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			Context

			Trees, especially old-growth trees, are essential to life. They filter carbon dioxide and pollutants from the air, and are necessary for moving water inland from the oceans. They are also the best defense against global climate change. Peter Wohlleben’s The Hidden Life of Trees gives the reader a deeper understanding of this vital group of organisms, and explains what needs to be done to bring more old-growth trees back.

			When Wohlleben first became a forester, he looked at trees only in
				terms of their value to the lumber market. Two things changed that. He began showing
				visitors around the woods, and this got him to pay more attention to the trees as he
				started to notice more details about them. Around the same time, Aachen University
				began doing research in the forest, and Wohlleben learned that trees have memories,
				experience pain, and nurse their children. This changed the way he treated the trees
				in his care, including abandoning the use of heavy machinery.

			Wohlleben wrote his book to encourage readers to look more closely at forests, the way he now does, and to introduce them to the wonders he discovered as he learned more about trees.

		

	
		
			Overview

			People don’t often think of trees as having intelligence or emotions, perhaps because trees move on such a different timetable, their reactions are so slow that they appear inanimate. The Hidden Life of Trees reveals the truth. A forest is almost like a herd of animals. The trees form a society, and they communicate through a language of chemical signals that they can use to warn one another of dangers, such as an insect attack. If a member of the society is sick, the other trees will come to its aid by sending sugar and nutrients through a network of interconnected roots and fungi. “Mother” trees nurse their offspring the same way.

			Like animals, trees have memories. They are able to compare the amount of daylight from one day to the next so they know when to let their leaves fall. They have the ability to learn. If they suffer through a dry spell, they will conserve water from then on, even if there is plenty available. Because they share important characteristics with animals, author Peter Wohlleben suggests that it is time to give plants the rights we have already given animals. 

			Caring for trees isn’t only a moral choice, it’s in humanity’s best interest. Humans need trees to survive. Trees in forests act as a “water pump,” taking water vapor that blows in from the ocean and transfers that water, forest by forest, deeper into the interior of inland regions. Without coastal forests, those inland regions would dry out. Most important of all, trees, specifically old-growth trees, are crucial in the balance of the global carbon cycle, which influences global climate. 

		

	
		
			Summary

			1. Friendships

			Scientists have discovered that trees in forests are linked by fungal networks, or interconnected roots that allow them to exchange sugar and by which they can communicate. This provides benefits to each member of the forest. By living in a group, each tree maintains moist soil, a suitable microclimate, and shelter from wind and rain. A tree also benefits from having nearby trees that can help it with energy when it is stressed. Planted trees aren’t able to receive this kind of community assistance because their roots are damaged during planting and can’t form the necessary network.

			Need to Know: Trees form “friendships” and these friendships help them stay healthy and live longer. The whole forest benefits when the trees care for each other, because a colony of healthy trees means a better ecosystem for all.

			2. The Language of Trees

			A tree passes information, such as the presence of insect or fungal invaders, along to neighboring trees. Transmitting these alerts allows other trees to prepare their defenses. Chemical signals are released into the air, and they are passed between trees via their interconnected roots and the network of fungus that spreads between them under the ground. Electrical signals are also sent through this system, what scientist Dr. Suzanne Simard calls the “wood wide web.” Trees also have the ability to communicate with other species, such as when they produce the blossoms and sweet odors that attract bees for pollination.

			Need to Know: Trees have a language. Instead of words, they use chemical and electrical signals sent through the air or through an underground system of roots and fungus to communicate with other trees and species.

			3. Social Security

			Traditional forestry assumes that it is better to grow trees with lots of space between them because it gives each tree a lot of sunlight and water. But researchers at the Institute for Environmental Research at rwth Aachen found that beech trees synchronize their rate of sugar production so that all trees are producing sugar at the same rate. They do this by sharing sugar with each other through their network of roots and fungus. If trees are felled to give the remaining trees more room, the trees that are left are on their own, without the network to exchange sugar. Some have trouble surviving. The mutual assistance trees provide each other is consistent with natural selection for individual fitness because each tree helps the others survive and thrive.

			Need to Know: Trees have their own version of social security. A tree that is getting plenty of sun and water and is making more than enough sugar can share with trees that don’t have ideal growing conditions. All the trees benefit, because a forest where all the trees are healthy creates more protection from heat and wind, and because if one of the strongest trees gets sick, it can rely on the trees around it for assistance.

			4. Love

			Deciduous trees carefully “plan” when they will reproduce based on the levels of their energy reserves, and they communicate with neighbor trees so that they all reproduce at the same time. They synchronize the years they reproduce, which for this species involves producing and releasing seeds. Only producing seeds in certain years helps protect the seeds from herbivores. For example, deer and boar love to eat the seeds in acorns and beechnuts. When trees stop production of these foods, it decreases the populations of these herbivores, increasing the trees’ chances of successful reproduction in the next cycle. Another advantage of deciduous trees reproducing in sync is that the genes from many trees will be mixed, preventing inbreeding.

			Trees have several strategies for dispersing pollen and encouraging genetic diversity, including scattering pollen via insects or in the wind. In some species, each particular tree only has one sex. Other types of trees have male and female blossoms that open at different times of the year to prevent self-pollination. A bird cherry tree is actually able to determine the genetic makeup of pollen and block its own pollen from reaching an egg.

			Need to Know: Deciduous trees don’t reproduce every year, which helps limit the populations of herbivores that feed on their seeds. In contrast, coniferous trees usually reproduce annually. Although some birds are able to eat the seeds inside these trees’ cones, herbivores aren’t the same threat as they are to deciduous trees. All trees have strategies to promote genetic diversity, which makes the trees healthier.

			5. The Tree Lottery

			Like effective companies or well-organized families, trees budget their energy. Creating blossoms consumes an immense amount of energy. Species that blossom annually carefully adjust their energy use over the course of the year, while those that blossom periodically need years of recovery after the enormous energy used for bud production. During their blossoming year, these trees are vulnerable to insect infestation because they don’t have the energy to put up their usual defenses.

			The energy of blossoming and creating seeds is energy put into producing the next generation of trees. Different species of trees have different strategies for when their seeds sprout. Some seeds sprout right away, some seeds can wait a year or two before they sprout, and some seeds can remain dormant for as many as five years. There are many dangers for the sprouts—hungry animals, bad weather, lack of water. Most don’t survive. 

			Need to Know: Huge amounts of energy are required for a tree to reproduce, and most seedlings don’t make it. Odds are, a tree will only produce one other viable tree. A poplar, for example, will make over a billion seeds in its lifetime. But statistics say that out of those billions, only one will grow into a mature tree. For a tree, reaching sexual maturity is like winning the lottery. 

			6. Slowly Does It

			Trees usually grow slowly. A young beech tree growing under the canopy of a parent tree will only have access to the limited sunlight that reaches the forest floor, about 3% of the total sunlight. The lack of sunlight limits sugar production, so there isn’t much energy available for growth. But this forced slow growth is actually good for the young tree because it makes its wood dense and resistant to breakage in future storms and attacks by fungi. 

			When a parent tree falls and opens up a patch of sunlight, the young tree must grow fast. It has to compete with the other young trees for that sunlight and the growth-fueling energy it provides. After about twenty years, the surrounding adult trees will have spread their branches into the gap and taken away the abundance of sunlight. This forces the now medium-height young tree to wait, possibly decades, before it can grow again. Only when another adult tree dies and a new gap opens, will the young tree have the chance to grow to its full height.

			Need to Know: Young beech trees can spend almost three hundred years under the canopies of mother trees. The mothers force the young to take their time growing (which is healthy for them), because the mothers limit the amount of sunlight the young receive. The mothers can be thought of as “nursing” the young during this long period. The mothers send the young the sugar and nutrients they need to survive through the network of roots and fungus.

			7. Forest Etiquette

			The perfectly formed tree should have a long, absolutely straight trunk. Its roots should reach out evenly all around it and push down into the ground. The top of a deciduous tree should have strong, symmetrical branches that angle up. The top of a coniferous tree should have strong, symmetrical branches that are horizontal or angled a bit down. But a lot of trees deviate from this ideal. For example, trees growing next to clearings or ponds or lakes often send branches far out into the abundant sunshine these openings provide. And the trunks of trees growing high on mountainsides are often bent down slope from the force of snow in the winter. 

			Need to Know: Trees that follow the “etiquette” of the forest and grow into the ideal shape are strong. They can withstand high winds and heavy rain and snow, which allows them to live a long time.

			8. Tree School

			Water is very important to trees. Trees can create their own energy via photosynthesis, but they cannot create their own water—they must absorb water from their environment. Just as trees must budget their energy stores, they must budget their water reserves. In summer, hot and dry conditions make water scarce, so trees need to store up water in the winter, when water is more abundant. Winter is doubly beneficial in terms of a tree’s water budget: there is more rain, thus more water—and the tree is not growing, which means it isn’t using water. When summer arrives, trees spread out their use of water. If a tree uses its water too soon, its wood dries out and cracks. The tree will then adjust its usage in the future to prevent this from happening again.

			Trees also make adjustments if they aren’t stable enough. When the wind bends a tree, micro-tears are formed. The tree responds by strengthening itself in the injured areas.

			Need to Know: Trees have the capacity to learn. If a tree uses too much  of its stored water at one point, it will ration its water use in the future, even if there is plenty of water available. If the wind caused a tree pain by creating micro-tears, the tree will respond by fortifying these weak areas.

			9. United We Stand, Divided We Fall

			Trees have a mutualistic relationship with fungi. Fungi form an extensive underground web called a mycelium that penetrates tree roots and interconnects nearby trees. These fungi can provide a range of benefits to trees. They provide nutrients and water. Through their connection with other trees, they allow for exchange of energy and information among trees. Then, trees can defend others from harmful bacteria and fungi. The fungi, in turn, benefits by receiving sugar from the tree. Fungi are not passive members of this mutualism: they can synthesize plant hormones that steer the growth of the tree. 

			Need to Know: Trees are supported by other members of the ecosystem. Fungi give trees the biggest benefits, but trees get help from other sources, as well. For example, woodpeckers eat insects that are destructive to trees, and black-headed cardinal beetles eat the larvae of hurtful wood-boring beetles.

			10. The Mysteries of Moving Water

			A large quantity of water flows up through trees from roots to leaves. There are two standard theories of how this happens: capillary action and transpiration. Capillary action is what allows water to be drawn up the interior of a straw. It is based on the adhesion of the water molecules to the surface of the straw—or the surface of xylem tubes within a tree—and adhesion of water molecules to each other. Transpiration is the evaporation of water from leaves to the air as water vapor. As molecules of water are transpired, new molecules are pulled up to replace them. Osmosis is also a factor in the movement of water. Water will move from a cell with less sugar to a cell with more sugar until both cells have an equal amount of water.

			Need to Know: Capillary action, transpiration, and osmosis are the standard explanations for how water moves through a tree, but there must be other factors that science hasn’t been able to identify yet. In the spring, just before a tree’s leaves open, water shoots up the trunk with the strongest force. Since the leaves aren’t open, transpiration can’t be the cause of the water pressure. Capillary action can’t explain it, because capillary action only moves water about three feet up. Osmosis can’t explain the water pressure either. Osmosis only occurs in a tree’s roots and leaves where there are connected cells, not in the long tubes that run up the trunk.

			11. Trees Aging Gracefully

			Trees change their bark and their growth patterns as they age. As a tree grows in diameter, cells of the bark slough off, and sections of the bark eventually crack and are replaced by new bark to accommodate the growing girth. This is why young trees often have smooth bark, and older trees often have cracked, wrinkled bark. Trees grow in height for a large part of their life span, but eventually stop. In some species, the crowns will still grow horizontally until it looks like there is a huge bird’s nest at the top of the tree.

			Need to Know: There are similarities between the way trees and humans age. A person’s skin is like a tree’s bark. Both start out smooth and get wrinkled over time. Both can be damaged by disease or too much sun. When a tree gets older, the branches at the crown get shorter and shorter, the way a human’s hair can thin with age. Both trees and people have less energy as they get older, and both eventually lose body mass.

			12. Mighty Oak or Mighty Wimp?

			Oaks vary in success according to their environment. In a dense forest of beech trees, the branches take away needed sunlight from oaks, and beech roots take away needed water. This creates difficulties for the oaks, and they have trouble competing. But in a more open area, such as farmland or a clearing, an oak can live much longer than a beech tree. They have a high tannin content and very strong bark to defend against attacks by fungi and insects. 

			Need to Know: Trees have been shown to share resources, but that doesn’t always happen between trees of different species. Beech trees will help each other, but will actively work against other types of trees, such as the oak.

			13. Specialists

			Trees have to deal with the conditions of the individual spot where they germinated because they will live there their entire lives. Conditions vary in terms of moisture, nutrient levels, and amount of sunlight. An ideal spot would have an abundance of all of these things. But ideal spots are rare, and trees have to adapt. Spruce trees, for example, are able to thrive in locations with short summers and very cold winters that would kill other kinds of trees. To avoid breaking under the weight of heavy snowfall, they grow straight, and in winter their branches bend diagonally downward in a classic Christmas tree shape.

			Need to Know: Most trees don’t get an ideal environment. They have to adapt to survive. The different strategies they’ve developed have created diversity among species. For example, alders thrive in swampy ground that would kill other species, because alders have developed cork cells near the bottoms of their trunks to let in air.

			14. Tree or Not Tree?

			The dictionary definition of a tree is a “woody plant with a trunk from which branches grow,” but this definition neglects what might be the most important part of a tree: the roots. Roots are in many ways the equivalent of an animal’s nerve center, storing information from the past and reacting to the new. Roots receive stimuli as they move through the ground. If a root finds something toxic or impenetrable, it will send signals to the growing tip that cause it to change direction.

			Need to Know: The roots of a spruce in Sweden, an old tree that consists of “a carpet of flat shrubby growth around a single small trunk,” were tested with carbon-14 dating and found to be over nine thousand years old. By the current dictionary definition, this growth wouldn’t be considered a tree, but perhaps it should be. The roots of the spruce are the most permanent part of the tree. They hold the experiences the tree has acquired, and are keeping what remains of the tree alive.

			15. In the Realm of Darkness

			In forests, our attention naturally is pulled to the trunks, branches, and leaves of the vegetation above the ground. But a lot is going on below it, too. As much as 50% of the life in a forest exists in the soil. “There are more life forms in a handful of soil than there are people on the planet,” Wohlleben points out. Creation of soil is vital for the existence of trees, and if more soil is lost each year than new soil is created, the soil—and the forest itself—will disappear. Intact forests lose much less soil annually than disturbed forests. 

			Need to Know: If all the animals living above ground in the forest disappeared, trees would still thrive. In contrast, the mostly microscopic (and many unidentified) creatures living in the soil are vital for the survival of forests.

			16. Carbon Dioxide Vacuums

			A single tree can hold up to twenty-two tons of carbon dioxide in its tissues. Forests provide an immense global sink for carbon. And carbon is not only stored in trees themselves—a great deal of carbon is also stored in humus on the forest floor and below the ground. This humus comes from leaves that fell from deciduous trees in the autumn and from trees that died and decayed. In the Carboniferous Period, when coal was being formed three hundred million years ago, the concentration of carbon dioxide in the air was nine times what it is today. Ancient trees growing at that time pulled in this gas, dramatically reducing the atmospheric carbon dioxide level. When the trees died they formed peat, and in turn formed coal, which kept the carbon locked up in the ground. Because of the logging industry today, hardly any coal is being formed—the forests are being cleared too often to allow the process to take place.

			Need to Know: According to an international team of scientists, it is old trees that grow the fastest and are the best at capturing and storing carbon dioxide. Planting new trees isn’t as effective a way to fight climate change. Allowing trees to grow old is.

			17. Woody Climate Control

			The forest “creates its own ideal habitat.” In other words, trees change the microclimate in which they live in a manner that makes that location more favorable. Beech trees change their microclimate dramatically, making it cooler and moister. For example, measurements on a 98º F day found that the ground level of a beech stand was 50º F cooler than the ground level of a nearby conifer stand. 

			Need to Know: Trees are able to slowly influence their environment to avoid extreme variations in temperature and amount of water. Beech trees change their surroundings in ways that increase the amount of available water. Their dead leaves make the humus more alkaline, which allows it to store more water, and their new leaves slow down the wind, which causes less water to evaporate.

			18. The Forest as Water Pump

			Gravity pulls water down to the ocean, clouds form over the ocean, and the wind blows those clouds over land where rain adds water back to forests. But this process can only move water a few hundred miles inland. To travel further, moisture is helped by a kind of water pump in trees. The water pump works because when rain falls on trees near the ocean, the trees transpire the water vapor and it blows further inland, where it then falls on other trees and the process is repeated again and again. This water pump process does not only move water further inland, it also slows climate change by cooling local climates through transpiration and by creating clouds that block sunlight. But this pump depends on forests being near the ocean. If shoreline forests are cut down, as has happened in Brazil, the water pump is shut off and inland regions become drier.

			Need to Know: Once water does reach inland areas, forests are key to keeping down temperature variations in streams and ponds, which is vital to the ecosystem.

			19. Yours or Mine?

			Many types of animals, bacteria, and fungi seek out the sugar and other carbs, water, and minerals produced by trees. Trees have a variety of mechanisms to lessen the damage caused by this. For example, trees can secrete nectar to attract ants that will eat the aphids feeding on the trees’ sugar. Spruce trees produce chemicals called terpenes and phenols that kill bark beetles. But the evolutionary arms race can go both ways. Fungi carried on bark beetles can turn off a tree’s defenses. Honey fungus mushrooms have a mycelium that can penetrate the bark of trees and consume the trees’ sugar, nutrients, and wood, which can result in the death of the tree. 

			Need to Know: Many creatures that feed on a tree also do something beneficial for it. For example, a jay eats some of the acorns and beechnuts from trees, but it also buries some, which helps the tree reproduce.

			20. Community Housing Projects

			Trees supply living and nesting places for many animals. Birds, bats, and insects are particularly abundant in trees. A woodpecker can excavate a nest cavity in a tree by hammering at the wood to craft an opening with an interior chamber. Fungi then gain access to the tree’s interior through the opening and begin digesting the wood, making it soft and spongy. The woodpecker tosses out the soft wood, expanding the cavity more and more until, when it is too deep for fledgling birds to climb out for their first flight, the woodpecker leaves to find a new tree to excavate. Other species such as nuthatches, owls, and bats use these abandoned cavities.

			Need to Know: Trees provide habitats for an abundance of species, especially birds, bats, and insects. Even after death, the tree continues to support others in the forest. Dead wood is necessary for about one-fifth of plants and animals.

			21. Mother Ships of Biodiversity

			Trees harbor a huge number of diverse species. In an experiment in the Bavarian Forest National Park, investigators applied pyrethrum insecticide to a large tree and counted 2,041 individual creatures from 257 different species that had been living in it. Even after trees die, they give energy and nutrients to a huge array of insects, fungi, and plants. Fallen trees can provide a place to live for other trees. The dead wood of these “nurse trees” forms a germination place for new trees, a process known as “cadaver rejuvenation.”

			Need to Know: Although woodpeckers often start a process that eventually kills a tree, many creatures can live in a tree without causing it any harm. Different parts of the tree offer homes to different species. For example, a fork in a tree trunk can collect water that creates a tiny pool lived in by flies that end up as food for a type of rare beetle. 

			22. Hibernation

			Trees go dormant in the winter. Less activity allows them to keep less water stored, since frozen water inside a tree can be dangerous. The trees also need time to recuperate. Like bears, they store energy in the warmer months to prepare for hibernation. Once deciduous trees are “full” of sugar (all available storage spaces are occupied), they extract the chlorophyll from their leaves, and the leaves usually turn red, yellow, orange, or brown before falling to the ground. This solves two problems. If they kept their leaves during the winter, the trees would be subject to massive drying. With leaves, they would also be much more likely to become damaged by wind, ice, and snow.

			Conifer trees have a different strategy for surviving the winter. With a few exceptions, they keep most of their needles, but they have evolved ways to reduce water loss. Their needles have antifreeze chemicals, a wax covering, and breathing holes (called stomata) that are deeply recessed. 

			Interestingly, small deciduous trees in a forest grow new leaves two weeks before the large trees, allowing them to get a head start on photosynthesis and sugar production. But this pattern is not due to precognition. There’s a simple physical trigger: the floor of the forest warms up two weeks sooner than the higher canopy, so the shorter trees are simulated to produce leaves earlier. 

			Need to Know: Trees go dormant in the winter in part so they can reduce the amount of water in the wood. Frozen water can do the same damage to a tree that it does to a water pipe. Trees also hibernate because they need recuperation time after the energy they spend during the rest of the year. If they didn’t go dormant, they would get the equivalent of human sleep deprivation. 

			23. A Sense of Time

			In order to thrive, deciduous trees have mechanisms that allow them to anticipate the best time to grow their leaves in the spring, and to drop leaves in the fall. If a warm spell arrives in winter or early spring and trees react by creating leaves, it can cause a dangerous loss of energy and water when the temperature drops again. Scientists have observed that some trees solve this problem with a “counting” mechanism whereby they leaf out after a certain number of warm spells has arrived. Trees are also able to register day length, and don’t sprout leafs until they know the days are long enough. They’re able to do this by sensing how much daylight they get. The exact method they use to determine this isn’t yet known, but it seems to be a function of the dormant buds.

			Trees also need mechanisms to make sure their seeds sprout at favorable times of the year. Seeds respond to temperature. They don’t sprout until there are extended warm periods after a hard frost. Beechnuts and acorns benefit when squirrels or jays bury them, because the ground doesn’t warm up until it’s really spring.

			Need to Know: Trees have a sense of time. They know when they should do things such as grow leaves in the spring and drop leaves in the fall. They have the ability to sense temperature and day length. But for a sense of time, they need something more. They need memory. Without memory, they couldn’t count warm spells or compare day length.

			24. A Question of Character

			Individual trees of the same species, even in the same location, show different responses and behaviors. Wohlleben describes three oaks of the same species in Germany that grow right next to each other, and yet their leaves turn colors at different times in the fall. Most trees in dense forests grow no branches low down on their trunks because little light reaches low on the trunks, but some individual trees, of a different “character,” do. 

			Need to Know: Trees of the same species that are living in the same conditions don’t react in the same way. There is individual choice involved, and some trees choose to make bad decisions like growing low branches that will put it at risk. 

			25. The Sick Tree

			Although trees have many mechanisms to protect themselves, including chemicals called phytoncides that act as antibiotics, they can still become sick. If a tree’s condition suddenly changes, it can force the tree to use energy earmarked for defense on other functions. This makes the tree vulnerable to attack by insects, fungi, bacteria, and viruses. Trees can also be injured, leaving them susceptible to invasion. One way a tree can become wounded is if a nearby tree or branch falls and strikes it. In the summer this can cause real damage, because the cambium is wet and slippery, and that means it’s much easier for bark to be knocked off. Fungi can then enter the tree through the wound. 

			Need to Know: Most types of trees live a long time. Beeches and oaks can live four or five hundred years. But, as with people, an illness can shorten a tree’s life. 

			26. Let There Be Light

			Tall trees take up 97% of the forest’s sunlight. Some plants manage get the light they need by making their way up to a tree’s crown. Some of these plants hurt the tree, some don’t. Ivy can be very harmful. As ivy climbs up a tree, the vines can choke off sections of the trunk. Once it reaches the tree’s crown, it deprives the leaves of light. Honeysuckle can be harmful for the same reasons. Mistletoe does not grow up from the ground in a vine—it is placed in the canopy when thrushes deposit the seeds high in a tree. Then the mistletoe plant drills its roots into the branches and uses the tree’s water and minerals, but not its sugar. Because mistletoe creates its own energy from photosynthesis, it is a unique kind of organism called a hemiparasite. Mosses, on the other hand, grow on trees for support but do not deprive the tree of sunlight, sugar, water, or other nutrients. They get water from rain and food from dust in the air. Lichens, a mutualistic combination of algae and fungi, also live on trees without harming them. 

			Need to Know: In order to get the sunlight they need, some plants bloom early, while the deciduous trees are still dormant and leafless. In two months, they suck up all the sunlight they need to reproduce and are able to store enough food for the ten darks months to come.

			27. Street Kids

			Wohlleben asks an intriguing question: Why do redwoods in Europe tend to grow only half as tall as redwoods in their native California? The answer lies in their surroundings. Redwoods in California have moist soil, unconstrained root systems, and the help of a social network of neighboring redwood trees. Redwoods in Europe, which are generally planted in parks, have trimmed roots; dry, compacted soil; and a lack of nearby conspecifics that can communicate with and assist them. The result is that, in Europe, redwoods grow rapidly, initially, because of all the sunlight they receive, but this rapid growth makes them less healthy over the long term, and once they get to a certain height, they can’t grow anymore. Trees planted along the streets of towns and cities have an even harder time. There is little room for their roots to grow, and they are subject to salt and fumes and injuries from pruning.

			Need to Know: Life’s not easy for the “street kids,” trees grown outside of a forest in parks, cities, and towns. They don’t have a network to provide food and nutrients from other trees if needed. They don’t have older trees towering above them, making them grow slowly, which is much healthier for them. Their roots are pruned to make moving them easier, and often pipes prevent their roots from stretching out after they are planted; they get too much fertilizer—from peeing dogs; they get too hot from buildings radiating heat; and their air is full of exhaust fumes. 

			 28. Burnout

			Some species, such as beech, oak, and hornbeam, evolved to grow in forests. Other species, such as poplar, silver birch, and quaking aspen, evolved to take advantage of open areas. These “pioneer species” have a host of traits that help them excel in the role of colonizing areas devoid of other trees. They have potent defenses against insects and fungi, including thick bark and bark imbued with insect-repelling chemicals. And they grow extremely quickly, helping them take advantage of the opportunity to grow in new areas. Quaking aspen have a unique trait to help them produce a lot of sugar to fuel rapid growth: Their leaves can “quake” back and forth in a breeze, allowing both sides of the leaves to photosynthesize. But the rapid growth of these pioneer trees has a cost. By the time they reach a maximum of 80 feet, their heavy investment in growth has weakened them, and the speed of development has made their wood full of air pockets, which helps the mycelium of fungi penetrate them. Plus, once they are mature, they create shade that can then be used by species that prefer to grow up in the shadow, species that can grow taller than the pioneer species, eventually outcompeting them. 

			Need to Know: Some trees are pioneer species. Their light seeds take them far from their mother trees. They have no use for a forest. They grow fast and have strategies to protect themselves. However, the energy they use for rapid growth and self-protection burns them out, and they live shorter lives than forest trees.

			29. Destination North!

			Trees cannot walk to new locations, but they can travel—by using their seeds. Seeds come in a range of different sizes. Poplars and willows have tiny seeds with hairs that allow them to travel in the wind for long distances. Birches, maples, hornbeams, ashes, and conifers have larger seeds, some of them with structures to aid dispersal in wind. Oaks, chestnuts, and beeches have large, heavy fruits. These do not fly well in wind, but they are sometimes moved by animals. They also offer the advantage of supplying a big energy reserve for the young seedling as it develops. A small seed falling in deep leaf litter will not have enough of an energy reserve to grow up through the litter; the seed of a beech, with its large reserve, allows a young beech tree to grow up through the leaves and reach the light. The ability to move is essential for tree populations. It allows them to adjust their geographic distributions in response to changes in climate. For example, tree species moved south as glaciers advanced in Europe, and they moved north when the glaciers receded. Current global warming will shift temperate tree populations farther north from their current ranges.

			Need to Know: As the climate changes, the environment of a species of tree eventually becomes inhospitable, too hot or cold, too dry or wet. The tree population is forced to migrate—through movement of its seeds—to survive.

			30. Tough Customers

			Trees are very effective at surviving short-term variations in their environment through two powerful characteristics: behavioral change and genetic diversity. Examples of behavioral change are found in mature spruce trees. Spruce can learn to be careful with budgeting water usage if water is scarce, and they can create thicker bark and add more wax to their needles to help conserve water. 

			Behavioral adjustments help individual trees survive, and genetic diversity helps whole populations of trees survive. Some trees can better tolerate particular conditions, so when these conditions arise, the trees with these genes will survive and continue the population. The genetic diversity within a population gives trees a range of abilities, increasing their population-level resilience.

			Need to Know: A short time between generations means there is more chance a mutation will appear that makes a plant or animal species better suited to its environment. This means trees don’t adapt quickly as a species. However, as individuals they can adapt very well. For example, in early stages of life they can activate beneficial genes in response to their environment. 

			31. Turbulent Times

			Natural disasters, including tornados, torrential rainfall, heavy snow, hoar frost, lightning, fire, and hurricanes can be devastating to trees. Trees are especially vulnerable when it isn’t the usual storm season and they have all their leaves. A tornado can grab a tree’s crown and rip it off. The weight of heavy rain from a summer thunderstorm can be damaging, especially if there are structural weaknesses in the branches or trunk. In contrast, a bare tree is better prepared. It can be hit with a heavy snow and not be hurt, because the snow usually falls harmlessly through the branches to the ground. The exception is when the snow is sticky and wet and clings to the branches instead of falling through them. Hoar frost—crystal patterns of ice that form on trees on rare occasions when mist freezes on branches—can also add dangerous weight to tree branches. Trees living socially in groups are safer in instances of hoar frost and heavy snow because they can lean on each other and disperse the force of the weight. 

			Lightning can do severe damage to trees, but the degree of damage varies by species. The jagged bark of an oak creates gaps in the flow of water during a storm. If lightning strikes and electricity meets the gaps in the water streams, it goes through the wood, damaging the tree. Conversely, the smooth bark of beech trees allows rainwater to flow down in a continuous sheet. If lightning hits, it is conducted straight down to the ground without damaging wood. The interconnections among trees through their root systems offer many advantages, but not in the case of lightning strikes. Wohlleben describes an instance where one Douglas fir tree was struck by lightning and the electricity flowed down the roots and into surrounding trees, killing ten of them. 

			Fire from a natural cause—lightning—is relatively rare in European forests. It is more common in North America, where trees have adapted to periodic ground fires. If allowed to occur naturally, these fires consume debris and small plants but leave trees alive because the fire remains on the ground. If human fire management puts out these fires, allowing a large amount of debris to build up, later fires can become much larger and can kill trees. 

			Human interference can also make trees more vulnerable to damage from hurricanes. Spruce and pine trees grown in commercial plantations don’t have deep enough roots, so a hurricane can destroy them all.

			Need to Know: Trees are subject to dangerous weather conditions, especially if their branches didn’t grow in the optimal patterns, creating structural weaknesses. Some natural disasters, like tornados, happen so infrequently that trees don’t develop strategies for dealing with them. 

			32. Immigrants

			Species of trees are often introduced to non-native locations by humans. For example, trees brought to Europe include Douglas fir, Japanese larch, and grand fir. When introduced, the immigrant trees have none of their natural pests, at least not for several decades. They often grow well, sometimes so well that they make life harder for the native trees. Other times, there is something an immigrant tree needs that it can’t get in its new environment, and the tree can’t thrive.

			Mixing of genetic material through hybridization can be a problem in instances of introduced trees. When Douglas firs were brought to Europe, they were often a mix of coastal North American and interior North American trees. The coastal strain was better adapted to live in Europe, but individuals from the hybridized strain found it difficult to survive. Another hybridization problem occurred when introduced trees crossbred with native trees, which sometimes reduced the vigor of the native trees in their home environment. 

			Need to Know: Immigrant trees can cause problems in their new environments. They may adapt better than native species and push them out. They may hybridize with similar native species, and eventually the native species could cease to exist. Sometimes, however, it’s the foreign trees that suffer. Their new environment might lack something essential that was found in their natural ecosystem.

			33. Healthy Forest Air

			Trees improve the quality of the air. They filter out large amounts of dust and pollutants, and they introduce beneficial compounds, including phytoncides with their antibiotic properties. People often think the air in the forest is healthier because it is higher in oxygen, but that’s only true during the day. At night, when the trees aren’t photosynthesizing and are burning fuel, they’re actually producing carbon dioxide, but not enough to be dangerous. The degree to which forests improve the quality of the air, Wohlleben asserts, varies with the type of forest. Old growth forests add beneficial compounds to the air, whereas trees in planted, artificially managed forests are sending out distress messages and pumping out defensive chemicals that can cause stress in people.

			Need to Know: The huge amount of surface area in a tree makes it a successful air filter that traps pollen, dust, and pollutants from human activity. Stable forests might feel more comfortable to visitors, while forests that are out of balance may cause stress. Perhaps these feelings of comfort and stress produced by forests helped early humans choose the best places to make camp.

			34. Why Is the Forest Green?

			The forest is green because chlorophyll molecules use blue and red light, but cannot use green light, so they reflect green wavelengths. A related question is, Why are some trees reddish? A compound called anthocyanin is often present in young leaves to protect them from being damaged by the sun. Most trees have an enzyme that breaks down anthocyanin when the leaves mature, but several tree species lack this enzyme, making leaves in these trees reddish. 

			Need to Know: Most light doesn’t reach the forest floor, but green light does, since it isn’t being used by the trees. Chlorophyll can’t process green light. The forest can seem monochromatic, especially compared to open plains, which tend to produce plants of bright colors. 

			35. Set Free

			Conservation of forests is a vital public policy priority. Areas of preserved forest conserve important resources and will maintain them into the future. As the Kichwa tribe in Ecuador believes, forests are “the most exalted expression of life itself.” Many benefits will arise from allowing more tree stands to revert to old-growth forest. 

			Need to Know: Several countries have legislation that protects old-growth forests. There need to be areas where humans don’t interfere with the forest at all, what is called process conservation, which will slowly lead to more old-growth forests.

			36. More Than Just a Commodity

			Animals have rights, so, given their complexity, it may be reasonable to afford rights to trees. Initiatives around the world are exploring innovative ways to utilize and preserve forests. The “forest-friendly” city of Königsdorf, which does not use heavy machinery, is one example. The Healing Harvest Forest Foundation in Virginia is another. The Healing Harvest Forest Foundation promotes using animals to haul away harvested trees, removing sick trees, and allowing healthy trees to continue growing. There is value to the human spirit in maintaining innovatively managed or undisturbed forests.

			Need to Know: Much progress has been made in the area of animal rights, and now there is some movement toward giving plants rights, too. Switzerland’s constitution includes taking into consideration “the dignity of creation” when dealing with plants.

		

	
		
			Cast of “Characters”

			European beech, Fagus sylvatica: Long-lived, immense, and abundant in Central Europe, these trees cooperate with each other and are important components of European silviculture. Member of the family Fagaceae.

			Oak, Quercus: Grand and imposing, these trees, while they may be outcompeted by beech trees in dense forest stands, can be incredibly strong and live long in open settings. Oaks are revered by the Celts and other cultures. A member of the family Fagaceae.

			Norway spruce, Picea abies: Abundant conifers in central and northern Europe, these trees are used for lumber, Christmas trees, ornaments, and windbreaks. Member of the pine family.

			European hornbeam, Carpinus betulus: A medium-sized tree of Europe and Asia with very dense wood. It can tolerate moderate shade and soils of lower quality than required by beech. The wood is used for tools because of its strength, and the tree is also a popular ornamental. Member of the birch family.

			European alder, Alnus glutinosa: A tree that thrives in saturated, swampy soils. Its wood resists rotting, and is used where this would be an advantage, such as for mill wheels or wooden shoes. A member of the birch family.

			Silver birch, Betula pendula: A native of Europe and Asia, the silver birch has beautiful white, paper-like bark, making it look a lot like the paper birch (Betula papyrifera) of North America. A member of the birch family, Betulaceae.

			Quaking aspen, Populus tremuloides: A pioneer species of tree that can colonize open areas. Their leaves “quake” back and forth on swivel-like stems, permitting them to photosynthesize on both sides while also limiting ultraviolet damage. Member of the willow family.

		

	
		
			Direct Quotes and Analysis

			“For me, this inconspicuous small plant is a symbol for how little we understand about forests and trees and how many wonders we have yet to discover.” 

			Wohlleben is referring to a small spruce trunk surrounded by shrubby growth in Sweden. Researchers concluded its roots were 9,550 years old. Until this discovery, scientists believed spruce only lived about five hundred years. They also believed the first conifer appeared in that part of Sweden about 2,000 years ago. Studying the stump forced them to rethink these assumptions.

			“Perhaps we are poorer for having lost a possible explanation or richer for having gained a mystery. But aren’t both possibilities equally intriguing?.”

			This quote refers to the discovery of little bubbles of carbon dioxide in the xylem of trees (the tubes that transport water). The standard theory of water movement is that water moves up a tree in a continuous column propelled by capillary action, cohesion, and transpiration. The carbon dioxide bubbles indicate that the water flow is being interrupted thousands of times, which means the standard theory doesn’t make sense.

			“Conceivably, this [root system] is where the tree equivalent of a brain is located.”

			Trees can learn. For example, if a tree uses its water resources too quickly and suffers for it, it will conserve water in the future. This fact—the ability to learn—means that a tree must store its experiences somewhere. The root system seems to be the most likely location for knowledge storage for several reasons. The network of roots sends chemical messages to the rest of the tree. Roots are able to sense and react to the stimuli they receive as they move through the ground. And roots are the most permanent part of a tree.

			“The distinction between plants and animals is, after all, arbitrary and depends on the way an organism feeds itself: the former photosynthesizes and the latter eats other living beings.”

			Wohlleben’s studies show ways that trees are more similar to animals than is usually believed. They are social beings. They “talk” to each other with a language made of chemical signals, and if one of their community is in distress, they help by sending sugar and nutrients through a system of roots and fungi. Trees can learn, they have memories, and they can even count. 

			“Sometimes, I suspect we would pay more attention to trees and other vegetation if we could establish beyond a doubt just how similar they are in many ways to animals.”

			Many scientists are reluctant to accept that a tree has something like a brain with a memory where knowledge and past experiences are stored, perhaps because it makes the distinction between plants and animals fuzzy. Wohlleben posits that if people were willing to see the similarities between trees and animals, they would pay more attention to trees and other plants, and through this attention enjoy a deeper appreciation and understanding of them and find them inspiring.

			“If we want to use forests as a weapon in the fight against climate change, then we must allow them to grow old, which is exactly what large conservation groups are asking us to do.” 

			Many people still believe young trees grow fastest. In fact, older trees grow more quickly and can capture more carbon than younger trees. This makes them important components in slowing climate disruption. Commercial forestry representatives claim “rejuvenating” forests by cutting down old trees and replacing them with young trees is the only way to have enough timber to capture and store carbon dioxide from the atmosphere. Conservation groups know the value of old trees and are fighting to stop them from being cut down.

		

	
		
			Trivia

			
					Trees, like people, have a natural life cycle and a finite life span. Trees grow up, grow old, and eventually die. The lifespan of a tree is influenced by a variety of natural events, including the availability of water, sun, the presence or absence of wind, fires, insects, and diseases.

					Oak trees get struck by lightning more than other trees, because they grow taller.

					In medieval Europe, fortunetellers used trees to help divine the meaning of dreams. For example, a dream about a green oak was indicative of a long life and a dream about a cypress was a harbinger of problems in business.

					The expression and act of knocking on wood for luck stems from people knocking on trees to thank the spirit of the tree for granting them a favor.

					Trees appeared on the earth before the dinosaurs did, approximately 400 million years ago.

					Trees help improve water quality by filtering unwanted nutrients and pesticides.

					Trees can far outlive human beings. For example, Australia’s King Billy Pine is over 1,200 years old.

					California is home to the world’s tallest tree, a coastal redwood that stands over 360 feet high.

					90% of a tree’s roots remain in the top 18 inches of soil, but the deepest tree roots in the world are part of a wild fig tree in South Africa. The roots reach over 400 feet into the ground.

					There is a white oak tree, named the Jackson Oak, that owns land in Athens, Georgia. The tree inherited the land in a will and owns 64 square feet of property.

					Oak trees take more than twenty years to begin producing acorns, and some don’t produce acorns for fifty years.

					In northern Russia, the forests cover almost three billion acres.

					While most trees improve their surroundings, the manchineel tree, native to Florida, is the most poisonous tree in the world. If you stand under it during rain, it will cause painful blisters and the smoke from burning its wood can blind you. Its leaves and fruit will also kill you if you consume them.

			

		

	
		
			What’s That Word?

			Cambium: The living part of plants that contains the water transport structures (the xylem) and the nutrient transport structures (the phloem).

			Deciduous: A type of tree that sheds its leaves seasonally, such as a maple or birch tree.

			Herbivores: Animal species that obtain their energy by eating plants.

			Humus: Soil formed from the decomposition of leaves and other plant materials.

			Mycelium: Extensive web system of tiny filaments created by fungi.

			Phloem: The nutrient transport structures in trees.

			Phytoplankton: Microscopic photosynthesizing organisms in freshwater and marine environments.

			Transpiration: Flow of water vapor out of the leaves of trees via evaporation.

			Xylem: The water transport structures in trees.

			Wood wide web: Web of fungal filaments interconnecting trees in a forest and allowing them to communicate and share resources, discovered by forest ecologist Suzanne Simard in the Pacific Northwest of North America. Simard published her discovery in the journal Nature in 1997.

		

	
		
			Critical Response

			“A paradigm-smashing chronicle of joyous entanglement that will make you acknowledge your own entanglement in the ancient and ever-new web of being.” —The New York Times 

			“While he does not say so in so many words, he lets us know, in this marvelous book—literally, it is a book of marvels—that in his opinion, and in the opinion of an increasing number of specialists, trees are sentient: they are communal, they care for their young and for their neighbours; they remember, they can learn and they can count; they may even have emotions and feel pain.” —The Irish Times

			“This fascinating book will intrigue readers who love a walk through the woods.” —Publishers Weekly

			“A powerful reminder to slow down and tune into the language of nature.” —Rachel Sussman, author of The Oldest Living Things in the World

		

	
		
			About Peter Wohlleben

			Peter Wohlleben is a forester and author who lives in and manages a woodland in Hümmel, in the Eifel Mountains of Western Germany. He loved nature from his boyhood in Bonn, where he kept pets and spent a lot of his time outdoors. He studied forestry, and beginning in 1981, worked for the state forest administration in Rhineland-Palatinate in Germany. Later, he managed a forest in the Eifel region of Germany and over time, began to investigate and explore innovative new methods of caring for trees and forests. In 2002, he established an area in a forest where cremated remains of people would be buried under mature trees and a plaque in honor of the individual would be mounted on the tree as a memorial. He increasingly wanted to pursue innovative forestry methods, but his superiors preferred to stick with traditional methods, including monocultures of individual species, widely spaced for high light access, and the use of heavy machinery that compacts forest soil. Committed to his innovative philosophy of tree-centered forest management, Wohlleben quit this job. The municipality in charge of the forest liked his ideas, however, and they cancelled their contract with the state forestry agency and hired Wohlleben to manage the forest. He was very successful in increasing profits with his methods, while simultaneously improving the health of the trees and the forest ecosystem. 

			Wohlleben has a mission—improving the treatment of forests and sharing with others an understanding and appreciation of the complex and marvelous social life of trees. He has written numerous books on trees, and his book The Hidden Life of Trees became a bestseller, and made him internationally famous. 
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			Online

			“European Forest Genetic Resources Programme.” www.euforgen.org.

			“German Forest Ranger Finds That Trees Have Social Networks, Too.” The New York Times.

			“The Hidden Life of Trees by Peter Wohlleben review: Alive to their roots.” The Irish Times.

			“The Man Who Thinks Trees Talk to Each Other.” The Guardian. 

			“Net transfer of carbon between ectomycorrhizal tree species in the field.” Nature. 

			“U.S. Forest Service.” 

			“A Web of Trees and Their ‘Hidden’ Lives, Commentary.” NPR.

			Books

			Forest Ecology by Burton V. Barnes, Donald R. Zak, Shirley R. Denton, and Stephen H. Spurr

			How Forests Think: Toward an Anthropology Beyond the Human by Eduardo Kohn

			The Inner Life of Animals: Love, Grief, and Compassion—Surprising Observations of a Hidden World by Peter Wohlleben

			An Introduction to Plant Structure and Development: Plant Anatomy for the Twenty-First Century by Charles B. Beck

			The Sense of Wonder by Rachel Carson

			The Trees in My Forest by Bernd Heinrich
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