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A NOTE ON WEIGHTS AND MEASURES

Units of measurement in general use in the United States differ from those in most other countries. Our inches are divided into fractions rather than decimals and are gathered in groups of twelve to produce feet. We have acres for area (43,560 square feet) and miles for distance (5,280 linear feet). The United States has similarly idiosyncratic volume, mass, and temperature measurements. The purpose of this book is not to promote our quirky weights and measures, nor to advocate for the metric system. We wish for the book to be readily understood by readers in our home country and by readers in other parts of the world. With that goal in mind, here is how we’ve handled the various dimensions and quantities needed to describe big forests and their contents.

General

In general, we emphasize the US system, with metric conversions for the first mention of the units—repeated later in the text where it seems like a good time for a refresher. In some instances, where we are describing scientific findings, for instance, we emphasize the metric measures, which are used in all science, and give their US conversions.

Area

We use acres extensively to describe areas of forest. The acre is roughly half a professional soccer field. 2.47 acres are contained within a hectare, which is the most commonly used metric unit employed by conservationists and scientists for forest areas. Square kilometers, each equal to 100 hectares, are in common use outside the United States to describe especially large areas. The US analogue is the square mile, which is 2.59 square kilometers, or 160 acres.

Distance

We use miles, each of which is equal to 1.61 kilometers.

Volume

US gallons (3.79 liters) are used for liquids. For wood, the US unit is the board foot, each of which contains 144 cubic inches (for instance, a square board 12 inches on a side and 1 inch thick). 424 board feet fit in 1 cubic meter, the metric measure of wood volume.

Weight

The masses of carbon and carbon dioxide are given in metric tons, the unit used in virtually all discussions of the climate-warming gas and the solid element that is part of it. Carbon makes up roughly 50 percent of plant material, also known as biomass, and we also use metric tons for that. When talking about the mass of things other than carbon, we use pounds (2.2 per kilogram) and short tons, which, at 2,000 pounds, are 10 percent lighter than metric tons.

Temperature

Temperature features in our book mainly as degrees of global warming. The measure in degrees Celsius is used globally, including in the United States, and is therefore the pick for our text.
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Into the forest in New Guinea’s Tambrauw Mountains.




PROLOGUE

Anastasia’s Woods

Birds of paradise and crossed hatchets decorate her yellow party dress. Bare feet pick a path over roots and rocks and quilts of moist leaves. Little brown hands grip ferns for balance as she lowers herself down a slope so steep you can reach sideways and touch the earth. She weaves through gaps in shoulder-high limestone, ancient corals that were compressed until they had nowhere to go but up and into a new career as mountains. The girl’s feet seem scarcely to feel the brittle edges. She turns her close-cropped head and gives us a smile, then disappears down the path.

Anastasia is a 2-year-old member of the Momo clan, which, for generations beyond reckoning, has lived in this forest in western New Guinea. She is accompanied by her mother, Sopiana Yesnath, a family friend named Mariana Hae, and Anastasia’s aunt, Fince Momo, who is shadowed by a limping pointy-eared hunting dog named Hunter. Several visitors scramble to keep up. The way leads into leafy gullies and along a toothy forested ridge. After 3 hours we arrive at a flat spot just big enough for our tents and a fire. Nearby, a clear stream flows over a bed of limestone bulbs formed by the calcium carbonate of ancient shells and exoskeletons that dissolved farther up the mountain.

We set up camp while the elder Momo and her dog head out to fish and hunt. Then Hae takes us for a walk. She points out a tidied bit of terrain belonging to a magnificent bird of paradise. The male of this species displays mating fitness by beak-flinging forest debris away until bare ground is revealed. His two tail feathers are green hoops. He has a blue beak and blue feet, a bright green breast that expands like a cobra’s hood, and a yellow-and-brown back. The bird has some red on him, too, and, in an arresting final touch, lime green skin on the inside of his mouth. We follow Hae down a near-precipice, gripping trees. She descends like liquid, only slightly slower than free fall. Near the bottom we consider a loaded langsat tree. The fruits are kiwi-sized, with delicious, tart, translucent white flesh protected by thin leathery skin. But they’re out of reach. Hae spiders up into the tree and drops down bunches. When we reach the narrow valley floor, we strip and flop into the emerald current of the Iri River.

This is the heart of a megaforest, one of five stunningly large, wooded territories that remain on Earth. New Guinea is the smallest of the five. It’s an island situated just north of Australia, twice the size of California and almost completely covered in trees. Its western half is ruled by Indonesia, while the east is the independent nation of Papua New Guinea.

Next in size is the Congo, occupying Africa’s wet equatorial middle, including parts of the Democratic Republic of the Congo, the much smaller Republic of the Congo, Cameroon, Gabon, the Central African Republic, and Equatorial Guinea.

The Amazon is the largest tropical megaforest, roughly double the Congo’s extent. It covers most of South America’s bulge and is shared by eight independent states—Brazil, Peru, Colombia, Bolivia, Ecuador, Venezuela, Guyana, and Suriname—and the department of French Guiana.

The far north holds the two largest forests on Earth. They are called boreal, after Boreas, Greek god of the north wind. Their boundaries are defined by a mean temperature range of 50ºF–68ºF (10ºC–20ºC) in the warmest month of the year. The North American boreal zone starts on Alaska’s Bering seacoast, marches across the state, and sweeps southeast through Canada, all the way to its Atlantic shore.

The other boreal forest and largest of all megaforests is called the Taiga. It’s almost entirely in Russia, extending from the Pacific Ocean across all of Asia and far-northern Europe and from the Arctic Circle south to Central Asia.
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Mariana Hae on the bank of the Iri River in West Papua.

The megaforests’ most unbroken cores are called “intact forest landscapes.” This phrase was coined in the late 1990s by a group of Russian scientists and activists to describe the forests that were their top priorities to defend from industrial logging. Timber companies were advancing quickly into Russia’s old growth as the country’s economy opened to the West in the aftermath of Soviet collapse. The environmentalists came up with a precise definition and a map. The adjective “intact” is earned by encompassing at least 500 square kilometers—which is roughly 125,000 acres—free of roads, power lines, mines, cities, and industrial farms. That’s the size of about 60,000 soccer fields, 146 Central Parks, or a single square of land 14 miles on a side. “Landscapes” is added to the term because natural forests have vital treeless places, such as rivers, lakes, wetlands, and mountaintops mixed in. In 2008, the group helped map all such forests globally. Worldwide, there are currently around 2,000 intact forest landscapes, or IFLs, comprising nearly a quarter of all the planet’s wooded lands. They are heavily concentrated in the five megaforests.

Our planet needs its megaforests and their IFLs to keep functioning. Global average temperatures have already risen by 1ºC (1.8ºF) since preindustrial times. “Once-in-a-century” fires, droughts, floods, and storms are occurring annually. In 2020, Australia had its hottest night, California burned twice as many acres as ever before, and the unprecedented Atlantic hurricane season required the use of both Latin and Greek alphabets to name all the storms. People were starving in desiccated Madagascar, unprecedented expanses of corals were poaching in overheated seas around the Great Barrier Reef, and permafrost was heaving in the north. The climate crisis has left the realm of theory and speculation. It is here.

The Intergovernmental Panel on Climate Change (IPCC) says we need to stabilize warming at no more than 1.5°C (2.7°F) to avert hot social crises and ecological disasters in the future. The climate solutions that we hear about most often, like swearing off coal or switching to electric cars, address the problem by disrupting the industrial processes by which fuels coming out of the ground get into the air. These strategies are absolutely necessary, but they skip what is between rock and atmosphere: the biosphere. The math of keeping our world livable doesn’t add up without caring for our planet’s biology in general and keeping our big forests in particular. The IPCC finds that all pathways for limiting warming to 1.5°C involve reversing deforestation by 2030.

Over the planet’s lifetime, carbon has moved in dramatic volumes between four realms—the atmosphere, oceans, subterranean spaces, and the layer of animate beings. Plants photosynthesize, turning atmospheric carbon into biomass. When conditions are right, in swamps, for example, undecomposed plant matter accumulates and gets packed into coal beds. Oil and gas form thanks to shallow oceans where masses of tiny plants and animals die, get buried, and then get compressed.

Twice before, plants have decarbonized the atmosphere on a massive scale. The first time was around 400 million years ago, when, together with fungi, they expanded onto dry land. Plants really got going when they developed vascular systems, which allowed them to move water around internally and colonize drier environments. Atmospheric carbon dioxide (CO2) dropped from thousands of parts per million to several hundred. Then, 252 million years ago, a cluster of volcanoes in Siberia erupted, elevating CO2 in the atmosphere, heating the planet, changing the ocean’s chemistry, and killing off most species on both land and sea.

The biosphere gradually recovered, creating new species from the survivors. Around 100 million years ago, something came along that would eventually make humanity possible: flowers. A new group of terrestrial plants that used flowers for reproduction emerged and supplanted conifers as the dominant vegetation over much of Earth. They did it by downsizing their genomes, which meant they could have smaller cells and, as a consequence, pack more veins and carbon-absorbing pores onto each leaf. They grew like crazy and drained carbon from the atmosphere until it reached its current levels, conditions in which humans and the rest of the current biota have thrived. Today’s flowering plants include maples, mahoganies, and roses, along with 300,000 other species.

In the blink of an eye, geologically speaking, industry and agriculture are refilling the sky and carbonating the oceans. Human societies need to reorganize production to leave as much carbon underground as possible. We also need to leave it in, and restore some to, the biosphere. The ecosystems densest in carbon are forests, and of these, the most carbon rich are those least disturbed. In the tropics, unfragmented forests hold double the average carbon for all tropical forests. They are wetter, more luxuriant, less fire prone, and fuller of plant matter than jungles pierced by roads and hemmed in by farms. When it comes to underground plant carbon, our planet’s biggest deposits lie in the deep soils and peat layers beneath the intact boreal forests. The boreal holds 1.8 trillion metric tons of carbon, 190 years’ worth of global emissions at 2019 levels.

Saving big quantities of carbon in intact forests is cheap because these lands are remote and the process is simple. Keeping carbon in tropical forests costs a fifth as much as reducing emissions from energy and industry in the United States or Europe. And it’s more affordable by a factor of at least seven than regrowing forests once they’ve been felled. This opportunity is still, astonishingly, overlooked and unmentioned in most national climate plans.

The megaforests would be remarkable even if all they did was store massive amounts of carbon in featureless mats. Instead, under leafy and needled canopies, these ecosystems have tigers, bears, and 10-pound harpy eagles with fanlike crests. Megaforests have almost all the birds of paradise, as well as giant otters, anacondas, chimpanzees, bonobos, and gorillas. Most of the planet’s bugs, trees, mushrooms, and freshwater supplies are in the big woods, as are hallucinogens, analgesics, tumor shrinkers, stomach settlers, anesthetics, vision enhancers, sedatives, stimulants, and more. Life is in full riot in the intact forests. They are the planet’s wildest, most biologically diverse lands. In the north, big, iconic creatures like grizzly bears, wolves, cats, caribou, and salmon depend on—and sustain—the woods, as do 3 billion migratory songbirds and waterfowl from the tropical and temperate latitudes. Tropical rainforests, the most diverse of all, regularly produce discoveries of life-forms previously unknown to science. And they are not all tiny things only a biologist could love; twenty new monkeys have been found in Brazil since 2000, three in 2019 alone.
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A paradise kingfisher shares territory with the Momo clan in West Papua.

The diversity of people is similarly spectacular in the megaforests. Around a quarter of the planet’s roughly 7,000 living languages are spoken in the five great wooded regions. The Amazon has over 350 known languages, plus some never heard outside the forest because they are spoken by uncontacted tribes. The variety of Amazonian grammars has astonished linguists and showcased the boundless inventiveness of the human mind in the art of communication. In the Congo, Pygmy societies remain as forest specialists and spiritual intermediaries even after thousands of years of contact with farmer-neighbors. Russia has Indigenous cultures who trace their ancestry to tigers. In Canada and Alaska, dozens of Native cultures sustain old ties to the severe forest landscapes of the boreal. And the island forest of New Guinea is, by a country mile, the most linguistically diverse place on Earth, with over a thousand languages in an area less than a tenth the size of the United States. Megaforests have offered people socioecological niches in which to differentiate and stay different, buffered from the homogenizing traffic of global ideas and colonial languages.

Over 10 percent of intact forest landscapes were fragmented or lost between 2000 and 2016 (the latest year for which comprehensive data are available). In the far northern boreal forest, mines, oil, and gas, with their seismic lines, roads, and pipelines, are primary threats. In the southern boreal, where trees are bigger and closer to mills, logging carves into many intact areas. All across the boreal zone, fires rage during the short northern summers, hotter and more frequently than in the past. In the tropics, logging and road building are scourges of intact forests. Roads give hunters easier access to deep jungle redoubts and make it feasible to farm previously remote wilderness, particularly in the vast flatlands of Amazonia. As in the boreal, climate shifts and human pressure are bringing more blazes and ecological upheaval to the equatorial woods.

To keep Earth livable, we humans must grow out of our habit of transforming woods into landscapes of grass, shrubs, dirt, and pavement. To start, countries can support forest peoples who steward vast areas of the megaforests. Indigenous peoples, whose cultures, spirituality, and practical survival are tied to the trees, control around a third of intact forests. They’re the ones who know the woods best. Fince Momo demonstrated this as we walked in her West Papuan homeland. She pointed out plants used for mattresses, pot holders, roofing, string bags, traditional clothing, arrow shafts, and spears; for treating coughs, stomach trouble, and malaria; for seasoning pork and starting fires; and even one that, when soaked in water, produces an elixir that makes dogs better hunters. She drew our attention especially to the inconspicuous, smallish kapeswani leaf. It is the symbol for her clan. In Maybrat, her language, the name means ghost, a reference to specters’ bloodsucking proclivity. The leaf is used as a coagulant during caesarean home births. It also makes a nice red dye. Fince Momo vows that her clan will defend the forest at all costs.

On the island of New Guinea, 90 percent of the forest is held by Native communities. Across the Pacific, Brazil’s 1988 constitution established the country as a world leader in the legal recognition of Indigenous peoples’ rights to their ancestral territories. Neighboring Colombia enshrined similarly strong protections. Along with other Amazon basin countries, they have recognized hundreds of millions of acres of aboriginal forests. The carbon stored in these lands has proved dramatically less likely to be emitted to the atmosphere than anywhere else in the Amazon. In Canada, Indigenous peoples are reasserting control over their ancestral territories, largely with the support of the government, which recognizes the original peoples as teachers and partners in taking care of nature.

Reinforcing these trends is a practical and ethical way to save the megaforests. Indigenous control should expand to encompass full traditional territories rather than being limited to small village titles. Lands should be legally inalienable from their human communities. And traditional forms of territorial control should be respected, not supplanted by simplified ownership.

On other lands, outside of Indigenous territories, protected areas are a proven solution. In fact, they are arguably the greatest environmental success story in the history of modern nations. In 1990, 4 percent of Earth’s land was protected. Over the last three decades, governments have collectively quadrupled this figure to 17 percent. Most nations are agreeing to nearly double that global total to protect 30 percent of all land by 2030.

Modern parks emerged in North America with the establishment of Yosemite and Yellowstone, in 1864 and 1872, respectively, and really picked up steam in Russia and the United States around the turn of the twentieth century, propelled by Russian scientists and romantic American outdoorsmen like John Muir and Teddy Roosevelt. In recent years, governments have protected hundreds of millions of acres across the Amazon and Congo basin megaforests. Well-run funds have been set up to enable international contributions toward the modest costs of staffing and supplying the areas. Some parks have been imposed with a heavy hand, sparking local resistance and providing lessons for the protected areas the world still needs to create. An innovative array of park categories has emerged during the 2000s, particularly in the Amazon, to accommodate the inevitable interaction of people and nature as both population and the protected acreage grow.

At least half of intact forest landscapes, around 1.4 billion acres (570 million hectares), fall outside both protected and Indigenous areas. The megaforests need more protected areas with more funding and training for staff. The cost for greater protection of the forests is a bargain: $1 to $2 per acre per year.

To make megaforest conservation work—whether Indigenous lands, parks, or other areas—the single most important factor is limiting roads. In the tropics, almost all deforestation takes place along roads or big navigable rivers. Even where outright deforestation is minimal, as in the Congo, roads open the jungle to hunters, and defaunation ensues. Boreal roads are vectors for overhunting and fire and can block water from moving through wooded wetlands. Because remoteness and size hamstring megaforest policing, the more roadless they are, the less lawless.

The pursuit of roadlessness in the United States goes back to the 1920s when American ecologist Aldo Leopold, then a Forest Service official in the Southwest, realized that roads and intact ecosystems didn’t mix. The heavily roaded lands under his care were ailing, and trout streams were drying up. He scoured the map for a place still free of roads and in 1924 set up the first national forest wilderness, called the Gila, in a mountainous corner of New Mexico. The tradition reached its apogee in 2001, when the Forest Service protected all the nation’s remaining 58 million roadless acres of national forest, including America’s last handful of temperate intact forest landscapes, in southeast Alaska.

These strategies hold promise for a future in which vibrant, planet-sustaining forests will benefit the lives of descendants so distant they won’t know our names. But saving the megaforests requires more than strategy and tactics. This is a job that needs to be done with feeling. In the modern world, the beings and features of the forests, and even the forests themselves, are commonly thought of as objects. We humans are separate subjects acting upon them, and nearly all verbs, if we think of this grammatically, are ethically tolerable. Cut, dig, clear, gather, manage, thin, burn.

This separation is rare among forest peoples. Little Anastasia Momo’s family may go back 50,000 years in New Guinea’s forests. Like most clans here, the Momos have an origin story reaching into a prehuman realm. They identify black cockatoos, like the ones flying around us on this hillside in the Tambrauw Mountains, as ancestors. Nearby clans ascribe that role to tree kangaroos or masked snakes, creatures with whom long unbroken lines of ancestors have shared the forest shade. People we have met over the years, and others we interviewed for this book, repeat refrains about kinship and obligation to the various forms of nonhuman forest life that sustain them. Accounts abound about times when people and animals were fully conversant in the same language. Some still talk. For modern humanity to keep the megaforests, and with them the one planet we know of that has any forests, we need to care for the world as if it is family. We need to attempt a grammar in which subject and object, people and everything else, are the same. In a material and evolutionary sense, of course, we absolutely are.




1

The Forest System

Shortly before dawn on October 9, 2017, John looked out his window and saw a red glow in the east. Minutes passed and, oddly, as if the sunrise had stalled, the glow didn’t brighten. He walked out in the yard and held out a hand. Gray flakes of various sizes fell soundlessly. He fished a singed magazine page out of a rhododendron. A skier from another decade, looking delighted, smiled up from the page, inviting the reader to vacation in Bend, Oregon.

The sky lightened to a miasmic yellow. Most of the streets of Sebastopol, California, were empty. The high school, however, was buzzing with armored vehicles, National Guard troops, and a flatbed truck from which neighbors were unloading crates of water, tangerines, and energy bars for the evacuees starting to fill up cots in the gym. Santa Rosa, a small city 6 miles away, was on fire. K-Mart and Trader Joe’s and whole neighborhoods were going up in flames. Over the next few days, as the fires raged, everyone learned what an N-95 face mask was, hosted evacuated friends, signed up for emergency alerts on their phones, helped out at the shelters, and watched the sheriff’s daily briefings on the Internet.

The fire that started on Tubbs Lane in Calistoga was like nothing the region had ever seen. It had crackled and fumed its way swiftly through forests of oak, fir, bay laurel, and buckeye, over the hills in the night. It raced downhill, which is hard for fires to do, hurling fireballs to the south and west, and eventually laid waste to block after block of Santa Rosa. Most of Sonoma County’s 500,000 residents came away physically unscathed, but with a permanently altered awareness of the world.

We are living climate change, fully immersed in the future that we were only talking about until recently. In 2020, the routine continued for the fourth straight year, fires handily setting a new California record for charred acreage, alternately coloring the world orange, sepia, and, as one Bay Area writer for the New York Times put it, “yellow-gray, like a smoker’s teeth.” One September Wednesday San Francisco went red, like a city under a darkroom light. Equivocation is gone from the media accounts and scientific discussions; the drought-baked landscape and fires that rip through it are results of a changing planetary reality.

Hopefully it is enough to provoke changes in the way we’re living. Societies around the world need to adapt, each according to its own particular circumstances, but generally transforming energy systems, transportation, manufacturing, and what we eat. The human population needs to stabilize and start to decline in order to cut the amount of energy, food, transportation, and other things we ask our finite planet to provide. There are glimmers of progress on all of these fronts.

To meet the climate challenge, there’s one other essential task we have to accomplish: save the world’s biggest forests. The planet is a linked physical-biological system in which large wooded expanses keep both local and global conditions stable and livable. They metabolize the carbon our economies so relentlessly put in the air in a process that circulates life-giving water around our landscapes. This physical work is accomplished with a biological mechanism involving trillions of organisms belonging to millions of distinct species in a constant whir of transacted matter and energy, moving from one being to another, from earth to sky and back.

Our world keeps its carbon in four places. One is the lithosphere, a term that comes from Greek words meaning “rock ball.” Carbon made solid by ancient photosynthesis is stored in Earth’s rock layer in combustible forms like oil, gas, and coal, as well as other substances, such as graphite and diamonds. The second place is the atmosphere (from the Greek, meaning “vapor ball”), where the element mostly takes the form of carbon dioxide gas. The third place is the hydrosphere, the planet’s surface water, 97 percent of which is ocean. When seas absorb carbon dioxide from air, their water becomes more carbonated, like an oh-so-slightly fizzier soda (H2O + CO2 = H2CO3, carbonic acid).

Finally, there is the biosphere, the layer of living stuff between rock and air. Plants slurp carbon dioxide molecules through tiny pores, cleave off the carbon, and build themselves out of it. Carbon makes up around half of plants’ mass. Growing things drop leaves, cones, seeds, flowers, branches, and eventually trunks and stems onto the ground. Some decomposing biomass goes back into the air and some into the soil, the proportion depending on the speed of decay. Of the carbon that is buried, some is compressed over the eons into the fossil fuels we’re now quickly burning. As for the carbon that stays topside, vegetarian animals eat the plants and incorporate the carbon into their bodies and are, in turn, eaten by carnivores, the apex carbon collectors.

The distribution of carbon in these four realms has varied over time. During periods of rapid cooling, Earth made a lot of plants into coal. When the planet had extensive shallow seas, the ocean floors became vast graveyards for tiny plants and animals that were eventually transformed into oil and gas. Over the 200,000 years of our species’ existence, the atmosphere’s CO2 has oscillated between 170 and 280 parts per million. The last 10,000 years are a period called the Holocene Optimum, a time when temperatures have been very stable, a hair below their current levels. This has been the climatic stage on which the human dramas of agriculture, industry, and explosive population growth have played out. These plot twists were supported by the Holocene Optimum and are now ending it as we withdraw carbon from the biosphere and lithosphere and deposit it into the atmosphere and waters.

The official scientific body that reports on this adventure into the climatic unknown is the United Nations Intergovernmental Panel on Climate Change, or IPCC for short. Thousands of scientists contribute to its bulletins, which address the question of what our planet will be like in the future. That depends on how much more carbon we transfer from the ground to the atmosphere. A pair of reports, released in 2018 and 2019, say we need to save forests to save the planet. One report concludes that the world will be in dramatically better shape if we limit long-run warming to 1.5°C (2.7°F) rather than 2ºC (3.6°F), and the other explains how our treatment of the planet’s land needs to improve in order to accomplish that. Tropical forest loss alone emitted around 5 billion metric tons of CO2 annually in the first decade of the 2000s. For a sense of scale, that’s more than all emissions from the European Union over the same period. This jet of greenhouse gas from the biosphere would be even more troubling but for the fact that the uncut tropical forests reabsorbed around half of it.

The IPCC advised that forest loss needs to stop completely by 2030. Thereafter, the panel prescribes increasing the wooded area by up to 85 million acres per year until 2050. That would help us stay within an atmospheric carbon budget for 1.5°C warming, with less risk of fraying ecosystems and major social upheaval and less need to resort to high-risk technologies such as nuclear energy. A separate analysis found that stopping tropical deforestation would reduce global emissions by 16 to 19 percent.

For a couple of decades, climate talks were organized around a warming ceiling target of 2ºC. This round number emerged from an IPCC led by physical scientists, unaware of the full scope of the violence 2 degrees of warming will do to the planet’s biology. We know from past climate change that species respond idiosyncratically, each at its own pace and in its own direction. They don’t move as entire biological communities. That pulls ecosystems apart, and species either perish or regroup into new sorts of nature. For example, the partnership between the coral animals and algae that creates reefs is unraveling; warmer water causes the coral to expel the algae on whose photosynthesis its life depends. Reefs collapse and fish are left to improvise or die.

On land, the coexistence between native bark beetles and their conifer hosts is faltering. Warmer winters let insects survive in unusual numbers, and drought limits trees’ production of sap toxins with which they fought off the insects in wetter times. There have been massive tree kills in the American West, British Columbia, Europe, and Siberia. One researcher in Utah reported beetles, having devoured all the pines in the area, tucking into telephone poles. The drama of the damage we’re already seeing at one degree above preindustrial levels throws into relief what the forests might be in for anon. The IPCC says that going from 1.5ºC to 2ºC will take terrestrial ecosystems from “moderate” impacts to “high” ones.

The 2-degree goal also promised a perilous future for small island nations, forty-one of which make up a negotiating bloc at the UN climate meetings. The situation of the Marshall Islands, Kiribati, the Maldives, and others is especially dire because there is nowhere for people to flee. But in terms of sheer numbers of people whose homes will become uninhabitable, sea-level rise promises to wreak the greatest devastation on six Asian mainland countries. At the urging of the island leaders, the Paris gathering of the climate pact’s parties in 2015 dialed the temperature goal down to 1.5ºC.

All forests can help. But large forests are of supreme importance for the climate. Intact forests are 20 percent of the tropical total and store 40 percent of the aboveground forest carbon in the low latitudes. New research led by Sean Maxwell, of the University of Queensland, and eleven collaborators suggests that the carbon benefit of intact tropical forests is six times greater than the IPCC and others have estimated to date. That’s because in the years after a big forest is broken up by roads or farms, its edges dry out and winds whistle through, blowing over big trees. Fires invade it more readily, and overhunting eliminates animals that disperse seeds. And on top of all the carbon vaporized from the space actually deforested, over the next several decades the climate will be stuck with 14 metric tons of extra carbon per acre that the lost tropical forests would have absorbed had they remained standing.

The consequences of fragmentation are similar in the boreal forest. Even small amounts of deforestation create hot, dry forest edges and warm the forest interior, far from the bits actually cleared. That makes the understory highly flammable. Michael Coe, climate scientist at the Woods Hole Research Center, is an Amazon expert who collaborated with temperate and boreal forest specialists on a 2020 study of forest-climate dynamics across all latitudes. He says that fragmenting the boreal can lead even more directly to the incineration of the remaining trees than is the case in the tropics. “Any kind of an edge, it doesn’t have to be a big edge, causes a problem,” says Coe of the boreal forest.

When forests are kept intact, they deliver a double climate benefit. They cool the planet, thanks to CO2 removed from the atmosphere, and cool the local environment through the processes of evaporation and transpiration. Evaporation is the familiar process of liquid water, on all the forest surfaces in our case, warming and turning into vapor. Transpiration is the exhaling of vapor that originates inside the leaves and escapes through pores. The combined process is called evapotranspiration. Just like sweating cools people, as water turns to vapor it absorbs energy and cools the surrounding environment. You can feel this air-conditioning in the forest interior, which is cooler than a treeless shady spot, say, under an awning.

Tropical and boreal forests have different rhythms for harvesting and storing carbon. The tropical forest grows riotously all year, minting solid biomass from CO2 and shaping it into trees, shrubs, ferns, ground covers, orchids, and other plants. Its pollinators, seed dispersers, and bacterial and fungal partners are of unfathomed number and diversity. Fallen leaves and wood decay into a thin layer of soil whose nutrients rainforest roots tap immediately to grow more plant matter. Liquid water is available year-round to support plant growth, evaporating and transpiring continually from plants into clouds that coalesce, move, grow heavy, and spill onto another patch of woods that does the same thing all over again.

The boreal forest, by contrast, is a patient, seasonally photosynthesizing interface between the sky and underground carbon caches. In the northern parts of the boreal, trees can take many years to get as tall as a person. Throughout the ecosystem, they grow during a short summer and continually shower the forest floor with needles, leaves, cones, and twigs. Some material falls into oxygen-deprived waters and changes extremely gradually, like specimens preserved in laboratory jars. In the winter it’s too cold for microbes to process the vegetation into soil. Vegetative “sediments” are thus packed into ever thicker deposits of soil and the proto-coal called peat, a semi-decomposed layer that comprises 47 to 83 percent of carbon in boreal ecosystems.
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Amazon forests, like this one in the Yanomami Indigenous Territory, create their own rain and amass carbon. (©Sebastião Salgado)

On average, 95 percent of boreal plant carbon is underground, compared with 50 percent for tropical forests. Average belowground carbon in boreal forests is somewhere between 154 and 197 metric tons per acre, up to five times the average in tropical forest soils. A 2015 study found that boreal carbon stocks were four times as extensive as the IPCC had estimated in 2007 and twice as large as calculated in a more thorough 2011 inventory. How could so much carbon have been hiding? Researchers weren’t digging deep enough; soil carbon estimates had been based on the first 3 feet (1 meter) underground, and there is lots of carbon buried deeper. The boreal average is somewhere between 4.25 and 7.5 feet deep.

Intact forests are only now being fully recognized as central to the climate crisis and its solutions. In 1992 the UN Earth Summit in Rio de Janeiro produced a climate treaty, which largely excluded forests, and one for biodiversity, which embraced them. Among those fighting to keep forests out of the climate accord were some environmental advocates, who argued that forest carbon was hard to measure and that giving countries credit for dodgy forest emission reductions might permit very real increases in industrial CO2 pollution. The measurement problem was largely solved by 2010 thanks to advances in aerial and satellite technology, wide availability of data, and improved computing power. At the same time, tropical forest countries started playing more prominent roles in treaty negotiations. In the last five years, as the urgency of the climate crisis has heightened, researchers have begun to confirm the surpassing climate advantages of very large forests.

Since long before the climate crisis gained wide attention, biologists have been fascinated by intact forests because they are healthy, complex systems with countless species, not because all that nature is made of carbon. They have predation, pollination, seed spreading, and procreation all happening naturally and in profusion. They have troops, colonies, packs, and pecking orders; microfauna, megafauna, intrepid migrants, and entrenched residents. Harpy eagles eat spider monkeys, grizzlies eat salmon, tree snakes eat tree frogs, pitcher plants eat ants, and ants farm fungus. As we hinted earlier, a biologist in a large tropical forest can reasonably hope to find a living thing no scientist has previously encountered. A three-year study concluded in 2018 in the Madidi National Park, in Bolivia, found 124 new species, including 84 previously unknown plants, 19 fish, 8 amphibians, 5 butterfly species (plus 8 subspecies), along with 4 new members of both the mammal and reptile classes.

Biologists have long known that larger ecosystems have more species. Charles Darwin noticed this relationship while visiting small islands, such as those in the Galápagos archipelago, where he famously found some quite peculiar species, like the marine iguana, but somewhat less famously noted the rather small number of species overall. In a small, groundbreaking 1967 book, The Theory of Island Biogeography, Robert MacArthur and E. O. Wilson proposed an elegant equation that described the relationship between the size of islands and the richness of their biota. The young Drs. MacArthur and Wilson discussed actual islands and also used them as a metaphor for the fragments of habitat isolated in a landscape altered by humans.

Fragmentation hadn’t previously aroused much scientific interest or environmental concern, because fragments lost their species gradually. The island comparison brought the issue into focus. A spirited argument broke out in the 1970s over whether more biodiversity could be protected in one large area or in a few smaller ones with the same total extent, strategically positioned to capture variations in habitat. This became known as the “single large or several small” (SLOSS) debate.

The SLOSS tempest raged among scientists who lacked data to corroborate their respective stances. The only information was from a single site, a tropical forest island called Barro Colorado that was created in the artificial Gatun Lake when the Panama Canal was completed in 1914. The site in the formerly US-administered Canal Zone is still managed by the Smithsonian Institution, and for a rainforest field site, it has exceptional infrastructure and accommodations. Barro Colorado’s managers accurately declare it “the most intensively studied tropical forest in the world.” By the 1970s, it was clear that species were declining on the 3,853-acre island. The dynamics of a single island, however, provided a tenuous basis on which to predict how isolated forests would fare in the seas of pasture and crops spreading across the world’s continental forest zones.

In 1973, Tom took up a post as head of programs for the US office of the World Wildlife Fund. He realized that WWF needed to know more about habitat fragmentation. How else could they determine whether their conservation projects were big enough to save species? Then he remembered that Brazil’s forest law required landowners to leave 50 percent of Amazon rainforest standing as they mowed down the rest for cattle ranching or crops. He proposed to the United States National Science Foundation (NSF) in 1976 that a Brazilian landowner might be persuaded to leave that 50 percent in a configuration that would provide a giant forest fragmentation experiment. With the NSF’s backing and that of the Brazilian National Institute for Amazonian Research (INPA), in Manaus, he approached the Brazilian bureaucracy in charge of fomenting cattle ranching with a request: ask ranchers to leave their required reserves in squares of various sizes surrounded by pasture. The agency agreed.

This experiment began in 1979. It ended up with five plots measuring 1 hectare, four at 10 hectares, and two covering 100 hectares, which convert to 2.5, 25, and 250 in acres. Matching control plots in continuous forest were also established. By 2002, the project had produced a simple answer about fragmentation: large intact areas are very important, the larger the better. Even the 250-acre reserves were too small for forest interior bird species, half of which vacated these patches in less than fifteen years. The edges were hotter and drier, with great mats of desiccated leaves from trees either dying or losing foliage to wind. There were more vines, thicker undergrowth, and fewer mushrooms.

Species that need continuous tree cover decamped. Black spider monkeys, for example, who move fast through large areas of forest eating fruit from widely spaced trees, abandoned all the forest fragments immediately. They stayed in nearby continuous forest. Howler monkeys, by contrast, are leaf eaters and not particularly choosy. They remained in all the fragments. The white-plumed antbird, so named for the spiky crest between its eyes, could not persist in the fragments. Antbirds follow raiding ant armies and eat the bugs flushed out by the lethal column. While 250 acres is sufficient territory for one ant colony, each colony marches only about a week per month. So, to avoid going hungry for weeks at a time, the white-plumed antbirds need to follow several colonies on a rotating basis. The 250-acre fragments were at least three times too small for the birds. No antbirds means no antbird droppings, which deprives shimmering blue-and-black skipper butterflies their sustenance. They left, too.

Birds such as the black-tailed leaftosser, which finds insects by turning over leaves on the forest floor, also ran into problems. The forest fragments were pummeled by wind, which felled trees up to a quarter mile from the edge. Resulting gaps were filled by trees in the Cecropia genus, which you can see along almost any Amazonian roadside, riverbank, or regrowing pasture. The Cecropia leaves are like lobed umbrellas that can easily measure a foot across, too large for the leaftosser to upend. Most insectivorous birds and bats, along with arboreal mammals, dung beetles, wild pigs called peccaries, and orchid bees found even a narrow clearing insuperable. A couple hundred feet of treeless ground, typical of a highway, was enough to prevent their using the forest fragment habitats.

[image: ]

Black spider monkey in intact Bolivian rainforest.

At least four frog species that live in the wallows created by white-lipped peccaries vanished from the fragments; the pigs that dig their pools wouldn’t use the forest islands. These amphibians were replaced by “generalist” frogs common in cattle pastures.

The forest fragments project, with its emblematic squares, spawned a field of study focused on what happens when big forests are made smaller. Its findings firmly established forest fragmentation as an urgent environmental problem. Hundreds of Brazilian and other graduate students have earned advanced degrees studying plants, animals, soil, and carbon in the original plots. Many more have investigated the unscripted fragmentation of forests across the world. This body of science corroborates Darwin’s original observation: intact nature has more diversity than nature in pieces.

So, megaforests are both more biologically diverse and more heavily stocked with carbon than fragmented ones. That raises a tantalizing question: is there a universal mechanism that links diversity and carbon accumulation?

In intact Congo forests there’s an explicit connection: elephants. They snack on small trees, which allows bigger ones to occupy more space, catch more light, and grow denser wood than the browsed stems would have done. Elephants love big fruit, which comes from big trees. When you come upon their loamy dung in an African forest, you’ll often find it sprouting future forest giants. Elephants are thriving in Nouabalé-Ndoki National Park, in the Republic of the Congo. According to a 2016–2017 census, the park had over 3,000, or one for every 3 square miles of jungle. In a less scientific measure, fleeing forest elephants is a routine part of visiting the area; during a visit in October 2019, John twice ran for his life. This intact forest has 15 percent more carbon than a comparable patch of Congo woods where elephants have been eliminated. The finding is remarkable and, in a way, surprising, given the roomy feel of a forest sculpted by elephants.

Another study in the vicinity of the Nouabalé-Ndoki National Park showed that hunting in general—not just for elephants—reduces the carbon held in plants. A forest free of logging and hunting averaged 455 metric tons of biomass for every 2.5 acres (1 hectare). Logged but unhunted forest had 358 metric tons, more than 20 percent less. The third category was both logged and hunted. These areas had largely lost their elephants, leopards, gorillas, wild pigs, and forest antelopes, and had 301 tons of biomass and a remnant fauna consisting of “squirrels and small birds.” Most of the missing animals were herbivores. Apparently, the more plant life they eat, the more there is.

Across the Atlantic, Amazon orchid bees live in undisturbed forests. These flying gems come in a range of metallic greens, blues, purples, and oranges. Some look like they’re straight out of a superhero comic, with shiny segments, including heavy “boots” on males’ hindmost legs, and tongues longer than their bodies. The males alight and quickly squeegee orchid scent off the flowers with wide brushes on their forelegs. They stash the cologne in packets in those hind-leg boots for wooing burly females. The female orchid bees pollinate one of the forest’s biggest trees, the Brazil nut. It has yellow-and-white flowers that last one day only and have heavy lids. Orchid bees depend on their developed musculature to prise open and pollinate the blossoms. The resulting fruits are packed with succulent, oily Brazil nuts encased in a woody shell that’s nearly impenetrable.

Unless you’re an agouti. The large rodent, routinely hunted across the basin, employs a viselike jaw and chisel teeth to get at the Brazil nuts, but only eats a few from each pod, hides the rest, and forgets where most of them are. The forgotten seeds grow into new Brazil nut trees. If people disturb intact bee habitat or overhunt agoutis, the dense and voluminous Brazil nut trees will vanish from the landscape, leading to a carbon loss.

Overhunting of seed-dispersing animals, such as spider monkeys, woolly monkeys, and tapirs, could cost the Amazon 2.5 to 5.8 percent of its stored carbon. In some regions, declines of 26 to 38 percent are possible. One study that involved heroics in data collection showed the importance of fauna for both forest carbon maintenance and restocking. Tapirs are the largest land animals of the South American rainforest. They are tasty and funny looking and shy. And they are a serious actor in the megaforest’s capacity to sock away carbon. The experts estimated that tapirs defecate 1,194 seeds per acre per year in undisturbed forests and up to three times that many in forests recovering from human disturbances.

Links between forest biodiversity and carbon storage abound. Further, it is clear that a full complement of species makes forests resilient to climate change. That’s because if a species should succumb to the shock of changed conditions in a forest that still has its full array of native biodiversity, it is more likely to be survived by some other plant or creature, as the case may be, that can fill the ecological gap.

So far no one has identified a single rule of nature that links biological diversity to forest carbon maximization. There are instances where the two go together, and there are vast forest regions in which both are remarkably high. But nature needs insects, birds, and bats that pollinate and spread the seeds of less dense trees. And there are creatures that thrive in a forest with sunny openings in the canopy; gorillas seek these spots to feast on fast-growing soft-stemmed plants.

The urgency of climate change, however, has compelled many scientists, economists, and environmentalists to think about how much carbon there is in everything, even in the bodies of elephants. Carbon, the element, becomes a currency, the unit of measurement in a chemical accounting system we use to chart survival paths for civilization. The peril, of course, is that this carbon myopia conceptually distills the intricacy of a forest ecosystem into a colorless idea small enough to fit in a beaker.

Some studies show that when animals are gone, the forest sheds plant carbon. But what do we make of the forest animals whose removal has a negligible impact on carbon? Do we write off the gibbons of certain forests of Southeast Asia, the pollen and seeds of which are wind-borne? What will become of boreal creatures, even famous ones like caribou, if they are found to be contributing too little to the production of peat?
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Aspens thrive in the boreal forest of northern British Columbia, near the Yukon Border.

An engineering mindset may also lead us to muse whether the forest might be force-fed a bit more biomass. Some scientists say it might indeed, with performance-enhancing genes that augment photosynthesis and carbon transfer from plant to soil; it’s possible to juice the jungle. Another idea, about which scientific papers are written, is to cut down the boreal forest—all of it—so the snow reflects sunlight in winter. This wouldn’t work because it’s impossible to cut down the whole boreal and keep it from growing back, and razing it incrementally would emit more carbon than the reflective cooling could make up for. In any case, says Michael Coe, of the Woods Hole Research Center, “An engineering solution that destroys biodiversity is a bad idea. There are always unintended consequences.”

Carbon myopia clouds the true meaning of the orchid bee and the Brazil nut. Big forests are a linchpin in a planetary system. They are vivid stages for stories about energy and matter that we describe severally with our physical, biological, and chemical sciences, but are really a single story whose intricacies and meaning we don’t fully understand. Orchid bees make Brazil nuts, breed agoutis, take carbon from the air, breathe water back into it, make clouds that make rain a hundred miles away that feeds a stream, where a catfish, having migrated from the mouth of the Amazon, is caught by an otter or by a person, surrendering its protein to enliven the woods. The bee makes all these things, and these things make the bee. Losing the forest would change more than the reading on the thermometer. Wind, rain, fire, and ocean currents would be rewritten. If we lose too many trees, everything changes. The weave unravels.

Wild megaforests offer a simple, existing solution to achieve carbon storage, local climate stability, and the survival of various, individually useful, mysterious, and beautiful carbon-based organisms. The woods require no engineering and are free of surprise side effects. Thrift, common sense, risk aversion, and an appreciation for natural beauty all argue for this solution. A smart approach to managing the planet, which we must, is to leave some parts, including the megaforests, mostly to manage themselves.
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