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Editors’ Preface

You may think that you know trees, but until you have read this book you don’t. Dr Peter Thomas ranges wider and deeper here into the natural history of trees than any other book of its kind, without departing for a moment from our steadfast rule that a New Naturalist is written for everyone. Did you know that trees grow mostly at night? Or, that a large broadleaf tree contains within its canopy a light-capturing area of more than 350 square kilometres? Read Chapter 3 to discover how this is possible and why it matters. Do you know why the spruce wood used by Stradivarius to make his unmatched violins was so special? Which European city is built on foundation posts of ancient alder wood? How does water get to the top of a 100 m tall tree? How do tree roots behave, and which ones give the insurance industry the jitters?

Anyone professionally involved with trees will find much of practical interest. For example, why staking a newly planted sapling too high up the stem will weaken it when the stake is removed. And why the strongest oak timber is fast-grown in Britain, but the strongest spruce is slow-grown in Scandinavia. Conifers and broadleaves also react in different ways to mechanical stresses caused by supporting their branches against gravity and wind. The reaction wood that forms on trunks and at branch junctions comes in two kinds: generally, conifers push while broadleaves pull. The function of reaction wood formation in the trunk is to bend a leaning tree back to the upright, and astonishingly the genes responsible for this behaviour are activated within half an hour of leaning.

The ecological relationships of trees – with each other, with fungi and insects and with soil and climate – are all covered in fascinating detail. If you have read certain other books on trees lately, it may surprise you to learn that trees compete fiercely with their neighbours, especially when young. A young white spruce growing up through a stand of aspen suffers damaging corporal punishment from aspen’s wind-whipped boughs. Mature trees may share water and sugar with neighbours, but in nature thousands of saplings die of light starvation and water deprivation to make room for a single survivor that grows to maturity. If we must anthropomorphise the relationship among forest trees, it is more like a stand-off between battle-worn warriors than any kind of comradeship. Understanding trees for what they really are does not diminish the respect we have for them. As this book amply illustrates, how could it?

Trees are a big subject and Peter Thomas accepts no artificial boundaries in pursuing it. Large shrubs are also small trees, so they are included. The native trees of Britain are comparatively few, mainly through geographic accident rather than climatic limitation, as demonstrated by the very many introduced species that will grow and even naturalise in these islands. So, you will meet a global supporting cast of tree species in this book, appearing around our own familiar natives. This cosmopolitan approach was pioneered by the late Oliver Rackham in his New Naturalist, Woodlands, published almost 50 volumes ago. As he proved, it’s natural to cherish these islands, but of no merit to be insular. Peter Thomas’ Trees is otherwise different from Woodlands, except in this respect: it is also a revelation and a landmark of a book.


Author’s Foreword and Acknowledgements

As many other authors of New Naturalist volumes, I owe a great debt to the series. I was never much of a naturalist as a youth but decided to do a degree in biology because I was interested in insects, particularly in how they were built and moved. Curiosity about how insects carried pollen led me to read The Pollination of Plants (1973), by Michael Proctor and Peter Yeo. This book was such an eye-opener that I jumped at the chance of doing a module on plant ecology taught by Michael in my final year as an undergraduate at Exeter University. I had a good dose of ‘plant blindness’ before this – not even really aware that larches lost their leaves in winter – but I was captivated by Michael’s knowledge and insight into plant ecology. It all made wonderful sense and was fascinating! My interest in trees was stimulated by a different person: my wife. We met at high school in north Kent and, being a country girl, she taught me the difference between a beech and a hornbeam and introduced me to the beauty of trees on the North Downs. Plant ecology and tree appreciation came together in an MSc in ecology at Aberdeen University. Thanks to the inspiration of Charles Gimingham, this was followed by a PhD in eastern Canada on the regeneration of trees after fire. The rest is history!

In Michael Proctor’s last New Naturalist, Vegetation of Britain and Ireland (2013), he states in his foreword that looking at nature prompts ‘that classic New Naturalist question, “why?”’ And that’s where this book starts. Trees are the world’s oldest, biggest and tallest living organisms and they cannot run away from things that want to eat them or from harsh aspects of the environment. Developing a large and old woody skeleton is clearly a very successful way of living, and yet that same woody skeleton tends to hide what goes on inside. As Terry Pratchett was fond of saying, we can often see trees as ‘stiff weeds’ or as part of the backdrop to the more exciting bits of natural history. Watching a tree for an hour may give the impression that it isn’t doing very much, and yet it is constantly monitoring what is going on around it, even in winter, and reacting in quite astonishing ways and sometimes just as quickly as an animal would. But trees mostly have little need to react at lightning speed and this can make them strange things to understand.

Peering inside a tree leads to all sorts of questions, such as how a tree’s immune system works, or whether trees ‘talk’ to each other. There are also many questions about how the tree grows – why do roots stop growing in summer, or how deep do the roots of a large tree need to go to hold it up and provide it with enough water?

Many studies are showing that green spaces and trees in particular are very important to our wellbeing by beneficially affecting us psychologically and physiologically – they are good things to have around us. But our interaction goes beyond this to include other questions such as: if trees were wiped out, would we run out of oxygen, and perhaps most importantly, can we plant enough trees to save us from climate change? Other questions range from the mundane (why are leaves on a railway line such a nuisance?) to the more topical (how can trees be useful against the effects of terrorist bombs?).

There is currently a huge amount of new research being published on these and other questions, and we understand so much more about how trees work than we did even just a few years ago. The aim of this book is to incorporate this new knowledge to help give a deeper understanding of just how a tree works. Much of this new knowledge has yet to reach textbooks and there are few good summaries elsewhere. Moreover, the information is contained in a vast array of journals on everything from alternative medicine and psychology to geophysics and applied acoustics to peasant and First World War studies. This can make it difficult to track down information. To help, I have included quite a few references in the text, since the original publications are often the only place to go for more detail. In some cases, these are older but classic publications, and in others, they are the most recent, which will allow the reader to track back through the subject should they wish. I apologise to those readers who find that these references get in the way, and I hope you can skip by the names and dates. Tree biology like many areas of science has accrued a wealth of technical terms. I have included a number of these in italics (with explanations!) in order to help the reader should they want to read further afield.

As with most New Naturalists, the emphasis is on Britain and Ireland, but to put our wonderful trees into perspective, I have used examples from around the world, from the Arctic to the tropics. Given the range of trees covered, the scientific names of trees are included where the common name is first used, and occasionally elsewhere, on the grounds that both are useful, especially for more exotic trees. Again, I hope these do not interfere with the flow of the text for those not needing or wanting both names. Common names are also linked to scientific names in the index to help if the latter are needed.

Although primarily about trees, I have ventured a little into the ecology of woodlands, where it is relevant to understanding why trees act the way they do and to help put the value of and threats to trees into perspective. I have used the terms woodland and forest almost interchangeably. Both terms, of course, refer to areas of trees, with the main difference being that woodlands are smaller and more open, while forests are larger and often with a closed canopy, except where openings have been created by trees that have fallen or died.

Trees are all around us and are very much a part of the lives of most of us. Hopefully this book will help you understand them better, increasing your enjoyment of a set of woody organisms that really are indispensable to us and the world. The first two chapters deal with the origins and value of trees, followed by nine chapters on what goes on inside a tree over a typical year, and a final five chapters on the longevity of trees and the issues that this brings.

All photographs were taken by me in the environs around Keele in Staffordshire unless otherwise stated. Many others result from research trips and holidays. Strangely, not many people ask to see my holiday snaps. Photographs and diagrams were also kindly supplied by Will Blozan, Dave Emley BEM, Richard Hobbs, Shinsuke Koibe, Nick Mott, Ross Newham of East Malling Research, David Orwig, Chris Sanders VMH and Matthew Tosdevin.

So many people have helped me over the years in appreciating the beauty and inner workings of trees and their interactions with people. In particular I thank Andy Hirons for his expert knowledge, Mark Smith for information on train wheels and leaves, and Walt Koenig for discussions on the acorn woodpeckers of California. I am also very grateful to Alan Crowden, who helped me with my first book for Cambridge University Press and who has been a positive influence ever since. I am really grateful to Jonathan Silvertown, who read and commented on the whole book, greatly improving it, and to all the people who read draft sections and chapters of this book, including (in alphabetical order) Margaret Buxton, Dave Emley BEM, Michael Hawkes, Andy Hirons, Graham Lees, Linda and Pete Norbury, Rosemary Payne, Lynn Pickering, Chris Sanders VMH and Sally Vaughan – and especially Kath and Tony Thompson. It has been a pleasure and a privilege to work with Hazel Eriksson, David Price-Goodfellow and Jennifer Dixon in the production of this book. The staff of Harvard Forest are thanked for always being there to answer difficult tree questions and Harvard University for access to their libraries and for allowing me to spend quality time thinking and writing about trees at Harvard Forest. Errors, of course, are my own.

This book would not have been possible without the support of my wife, Judy, who endured long silences during the Covid lockdowns as I worked on the manuscript, and who read every word of the book with refreshing honesty and good humour.


CHAPTER 1

Setting the Tree Scene

Trees are amazing things that provide us with many products while giving us shade and adding beauty to our surroundings. Towering above us, trees, not surprisingly, are the largest and longest-living things in the world. Their very size and age lead to problems that we animals do not readily appreciate, such as how they can possibly arrange thousands of leaves to receive the best light, and how they can take up huge amounts of water from the soil. They also have to detect and respond to attacks when they can’t run away and yet survive for sometimes thousands of years. Fortunately, we are increasingly learning their inner secrets to how they live and survive. Yet they can still puzzle us, even to the extent of defining just what a tree is!

DEFINITION OF A TREE

What is a tree? Surely this is a stupid question, since we all recognise a tree when we see one! The problem here is that most plant groups occur within a single plant family, sharing a common ancestor and so sharing characteristics found in the whole group. Thus orchids are all in the Orchidaceae family, grasses in the Poaceae, and you can tell by the structure of the flowers. However, the woody tree habit has evolved independently in a wide range of families. Trees are found in at least 20 families in temperate areas and so probably hundreds worldwide. Even the 220 native woody plants of the Canary Islands have at least 38 independent origins (Lens et al. 2103). Many unrelated plants have evolved the woody habit, allowing them to grow taller than neighbours in the competition for light, which makes it harder to pin down a good biological definition of a tree. Moreover, the woody habit is just as easily lost through evolution by some plants as it is gained by others so it is even harder to pin down any genetic differences between woody and non-woody plants – there are no unique tree genes (Groover 2005). The best we can say is that a tree is a perennial woody plant with a self-supporting main trunk and branches, which grows fatter over time and forms a distinct crown (Hirons & Thomas 2018). The ‘wood’ itself is defined as a mixture of cellulose fibres forming tubes that are strengthened with lignin.

Others would argue that trees also tend to be tall, and so the IUCN’s Global Tree Specialist Group defines a tree as a woody plant with usually a single stem growing to a height of at least 2 m, or, if multi-stemmed, then with at least one vertical stem that is 5 cm in diameter at chest height (Beech et al. 2017). These definitions are helpful but, except for the perennial bit, there are many exceptions. A number of trees like Hazel Corylus avellana normally have multiple thin trunks rather than one main stem; strangler figs that germinate in the crown of another tree and grow ‘strangling’ roots down to the ground are not self-supporting for the first part of their life; and many trees such as those growing near the polar treelines would never attain more than a few centimetres in height. When it comes down to it, a tree is just recognisable as being a tree. Indeed, Lord Denning, who had to define a tree as part of a judgement under the UK Town and Country Planning Act 1990, stated that ‘anything that one would ordinarily call a tree is a “tree” within this group of sections in the Act’.

As far as the remit of this book goes, while trees can be towering giants over 100 m tall, they can also be small arctic willows just a few centimetres high – they both share a woody skeleton that they reuse each year and so work in roughly the same way. Equally important, using the above definitions, some plants are not considered to be trees. Lianas and vines are not self-supporting and so are not really trees (although some will be discussed as we go along), and plants with woody stems which die down to the ground each year, such as Asparagus Asparagus officinalis, do not have a ‘perennial woody stem’. Similarly, bananas are not trees because they have no wood – the trunk is made from non-woody leaf stalks squeezed together. Nor are bamboos, since they are just very hard grasses that do not grow fatter over time, even though they can be up to 25 m tall and 25 cm thick.

What then is the difference between a tree and a shrub? This is really a horticultural distinction that separates growth forms such that a ‘tree’ has a single stem more than 6 m tall that branches at some distance above ground. By contrast, a shrub has multiple stems from or below ground level and is less than 6 m tall. From a biological viewpoint there is no real difference in how they work, so both are included in this book.

Structure of a tree

Trees are primarily made up of three main parts: leaves, shoots and roots. These will be considered in more detail later in this book, but for now a simple overview may help. The leaves produce the food of the tree – sugars – by photosynthesis. The ‘shoots’ are made up of the trunk (biologically, the stem) and branches which hold the leaves up to the light, forming the crown of the tree, and also hold the flowers and fruits. The crowns of several trees combine to make up the woodland canopy. The trunk and branches also act as a conduit for water to be brought from the roots to the leaves via the wood (xylem), and for sugars to be transported around the tree in the inner bark (phloem). The water flowing through the wood contains nutrients such as nitrogen dissolved from the soil and also carries plant hormones which transmit messages from the roots to the crown.

The roots have the dual role of holding the tree up and absorbing water from the soil. The above-ground part of the tree is perhaps intuitively much bigger and heavier than the roots below ground, but, as shown in Table 1, which uses Scots Pine Pinus sylvestris as an example, as a general rule of thumb the weight (biomass) of the fine roots that take up water and nutrients is roughly equal to the weight of the leaves (or, in this example, needles). As the tree matures, the trunk makes up a progressively larger proportion of the biomass while the coarse or big woody roots that hold the tree up stay around the same percentage of the biomass through the life of the tree. The weight of the fine roots, which absorb most of the water, and the weight of the needles make up a decreasingly small proportion of the tree’s biomass. Reproduction, in the guise of the weight of cones, is a very small part of the tree’s total biomass.

table 1. Amount of biomass (as a percentage of the whole tree) in Scots Pine Pinus sylvestris at three different ages.
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Data from Helmisaari et al. (2002).

Types of trees

Trees come in two main types (Fig. 1): gymnosperms and angiosperms. Both of these are seed plants but only the second produces flowers. The oldest group are the gymnosperms (from the Greek gymnos, meaning ‘naked’, and sperma, meaning ‘seed’; gymnos is also the root of ‘gymnasium’, since Greeks exercised naked). These are the conifers and their relatives, all of which have seeds borne in cones (or fruits in junipers and yews) that are unenclosed such that the seeds can be seen without breaking anything open. Although they are seed plants they do not have flowers as such.

The other main group are the angiosperms (from the Greek angeion, meaning ‘case’, and sperma, meaning ‘seed’). These are the flowering plants: the name comes from the fact that they also have fruits (or cases) enclosing the seeds. This includes many of the common broadleaf trees, such as oaks, beeches and ashes that mostly have flat leaves, in contrast to the conifers that mostly have needle leaves. There are many names that one could use for the angiosperms, the most common being hardwoods (the wood is generally harder than the conifers but there are exceptions) and broadleaf trees (the leaves are mostly but not always flat and broad). Neither term is completely accurate, but we will use broadleaf trees as shorthand for angiosperm trees. These broadleaf trees can be divided into the dicotyledonous (dicot) trees and the monocotyledonous (monocot) trees. The monocots are defined as having a single seed leaf (cotyledon) and include a number of trees in a few families, notably:


	Palms (the family Arecaceae, previously Palmae or Palmaceae)

	Dragon trees Dracaena species, cordyline palms Cordyline spp., European butcher’s broom Ruscus spp., Yuccas such as the Joshua Tree Yucca brevifolia (Aspagagaceae)

	Screw pines Pandanus spp. (Pandanaceae)

	Grass trees Xanthorrhoea spp. of Australia and aloes Aloe spp. from South Africa (Xanthorrhoeaceae, but this is likely to be absorbed into the family of Asphodelaceae in the future)

	Traveller’s Palm Ravenala madagascariensis (Strelitziaceae).



The dicots with two seed leaves form the rest of the familiar broadleaf trees.
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FIG 1. The two main types of trees. Conifers and their relatives make up the gymnosperms, including (a) the pines (Pinaceae) but also including the flat-leaved Maidenhair Tree Ginkgo biloba (Ginkgoaceae), (b) monkey puzzles (Araucariaceae), junipers, redwoods, cypresses and many more in the Cupressaceae, and the yews (Taxaceae). The angiosperms, or broadleaf trees for convenience, mostly have flat, wide leaves like (c) the oak but include some with needle-like leaves such as (d) gorse Ulex spp. and broom (Cytisus and Spartium species). Photographs of (a) Hartweg’s Pine Pinus hartwegii in Honduras, (b) Monkey Puzzle Araucaria araucana in Staffordshire but native to Chile and Argentina, (c) Georgian Oak Quercus iberica in the Caucasus of Azerbaijan and (d) Gorse Ulex europaeus on the coast of Devon.

GEOLOGICAL HISTORY: WHERE DO OUR TREES COME FROM?

Plants colonised land around 465 Ma (mega-annum, or millions of years ago) in the Middle Ordovician, and the first vascular plants (those with internal plumbing) appeared by 400 Ma in the basal Devonian (formerly the Silurian). These vascular plants had simple stems just a few millimetres wide and a few centimetres tall with no leaves, typified by Cooksonia. It was another 40–50 Ma before leaves were common. These early land plants were small because the vascular tissue was just for conducting water up the plant without giving any great structural strength. Taller plants – the first trees – became possible with the evolution of stiffer vascular tissue and a more developed root system to give support. These first trees, reproducing by spores like their primitive ancestors, evolved in the mid-Devonian around 393–383 Ma and were capable of living for several decades and reaching up to 30 m tall and 1 m wide. They spread to produce widespread forests dominated by the first tree-like plant, Archaeopteris, not to be confused with Archaeopteryx, the bird-like dinosaur. This was a turning point that helped change the world’s climate.

A wider diversity of trees, referred to as the progymnosperms, evolved in the mid-Devonian. Within 100 million years, the coal-producing swamps of the Carboniferous (359–299 Ma) were dominated by lush forests. We would have recognised the tree ferns from today’s forests but the others – fast-growing giant horsetails and clubmosses – have long since disappeared, leaving us with just a few small relatives. The horsetails such as Calamites were up to 15 m tall and 30 cm in diameter but would have been dwarfed by the clubmosses (notably Lepidodendron) which reached 45 m in height and 2 m in diameter (Fig. 2). These can be considered the dinosaurs of the plant world: an extinct group that achieved a huge size (Thomas & Cleal 2018). The forests were accompanied by giant insects (such as dragonflies with wingspans up to 63 cm), all made possible by oxygen levels in the atmosphere rising up to 35 per cent (compared to the 21 per cent today). This rise in oxygen may have been due to the evolution of lignin which provides structural support to wood, but which microbes had not yet evolved the ability to digest, leading to carbon being locked up and oxygen released in photosynthesis left in the atmosphere (see David Beerling’s book The Emerald Planet [2007] for a very readable account of these changes). In these forests the first seed plants appeared, called pteridosperms or seed ferns. They resembled tree ferns but, importantly, produced seeds rather than spores. From these, the first primitive conifers appeared around 300 Ma at the end of the Carboniferous. The earliest-known conifer was named Swillingtonia denticulata after Swillington Quarry near Leeds in Yorkshire where it was found, dating back to 301 Ma (from Scott & Chaloner 1983).
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FIG 2. An artist’s model in the Singapore Botanic Gardens illustrating how the giant clubmoss Lepidodendron would have looked in the Carboniferous, though they are known to have grown much larger than these 3 m tall models.

Comparatively soon after this in the mid-Permian (290–248 Ma), the global climate became much drier, and by 248 Ma the world reached the third great mass extinction event, arguably the biggest of the ‘big five’ extinctions. Up to 90 per cent of all marine invertebrates with a skeleton (and thus ones that would be most easily fossilised) and 54 per cent of all marine families became extinct. Plants are more versatile – they can regrow from surviving bits, including stumps and seeds, and so were not affected anywhere near as drastically by any of these extinctions. However, the associated change in the climate at the end of the Permian led to big changes in dominance: the lush swamp forests of the Carboniferous declined, and gymnosperms took over the world’s forests, making up over 60 per cent of the global flora. At the same time, trees such as cycads, ginkgos and monkey puzzles appeared, many of which are now fossilised in the petrified forest of Arizona from the late Triassic, 200 Ma (Fig. 3).
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FIG 3. Sections of fossilised tree in the Petrified Forest National Park, Arizona, USA. These were growing in the late Triassic around 200 Ma and became buried in river sediments that preserved the trunks. Water flowing through the sediments deposited silica along with colourful minerals such as manganese and copper, which gradually replaced the woody structure, turning it to stone but preserving the original structure of the wood.

The next notable appearance was the pines around 180–135 Ma (Jurassic), with all the other major conifer families appearing by the end of the late Cretaceous around 65 Ma. This means that many of the conifers evolved to share the world with the dinosaurs. Conifers were hugely successful, dominating the world’s forests from around 245–67 Ma. The seeds of their decline began during the early Cretaceous around 140–135 Ma, with the rapid evolution of the early broadleafed plants (angiosperms) – so rapid that Darwin called their origin an ‘abominable mystery’ (Buggs 2021). Many of these would have been herbaceous (i.e. non-woody). The woody angiosperms probably arose from a now extinct conifer group that had insect-pollinated cones (van der Kooi & Ollerton 2020). The magnolias are probably some of the earliest types of broadleaf trees that are still alive. By 95 Ma at the start of the late Cretaceous, a number of trees we would recognise today were around: elms, birches, laurels, magnolias, planes, maples, oaks, willows and, within another 20 million years, the palms, and around 60 Ma, the eucalypts appeared. It is likely that in this period of the late Cretaceous all current families of trees evolved. When the dinosaurs were disappearing (by 65 Ma) and through to the mid-Cenozoic (25 Ma), broadleaf trees had spread to dominate the world, helped by the overall warm global climate, the disruption of the huge asteroid impact at Chicxulub in Mexico and lower atmospheric oxygen levels approaching the 21 per cent of today – before then, closed forests would have been unlikely due to frequent fires fuelled by the high oxygen levels (Belcher et al. 2021, Carvalho et al. 2021).

Fortunately for the conifers, the end of the late Eocene around 35 Ma saw the development of the polar ice caps. A cooler polar climate allowed conifers to dominate and diversify through the northern regions of the globe. There were some losses, since this northern-cooling spelled the end of a subtropical climate in the far north, and trees such as the Dawn Redwood (Fig. 4), which had been very extensive around the world c.45 Ma (mid-Eocene), were now left as relicts in small areas of eastern Asia.

The distribution of trees around the world has been greatly affected by plate tectonics creating continental drift, the movement of the continents around the world over geological history. At the end of the mid-Permian period, around 250 Ma, most of the Earth’s landmasses were joined together into the supercontinent of Pangaea. By the time the broadleaf trees had evolved, Pangaea had broken into two parts: Laurasia, which contained what would become the northern hemisphere continents, and Gondwanaland, which contained what is now Australia, Africa, South America, India and Antarctica. This breakage left the pines primarily in the northern hemisphere and helps explain why the broadleaves of the northern and southern hemispheres are so different from each other. As Laurasia and Gondwanaland themselves broke apart, the ancestors of many broadleaf families were taken around each hemisphere and with time they evolved into different species in different continents. This explains why a number of genera are found throughout the northern hemisphere, as their ancestors had moved across Laurasia, but there has been time for different species to evolve on each continent. For example, the genus of tulip trees is found across the northern hemisphere, but the Chinese Tulip Tree Liriodendron chinense in Asia is different from the Tulip Tree L. tulipifera in North America. As another example, the Chinese Witchhazel Hamamelis mollis is distinct from the American H. virginiana.
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FIG 4. A piece of 45-million-year-old subfossil wood from a Dawn Redwood Metasequoia glytostroboides from Axel Heiberg Island in the Arctic. The island is at 79 °N, above the current northern limit of trees at 69–72 °N. The island was in almost the same place in the Eocene as it is now, but the climate near the poles was much warmer, allowing the trees to thrive. The wood was preserved in fine sediments and then by permafrost in what is now a polar desert. Although a little compressed, it is still largely organic and can be split and burnt and has been described as mummified wood.

The spreading of trees across Laurasia has resulted in some interesting similarities in different parts of the world (Yih 2012). The most notable is the E. Asia–E. North America floristic disjunction where the flora of these two areas is remarkably similar and distinct (or disjunct) from anything in between. This results in 67 per cent of plant genera in Maine, USA also occurring on Honshu island, Japan. Several genera, such as Ginkgo and Metasequoia, are now endemic to East Asia but occur as fossils in North America, and the reverse is true for Sequoia and Taxodium. The reason for this similarity appears to be that the flora in common spread across Laurasia via the Bering land bridge. After this, the climate in the middle of the continent was changed by mountain formation in western North America, leaving the two ends both similar to and different from anywhere else.

This also gives rise to biomes, areas of the world that have similar-looking vegetation because they are growing in similar climates. The interesting result is that if you were flown around the world and dropped in, say, the oak woodlands of eastern North America, England or Japan, you might not know which continent you were on unless you could identify the plants down to species (Fig. 5), since the forests have a similar appearance.
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FIG 5. (a) Mixed woodland with Red Oak Quercus rubra of New England, USA, (b) Mongolian Oak Q. mongolica in Hokkaido, Japan and (c) Pedunculate Oak Q. robur in Epping Forest on the London-Essex border. Very different parts of the world but all in the same biome type and visually very much alike unless you know your species.

GLACIAL HISTORY – WHY DOES BRITAIN HAVE SO FEW NATIVE TREES?

As described above, changes in climate and movement of continents have resulted in movement of trees around the world. We might like to think of our forests as being fairly static now but, of course, this movement is still happening as modern climate change is causing trees to move once again. A warming climate is rather ironic, since geologically we are still in the Quaternary Ice Age that started 2.6 Ma and was made up of some eight waves of glacial advance and retreat which marked the Pleistocene epoch from 2.6 Ma to 11,700 years ago. Ice ages tend to occur at regular intervals of 100,000 years with warm interglacial periods lasting 15,000–20,000 years. Since the last glacial maximum at the end of the Pleistocene, we have been in the current warmer interglacial period (the Holocene).

Various trees have been present in Britain in previous interglacial periods. Norway Spruce Picea abies was found in Britain in the Chelford Interstadial around 45,000 years ago (Holyoak 1983), named after Chelford Quarry in Cheshire (Fig. 6) where I once spent a happy afternoon pulling out stumps, logs and cones that had been exposed by the removal of the overlying sand. However, after the last glacial period ended around 15,000–11,700 years ago, Norway Spruce was pushed out of Britain and never returned until humans introduced it back as a forestry tree.
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FIG 6. Norway Spruce Picea abies around 45,000 years old buried under the sands of Chelford Quarry, Cheshire. Although old by human standards, the wood is not fossilised and is still composed of cellulose and lignin, and so is burnable.

At its maximum around 18,000 years ago, the last glacial period produced an ice sheet up to 5 km thick extending from the Arctic down to below the Great Lakes, reaching New York, London and Berlin. With so much water bound up in ice, sea level dropped by around 130 m. In the southern hemisphere ice extended up from Antarctica to cover Chile and much of Argentina. All this ice pushed plants and animals towards the equator into refuge areas. Much of Britain would have been devoid of plants as our trees found refuge mainly in western France and northern Spain, and also in Italy and even the Balkan Peninsula in southeast Europe. Scots Pine Pinus sylvestris has been identified as having taken refuge in Spain (Sinclair et al. 1999) before moving back into Britain.

A number of molecular techniques have been used to reconstruct the migration route of species (Newton et al. 1999), but chloroplast DNA has proved particularly useful. Chloroplasts, responsible for photosynthesis in plant cells, have their own DNA. They are inherited only from the mother tree, and there is no mixing of genes (recombination). Moreover, chloroplasts have a slow mutation rate, so they are ideal for tracking postglacial movement by looking for similarities across Europe. Using this evidence points to Black Poplar Populus nigra migrating to Britain after the last ice age from Italy, Austria and Hungary, following the Danube river, with some input from trees finding refuge in Spain (Cottrell et al. 2005). As well as looking at chloroplast DNA from living trees, it is also possible to isolate it from subfossil wood – wood that has been stored in peat bogs, lake bottoms or permafrost for more than 10,000 years (Lendvay et al. 2018) – so it is possible to track genetic changes through time as well as spatially after the last glaciation.

As the climate warmed around 10,000 years ago, animals, trees and other plants migrated polewards again. In North America the mountains tend to run north to south, so migration northwards after the retreat of the ice was unchecked, producing eastern forests dominated by at least 10 major tree species. In eastern Asia at similar latitudes, where the tree fauna is richer and the mountains run in a similar direction, forests can easily contain 20 major species. In Europe, however, the main mountain ranges, such as the Pyrenees, Alps and Carpathians, tend to run east to west and acted as distinct barriers to migration, which resulted in Europe having almost half the number of trees and large shrubs seen in eastern North America. Britain and Ireland are even more impoverished, because the land bridge joining us to Europe was submerged 8,300 years ago (now the English Channel), giving very little time for trees to reinvade.

TABLE 2. Trees that arrived unassisted to Britain and Ireland after the last ice age and thus considered to be native. These are given in approximate order of arrival, with Juniper arriving first. While 33 species are listed, some people would, for example, recognise more species of elms and whitebeams, and others would include some of the larger shrubs listed in Table 3.
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This leaves Britain with around five dominant tree species and a total of 32–35 native species of trees (Table 2), depending on what you count as a tree or a shrub (Table 3), whether hybrids are included and how many species of elms and whitebeams you recognise. For example, the genus Sorbus contains three distinct species –Whitebeam S. aria, Rowan S. aucuparia and Wild Service-tree S. torminalis (listed in Table 2). However, some species of Sorbus are apomictic; that is, they can produce seeds without fertilisation from pollen, so all the offspring have the same genetic makeup as their mother. The result can be a group, or clone, of similar-looking plants that look a little different from another clone. Some classify these apomicts with the nearest of the three distinct species, others call them microspecies (literally ‘little species’) akin to varieties within the three species (Jauhar & Joshi 1970), while others call them all proper species. The number of Sorbus species can therefore range from three to, currently, 52 (Rich et al. 2010). A similar situation is found in brambles Rubus species. A slightly different problem exists in roses Rosa and willows Salix where it is difficult to separate out hybrids from actual species. If all woody plants are included – so shrubs and even small shrubby plants like heathers (Calluna and Erica species) – our woody flora goes up to 160 native woody species. However, hybrids and another 309 microspecies could be added to this list!

TABLE 3. Large shrubs native to Britain and Ireland that could easily be counted as trees, arranged in increasing order of their normal maximum height (figures in brackets are the maximum recorded, taken from Stace 2019).

[image: ]

NATIVE, NATURALISED AND INTRODUCED TREES

Native species (sometimes called indigenous or autochthonous species) are defined as those that arrived after the last glaciation by natural processes – the spread of seeds or vegetative parts by wind, water or animals; in other words, without human help. The evidence for this is usually taken from the presence of pollen or macrofossils, such as leaves or seeds, in postglacial deposits in peat bogs or at the bottom of lakes. This covers most of the commonest trees in Britain that normally come to mind.

A tree can be introduced to an area outside of its natural range by humans, either intentionally or accidentally, where it becomes an introduced, non-native or alien species. This can be taken further to distinguish between archaeophytes (introduced in ancient times) and neophytes (introduced in recent history). The date usually used to separate these is 1492, often rounded to 1500, representative of the time when Christopher Columbus landed in the New World and the start of extensive movement of plants around the world. For archaeophytes it is often hard to distinguish whether they are native or introduced, since this information is lost in the mists of time. For some, such as the Sweet Chestnut Castanea sativa, it is more exact; it is almost certain that it was introduced by the Romans to feed both soldiers and their horses.

Some of these introduced plants are sufficiently at home that they can reproduce and spread into native vegetation and persist indefinitely – these are referred to as naturalised species (Table 4) and include the neophytes white poplar, sycamore and Turkey Oak Quercus cerris. It could be argued that to spread into new habitats requires a naturalised species to be able to produce seeds, but some, such as the English elm, which spreads primarily by suckering from the roots, are included because they are so common. These naturalised species are now honorary members of our tree flora and capable of spreading (Fig. 7), and we can add another 220 naturalised species of woody plants to the 160 species that are native.

If a species is introduced but not naturalised, it is classified as an exotic and will not spread beyond where it has been planted. This includes most of the trees planted in ornamental gardens. But again, it is not always clear-cut: Horse-chestnut Aesculus hippocastanum is native to the Balkan Peninsula of southeast Europe, and while it is widely naturalised through Europe, it is only partially so in Britain. It can be self-sown in open scrub and waste ground but is rarely naturalised in woodlands (Thomas et al. 2019) and so can be classified as exotic or naturalised depending upon where one looks. Just how many exotic species we have in Britain is discussed at the end of this chapter.
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FIG 7. One of the southern beeches, Rauli Nothofagus procera, native to Chile and western Argentina but very much at home and naturalised in Britain, here forming a dense shrub layer on acid soils of Keele University, Staffordshire.

Exotic trees can be welcome for a variety of reasons. For example, evergreen trees such as the many cypresses can provide shelter to insects and birds in winter, and mostly they are aesthetically pleasing. Naturalised trees, however, have the annoying habit of not staying where they are planted, and some can be downright invasive. In past decades this has led to a knee-jerk reaction that only native trees have a place in our woodlands, and naturalised trees should certainly be removed from conservation areas. It’s easy to see why. Take Sycamore Acer pseudoplatanus – it is invasive (good at producing seedlings, as you’ll know if you have one nearby – Fig. 8), its leaf litter swamps woodland flora, and the tree casts deep shade. It is often seen as being capable of invading and taking over, particularly in Ash woodlands, since Ash Fraxinus excelsior and Sycamore have similar ecological needs, although Ash prefers moister soils. However, the evidence points to Sycamore and Ash going through a cycle, taking it in turns to dominate (Thomas 2016) and so not being as domineering as once thought. As described in Chapter 2, Sycamore is criticised for holding only 43 species of insects compared to 423 on our two native species of oak, underlining the value of native-only trees. Yet the biomass of insects held by a Sycamore in spring is probably very similar to that of an oak, making them just as valuable to birds looking to feed hungry chicks in spring.

TABLE 4. Trees and shrubs from different parts of the world that are naturalised in the British Isles. These are the commoner or most obvious of the current 220 naturalised species, and so the list is by no means complete and will alter over time as climate changes and new trees start reproducing and spreading without help. Those listed are mostly neophytes (introduced after 1500 – shown in blue), with some archaeophytes (in green) that were introduced earlier. There is still discussion over whether some such as Common Lime and Service-tree may be native. Notes based on Stace (2019).
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FIG 8. Abundant seedlings of the naturalised Sycamore Acer pseudoplatanus forming a seedling bank at the edge of a wooded area, waiting for years with little growth until they either die or a gap opens in the canopy above. They would seem to have the competitive edge and be likely to take over the woodland, but this is not always the case.

Other naturalised trees are more troublesome. Rhododendron Rhododendron ponticum was introduced into Britain from the Mediterranean around 1763 as it formed valuable shelter for game birds on large estates, as well as being ornamental. It has, however, proved to be very invasive of woodland. A survey in 2011 showed that it then covered 98,700 hectares, roughly 3.3 per cent of Britain’s total woodland (NFI 2016). It is also a pernicious invader of uplands such as in Snowdonia National Park where it is being very troublesome (Snowdonia Rhododendron Partnership 2015). It casts a very dense shade, and the foliage and leaf litter are toxic to many insects and large animals, while a large bush can produce upwards of a million seeds per year and so it can spread rapidly. Also, as described in Chapter 15, it is a carrier of the virulent pathogen Phytophthora. In the right place, and controlled, it is a useful shrub, but as an invasive naturalised species it is very problematic.

Some trees are unhelpful for more indirect reasons. Turkey Oak is native to southern Europe and Southwest Asia and is naturalised over much of Europe. It was introduced into Britain in 1735 and was naturalised by 1905 if not before, particularly in southern England. It can be fairly invasive in oak woodlands in Britain, but the biggest concern is the role it plays in the spread of knopper galls caused by the gall wasp Andricus quercuscalicis (Fig. 9). The wasp was accidentally introduced and has been spreading in Britain since the 1960s. In early spring the wasp produces a sexual generation on the male flowers of Turkey Oak and then an asexual generation on the developing acorns of British native oaks in mid- to late May, and the distinctive galls are detectable by mid-July. These replace the normal acorn, so reducing the seed crop. In southern England, this causes a loss of between 30–50 per cent of the acorn crop (Collins et al. 1983) with likely consequences for the long-term production of new oak trees, all due to the naturalised Turkey Oak.

The idea of a naturalised species becomes muddier when native trees are moved outside of their native ranges. For example, the Large-leaved Lime Tilia platyphyllos is native mostly in old woodlands on calcareous soils in a few places in England and the Welsh borders, but it has been widely planted along avenues and on large estates since at least the sixteenth century, from where it has spread into woodland outside of its natural range. Similarly, Beech Fagus sylvatica is found over much of Britain and Ireland are but is doubtfully native outside of the southeast of both England and Wales. From a conservation point of view, are these to be removed from conservation areas as naturalised introductions?
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FIG 9. Brown knopper galls caused by the gall wasp Andricus quercuscalicis that replace, or almost so, the acorns, seen below two healthy acorns of Pedunculate Oak Quercus robur.

This also raises the interesting question of the introduction of genetic material. For example, in Britain we have a long history of planting oaks sourced from mainland Europe and, in particular, Hungary. This could be viewed as diluting the genetic distinctiveness of British oaks that has developed over the last 10,000 years. Indeed, there is an argument for conserving the genetic distinctiveness of different regions or provenances within countries; for example, not moving oaks from southern England to the north. On the other hand, moving trees around can be viewed as increasing the genetic diversity of British oaks, making them more resilient to future changes. If trees are to persist under climate change, we should almost certainly be bringing in trees that are adapted to warmer, drier conditions further south in Europe. This is discussed further in Chapter 16.

NUMBERS OF TREE SPECIES

Estimates of the total number of tree species in the world have been made by various people and it is usually set somewhere between 45,000 and 100,000. A careful piece of work by Emily Beech of Botanic Gardens Conservation International and colleagues published in 2017 brought the total of known tree species to 60,065, representing 20 per cent of all seed plant species (gymnosperms and angiosperms). This uses the IUCN definition of a tree mentioned at the start of this chapter and so includes just trees and not shrubby things below 2 m tall. Within this estimate, nearly half of all tree species (45 per cent) are found in just 10 families, with the 3 most tree-rich families being Fabaceae (5,405 species), Rubiaceae (4,827) and Myrtaceae (4,330, including 747 species of eucalypts). But bear in mind that new species are still being found. Some of these were just hidden in difficult geography, such as the Wollemi Pine Wollemia nobilis discovered by David Noble in 1994 in the Wollemi National Park, just 200 km west of Sydney, Australia. Others have just been overlooked, such as Incadendron esseri, first identified in 2017 in the South American Andes, an abundant tree that just merged into the background and was not previously named (Wurdack & Farfan-Rios 2017). This was not just a new species but a whole new genus. There are likely to be others out there!

Given the role of geology and plate tectonics in the evolution of tree species, it is perhaps not surprising that almost 58 per cent of all tree species are endemic to just one country (and so found nowhere else). The countries with the most endemics tend to be those with the most diverse vegetation, such as Brazil, Australia and China, or are isolated islands such as Madagascar, Papua New Guinea and Indonesia.

Overall, the tropics have the most trees species: Brazil has 8,715 tree species, followed by Colombia with 5,776 species and Indonesia with 5,142 species. Indeed, a forest reserve on the equator in Sarawak, Malaysian Borneo has been found to contain 1,008 tree species in a single 50-hectare plot. To put this into perspective, the entire landmass of North America contains just 700 species of trees. But that is still somewhat more than the rather paltry but much-loved 32–35 species of Britain! At least this makes tree identification easier.

Having said that, the impoverishment of tree species in Britain is an accident of history rather than unsuitable conditions, and many introduced exotic trees will thrive in our climate. Alan Mitchell, an expert in tree identification who died in 1995, and with whom I had the privilege of teaching, wrote in the preface of his iconic tree identification book (Mitchell 1978) that there are 500 introduced species and 200 varieties of various species that ‘can easily be encountered by anyone looking for trees in parks and gardens’. Moreover, if specialist tree collections in arboreta are included, this total rises to around 1,700 species of trees. So maybe we can be forgiven if tree identification in Britain is not always as straightforward as it would seem to be.


CHAPTER 2

The Value of Trees

CULTURAL IMPACT

If you were to weigh all the animals of the world in one hand, and all the plants in the other, how would their weights compare? Fortunately, this calculation has been done for us (Bar-On et al. 2018, Elhacham et al. 2020)! It has been estimated that the biomass of all life on Earth weighs in at around 1,100 Gt (gigatons, or 109 tons, or thousands of millions). Of this, plants make up a staggering 82 per cent of the weight of biomass (around 900 Gt), while animals (including humans) form less than 0.5 per cent of the world’s biomass (just 4 Gt). The other 17.5 per cent of biomass is formed of bacteria, fungi, viruses and protists (single-celled organisms). Plants are obviously very important to the world just by their sheer abundance. Better still if you are interested in trees, it is estimated that trees form around three-quarters of the world’s plant biomass, or just over 60 per cent of the total biomass on Earth.

Within this huge amount of biomass of trees, it has been calculated by Tom Crowther and colleagues (2015) that there are in the order of 3.04 trillion trees around the world (1.3 trillion in the tropics and subtropics, 0.74 trillion in the northern conifer forests and 0.66 trillion in temperate forests). This figure was based on sampling forests around the world and modelling global numbers and is likely to be an underestimate, since there are also many individual trees in drier parts of the world that were likely under-represented. For example, data from high-resolution satellites that can spot individual trees has shown that 1.3 million square kilometres of the arid western Sahara contains at least 1.8 billion trees (Brandt et al. 2020). We also need to add in the many trees in urban areas, which in Britain and Ireland are is likely to be more than half a billion.

Whatever the true weight and number of trees around us, they are obviously hugely important to us and to the wellbeing of our planet. Our whole life is pervaded with trees and wood, from the words we use to the things we eat to the possessions we have around us. So despite what the author Terry Pratchett has suggested, trees are more than just ‘stiff weeds’. Expressions such as being ‘out of the woods’ (out of danger or difficulty) go back to a primeval fear of becoming lost in the forest. ‘Knocking on wood’ or ‘touching wood’ is still widely heard and probably derives from the pagan belief that vengeful spirits inhabited wood and that, by touching it, you could appease them or prevent them from hearing. Many people around the world have worshipped, and still do worship, sacred trees and imbue them with spiritual significance. This includes the dryads, or tree spirits, of Greek mythology and the kodama spirits of Japan that similarly inhabit trees.

Many common words also stem from trees. The Romans gave successful athletes wreaths of laurel leaves (Laurus nobilis – the noble laurel: Fig. 10), and the honour was extended to poets and scholars in the Middle Ages, resulting in ‘poet laureate’. Romans studying at the feet of their tutors were named after the laurel berry, bacclaureus, resulting in a baccalaureate high-school qualification and a bachelor’s university degree, and since Roman students were not allowed to marry, we get unmarried bachelor males. A wooden ‘beam’ and the German word for ‘tree’, baum, are derived from the same root in Old High German. Written records in Europe were once made on sheets of Beech wood Fagus sylvatica. ‘Beech’ is the Anglo-Saxon word for ‘book’, and the Beech is still called bok in Swedish and beuk in Danish. There are other examples that could be included, but that’s probably enough!

Looking around most homes, we are usually never far away from wood, from toilet seats to picture frames, furniture to kitchen utensils. The last of these are made of woods that do not have a strong flavour, such as sycamore, maple or poplar. We also, of course, value wood and trees culturally and historically (Fig. 11), and for their aesthetic appeal (Figs. 12 and 13).
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FIG 10. Bay Laurel Laurus nobilis.
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FIG 11. The value of wood and trees in culture. (a) A sculpture made of charred wood by David Nash at the Yorkshire Sculpture Park, and (b) the remains of Betty Kenny’s yew tree in Shining Cliff Woods, Derbyshire, believed to have inspired the nursery rhyme ‘Rock-a-bye Baby on the Tree Top’. Betty, who was really Kate Kenyon, lived in the woods with her husband, a charcoal burner, during the late 1700s. They raised eight children under the shelter of this tree, and legend has it that the babies were rocked to sleep in a hollowed-out bough, hence the nursery rhyme.
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FIG 12. We are happy to manipulate the shapes of trees (a) to fit within the built landscape and (b) to create aesthetically appealing shapes. (a) A willow Salix species in Bruges, Belgium and (b) Japanese Yew Taxus cuspidata, Tomakomai Citizens Park, Hokkaido, Japan.
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FIG 13. Trees are used to mould our landscape by gardening to (a) create a green relaxing space using Yew Taxus baccata and Box Buxus sempervirens, and (b) a more formal view using pleached Caucasian Limes Tilia × euchlora. (a) Ifield Manor, Somerset and (b) Erddig, Wrexham, a National Trust property.

TRADITIONAL USES: FORESTRY, FIBRE AND FOOD

Modern technology has provided us with many new materials, but we are still heavily reliant on wood. Forests cover 3,950 million hectares, making up a third of our world’s land area. Around three-quarters of this is natural forest and just a quarter is classified as human-created plantations. However, there is growing evidence that even 12,000 years ago more than 90 per cent of temperate and tropical woodlands were being used and shaped by humans (Ellis et al. 2021). Currently, just over half of the world’s forests contribute to the production of forest products, including both wood and non-wood (e.g. food) products (Ramage et al. 2017). In 2017, the global production of wood was almost 3,800 million cubic metres (m3) according to the Food and Agriculture Organization. Of this, around 80 per cent was from conifers. To help put this large amount of wood into perspective, a single conifer in a European plantation at maturity contains around 1–2 m3 of wood in the trunk.

Wood is in high demand in Britain. In 2013, we produced 3.6 million cubic metres of sawn wood but also imported 5.5 million cubic metres, making Britain the world’s third-largest net importer of forest products, after China and Japan. Most of the imported wood still comes from clear-cut harvesting where a whole section of forest is cleared of all trees – not the most natural of operations but very efficient and with the extra advantage that the trunks are fairly similar in size and easy to market. Most of the felling is done with a harvesting machine operated by one person, which can harvest up to 60,000 tonnes of trees per year, the equivalent of 24 chainsaw operators (Fig. 14).
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FIG 14. A tree harvester at Cannock Chase, Staffordshire. The working head on the extendable arm can hold a tree while a saw (near the forester’s foot in the picture) cuts the tree. The head can then remove all branches and, with the aid of an onboard computer, cut the tree into sections of various lengths to get the most value from the tree.

Wood was the building material most readily available to past generations (Fig. 15a), being used for huts built of sticks and mud (wattle and daub) through to sturdy wooden Tudor buildings and their interiors. Wood is still the most-used construction material in many parts of the world (Fig. 15b). It has a high tensile strength, and being lightweight compared to steel, it can support its own weight better, allowing for bigger spaces with fewer supports. Stronger composite boards and beams can be made by gluing laminates together for greater stability and size. This includes ‘glulam’, made from several laminations glued together with the grain running the same way, which is excellent for making curved or long beams, as well as plywood with the grain running at right angles in different laminates.
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FIG 15. (a) Water pipes made from elm logs bored from end to end and fitted together, probably dating from the eighteenth century and unearthed in London in 1969. The scale is in inches. (b) An old beam being repurposed in the renovation of a wooden beamed building in Transylvania, Romania.

Wood also has high heat resistance, so a wooden building requires less insulation. In a building fire, wooden beams remain strong at high temperatures for longer periods than steel, even when charring on the outside, improving safety.

Current trends: Flooring to firewood to commercial biofuels

Green wood straight from a tree has a moisture content of around 100 per cent where there is the same weight of water as there is of woody material. Water in wood consists of ‘free water’ inside the tubes of the wood and ‘bound water’ that is chemically attached to the cell walls of the wood. Left outside and given long enough, the free water will evaporate, leaving wood at around 25–35 per cent moisture content. But bring the wood into a heated, dry house and the moisture content will drop to 8–12 per cent. This is good news for our homes, since most fungi cannot operate below 20 per cent moisture, and wood-boring insects such as woodworm (usually the Common Furniture Beetle Anobium punctatum) prefer timber over 18 per cent moisture and do not prosper below 12 per cent.

The biggest problem in using wood for structures or for an aesthetically pleasing wood finish is that it will shrink and expand depending upon moisture and temperature. Wood dried from green to 12 per cent moisture tends to shrink longitudinally along the grain by 0.1–0.2 per cent, but across the grain (as in a cross-section of a tree) it can be 3–10 per cent, depending on species and environmental conditions. If you have a solid wood floorboard 15 cm wide, this could make the difference of 4.5–15 mm width between a board cut green to one used in house conditions. Moreover, the small changes in humidity and temperature normal in any house, between day and night and across seasons, can cause significant movement.

This change in dimensions is often largely unnoticeable in rooms with fairly constant humidity such as bedrooms or living rooms, and in furniture where changes of a few fractions of a millimetre go unnoticed. Nevertheless, floorboards and parquet flooring are laid with small gaps to allow for changes in size. However, the rise in wooden flooring in bathrooms and kitchens where the boards are designed to fit tightly together creates a problem, especially where water is liable to be spilt and humidity varies greatly. The normal contraction and expansion are avoided by using either laminate wood or engineered wood rather than solid wood. Laminate wood is made from small particles of wood glued together, creating high-density fibreboard (HDF) or chipboard, depending on particle size. These are structurally very stable and usually topped with a film of wood-effect plastic and a transparent surface layer. This outer coating helps resist the absorption of water and humidity and the release of formaldehyde from the glue bonding the wood particles together. Engineered flooring, also called wood veneer flooring, uses plywood as the base with a thin veneer of solid wood glued to the upper surface. Plywood gains dimensional stability from the longitudinal grain going in two directions and is very much more resistant to expansion and contraction than solid wood. But both HDF and plywood will move a little. This is usually accommodated by laying the flooring not quite to the walls, giving room for the whole floor to expand and contract.

Wood is also in increasing demand for firewood. In 2018, Britain had somewhere between 1–1.5 million wood-burning stoves (and perhaps a million more open fires), representing around 10 per cent of all households, as well as hundreds of biomass boilers run on wood chips or pellets, all needing wood or solid fuel. It is difficult to be precise, but it seems that up to 200,000 more stoves are currently being sold in the UK each year. In March 2016, almost 600,000 of the wood-fuel users were in the densely populated southeast of England. While most people used logs that were presumably bought commercially, 18 per cent acknowledged that they gathered wood from the countryside, which may have been burnt while still wet. Modern stoves are very efficient but will still release particulate matter, especially if wet wood is burnt. According to Defra, in 2017, domestic wood-burning was responsible for 36 per cent of the UK’s PM2.5 (particulate matter less than 2.5 µm, or 0.0025 mm, in diameter). The European Environment Agency estimated that in 2012, PM2.5 caused 37,800 premature deaths in the UK. Wood does not have to be burnt directly to get energy, since it can also be used to produce bioethanol. At present, 250 litres of petrol can be produced from one tonne of wood, enough to propel a family car the length of England five times.

Food and drink

Most of the fruits we eat come from woody plants, with the exception of strawberries, pineapples and a few others (Fig. 16). Nuts also primarily come from trees (except the peanut), including pine nuts, which are really the seeds from about 20 different pine species that produce seeds big enough to be worth collecting. The Stone Pine Pinus pinea is collected in Europe and the Pinyon Pine P. monophylla in North America, named by Spanish explorers after the P. pinea seeds they ate at home. Commercially bought seeds are now most likely to be from the Korean Pine P. koraiensis grown in China. A decade or so ago, I awoke to find a strong, unpleasant metallic taste in my mouth that got much worse when eating or drinking and stayed with me for two weeks. This is often referred to as ‘pine mouth’, since the cause is eating pine nuts from the Chinese White and Red Pines (P. armandii and P. massoniana). Seeds from these pines were not previously exported but as demand grew in the west, some slipped in. The Chinese authorities have now made the exportation of these species much less common so you may never experience such delights!
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FIG 16. Date seller in a market in Tripoli, Libya, offering a huge number of varieties.

Many of our spices come from woody plants, including the bark of the Cinnamon tree Cinnamomum verum, flower buds of the Clove tree Eugenia caryophyllus, and seeds of the Nutmeg Myristica fragrans. Many of these spices are quite toxic in high doses, which is perhaps unsurprising given that the compounds involved have evolved to dissuade insects and other pests from eating the various plant parts. Nutmeg, native to the Spice Islands (now called the Maluka Islands) of Indonesia, is a good example. The nutmeg grows inside a fleshy fruit about the size of an egg, which is eaten by people in Southeast Asia (Fig. 17). The seed inside is surrounded by a bright red aril which is used as the spice mace, a milder form of nutmeg. The seed itself, hidden inside a black seed coat, is the nutmeg we use. In addition to a high oil content, the seed contains an abundance of myristicin, a compound also found in smaller amounts in the herbs fennel and dill. This is a psychoactive compound able to change the brain’s function. One teaspoon of freshly grated nutmeg (c.2.4 g – half a nutmeg) causes hallucinations but unfortunately also nausea, vomiting and circulatory problems. Five teaspoons (c.12 g – 2.5 nutmegs) is lethal. Fortunately, the amount we would typically have in, say, a rice pudding is just pleasant and not lethal. Just to add some extra spice to Sunday afternoon after the rice pudding, it has been shown that nutmeg acts as an aphrodisiac (Tajuddin et al. 2003) – in mice at least! The potential toxicity of nutmeg underlines the effectiveness of these defensive compounds in keeping animals from eating the seed before it can germinate. Similar observations can be made about the abundant caffeine in the fruits of Coffee (Coffea arabica and C. canephora, sometimes called C. robusta) and leaves of Tea Camellia sinensis: the more you imbibe, the greater the effects. For us humans, tea and coffee have many benefits, but too much caffeine can affect our heart and digestion and also cause anxiety and a number of other problems.

[image: ]

FIG 17. The nutmeg that we use as a spice is the seed of the Nutmeg tree Myristica fragrans found widely across the tropics. (a) The seed is contained inside a bright red aril. In Malaysia the outer fruit is eaten as a snack. (b) The fruit here has been crystallised and is fairly hard and crunchy, while on the right (c) it has been dried and further sweetened and is like eating desiccated coconut. Both have a strong nutmeg flavour but too much can cause respiratory problems, particularly in asthmatics. Photograph (a) by W.A. Djatmiko from West Java, Indonesia, reproduced under the GNU Free Documentation License.

Many compounds with a medicinal value have also been derived from trees, including quinine Cinchona species, or ‘Jesuit’s bark’, from Peru and Ecuador, used to prevent and treat malaria. Quinine is very bitter; hence the development of tonic water which goes so well with gin – a palatable way of taking your medicine. Extracts from the Maidenhair Tree Ginkgo biloba are thought to improve blood flow to the brain, countering memory loss, particularly for those suffering from Alzheimer’s disease. Paclitaxel, formerly called taxol, is used very successfully in the chemotherapy of various cancers. It was originally produced from the bark of the Pacific Yew Taxus brevifolia, causing great concern for its future in the wilds of western North America, but fortunately it can now be artificially synthesised.

We obviously use fruits and even the sugars from palms (Chapter 3) to either make or flavour various beverages – would life be the same without sloe gin, flavoured with Blackthorn fruit Prunus spinosa? And then there is retsina, the Greek wine flavoured with pine resin that would originally have


	American, mostly using American White Oak Quercus alba and relatives, but not Red Oak Q. rubra, since the wood has no tyloses, the balloon-like outgrowths that block the water-conducting tubes in the wood – see Chapter 6 – so the barrels would leak.

	European, using Sessile and English Oaks (Q. petraea and Q. robur).

	Asian, including Daimyo Q. dentata, Mizunara Q. crispula and Mongolian Q. mongolica Oaks.
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if they are going to become established and thrive.

If you have a tree outside your house, or one that you pass
on your daily walk, then you can help.

Requirements vary depending on a number of factors such as species and location, but a general rule
is that they should receive at least 50 litres of water per week in May, June, July and August:

Please water regularly during dry perods with
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Europe

European Silver-fir
Cappadocian Maple
Norway Maple
Sycamore
Horse-chestnut
Red Horse-chestnut
Italian Alder
Laburnum
European Larch
Norway Spruce
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Maritime Pine
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Larix decidua

Picea abies
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P. pinaster

Populus alba

P. x canescens

Prunus cerasifera

P. laurocerasus

P. lusitanica
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Pterocarya fraxinifolia
Quercus cerris

Q. x crenata (previously
Q. x hispanica)

Q. ilex

Rhododendron ponticum

Ulmus laevis

Castanea sativa
Juglans regia
Mespilus germanica

Prunus cerasus

Often self-sown
Seedlings and suckers in SE England

Common in open and wooded habitats

One of the most abundant trees in Britain

Open and wooded habitats in the lowlands

SE England

Frequently self-sown
Open ground
Commonly self-sown
Occasionally self-sown
Escape from plantations
Often self-sown
Common; suckers well
Rarely naturalised
Widespread

Sometimes in woodland
Scattered

N England

Occasional

Acidic sand in the south

Occasional south of the Midlands

Occasional south of the Midlands
Widely naturalised

Occasional in W England, Wales and
Guernsey

In S England and the Channel Islands
In warm areas

Hedges

Hedges and woodland
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Wild Plum
Plymouth Pear
Wild Pear
Almond Willow
Osier
Service-tree
Common Lime

English Elm

North America
Grey Alder
Juneberry

Lawson’s Cypress

Black Walnut

Western Balsam Poplar
Sitka Spruce
Lodgepole pine

Pin Cherry

Rum Cherry

Red Oak

False-acacia

Western Red-cedar

Western Hemlock

Asia
Butterfly-bush
Japanese Larch
Foxglove-tree
Fuji Cherry
Domestic Apple

South America

Rauli

Roblé Beech

P. domestica
Pyrus cordata

P. pyraster

Salix triandra

S. viminalis
Sorbus domestica
Tilia x europaea

Ulmus procera

Alnus incana
Amelanchier lamarckii

Cugpressus lawsoniana
(previously Chamaecyparis
lawsoniana)

Juglans nigra

Populus trichocarpa
Picea sitchensis
Pinus contorta
Prunus pensylvanica
P. serotina

Quercus rubra
Robinia pseudoacacia
Thuja plicata

Tsuga heterophylla

Buddleja davidii
Larix kaempferi
Paulownia tomentosa
Prunus incisa

Malus domestica

Nothofagus procera (some
now call it N. alpina or
Lophozonia alpina)

N. obliqua (or Lophozonia
obliqua)

Scrubby areas

Possibly native

Hedges and woodlands; Midlands and south
Central and S England; planted for basketry
Common in lowlands; planted for biomass
Possibly native

Possibly native

Widely introduced, spreads by suckering

Occasionally self-sown especially in the N
On sandy soils

Commonly self-sown

Self-sown mainly along River Thames in
Surrey

Suckering in Lanarkshire, lowland Scotland
Often self-sown

Occasionally self-sown

Surrey

Scattered

Often self-sown

Only in the south

Frequently self-sown

Often self-sown

Wasteland, scrubs and walls
Sometimes self-sown

SE London

Rare in oak woodland on clay

Hedges, scrub and waste ground

Widely self-sown

Often self-sown





