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For Pam

My rooting force

My pocketful of joy

My dazzling, gathering light






PREFACE


“Between every two pine trees there is a door leading to a new way of life.”

—John Muir1



Afew years ago in Melbourne, Australia, nearly half of the city’s seventy-seven thousand trees were struggling, plagued by drought and other difficulties. City planners mapped all of the trees, gave them individual IDs, and assigned email addresses to each tree so citizens could report problems. This plan was a practical attempt designed to rehabilitate an urban forest. But along with reporting problems, people wrote thousands of love letters—treemail—to their favorites. One fan wrote to an elm, “As I was leaving St. Mary’s College today I was struck, not by a branch, but by your radiant beauty. You must get these messages all the time. You’re such an attractive tree.” Other responses by the thousands ranged from bad tree jokes to love letters to expressions of concern—not only from Melburnians but from all over the world, often from expats who once lived in the city, or people who’d never visited. A New Yorker wrote to say, “You are loved and deserve the world.” People asked for advice. “I write about a friend of mine… someone who has reached an intersection in life. To the outside world he has control, but within it can feel like a labyrinth with too many possible pathways, all without much clarity or light. How can I help him during this time of decision and indecision?”



Every tree has a life, both individually and as part of a collective. I’ve chosen twelve trees that have been on long journeys, have many accomplices as well as enemies, and need our help to survive. They are our instructions, our instruments, and our futures. I’ve picked these trees in the ways that people find friends. In significant ways, they have found me. Some were flashy and omnipresent. A few arrived quietly in unexpected corners of my life, and some were introduced by others—but all started as relative strangers and became comrades. Each has crucial stories to tell.

Trees continue to populate our daily lives. They’ve been part of our sight lines and metaphors, our byways, our contexts. We all know them in one way or another, as consumers and users of their wood and by-products, or through closer associations with individual trees. We all know trees that grew up with us as children. Trees in parking lots, bristling with tiny unseen life, or ones that we witnessed falling, or helped to fell. Trees we hid under for shelter in the rain, or in baking heat. Trees whose smells and sounds and sights trigger deep memories. Trees that sat outside our houses and marked the seasons, losing foliage and growing back, or extending a limb to the windowsill so we could risk climbing down, to a wider, freer world.

Trees are symbionts, working in conjunction with an army of other organisms that build biodiversity and buttress life on the planet. They are ecosystems that sustain life in and among their roots, trunks, branches, and crowns. Forests also regulate our food security, feeding the planet through a profusion of fruits, vegetables, nuts, spices, and other edibles, as well as our medical needs. Trees provide urban identity, splendor, cooling, and coherence. They need to have their own rights, and be accorded their own dignity. They are essential to all of our lives, and they need our help. The salvation of trees can be the salvation of humans.

The Quran has its Tree of Immortality. Besides people and God, trees are the living beings most frequently mentioned in the Bible. Buddhism has dozens of words for trees. They are everywhere in the close and far corners of the world’s languages. We borrow their metaphors (we go out on a limb; we knock on wood; we can’t see the forest for the trees; we branch out; we find root causes; we’re stumped; and we leaf through books). Every language has its tree idioms. The Japanese say, “Even monkeys fall from trees”; that is, everyone makes mistakes. In Germany, when someone says something embarrassing and no one dares to respond, they say, “There is silence in the forest.” We have written about, scrutinized, illustrated, photographed, climbed, contemplated, and cared a great deal about trees for a very long time. They serve as sentinels to our lives, deaths, and rebirths. They live in deep literary contexts, their roots everywhere. The poet Wendell Berry described his writing house, built up on wooden posts, as having “a peering, aerial look, as though built under the influence of trees.”2

The sheer ubiquity of arboreal names also speaks to our cultural desire to signify their importance and to impart some essence of the tranquility and stability inherent in trees. Of the twenty most common street names in the United States, five are trees: Oak, Pine, Maple, Cedar, and Elm. We record them like scribes copying manuscripts, over and over again: holiday cards and directions and job applications and passwords. Larch and birch and oak and arbor. In my adopted state of California, the word “wood” shows up on the signs of fourteen thousand different streets. They are the nomenclatural currency of our lives, these tree words, and we find our way home through them.

Trees are also our custodians, forecasters, and predictors in an era of changing climates. They protect the ground beneath us through their stabilizing and biodiversifying effects. They lower our pulses and deepen our breath. These twelve species of trees are powerful actors on our environment. In their total biomass they provide nearly bottomless carbon sinks, annually sequestering millions of tons of carbon dioxide—a greenhouse gas that would otherwise remain in the atmosphere or leach into the Earth’s oceans, heating the planet more rapidly. Their work with CO2 is also easy to misunderstand: although it’s often spoken of as a global evil, trees need it to live. Trees don’t just house CO2; they use it as they take it in, appropriate it for photosynthesis, and produce oxygen.

These twelve trees have an army of assistance from other species of trees, too. Some three trillion trees grow on the planet, about four hundred for each of us. Despite their declines, forests still occupy more than 30 percent of Earth’s dry land. Around the world, trees absorb approximately 7.6 billion metric tons of carbon and sequester it in their leaves, stems, roots, and other parts for long stretches. But young trees don’t do this very well, or at all, depending on the species of tree. To sequester a lot of carbon, trees have to live long and healthy lives: at a minimum, ten to twenty years. It takes that long for sufficient foliage to grow into a sizeable reservoir for carbon. And the longer a tree lives, the more carbon it sequesters, as a promise for the future: trees get bigger as they grow, so every year they sequester a bit more carbon than the year before.

The planet’s three trillion trees constitute around seventy-five thousand species.3 The great diversity among trees speaks to the diversity of life on Earth, and not just biological diversity but the cultural and social diversity they foster. Out of some, many and much. Our intersections with these twelve trees’ lives are far more interesting—and more complicated—than people would ever expect. In the course of understanding their role in our futures, I hope you’ll gain a fuller understanding of not just these specific trees, but the classes of trees in which they’re contained: their cousins and aunts and uncles, as it were; the species with which they share a genus or a family or are otherwise allied, through genetics or morphology or destiny.

The ways their characteristics converge or diverge also tell us something significant about the tumbling, messy nature of evolution, including strategies to survive. Evolution has consequences: every tree came from an earlier plant form. To study the science of trees is thus also to study not just the present. It’s a story of the world and its past, a biohistorical novel. Landscapes from deep time can be restored from pollen data; tree rings can tell us about weather and water and climate from both recent and ancient eras; fossil trees can tell us about the long arc of evolution; and all of this information points to the future.



Across all of these lessons, dangers lurk. Without trees, we would be stripped of a key layer of living tissue, on our way to being Mars or Venus. There are only half as many trees as there were at the dawn of agriculture twelve thousand years ago. Forests burn at the rate of twenty-two thousand square feet a minute in the Amazon; in Central Africa, ten million acres a year disappear. We’re the sharpest predators on the planet, and we have done damage. Trees are at risk from many threats: insect and fungal infestations driven by a warming planet have brought down billions of individual trees, airborne poisons drift into forests, and tides are rising while freshwater tables are dropping. The story of decline is voluminous and complex.

The popular press frequently presents climate change as a monolithic threat, but the science is full of entanglements, time frames, geographies, and contradictions. Almost none of these trees overlap in their ranges—and because every species has different talents, and climate change varies greatly across regions, each of these dozen trees has a different relationship with our planet’s warming and changing weather. Climate change is a part of our past, and our present, and, certainly, our human future, and its urgency has been reinforced countless times in recent years from intersecting disciplines. As the climate scientist Richard Alley noted, the more stately and older view was that climate change moved slowly, like a dial; in today’s reckoning, it’s a switch, almost instantaneous in its effects, especially against the background of deeper time.

Time changes everything, and it’s a partner for all of these trees. Their time frames are largely rendered as a vast evolutionary sweep across the face of the planet’s clock. But eons are made up of days and nights—infinitesimal slices of time in the larger march of life, and trees matter on tiny timescales, too. My father—a quiet man, stormy, unhappy, and dogged—spent some of his most satisfying moments on the sprawling grounds of our house, which stood on a cliff overlooking the Pacific Ocean in Hawai‘i, where he planted ironwood saplings he hoped would grow large enough to stanch the constant erosion of our property into the sea eighty feet below. Many are still there, risen huge. One of my strongest childhood memories was of a tree I helped to remove—a large pandanus in our yard, with tall prop roots that emerged out of the ground, so the tree was on stilts. It was hot, sweaty work, but my dad offered to buy me anything I wanted (within reason) if I helped with the job. It took weeks. He had never offered up this kind of prize, so I was committed to the task. I was eleven or twelve, and I had been pining for a crossbow, and true to his word, my dad ordered one for me that soon arrived at our doorstep. I was thrilled, and then proceeded to fire this weapon high into the trunks of gigantic banyan trees on neighboring properties. The arrows are still there, a half century later. Humans are the tip of the arrow. We have paved the way to decline. Now it’s our chance to pioneer a path to rejuvenation.
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CHAPTER 1 A Book Older Than God: The Great Basin Bristlecone Pine



“The tree is a slow, enduring force straining to win the sky.”

—Antoine de Saint-Exupéry, The Wisdom of the Sands



The Great Basin bristlecone pine is not especially imposing in its height, greenery, or bulk. The tallest known individual is just fifty-two feet high, much shorter than many other mature tree species. It produces no oil, no fruits, no usable wood or other products humans covet or monetize. It needs little water. It’s a twisted refugee, growing only at high altitude in cold, windy, and often icy conditions, and in poor soil. But the bristlecone is a beautiful survivor, and its most ancient individuals, the oldest of all trees, are full of instructions and fascinations.

No one knows how old the oldest bristlecone pine might be. One tree clocks in at more than five thousand years—fifty centuries, validated by careful counting of the rings on cores extracted from the living tree. There may well be older individuals. The bristlecone pine’s longevity is baked into its scientific name: Pinus longaeva. Even its leaves can remain green for nearly a half century before dying. It serves as a crucial witness to the extended arc of the past. Many trees are like old books: they mark the passage of our years, including epochs of turbulence and calm. We can find evidence of these changes in numerous ways, but one key technique to understand their lives, and the planet’s lives, year over year, is to study those annual rings. The seasons’ variations in temperatures between winter and spring show up in the tree’s wood: colder weather means slower growth, and warmer means faster development. When a tree begins this rapid growth, it lays down what is known as earlywood, a pale band in its annual rings. As summer slides into fall, wood growth slows and leaves a darker annual ring called latewood. These and other changes in color and cell density mean tree rings are usually highly visible, and thus countable.

The innards of bristlecone pines, in the form of these growth rings, describe a regular turn from the start of the tree’s story to the present. They tell us not just about their lives but about the life around them. These trees record details to be deciphered by those with eyes and tools to see: changes in wind, weather, precipitation, and temperature, studied by attentive scientists who have the background to make sense of minute and subtle distinctions. There is inference, evidence, speculation, speciation—all visible in the rings of the trees, pages in life’s book.



I work with a fellow rare book curator at the Huntington named Steve Tabor, whom I admire. He’s thin, with a white mustache. He likes birds, and bicycles. Tabor is an authority on early printed books who, with no artifice or arrogance, will drop an obscure Latin phrase into a conversation or an email. He is utterly unselfconscious, often with his foot up on his desk through his open door, stretching. A book scientist, Tabor is deeply involved in the minute changes shown by paper, type, ink, and binding: forensic analysis of the fluctuating ways we’ve produced knowledge over the last five hundred years. He pointed out to me that the Latin word liber—the old common term for a book—means the inner bark or rind of a tree. He also explained a number of the deeper etymological ties between books and trees. The Germanic word for “book” and its cognates derive from the Indo-European word for “beech tree.” The etymology and physical presence of books is saturated with trees, and with the ghosts of trees and their remains.1

The book world offers still other cognates. Paper, bindings, sewing, and leather are all part of the stream of testimony. In the same way that dendrochronologists—scientists who study the rings of trees—can tease out evidence you’d not anticipate, the same applies to old books, where papermakers crafted their products from remnants of cotton clothing, and printers and bookbinders created and assembled their products by hand. Old books are simply teeming with evidence if you have the right context and experience, and this applies to tree rings as well as to old books.

Occasionally, in looking at pages in an antiquarian book, you’ll see a small, splattery dot, as if something wet had once landed on the page. Hundreds of years ago, artisans made paper by macerating cotton rags into a watery slurry, and then dipping a mold made of closely spaced wires into the pulpy mix, and draining out the liquid. But what causes that dot? They’re common enough that these splashy marks have a name: vatman’s tears. A vatman was the person responsible for dipping the mold into the heated slurry of water and pulped cotton rags. It was hot work, and the splash mark most likely came from a wet arm or sleeve, or possibly a bead or two of sweat from the vatman’s forehead.

So paper is not just paper. It tells stories. And trees are not just trees, because their lives are marked by events that occur in the strata of formation. Some of this evidence about the past comes from immediate moments, such as a lightning strike. Other marks stem from longer intervals: a beetle boring through a layer of cambium, an ancient piece of barbed wire from a long-gone fence, or an old bullet buried in an even older tree. But more ubiquitously, trees reveal past details about matters of global interest and significance: changes in the climate; in the constitution of the air, water, and soil; and other environmental variations. Climate hovers in and around the tree, literally and metaphorically, because the changing climate and its effects on all lives on the planet is the existential issue of our time.



If a giant standing in the center of what is now California had cupped some seeds of bristlecone pines in his hands and flung them messily eastward, dropping a few and tossing the rest, you’d have the approximate distribution of the bristlecone pine. Its distribution spills across a strap of higher-elevation land that reaches from eastern California across Nevada and into Utah. The tree grows very slowly, sometimes increasing its diameter a mere inch over a century. It doesn’t like shade, and tends to grow fairly widely spaced, and only at high altitudes, typically above fifty-five hundred feet. This distribution reduces competition with other plants. The extreme environment also slackens other predators’ activities. Wood-rotting fungi have a difficult time getting purchase in the cold, dry, and windy climate. The tree lives in challenging soil, too: rocky dolomitic and limestone-based ground, all of which keeps life inching along.

Just as photographs of Charles Darwin invariably show the old, infirm naturalist with his big white beard, though he was once a young man, so too does the bristlecone pine appear in the public imagination as an oldster, which of course it can become. But it starts as a sapling, then fills out, adding many branches and cones. The tree’s height is limited by moisture stresses at its top; it can pump water up only so high. And the taller it gets, the more exposed it is to drying winds. Some old pines on windy summits are shaped into spectacular positions by relentless winds, which sometimes turn a branch so that it’s pointing toward the ground rather than skyward. In a few locales in the tree’s range, such as on Mount Washington in Nevada, you’ll even sometimes see trees so forced into position that they’ve been subdued into a dense mat of growth close to the ground and unrecognizable as a tree. The term for this type of vegetation is krummholz, from the German “crooked wood.”2 The tree’s capacity to twist into gnarled forms in response to environmental forces has meant that humans can’t use it for lumber, or for much else. Nevertheless, it retains a right to live, and to succeed.

While humans don’t scavenge the tree, other creatures do. Porcupines girdle the bristlecone by eating the bark, which can kill the tree. Bark beetles can cause extensive damage beneath the tree’s outer layers. Lightning strikes on high mountain ridges can burn down a tree, or severely damage it; and the endless freeze-thaw cycles crack limbs and roots. The effects of age and brutal conditions on the bristlecone make it breathtakingly, sculpturally beautiful. At the same time, the oldest individuals look like hell, having taken an intense beating from the elements—the only conditions where they’re adapted to live. But we have convincing evidence that the trees don’t lapse into senescence. Their difficulties stem from the circumstances in which they grow, but not from any inherent biological decline. Old trees form and grow buds with the same vigor as much younger trees, and they make functional cells for thousands of years. Researchers believe that the tree has no upper age limit. Under the right conditions, a bristlecone could survive indefinitely.

But bristlecone pines have been manifesting strange behavior in recent decades. They have started to grow more quickly, especially at higher elevation. Scientists have discovered that the trees’ growth has been greater in the past half century than at any other time in the paleobotanical record. Tree specialists studied, and then rejected, a number of possible reasons: that they had been fertilized by the greater quantity of carbon dioxide in the atmosphere; that we’ve somehow changed the ways we’ve counted tree rings as we’ve worked to refine and standardize our counting techniques; that their freakishly asymmetric, noncircular nature has messed with the count of rings; and so on. Curiously, these fast-growing trees occur within a relatively narrow range, almost all within about 150 meters of the upper tree line. Scientists finally determined that their rapid growth is related to high temperatures at higher elevations.3

It’s now incontrovertible: global warming is a particular danger to the bristlecone pine. Higher temperatures mean that photosynthesis, the chemical process by which green plants convert sunlight into nutritious sugars, occurs more rapidly. The tree then undergoes respiration, using those sugars to produce energy for plant growth. But the bristlecone is a tree that has evolved to conserve resources, not use them up rapidly. If the tree had a motto, it would be “Not so fast.” But growing quicker and bigger doesn’t begin to cause problems until a frost occurs in late spring or early fall, destroying a tree’s tender tissues at their most vulnerable stages. Warmer temperatures also mess with a tree’s sexual reproduction, lowering its ability to form newer seeds. Higher temperatures also lower the presence of moisture in the ground. Water-stressed trees have fewer defenses, providing an opening for fungal invasions. And snowmelt is less present with higher heat, disrupting the tree’s strategy of absorbing snowmelt over many weeks or months.

The list of recent climate-related woes continues in a cascade. Bark beetles have been a well-known threat to the bristlecone for a long time. Normally, it takes two harsh winters for a new generation to emerge, because the beetles are slowed by the cold. But warming has shortened this gestation period to a single year, so more beetles are produced, and more survive. One attack leads to another, and then another, for the trees cannot evolve fast enough to defend against a rapidly heating planet.



Modern tools and techniques aid our understanding of individual trees’ responses to climate change. Researchers are attaching data loggers to individual trees to track temperatures. These tools can record micrometeorological details not available with older, less precise devices. We can now quantify how cold air can pool in particular divots in the earth; how hyperlocal wind patterns can affect temperature and humidity; and how water from snowmelt can flow in variable routes down the sides of mountains, providing some trees with ample hydration while leaving others high and dry. This fine tree-by-tree analysis wasn’t possible until dendrochronologists started to make use of geospatial data and miniaturized technology. People studying ancient trees are very concerned about present conditions. Their work connects the dots from deep time up to the present, and extrapolates a future for trees.

The precision these tools provide is matched by the complexities of the tree and its workings. Scraping at the simple uncovers the intricate. Take the pine needle. It’s a slender green pin. But it’s not homogenous, for a pine needle is akin to a skyscraper, bustling with movement and life. It has a rigid outer skin, the metaphorical equivalent of the outside cladding of a building. This outer layer is marked by many microscopic holes, called stomata. These holes, analogous to windows in a building, provide access to air. Within the column of the skyscraper are hundreds of flat plates, akin to the floors of a building, which consist of chlorophyll-bearing cells. There is also plumbing in the pine needle: vascular bundles and resin canals that move fluids. The vascular bundles move water into the leaves, and also conduct the sugars formed by photosynthesis back down to the tree’s larger parts.4 So it is with all trees: Push the lens in closer, and various forms of biochemical joinery come into view. Lean back for a wider look, and other events swim into focus: the sway and density and variegation of color from cone to cone, from tree to tree, the whole forest standing against an uncertain future.



The most necessary of the tree’s partners is the Clark’s nutcracker (Nucifraga columbiana). The nutcracker is a light-gray, crow-shaped bird renowned for its campground-scrounging ways. It can recall thousands of caches it’s placed in trees, including the bristlecone pine. Individual birds cache more than thirty thousand seeds and can relocate them up to nine months later. And the birds can locate nuts not only within the vertical confines of a tree, but also under the snow.

Biologists and animal behaviorists started studying this phenomenon in the late 1970s. After much speculation, and then experimentation, to resolve just how the birds knew the myriad seed locations, they eliminated various possibilities: it wasn’t done by watching other birds; it wasn’t done by smell. It didn’t involve them visually identifying unique features about the specific locations where seeds were cached. Nor did the task involve random searching. It was all about spatial memory, in the face of enormous, redundant seed production.

As with sea turtle eggs, or tadpoles, or octopi babies, or the offspring of African driver ants (three to four million eggs every month or so), nature often runs on redundant systems. The mortality rate for bristlecone pine seedlings is close to 99 percent because new trees have a tough time in the extraordinarily harsh, windy, high-elevation environments. But having many offspring means even a tiny percentage of survivors can keep a species alive, and the cached seeds, protected from the elements, keep the tree’s reproductive futures intact.5

A single Clark’s nutcracker can bury its hoard of seeds in up to five thousand different locations that sprawl across a territory that can range from dozens to hundreds of square miles. Small wonder it forgets a few.6 Known as scatter-hoarding to ornithologists, this caching strategy involves the nutcracker gathering up thousands of seeds, usually during the warmer summer months while the trees are germinating, and carting them away in a pouch under its tongue. This pouch can hold somewhere between 50 and 150 seeds, depending on the size of the bird. Although the seeds are not the birds’ offspring in the usual sense, the strategy is the same: overreaching in their hiding tactics to avoid predation by other opportunists such as squirrels or other birds. The tree’s wingless seeds, unable to be borne along by the wind like those of many other pines, are evidence that the tree and the bird probably coevolved: the tree benefiting from the nutcracker’s distribution strategy, and the bird benefiting from the enormous nutritional bounty of the tree’s seeds.

This caching process also helps to increase the tree’s genetic variety: a key hedge against the difficult-to-predict effects of complex climate change. Every seedling is a unique genotype, and the more genotypes, the more potential variability exists. As the birds make their choices, they unknowingly shape the genetic diversity of the pines they scatter along the Rockies and across the ranges of the Great Basin.7 Rapid diversification in nature can frustrate taxonomists, because it makes tidy categorizing of species difficult. Populations of trees evolve into new species, and in the case of the bristlecone, a chain of varying populations has confused taxonomists and foresters for a century. But move a tree’s seeds around a lot, and they grow in varying conditions that exert a variety of differing influences on the tree’s evolution, as it adapts to a variety of microclimates, subtly or dramatically varying soil, and much else. And while the bird shapes the tree’s future, the bristlecone’s environment might also somehow shape the nutcracker’s caching ability, for recent studies have shown that there’s a correlation between harsher environments and birds’ better spatial ability to cache food.8



And just as birds hold deep memories, so do trees. The study of tree rings lets scientists dip deep into the past to make inferences, and reach conclusions, about deeper time, and much else. To understand the study of tree rings better, I spent a couple of days at the world’s first, and still the leading, facility for the study of tree rings, the Laboratory of Tree-Ring Research (LTRR) in Tucson, Arizona. Andrew Douglass, the originator of the science of tree-ring research, founded the laboratory in 1937. An astronomer by training, Douglass had come to the desert for the clear skies and good seeing, and then developed a hypothesis that tree rings could trace past solar activity, based on the sun’s potential influence on rainfall. He began collecting hundreds of tree-ring samples to build a time series to study these aspects of astronomy, and the study of tree rings in Arizona began. The LTRR has grown into a purpose-built thirty-five-thousand-square-foot multistory spectacle of a building, constructed in 2012, that engages in research programs in dendrochronology. With some fifteen faculty scientists and another fifty staffers, the LTRR is the largest of more than a hundred data-producing tree-ring laboratories around the world. The lab’s work includes investigations into climate, fire history and ecology, paleoecology, multiproxy paleoclimatology, archaeology, biogeography, isotope geochemistry, biogeochemistry, geomorphology, numerical and statistical modeling, human societies and their interactions, carbon cycles, and even public health. David Frank, the director of the lab, took me through the enormous space and gave me full access to his scientific staff. I could see the draw of the work. The tangibility of wood is thrilling. You can touch it, smell it, hoist it up.9

David noted that in his dendrochronological interactions with thousands of people over the years, people tend to be receptive to the interdisciplinary aspects of the field. However, climate change deniers and people suspicious of science provide challenges. The LTRR communicates volumes of information related to climate change, and beyond the science, it can be a very volatile, emotional, and politicized topic. “We find that the tree rings’ data is actually very good at avoiding that whole dimension of dialogue,” David noted. Talking audiences through the copious forms of evidence provided by the innards of trees, and detailing the effort involved, has proved to be an important form of education. If there’s common ground across human audiences, it’s the truth of physical work. We all have bodies, we all understand labor, making a living, getting work done, seeing for ourselves.



In 1964 Don Currey, a grad student at the University of North Carolina, killed what turned out to be the oldest tree discovered until then: a Great Basin bristlecone pine, known today as Prometheus—the figure from Greek mythology who stole fire from the gods and gave it to man. Currey had been on a quest to date and analyze the bristlecone pines in eastern Nevada for his studies, and the first tree he came upon when he reached Wheeler Peak in the White Pine mountains was Prometheus. The story is often told in stark tones: Currey cut down the tree to better count its rings, understanding that it was an old specimen, but not knowing just how old. A 1968 article in Audubon magazine called him a “murderer.” But he apparently tried to take a sample from the tree’s core first, and he did get the Forest Service’s permission, and, probably, their help in cutting the tree down. The mistake also helped lead to the establishment of the Great Basin National Park, which provides legal protections to more than seventy-seven thousand acres in Nevada. The remnants of Prometheus ended up at the LTRR, and sections of the tree have had a long, rich research life there over more than a half century, revealing far more details than if it had remained standing. It would be nearly another half century before researchers found a bristlecone pine tree older than Prometheus, a feat accomplished by the LTRR researcher Tom Harlan in 2012, who used a tool called an increment borer to take a sample and determined that tree to be 5,062 years old.

Although it’s lost its place as the oldest tree known, the Currey tree still carries emotional and physical freight. I’m struck by the huge remnant laid out in front of us on a workbench. It has been polished, cleaned, a mirror of the past. The remaining pieces show why cutting down a tree is so much more useful than trying to core it. You can look at its entire life history, count its rings with unmatched precision, and examine its cellular structure in extravagant detail. It’s like looking out over a landscape versus squinting through a periscope or peephole. Sitting under the workbench in a box are numerous other polished sections of the same tree, some with complex measurements marked on their surfaces. No part of the animal has gone unused.

I’ve always been a counter. As a kid, I had a pogo stick, and would spend a solid six or seven or more hours in my driveway trying to break the world record for nonstop pogo stick jumping. I would time myself emptying the dishwasher, trying to break my own personal best, day after day. There was something about the steady accumulation of numbers through counting that helped me make sense of a chaotic world, and I find comradeship with these tree-ring talliers.

A full slab of tree is a counter’s delight. You can see it all: fire scars on different sides of the tree, insect damage, irregularities, changes in color and density radiating out from the tiny dot that marks its beginning. Polishing the slab clarifies the view of the rings, and provides better access to microscopic details, such as the cellular structure of the wood.

In contrast to cutting down a tree and creating a slab, coring a tree to count its rings and examine its wood allows the tree to survive, and reveals a lot about living trees. Coring a tree is both science and art. As long as the tree is big enough in diameter, coring doesn’t kill it because the process doesn’t remove enough living tissue to hinder the tree’s ability to absorb water, photosynthesize light into fuel, and continue to grow. The whole coring process is old-school, done by hand, using an increment borer of the same kind initially used by Don Currey. This technology has changed little over the course of a century. The bit is assembled by taking the corer and attaching it to a large handle to provide leverage; then you simply press it into the tree at about chest height and rotate the handle, screwing it into the tree—a vintner putting a corkscrew into an enormous wine cork. Sometimes it takes two people to do the job, given the difficulty of penetrating the bark as well as the challenges of biting into what is sometimes very hard wood. After penetrating the tree to the desired depth, you crank the handle a couple of times in the opposite direction, breaking the sample free, and then gingerly pull it out. Voilà! The core, typically about pencil-thick and about half the diameter of the tree being sampled, is then placed in a paper straw, stacked with any others, and transported back to the lab.

Beyond cutting and coring, there is one more fundamental approach to collecting raw material for later analysis: the gathering of old pieces of wood lying on the ground at the base of the bristlecones. The information within those ancient samples of wood allows researchers to build up tree-ring chronologies. The living tree is the anchor, and the remnant wood lying on the ground allows researchers to push a chronology further backward in time. The ways that a bristlecone pine records many hundreds of years of weather leaves an indelible pattern, unique to a region and even to a specific tree. Rainy-dry-cold-very-dry-dry-cold-rainy-rainy-warm, creating a wooden fingerprint that can be compared from piece to piece. These overlapping reference chronologies let researchers stitch together, and thus extend, the tree-ring record, even from long-dead trees. The remnant wood chronology now goes back nearly nine thousand years. As Douglass noted in a 1929 article, “The closeness with which timbers of the same age corroborate each other’s testimony about common experience would delight a trial lawyer’s heart.”10

Tree rings can tell us many stories beyond the simple facts of antiquity. A tree with rings offset to one side was probably exposed to high winds in one direction, because wood on the side away from the wind grows faster than on the side facing the wind. A tree with lots of closely packed rings from its early years might have faced difficulties and grew slowly; perhaps it was under larger trees and received scant light—and later, as shown in wider rings, grew in much healthier conditions, either because trees around it had been cleared to let in more sunshine, or because some natural disaster had thinned out a forest, or changes in the weather helped the tree to grow more freely.

Dendrochronology has many interdisciplinary applications, and some allied fields of scientific study. One of these is dendrohydrology, which uses evidence within ancient trees to tell us about drought, river and stream flow, the height of the water table, and the abundance or scarcity of water in particular areas over long periods of time. Another is dendroclimatology, which uses tree rings to tell us about climatic and atmospheric conditions and changes over centuries. Distant events, such as volcanic eruptions, or even gigantic solar flares, can be discerned in the rings of a tree. Detailed historic water and climate data are highly practical, because water managers today can add this information to forecast models to better predict future water and weather conditions.

One of the most interesting aspects of the LTRR’s research is archaeological work, including the study of human settlement and cultural activities involving wood. Reference chronologies have been used to confirm or deny the dates of priceless musical instruments, and the age of the wooden frames and boards used by painters to settle questions of forgeries; and to pin down the precise dates of archaeological settlements, as with Douglass’s work in dating the establishment of Chaco Canyon, Mesa Verde, and other native cliff dwellings in the American Southwest back to specific years in the thirteenth century. Some of these dates, Douglass noted, were “as reliable as if they had been dated at the time and sworn to before a notary.”11

Tree rings have also resolved other perplexing historical problems. Data from bald cypresses in Virginia confirmed that the settlers of the Roanoke Colony, the first attempt at English settlement of North America in 1585, sponsored by Sir Walter Raleigh, had the awful luck to arrive in the midst of summer during one of the driest thirty-six months of the previous eight hundred years—an agricultural catastrophe for the settlers. The entire colony of 115 men, women, and children all disappeared; when a resupply mission arrived in 1590, delayed by war with Spain, the men found not a single settler. Various theories emerged well into the late twentieth century that they had somehow assimilated with, or were perhaps massacred by, local tribes, or were poisoned en masse, or met some other malicious end at the hands of humans. But in 1998, tree-ring evidence revealed the environmental catastrophe that must have unfolded, as food and water became increasingly scarce, upending, and then ending, what would have already been a tenuous existence in a new land.

Even wood that’s already been burned so extensively that it’s just charcoal is illuminating. Dendrochronologists work with what they can get. Lightning strikes frequently start fires, especially near the tops of mountains, where the route from sky to ground is most direct. A good deal of what dendrochronologists encounter are thus burnt chunks of wood: charcoal, which is physically delicate but chemically stable. It’s possible to identify the species of a tree simply from a charred hunk of wood, and the rings’ secrets can be coaxed out. It’s patient, expert work to piece the puzzle back together. The burnt rings are easy enough to see, but rather than sanding the wood to clarify its ring boundaries, scientists can snap pieces off, and the boundaries from year to year are evident in the segments in their hands.

As we walk through the lab, the conversation returns, over and over again, to fire. Laying out a long cross section of a tree’s trunk reveals, in an instant, a landscape of fire across millennia. Low-intensity fires and bigger conflagrations alike reveal themselves through wounds to the tree, and the subsequent healing of those wounds. We look at a sample of a ponderosa pine, where there was a flurry of fire in the last two decades of the nineteenth century. But suddenly, there’s a big, dramatic, pale blob that appears early in the twentieth century. It looks like a breaking wave, and it’s what tree-ring researchers who study fire call “the twentieth-century curl.” As the rings progress, you can see the dynamic that’s been at play in a world before humans: one of fire-created wounding, repair, wounding, repair. The twentieth-century curl looks radical compared to the tree’s previous life, where fire is frequent. It’s bland and scar-free, and looks out of place, like a tumor. One giant section we examine shows evidence of more than 125 fires before the dawn of the twentieth century, marked by blackened scar events over a fifteen-hundred-year life span—and then the cool, blank twentieth-century curl. It’s obvious here that trees and fires have coexisted for a very long time. But the exclusion of fire from the land from the twentieth century onward, combined with the hotter climate, is causing radical changes to tree ecosystems, turning fire from a curative into a killer, hungry for long-unburned fuel.

A big graphic on the wall shows four hundred years of climate based upon tree-ring reconstruction in what is now the American West, from about Mississippi to the West Coast, stretching north to Canada and down past the tip of Baja California. The map represents a measuring tool called the Palmer Drought Severity Index, where browner colors indicate drier years, and greener hues indicate wetter years. Thousands of colored dots on the map show where LTRR scientists have identified trees with fire scars. These points are all assembled from a massive database of tree-ring data across the western half of the North American continent. “You can step back and get a sense of this very strong spatiotemporal variability,” David notes.12 In other words, circumstances can change a lot, especially over longer periods of time. David grew up in New Mexico, and he remembers watching developers build ski areas during wet stretches, only to see them fail when longer dry spells emerged. We extrapolate over shockingly short periods of time, creating tiny chronological snapshots—barely a flicker, even—which leaves us at a continual disadvantage. It’s human nature to assume that what we have today is what we’ll have tomorrow.

The graphic shows a huge stretch of green across numerous years in the first quarter of the twentieth century, corresponding with the years that water allocations were first worked out for the Colorado River. The Colorado River Compact was made in 1922, based on a fairly short period of data, and later found by climatologists to be reflective of an anomalously wet period. A useful generalization emerges from these discussions: be both chronologically and geographically broad in your surveying of nature’s processes to reach accurate, meaningful conclusions. Seeing your neighborhood saturated with lawn signs for a presidential candidate doesn’t mean that you’ve accurately taken the national temperature.

Short-term memory is never a substitute for long-term evidence, and this is one of the enormous strengths of tree-ring data: its ability to inform us about just what has constituted a longer-term trend, a process known as hindcasting. I ask David how dendrochronology might be usefully predictive. For him, and for other scientists at the lab of whom I asked this same question, their endeavors are centrally about deepening our understanding of how systems work: how has climate changed, what has caused climate to change, at what pace, and under what conditions? To examine these interactions over the course of a year, or ten, or a hundred, or a thousand, provides outcomes that let us test climate models. If we don’t understand how systems have worked, we have no chance of predicting them. Do the climate models they describe have a reasonable sensitivity, or environmental variability? We can test current forest growth models: do they match the past dynamics of these ecosystems? If so, then we have more confidence in such models to be used to predict the future. If we can’t get the past correct, how can we get the future correct?



I feel at home in the basement of the archives, where we land at the end of our journey. The spaces look very much like the archives for manuscripts and rare books where I spend my days: movable compact shelving, tidy rows of gray metal shelves, holding box after labeled box of pieces of wood—examples of more than a century’s worth of collected material. As with research libraries, live plants are a no-no; an insect infestation could be disastrous. Pest traps line the floors. One large section consists of archaeological wood, pieces of timber and lumber used by humans. Following this area are others where the wood is used for ecological studies. There are ranges marked “Fire History.” In other parts of the archives, big, heavy cross sections of wood sit on metal racks. Many slabs of wood rest on shelves, looking for all the world like misshapen books, complete with call numbers. They’re just small enough to fit on the shelving, grouped by size, just as with rare books. The twentieth-century curl shows up again and again in the wood record; it’s so obvious that I can now identify it at a glance as I walk down the aisles. We come upon yet another section of the archives, consisting of what look like bundles of firewood, collected in Colorado. These ordinary-looking pieces are shrink-wrapped in plastic and sitting on pallets, just as they’re sold in supermarkets. The difference is that this wood is twenty thousand years old.

We open some boxes, and David shows me samples that were cut by a stone tool; it’s obvious how the marks differ from those made by a metal axe. The evidence of the type of tool used to cut the wood immediately helps you narrow down the cutting era, even before you polish and examine any of its parts. He shows me a piece of wood not cut by a human tool but gnawed through by a beaver.



It’s been a full day. The archives are giant slices of the past, occupying what feel like miles of shelves. There are still more sections from the Currey tree in the archives. David tells me about an artist in Los Angeles who has created a digital reproduction of Prometheus as it looked before the Currey cutting, and made a facsimile, created as a cast using 3D printing, and then placed in a snow globe, which I spot in at least one staff office. The Currey story has reach and resonance, with echoes of all of our failings, and I think that’s one of the reasons for its appeal. Anyone can make a bad mistake; we all have, at some point or another. We hindcast: what could we have done better, and if we had a chance to reconstruct some previous aspect of our lives, what else might we have learned, or even lost anew?

Imperfection is life, and life is filled with beautiful imperfection. No tree’s rings are ever perfectly, mathematically round, or perfectly even. The record of life limned on them, and within them, is splotchy. The planets might spin with precision, and Newton’s immutable laws apply. On the living planet, however, it’s messy business. Seasons shift, temperatures tremble between extremes, climate dips and rises. Humans charge in and out of the frame, using wood, our longest-lived and most versatile tool. The tree is a witness, recording evidence, and it accounts for these changes, presenting a record of the days and all their parts as they tumble into centuries. The oldest bristlecone pines have seen close to two million dawns and dusks. But nothing lasts forever, although the Great Basin bristlecone pine gives it a good try. Longevity seems to be an ideal for all organisms, even when it involves contorting yourself into something defiant. Trees are like books, and they leave a record that runs backward, as time runs forward, from the first page to the last. These ancient trees offer a story of losses and gains—theirs and ours—a simulacrum of the gorgeous jumble of the world.
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CHAPTER 2 Awesome Matters: The Coast Redwood



“I am pleading for the future. I am pleading for a time… when we can learn by reason and judgment and understanding and faith that all life is worth saving, and that mercy is the highest attribute of man.”

—Clarence Darrow, “A Plea for Mercy,” Chicago Daily News, August 25, 1924



The big coast redwoods (Sequoia sempervirens) are magnificent, like news from another world. A few individuals grow to just shy of four hundred feet, making them the tallest carbon-bearing organisms on Earth. We still don’t know why they get so high, nor why they’re not even taller. But their sheer bigness—their height, their circumference, their massive bulk, their huge payloads of tissue and carbon and ancient wood—relocates us. If we pay attention, they can lead us to our better selves. They can confront us with our frailties, our smallness, and our puny life spans, while reassuring us that life can go on, and that if we are part of the living world, we too can go on. I find it reassuring that an entity this extraordinary can live while we live, in a sliver of shared time.

We gather around the tree, we take photos, we mug for the camera, we grin as we pretend to try to encircle the tree with our arms. It’s like taking a photo with a president. Each visitor is just one of an uncountable number of supplicants for the tree’s brief attention, and it will have a life far beyond ours. There’s something congregational about the redwoods in their groves: a group of worshippers, petitioners standing solemnly, upright before an even higher power than themselves—the calculus of wind, rain, sun, oxygen, carbon dioxide, and time. The coast redwood is about wonderment, delight, and, ultimately, the right of a tree to exist, to not have to serve as a means to human ends. Awe isn’t the exclusive property of tourists, monks, and rubberneckers. Scientists are driven not only by intellectual pursuits but also by astonishment, and by its cousin desire. To claim that science is impartial and bloodless is incorrect.



There are only three redwood species in the world, despite a fossil record littered with others from the dim past. One survivor is the dawn redwood, which is native to just one valley in south-central China, although it plants well around the world. The second is the coast redwood’s cousin, the giant sequoia (Sequoiadendron giganteum) another huge tree often mistaken for the coast redwood despite no overlap in their ranges, and different biology. The coast redwood lives almost exclusively along the upper California coast in a maritime climate, running northward from midstate for about nine hundred miles and occupying a narrow rind of land approximately seven to twenty miles wide for most of its length. Most of the trees live within the Humboldt Redwoods State Park. A small population, wantonly ignoring state lines, has pushed up into Oregon, and down to Southern California, and to other scattered locations worldwide, where the coast redwood was introduced as an ornamental species decades ago.1

A mature redwood adds, on average, a ton of wood to its mass every year. It can be up to twenty-five feet in diameter near the ground. Explorers in the 1840s immediately spotted the big tree and went to work monetizing it, eager to make their fortunes in the new lands of California. These visitors logged the trees extensively; by most reliable accounts, there were about two million acres in existence when first “discovered.” More than 96 percent of the tree’s earlier acreage was lumbered down to about ninety thousand old-growth individuals. These giant conifers are now all within areas protected by the state or the federal government, sheltering in place against the multifarious threats of the outside world.2

The constrained boundaries of the redwood population, and the trees’ proximity to roads, means that it’s easy to encounter whole groves in person. Up close, the biggest trees transform. Our eyes are accustomed to being able to take in the extent of a tree, to make sense of its tree-ness. But upon my seeing a redwood for the first time, it struck me that the trees were more like massive, notched slabs of rock. They’re unmoving under your hands; they are striated and rough, and stretch off to both sides, more akin to a wall than a tree. People climb them, and speak of their heights with wide-eyed reverence. You crane your head up and can’t see the top. Mossy ledges higher up on the trees look for all the world like ledges on a rock face, with other species of trees growing on flattened protuberances.

The coast redwood holds up the sky. And what holds up the tree? Soil, and lots of it. The alluvium from which the trees grow—clay, sand, and silt, the remainder of long-gone riverbeds—is some twenty feet deep in places. The root system of the tree spreads roots laterally for ridiculous distances of nearly one hundred feet, although in relatively shallow fashion. The redwood’s bigness means it takes up a lot of ecological real estate. There are soil, air, water, and chemical dramas. There are pollinators, incubators, microbes, contributors, givers, takers. All are actors in the production that stretches from the tips of the coast redwood’s roots to the tops of its canopies, and then radiates out from there to the bigger world: the forests the tree makes.

Every species of tree is unique, but with the coast redwood, oddities and contradictions proliferate. It’s what botanists call a late-successional species, or a climax species: having survived for a long time, it’s reached a state of equilibrium, and is as ecologically stable as can be. But at the same time, it’s also adaptable to disturbance. Those two aspects of trees are usually mutually exclusive. And then there are the oxymoronic white redwoods. There are about four hundred known albino trees, white drops in a big lake of green. They’re usually small, often no more than shrubs, although they can rise up to about thirty feet. Due to a mutation, their needles can’t produce the chlorophyll that gives trees their green raiment. But nature provides, and the tree can draw its energy from a photosynthesizing mother plant, or through higher stomatal conductance: the process of cycling CO2 and water vapor through the stomata, or tiny pores that plants require to undertake the tree equivalent of breathing. These albinos are found across the tree’s range, and their albinism is a useful trait that allows geneticists to study mutation rate and the trees’ relationships with water and light.

There are also ten known individual trees in the wild that contain more than one genotype, and are thus both albino and not-albino, with green and white foliage interspersed. These chimeras aren’t quite jackalopes or turduckens. But they are oddities, and the chlorophyll deficiency leaves them with leaves that range in color from white to yellow to silver. These genetic oddities are the subject of considerable research.



You would expect a tree this big to be old, and though size and age aren’t necessarily correlated with trees, they are with this one. Long lives are inscribed all over the coast redwood. Big is beautiful, as is living long, but it’s also hard work. Root systems are under constant stress from the trees’ weight, and from the leveraging effects of wind and other adjacent trees. Huge boluses of bark and wood bulge out from some of the trunks. Burn marks from lightning strikes and gaping cavities are abundant. Notches from the dawn of the twentieth century, evidence of wood extracted for railroad ties without cutting down the whole tree, are frequent. Even with these stresses, the oldest-known coast redwoods clock in at twenty-two hundred years, making them some of the planet’s most ancient trees.

Every species of tree offers lessons to the world, both humanistic and scientific, and they all fill the spaces between those two often arbitrary poles. The tallest redwoods continue to grow at a rate of about a quarter inch a year. But even with abundant rainfall, the upper leaves on the tallest trees are stressed from a relative lack of water. The answers to the why-so-tall and why-not-taller questions seem to involve water, as is the case for so much about trees. Ultimately, it’s most likely a matter of hydraulics: a tree’s height appears to be limited by the enormous effort needed to lift water up through the tiny tubes, or xylem, the transport tissue that constitutes most of its mass. However, we have no certainty about these higher powers, because there are no hydraulic systems built by humans that have sufficient capacity to let us test some of the finer theories about this water-raising process.

As a rule, less water at the top of a tree means it’s harder for leaves to photosynthesize and expand. Individual trees in the drier, southern parts of the redwood’s range are shorter. But climate change will also modify the height equation in the coming decades, as higher CO2 levels, the carbon balance, and changes in temperature and moisture will probably mean shorter trees. It takes redwoods weeks to pull water up from their roots to the tops of the trees. Sucking water up a straw from a drinking glass is a trivial task. But as the straw gets longer and longer, the pressure needed to raise the water gets greater. The tree pulls mightily against the negative pressure generated by passing liquid through wood. The tallest redwoods probably generate some two million pounds of negative pressure.

The tallest of these trees is so tall that if you were tethered at the top and swaying in the breeze while praying for your life, you’d be able to look down and see the Statue of Liberty’s bald spot, if she had one. That is, of course, if the Statue of Liberty had been relocated to a spot adjacent to Hyperion, the tallest known redwood. And moving Lady Liberty would be easier than relocating the tree, simply from a weight perspective, not to mention all those roots. Loggers weighed, segment by segment, one huge fallen redwood, the Lindsey Creek tree in Fieldbrook, California. The tree was 3,630 tons, more than twenty times heavier than the Statue of Liberty.3

I had planned to climb one of these trees, but I felt decidedly unenthusiastic at the prospect. Besides being anxious about heights, I haven’t had great luck in the past at upper elevations. I’ve climbed a fair number of mountains, some of it using technical ice-climbing and mountaineering gear. But 18,700 feet appears to be my limit. Aconcagua, the tallest peak in the Western Hemisphere? I got cerebral edema at 18,700 feet. Mount Kilimanjaro, on the other side of the planet? I made it to 18,700 feet, to the so-called false summit of the mountain, before running out of steam. But a tree less than four hundred feet tall? Pffft. And then I saw a picture of people climbing the tree and was deterred. Talking to others about the view from on high was enough for me. We all have our limits.

But others have climbed far up into its high embrace, including Jerry Beranek, a pioneer of coast redwood climbing who first ascended one in 1971.4 As Jerry described his own time near the top of the canopy, “The views from the vertical column have a stunning three-dimensional effect: distance, depth and space filled in with the trunks of giant amber columns stirring and swaying.”5 Few people have had an opportunity to get that high up into a tree. More humans have summited Mount Everest than have gotten higher than three hundred feet up a coast redwood. In the canopy, amazing worlds emerge. Different species of trees are thriving in soil up to three feet deep within the inner folds of some of the redwoods. One tree climber found an eight-foot-tall Sitka spruce growing in the upper heights of a giant redwood.

Beranek described the tree and its environment as a world unto itself. He told me, “Other than a few lichen and mosses that are adapted specifically to life in the canopy, everything else—and I do mean everything—that you see growing in the redwood forest can be found growing in the canopy of our old-growth redwoods.” He’s even seen grass growing on high.6 Epiphytes (plants that grow on other plants, a common strategy for botanic life around the world) build up bulk and size, drawing their moisture and nutrients from the air, rain, and nearby debris. As those rafts of plant matter accumulate, they create a carpet-like layer that collects falling organic material: leaves, twigs, bird poop, and other debris shaken loose by the wind or birds. This organic material starts to decay, with help from omnipresent microbes, and soil is born. Not only does the soil host other forms of life, including small creatures ranging from crickets and beetles to mollusks, amphibians, and earthworms, it also regulates the climate within the canopy, providing insulation against temperature fluctuations, sound, and wind.

These canopy soils aren’t unique to the coast redwood. They exist in big trees all over the world, and they provide homes for any number of organisms: interactions we need to understand better. But the sheer size and volume of the redwood’s inner structures means that the quantity and variety of its inhabitants are unique. And it’s not just plant material up in the canopy. The zoologist Michael Camann has found aquatic crustaceans called copepods living in the fern mats—lush, large epiphytes that grow atop branches, or inside of tree cavities. Other surprise animals have been found, including a new species of earthworm, and wandering salamanders (Aneides vagrans), which spend almost all of their lives up in the canopy.

As amphibian populations around the world decline, learning their survival strategies becomes more urgent. A 2022 study described the wandering salamander’s ability to glide and parachute out of the crowns of the redwoods when disturbed. This behavior had been observed before, but the new study focused on their specific aerial maneuvers and evolutionary adaptations. Jumping out of a tree is a risky way to escape a threat, because the salamanders have no obvious aerodynamic control mechanisms to slow their fall: no flaps, membranes, wings, or other obvious speed-slowing tools. Dropping the salamanders into a wind tunnel and using high-speed cameras, researchers showed that the amphibians assume a stable skydiving posture, allowing them to maintain a steady speed, and to control their direction. Falling at about a meter per second, the salamanders can take up to two minutes to fall from the tops of the tallest trees to the ground. It turns out that the salamanders’ shape helps them survive this aerial enterprise: a body that’s just flattened enough, and large feet with long toes, helping to create drag and balance.7

Discoveries in and among the redwoods demonstrate other survival tools of the redwood’s residents, helping to counteract the narratives of decline. A 2018 survey of nine large redwood trees yielded a total of 137 species of lichens, several new to science.8 One of them was Xylopsora canopeorum, its specific name celebrating the canopy in which it was discovered. The lichen seems to be unique to the warmer and drier forests in Sonoma and Santa Cruz Counties—an exciting finding. As climate change affects trees everywhere, that warmer climates have fostered a lichen new to science is encouraging.

Much larger organisms also find purchase within the redwood ecosystem. One of these is the California condor (Gymnogyps californianus), a cavity-nesting bird with a wingspan of nearly ten feet. There are slightly more than five hundred condors alive today, both in the wild and in captivity. Formerly spread across the American Southwest, the population of these giant birds was down to twenty-two individuals in 1987, leading to a decision to capture every surviving bird and bring it into captivity. My friend Mike Scott, the former director of the California condor program during these critical years, told me that at one point he had more people working on the project than there were living condors. It makes sense that a bird this big would want a big tree in which to nest, and the redwood’s giant fissures provided this kind of room. The condor recovery program, now run by the Ventana Wildlife Society in Monterey, California, tracks every one of the birds in the wild, and gives each a name. One of these condors, known as Redwood Queen, was first discovered in a nest in 2006 in a coast redwood. Joe Burnett, the manager of the recovery program, explained to me that the redwoods had been used by multiple pairs over the years in the cavities, which were created by burns from lightning strikes.
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