

[image: cover]




Dedication


For Alex Benwell

Looking forward to sailing into the sunset once we’ve restored Itchen Ferry Sturdy






[image: title]





Preface



Trees have stood the test of time. Having appeared on the scene 370 million years ago, the woody tree life-form was so successful that nature re-evolved it over and over again. Today, apart from the extreme polar regions and highest mountains, trees exist in all ecosystems across the world. There are 58,497 known species of them, spread across 257 botanical plant families. They range from the diminutive dwarf willow, just a few centimetres tall, to the lofty coastal redwood, which can exceed 115 metres. The oldest trees alive today are more than 5,000 years old.


Trees helped us to be successful as a species, too. As they evolved, they amplified the influences of earlier land plants. They enriched the atmosphere with oxygen, broke down rocks, helped form deep soils, and created complex habitats that provided niches for all manner of fungi, insects, birds and other animals. Importantly, as part of a finely tuned global system via which all living organisms, the land and oceans constantly cycled chemical elements and compounds, they helped to keep the air and global temperature in equilibrium. In doing so, they ushered in the planetary conditions under which we humans evolved and thrived.


We can see just how interconnected nature is through the lens of trees and forests. Just two species of oak tree support more than 2,300 other species, while some individual species of tree need assistance from several other organisms to live their best lives. As you’ll read in Chapter 4, the Brazil nut tree depends on plants, insects and a mammal to survive – and because it can’t easily be cultivated, we also rely on those species for every Brazil nut we eat. As the Scottish-born American naturalist John Muir observed: ‘When we try to pick out anything by itself, we find it hitched to everything else in the Universe.’


We humans have not been kind to trees and the biodiversity they are intricately connected with. We have razed forests to provide space for farming, industry and cities; cultivated trees in monocultures to produce food and timber; and moved trees far from their natural environments to beautify our parks and gardens. These actions, ongoing today, have decimated biodiversity – at levels from genes to ecosystems. On top of that, by digging up and burning coal from trees that died millions of years ago, we have disrupted the planetary balancing act that has kept the Earth favourable for life during our species’ time here.


The trees themselves are telling us just how much our activities are upsetting climatic stability. For example, trees’ annual growth rings clearly show the rise in planet-warming carbon dioxide since the industrial revolution; how the jet stream is becoming more variable and bringing droughts and heatwaves Europe; and that a previous period of unstable climate coincided with the downfall of the Western Roman Empire. We should listen carefully to the stories that trees are telling us, as our existence depends on the water- and carbon-regulating services they perform, and the bounty of fruits, nuts and materials they provide.


Trying to choose just ten things to know about trees is a challenge. Given the current climate and extinction crises, I have focused on why humanity so needs trees and the biodiversity that they – and we – are part of. I first examine trees’ evolutionary journey and their lifestyles, then move on to consider how we connect with trees, and finally look at what trees can teach us about the past and how we might live more sustainably in future. If we don’t take heed of the wisdom they embody, trees may be around long after we humans have gone.





Chapter 1



Why a Tree is Not What it May Seem


If I were to ask you ‘what is a tree?’, how would you answer? Based on the appearance of trees you had climbed as a child, grown in your garden or passed in the woods, you might describe a plant which can grow very large with a solid trunk that is anchored in the ground by roots and supports branches with leaves. If so, you would broadly agree with the Global Tree Specialist Group of the International Union for Conservation of Nature’s Species Survival Commission, which defines a tree as: ‘a woody plant with usually a single stem growing to a height of at least 2 metres, or if multi-stemmed, then at least one vertical stem 5 centimetres in diameter at breast height’.


But there is more to trees than meets the eye. Scratch beneath the surface – quite literally – of a branch, and you will see a soft inner layer under the bark. Known as the ‘vascular cambium’, each year this layer of dividing cells grows new wood (xylem) on the inside and new outer bark (phloem) on the outside. The wood and bark produced by the vascular cambium provide the structure that enables a tree to grow larger than many other plants, with the xylem distributing water and nutrients from the roots upwards to the extremities and the phloem carrying sugars from the leaves downwards. So there is an underlying process that helps to differentiate trees from some other plants. Botanists describe this process as ‘secondary growth’.


Every plant’s life begins with ‘primary growth’. This is where cell division at the tips of shoots results in the plant’s stem and roots growing in length. Most seed-bearing plants (with certain exceptions including grasses and grass-like flowering plants) also experience ‘secondary growth’. This growth is outward, causing roots and stems to thicken and typically become woody. However, not all plants that experience secondary growth become trees; some become shrubs or climbing woody vines called lianas. Of the three, trees tend to have the highest proportion of tissue rich in lignin and cellulose, bestowing them with rigid stems that enable them to circulate fluids and grow tall. Confusingly, palm and banana trees are not really trees at all; being monocots they have no secondary growth and are closer to grasses than to trees with bark.


Plants naturally reproduce by either spores or seeds, with all trees in the latter camp. A protective coat encapsulates the embryonic plant along with tissues containing starch, oils and protein needed to help it grow. Provided the seed finds favourable conditions after being dispersed from its mother plant, the process of germination begins. First, a root breaks through the seed, anchoring the plant in the ground and sucking in water. Then an embryonic shoot emerges and grows upwards through the soil. If this seedling survives threats posed by drying out, pests, diseases and grazing animals, it grows into a sapling. Saplings are the juveniles of the tree world; during this phase, they may undergo changes to their branch structure, leaves and bark but cannot yet produce fruit or flowers.


Short-lived species begin producing seeds relatively early on in their lives, while long-lived trees take a much greater time to reach maturity. The common rowan (Sorbus aucuparia), with a lifespan of 200 years, begins producing its scarlet, seed-containing berries from around the age of ten. In contrast, the English oak (Quercus robur), which can live for 1,000 years, does not start developing acorns until it is around forty years old. Once seed production begins, the life cycle starts afresh with a new generation of trees. The parent tree may bear seeds for several hundred years before ceasing production, and officially becoming ‘ancient’. At this point, its canopy may shrink and its trunk may become hollow and splay. The Queen Elizabeth I oak, which has been growing since the eleventh or twelfth century in Cowdray Park, UK, has a characteristic wide, squat trunk that is split on one side to reveal a dark, empty core. Like all trees coming to the end of its life cycle, it will eventually become a decaying or ‘snag’ tree before finally dying.


The process driving the life cycle in trees is the same as that for all plants: photosynthesis. During this process, leaves absorb water and carbon dioxide from the air and use energy from sunlight to convert these chemicals into glucose for food. They release the waste by-product, oxygen, back into the atmosphere. Deciduous trees shed their leaves annually, whereas evergreen trees retain them all year round. Whether or not a tree holds on to its leaves is related to the environmental conditions in which it grows. During hard times, such as a prolonged dry spell, it can be beneficial to drop leaves and then grow new ones when favourable conditions return. But where the weather is less changeable, shedding leaves may waste opportunities to produce food by photosynthesising, so it can be more advantageous to hold on to them.


Trees naturally grow in woodlands or forests, and rarely as stand-alone specimens. Beneath the ground, mutually beneficial associations called ‘mycorrhizas’ form between trees’ roots and fungi. The trees supply sugars produced through photosynthesis to the fungi, in exchange for nitrogen, phosphorus and other nutrients needed for growing strong and resisting diseases and attacks from pests. Some scientists believe that trees also use this subterranean network to direct resources at or send alarm calls to their own seedlings when under threat. However, a recent review of studies on mycorrhizal fungi found scant evidence that trees use the subterranean ‘wood wide web’ to communicate with their arboreal neighbours.


Three major forest ‘biomes’, each characterised by its vegetation, soil, climate, plants and wildlife, wrap around the Earth in broad, latitudinal swathes. Tropical forests, lying close to the Equator, are warm, humid and diverse, with 1 square kilometre of land containing as many as one hundred tree species. These tend to be evergreen, with large, dark leaves. At higher latitudes further away from the Equator, temperate forests experience four distinct seasons. Here, there are only three to four tree species per square kilometre, and trees typically have broad leaves that they shed annually. And at the highest latitudes are boreal forests, where the summers are short and winters long, cold and snowy. Here, evergreen conifers dominate, with needle-like leaves that photosynthesise nearly all year round and help to retain moisture.


With trees looking similar to each other, having matching life cycles and growing together in forests, you might expect them to be related to each other. This echoes the thinking of early botanists, who historically described plants based on their physical appearance. They looked carefully at specimens, noting their shape, size and colour, and comparing similarities and differences in plants’ flowers. This led them to group similar species into genera, which could then be gathered into families, and so the classification continued upwards via order, class, and phylum or division to the ultimate grouping of the plant kingdom. Trees do not fit neatly into this classification, however. Some are primitive ‘gymnosperms’, with ‘naked seeds’, while others are more evolutionarily advanced ‘angiosperms’ – flowering plants – which have seeds enclosed, usually in a fruit. And within the flowering plants, trees are scattered among diverse families.


Today, more accurate plant classifications can be made based on species’ DNA. This has revealed some unlikely kinships – the sacred lotus (Nelumbo nucifera), for example, is more closely related to plane and sycamore trees than the water lilies it resembles. Although these close relatives do not look like each other, it turns out that lotuses and sycamores have similar floral and vegetative characteristics. Because the order Proteales to which all these plants belong is ancient, it is possible that intermediary species once existed, charting a stepwise path from terrestrial tree to aquatic herbaceous plant.


Trees are perennial; that is, they retain over-ground parts all year round. The observed global trend in which the colder the winter temperature of a region, the fewer woody plants there are in its flora, hints that being a tree may suit warmer climes. In colder regions, being a herbaceous perennial that only needs its roots to survive winter, or an annual, where the plant dies completely but leaves a dormant seed to grow in spring, might be more beneficial life strategies. In fact, studies show the herbaceous non-woody habit has evolved repeatedly from an ancestral woody state and vice versa. Scientists investigating the ecological circumstances under which plants become either woody or herbaceous found 1,656 cases where plants had evolved from woody to herbaceous and 2,111 transitions back the other way, with herbaceous plants more able to tolerate frost and shade, and woody ones better able to cope with drought.
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