, her older sister Olly, threw her into a bed of stinging nettles. Fifty years later she still remembered the pain with horror. Even the traditional remedy—pressing dock leaves onto the affected area—did not help such widely tortured skin.
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Plants have evolved a variety of impressive defenses. How on earth can this infant vervet monkey move about in this acacia tree with its formidable thorns?! It’s even more incredible to see giraffes eating them. The photo was taken in Lake Manyara National Park in Tanzania. (CREDIT: © THOMAS D. MANGELSEN/WWW.MANGELSEN.COM)


My childhood was free of the two scourges of the American woodlands—poison ivy and poison oak. I have only once had a close encounter with poison ivy—I was fortunate, for it hardly bothered me, although the person I was with was badly affected. I have, however, had many unpleasant experiences with a small and very inconspicuous plant at Gombe that has tiny leaves covered, like those of a nettle, in stinging hairs. And when, intent on watching a chimpanzee, you inadvertently sit on one of these plants in the wet season, the burning itching lasts for well over a day—it is extremely painful. How on earth the minute stinging hairs can attack through two layers of cloth I simply cannot imagine.


I learned a lot about the defenses of the plants that flourished in the Olduvai (or Oldupai) Gorge in Tanzania when I worked there for three weeks in the dry season of 1957. In the daytime I was digging for fossils, along with Mary and Louis Leakey. But every evening, Gillian (the other English girl on the expedition) and I were allowed to wander in the gorge and onto the plains. And there we learned to know and respect the vicious thorns of the acacia trees—and marvel at the sight of a giraffe munching on the spiky foliage with impunity.


We also encountered the wild sisal (Sansevieria ehrenbergii). Indeed, it grows there so prolifically that the Masai, who call it “oldupai,” named the gorge in its honor. A close encounter with those strong spiked leaves, so beloved by the rhino who lived there then, left wounds in our skin that hurt and itched for hours, though we were soothed a little if the wounds were smeared with the sap from a cut leaf. There were euphorbia there too, and one evening, as we sat around the campfire, Louis told us how baboons can chew the leaves of the euphorbia for moisture—but that one man, desperately thirsty, almost died when he thought it would be okay for him to do the same. His throat and tongue swelled up so that he could hardly breathe, and he was lucky to survive, for the milky sap, or latex, can be deadly.


Some plants have another extraordinary adaptation to protect not only themselves but also each other from attack by predators—they communicate with each other.



Communication between Plants


The very idea of plants communicating with each other is normally treated with skepticism. Yet new research is substantiating claims, initially made in the 1980s, that some of them actually can. And in two ways: through airborne chemical molecules released by the leaf, and underground, through their roots.


In the early 1980s David Rhoades, a scientist from the University of Washington, announced at a conference his belief that trees were able to communicate with each other. If an herbivorous insect attacked a tree, nearby trees were alerted, most probably through airborne chemicals released by damaged leaves. These airborne chemicals, Rhoades suggested, triggered chemical defense mechanisms in neighboring trees. When I heard about this, I was really excited, and included the information in many of my lectures at the time, although the idea was ridiculed by most scientists.


But gradually the notion of tree-to-tree communication gained credence. In 1983, Dartmouth biologist Jack Schultz and his research assistant Ian Baldwin published a paper in Science that provided evidence of this type of communication between poplar trees and between maples. Rhoades was able to pronounce, triumphantly, “Trees have a few tricks up their leaves—they aren’t static things just waiting to be eaten.”


Meanwhile another research team, from Ben-Gurion University, in Israel, led by biologist Ariel Novoplansky, has shown that distress signals can be communicated plant to plant through their root systems (although the exact mechanism had not yet been worked out). In one study, published in the spring of 2012, five domestic pea plants were subjected to stressful drought conditions. This caused the plants to close their leaves to prevent water loss. At the same time signals were sent out, through their roots, and were picked up by neighboring unstressed plants—which then reacted as though they, too, were suffering drought conditions.


The fact that information of this sort can be sent, received, and stored by plants has profound implications. Novoplansky explained it this way: “The results demonstrate the ability of plants and other ‘simple’ organisms to learn, remember and respond to environmental challenges in ways so far known only in complex creatures with a central nervous system.”


Amazingly, the scientists found that the nonstressed plants that had nevertheless reacted in the same way as their water-deprived neighbors subsequently coped better, when exposed to the stress, than naïve plants.


It reminds me, in a way, of the impact of some of my early discoveries about chimpanzee behavior. In the 1960s science (and religion) believed that humans were the only beings on Planet Earth with personalities, minds capable of thought, and emotions. In other words, we were the only sapient, sentient beings. Research on the chimpanzees at Gombe showed that this was not true and that humans were indeed part of the animal kingdom. Plants have their own magical kingdom, and it certainly does not surprise me that they are capable of communicating in ways once thought unique to complex animals.


Another recent study is revealing a different kind of communication through roots—which also has far-reaching implications. Millions of years ago a fascinating partnership was forged between plants and a unique group of organisms living in the soil, the mycorrhizal fungi. Today, the roots of about 95 percent of all plant species are coated with these threadlike fungi, which act as a kind of secondary root system, creeping way out into the ground, extracting water and minerals. They share these vital resources with their host plant, which, in turn, provides the fungi with sugars.


Suzanne Simard, a forest ecologist from the University of British Columbia, heads a team that is finding ways to “see” under the ground, and this cutting-edge research shows that the mycorrhizal fungi serve to connect the roots of one tree to another, creating an underground network deep down under the forest floor.


Their study site is a Douglas fir forest, and here graduate student Kevin Beiler used a new DNA-reading technology to distinguish between different individual fungi and the roots of different individual trees. It is now clear not only that all the trees in the forest are interconnected below the ground but also that each of the largest and oldest trees serves as a “mother tree,” with younger trees growing within her root-fungi network.


What I find absolutely fascinating is the fact that the “mother tree” sends carbon, nitrogen, and water along her roots, and while these nutrients are absorbed by the fungi, some are passed on, through the fungi’s interconnected threadlike strands, to the roots of seedlings that, living in the gloom of the forest floor, desperately need them. When a mother tree is cut down, this is likely to have an adverse effect on the development of the young, replacement seedling, and thus the regeneration of the entire forest may be compromised.


It seems there is no end to the plant marvels that are taking place around us.


Plants and Humans—A Love Affair


It is hardly surprising, given the endless variety of plants, their beauty, and their fragrance, that they have captured the imaginations of people through the ages. Indeed, our love affair with plants has been interwoven into human history for centuries. Just recently archaeologists discovered that a Bronze Age grave, located south of Perth in Scotland, contained a bunch of meadowsweet blossoms. Dr. Kenneth Brophy of Glasgow University commented that while the dried flowers were nothing much to look at, they represent the first indication that people in the Bronze Age were actually placing flowers with their dead. And of course they would have looked much better when they were freshly picked.


“To find these very human touches is something very rare,” he said, and he suddenly felt that what he was looking at was “not just a series of abstract remains.”


Why were the flowers there? Did those Bronze Age people want to ensure that the dead would have flowers in the afterworld? Were the meadowsweets a favorite flower, something the deceased would enjoy in another world?
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How exciting it must have been to find the dried remains of a bouquet of meadowsweet blossoms in a Bronze Age grave, indicating that the people back then were placing flowers with their dead. (CREDIT: UNIVERSITY OF GLASGOW)


In ancient Rome the ground around a grave was sometimes laid out like a garden so that the soul of the departed might enjoy the flowers. Today the custom of leaving flowers on the graves of our loved ones is widespread, so that many graveyards do, indeed, look like gardens. And it is common practice to throw flowers or petals onto the coffin before the earth is shoveled over it. I have not been able to discover how this custom originated—I suppose it means different things to different mourners.


I was enchanted to learn that in Victorian Britain, when some feelings could not be openly spoken of, the “language of flowers” (floriography) was highly developed. By sending particular flowers, or combinations of flowers, it was possible to send almost any message—and many floriography dictionaries were published. This language of flowers apparently originated in Turkey and spread to many different countries. Even today some flowers are still associated with certain feelings—any woman receiving a bouquet of red roses knows exactly what a man is telling her!


When I was running the research center at Gombe, Derek was director of Tanzania’s national parks. He regularly visited each of them, including Gombe, flying the parks’ single-engine plane. One afternoon I saw the plane flying low over the lake. As it drew level with my house on the beach, it waggled its wings, and Derek threw something out of the window, enclosed in a plastic bag. I waded out into the water to retrieve it. A single red rose! This was shortly before he asked me to marry him.


Plants offer so much to so many. For the scientist there are endless new questions to ponder as modern technologies reveal more facts about plant biology. For the naturalist there is constant opportunity to gain an ever-growing appreciation of the miracles of nature—a simple magnifying glass can open up a whole new world. For the artist—what a richness of material for pen or paintbrush or camera. And for a child there is the magic of a beautiful flower springing from a bulb planted in the soil.


We can all be cheered by the natural beauty that is around us, if only we will look. Even in the busy city streets small plants push bravely up through cracks in the paving. Pause and look at the next one you see, marvel at its determination, its will to live. And give thanks that we live in such a wonderful, magical, and endlessly fascinating kingdom. The kingdom of the plants.















Chapter 3
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Trees
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I spent hours in Beech, reading books about Africa and doing my homework. Here I am at about thirteen years old. (CREDIT: SALLY PUGH)


I have always loved trees. I remember once, when I was about six years old, bursting into tears and frantically hitting an older cousin (with my little hands only) because he was stamping on a small sapling at the bottom of the garden. He told me he hated trees because they “made wind”! Even at six years of age I knew how wrong he was. I have already mentioned the trees in my childhood garden—the most special was a beech tree. I persuaded Danny to leave “Beech” to me in a “Last Will and Testament” that I drew up, making it look as legal as I could, and she signed it for me on my eleventh birthday.
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I loved Beech so much I persuaded my grandmother Danny to give me Beech on my fourteenth birthday. (CREDIT: JANE GOODALL)


I spent hours up that tree, perched in my special place. I had a little basket on the end of a long piece of string that was tied to my branch: I would load it before I climbed, then haul up the contents—a Tarzan book, a saved piece of cake, sometimes my homework. I talked to Beech, telling him my secrets. I often placed my hands or my cheek against the slightly rough texture of his bark. And how I loved the sound of his leaves in summertime: the gentle whispering as the breeze played with them; the joyous, abandoned dancing and rustling as the breeze quickened; and the wild tossing and swishing sounds, for which I have no words, when the wind was strong and the branches swayed. And I was part of it all.


During the first four months at Gombe I was with my mother—for the authorities would not allow a young woman to be on her own in such a remote area. But when she had to return to England, people had come to know me and considered I would be fine staying on with my two staff. And, as weeks became months, I gradually felt ever more at home in my new world.


Often, when I walked alone up to the Peak—the observation point from which, using my binoculars, I could usually locate the chimpanzees—I would pause to talk to some of the trees I passed each day. There was the huge old fig tree, with great wide branches, laden with fruit and feasting chimpanzees, monkeys, birds, and insects in the summer, and the very tall and upright mvule, or “dudu” tree, which attracted chimpanzees to feed on white galls made by a lace bug in the spring. Then there were the groves of the mgwiza, or “plum tree,” that grew near the streams, and the mbula and msiloti of the open woodlands, all of which provide, in their seasons, plentiful food for the chimpanzees—and other creatures too.


I became increasingly aware of these trees, and many, many more, as beings. I loved the feeling of the rough sun-warmed bark of my old fig, and the cool, smooth skin of my dudu tree. I seemed to know the movement of the sap as it was sucked up by unseen roots and drawn up to the leaves high overhead, where it mixed with CO2 and sunlight to provide the trees with their nourishment.


I had a special bond with some of the young, eager saplings thrusting determinedly toward the canopy and seeking their share of the good light and life up there. They reminded me of myself, and I wished them luck.


Of all the trees at Gombe, it was the gnarled old fig tree that I loved best. How long had he stood there? How many rains had he known and how many wild storms had tossed his branches? With modern technology we could answer that question. We even know, today, when the first trees appeared on Planet Earth.


When Trees Began


From the fossil record it has been suggested that trees appeared about 385 million years ago, about 100 million years after the first plants had gained a foothold on the land. I can well imagine the excitement of the scientists working at a site in Gilboa, New York, who, in 2004, discovered a four-hundred-pound fossil of the cladoxylopsid Wattieza, which was the crown of a fernlike tree. The following year they found fragments of a twenty-eight-foot-high trunk. And suddenly they realized the significance of the hundreds of upright fossil tree stumps that had been exposed during a flash flood over a century earlier. Those tree stumps were just ten miles away from their site and were estimated to be 385 million years old. This fernlike tree trunk and its crown thus became collectively known as Eospermatopteris.
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This is a reconstruction of Eospermatopteris, a fernlike tree, that appeared 140 million years before the first dinosaurs. Eospermatopteris forests sent roots into the hard surface, preparing the way for the proliferation of the land animals that followed. (CREDIT: FRANK MANNOLINI/NEW YORK STATE MUSEUM)


It seems that these treelike plants spread across the land and began the work of sending roots down into the ground, breaking up the hard surface and eventually forming the first forests. And as their numbers increased, they played an increasingly important role in removing CO2 from the atmosphere and cooling Devonian temperatures. Thus they prepared things for the proliferation of land animals across the barren landscape of the early Devonian.


The Archaeopteris, which flourished in the late Devonian period, is the most likely candidate so far for the ancestor of modern trees. It was a woody tree with a branched trunk, but it reproduced by means of spores, like a fern. It could reach thirty feet in height, and trunks have been found with diameters of up to three feet. It seems to have spread rather fast, occupying areas around the globe wherever there were wet soils, and soon became the dominant tree in the spreading early forests, continuing to remove CO2 from the atmosphere.


And then there are the “living fossils,” the cycads. They look like palms but are in fact most closely related to the evergreen conifers, pines, firs, and spruces. They were widespread throughout the Mesozoic era, 250 to 65 million years ago—most commonly referred to as the “Age of the Reptiles,” but some botanists call it the “Age of the Cycads.” I remember Louis Leakey talking about them as we sat around the fire at Olduvai Gorge, and imagining myself back in that strange prehistoric era. Today there are about two hundred species throughout the tropical and semitropical zones of the planet.


Once the first forests were established, both plant and animal species took off, conquering more and more habitats, adapting to the changing environment through sometimes quite extraordinary adaptations. Throughout the millennia, new tree species have appeared, while others have become extinct due to competition or changing environments. Today no one knows for sure how many tree species there are in the world. Some estimate as high as one hundred thousand species, while other sources go as low as ten thousand.


The Living Ancients


Certain trees, the so-called “big trees,” have been on this planet for several thousand years. A few years ago I unexpectedly came upon an ancient olive tree, at least eight hundred years old, in the center of one of the open squares in the city of Palma, Majorca. It was strange to see this ancient being, surrounded by the bustle of the town, and I found myself wondering about the hundreds of thousands of people who must have eaten its fruits, sat in its shade, exchanged words of love or anger. And I wondered, too, if this tree, surrounded only by buildings and some introduced grass and flowers, missed those other trees that, at one time, must have grown around it in a shady and peaceful grove.


One time, when I was fortunate to explore the pristine unlogged Goualougo Triangle in northern Congo, I found myself mesmerized by the ancient giant hardwoods. I had no way of knowing how old they were, but standing at the base of one of the huge trunks—so wide that it would take at least four people holding hands to encircle it—and gazing up and up to the canopy where monkeys looked down chattering, I was humbled by the thought of the thousands of years it had stood there. And I imagined the generations of animals—even of the long-lived elephants—that had come and gone beneath their boughs.


And then there were the towering redwoods and Douglas firs and Scotch pines of North America’s West Coast, where I walked, full of wonder, through the forest of giants. I have yet to meet the almost-unreal bristlecone pines that cling to rugged cliffs, their trunks stunted and their limbs twisted into strange contorted shapes by the relentless buffeting of the winds during the past four to five thousand years.


Just last week, out of the blue, I had a letter from Tim Mills, an old friend of mine with whom I had lost touch. As though he knew I was writing about trees (he did not), he told me that one of the things on his “bucket list” had been to meet “Methuselah,” the ancient bristlecone who lived at ten thousand feet in the White Mountains of the Sierra Nevada range in California.


The location is kept secret—the ranger told Tim that he thought only four people know where it is. Somehow Tim and his son managed to find that secret place from an old photo. They confirmed that it was indeed Methuselah when they found that the bore holes on the trunk, made when taking samples for carbon dating, matched those shown on the photo. I wrote back and asked him how he had felt in the presence of a tree said to be 4,845 years old.


Tim replied, “Being among the trees in the Forest of the Ancients was awe inspiring. I walked slower, was very quiet and my senses came awake. There was a reverence akin to being in an ancient church. Finding the Methuselah Tree was an unexpected privilege and we bound ourselves by an oath never to share its location.”


He told me the only bark on the trunk was an eight-to ten-inch strip of cambium layer that spirals up the tree, carrying needed nutrients from the soil up to the leaves above. It is only because of this thin strip of bark that the tree can stay alive.
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“Methuselah,” carbon-dated at 4,845 years old. After the destruction of an even older tree, this Methuselah is believed to be the oldest known bristlecone pine. This photo was taken by a friend of mine. (CREDIT: T. J. MILLS)


We often determine the age of trees by counting and cross-referencing tree rings, one for each year. But when some of the wood is missing, and therefore some of the growth rings are gone, the age can be calculated by carbon dating—which involves taking a sample from the innermost part of the tree.


The oldest trees in the United Kingdom are English yews. Many of them are thought to be at least two thousand years old—and it is quite possible that some individuals may have been on Planet Earth for four thousand years, the very oldest being the Fortingall Yew in Scotland. Yew trees were often planted in graveyards—they were thought to help people face death, and early churches were often built close to one of these dark, and to me mysterious, trees.


Almost every part of the yew is poisonous—only the bright-red flesh around the highly toxic seed is innocent and delicious. It was my mother, Vanne, who taught Judy and me that we could join the birds in feasting on this delicacy. How well I remember her telling us this as we stood in the dark, cool shade of a huge yew tree, whose thickly leaved branches cut out the brilliant sunshine outside. The tree grew outside an old church, but, the churchwarden told Vanne, the tree was far older than the church. We plucked the low-growing berries, separating out the soft flesh in our mouths and carefully spitting out the deadly seed.
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A “Living Ancient.” Some kinds of oak trees can live for up to two thousand years, and they are among my favorite trees. This one, in Jægersborg Dyrehave (the Deer Park) in Denmark, is estimated to be a thousand years old. Two of my friends were actually married inside the hollow interior. (CREDIT: ILKE PEDERSEN-BEYST)


When we think of ancient trees, we tend to think of them as large, but they are sometimes quite small. When trees live in harsh settings, such as arctic cold or desert conditions, they tend to grow very slowly, so it’s hard for people to realize how very special and ancient these trees might be. A friend of mine, the botanist Robin Kobaly, told me that when she was a child, she would pass a wild plum tree every day on her way to and from school in Morongo Valley, a desert area of southern California. It was only about fifteen feet tall, and its trunk was about two feet across.


“I sort of befriended that plant,” Robin told me, “and the California Thrasher that always sang from its upper branches as I walked by.” When she went off to college, she lost touch with her special tree. Forty years later she moved back to the same neighborhood. “And there, waiting to greet me,” said Robin, “was that same wild plum.” It was in one of the few lots that had not yet been developed. She had aged during their separation, but the tree had not changed at all, and she wondered how old it was.


“The way I found out,” Robin told me, “broke my heart.” One morning she awoke to the sound of a bulldozer. She looked out to see her wild plum being ripped from the earth. “I ran down the street to see what remained of that majestic plant. I ended up salvaging the uprooted trunk, and realized I could count the annual growth rings exposed in the split wood—over 350 rings. It amazed me, even after studying desert plants for my master’s degree. How much longer might this ancient plant have lived? Even the bulldozer operator felt bad, and said he could have easily gone around it, as it was in a location that they couldn’t build on anyway. He said he wished he had known.”


After that, Robin began hunting for the trunks of other trees in her area that were being killed. She found junipers over a thousand years old, ironwood trees over eight hundred years old, oaks over five hundred years old, wild plums over four hundred years old, and even the smaller creosote bushes several hundred years old. “But because, in order to survive the extremes of our arid climate, these plants remain small,” she said, “no one realizes how old they are.” Robin has now dedicated her life’s work to educating people about these ancients and protecting them from senseless assaults and destruction that come from ignorance.


Of all the trees in the world, the one I would most like to meet, whose location is top secret, is the Wollemi pine. It was discovered by David Noble, a New South Wales parks and wildlife officer, who was leading an exploration group in 1994, about a hundred miles northwest of Sydney. They were searching for new canyons when they came across a particularly wild and gloomy one that David couldn’t resist exploring. After rappelling down beside a waterfall and trekking through the remote forest below, David and his group came upon a tree with an unusual-looking bark. David picked a few leaves, stuck them in his backpack, and showed them to some botanists after he got home. For several weeks the excitement grew, as the leaves could not be identified by any of the experts. The mystery was solved when it was discovered that the leaves matched the imprint of an identical leaf on an ancient rock. They realized the newly discovered tree was a relative of a tree that had flourished two hundred million years ago. What an amazing find—a species that has weathered no less than seventeen ice ages!


The Wisdom of Trees


Many people, it seems, feel deep respect when they encounter ancient trees. A few years ago I was in Bamberg, Germany, attending an event to celebrate the one hundredth anniversary of a hospital where I was giving a talk. They were anxious to have a tree-planting ceremony to mark the event—but it was the wrong time of year, and the ground was covered in snow. So we had a ceremony at the place where a walnut tree would eventually be planted. The nut was handed to me in a basket, and I handed it over to the head of the hospital to plant on my behalf in the spring. And then came a reading, in German, of some inspired lines by Herman Hesse from his book Bäume. Betrachtungen und Gedichte. It was icy cold with a blue sky and a chill, chill wind, and we got colder and colder as each sentence was translated for my benefit, but I was spellbound by the words. Later my hosts gave me an English translation of their reading:
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