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Introduction



Taxonomy gives species their names; conservation assessments give them a voice.


—PETER WILKIE, Royal Botanic Garden Edinburgh


Walking through the woods on a spring day, sheltering under a tree for shade or cover in a summer rainstorm, enjoying the shifting autumn colours, decorating a Yule tree at winter solstice—trees are part of our lives throughout the year. Through time, trees have been of immense importance, building civilisations and shaping our world. Even in the increasingly urbanised global society, trees are essential for our survival. They play a vital role in ecological functioning, helping in a major way to regulate atmospheric oxygen and store carbon, offsetting carbon emissions from fossil fuels, stabilising soils, and controlling water flow. As major components of the forest ecosystems that cover nearly one-third of the world’s land surface, trees provide habitat for over 50 percent of terrestrial biodiversity, including 75 percent of birds and 68 percent of mammals. Trees provide us with vital resources for daily life. Timber, fruits, nuts, spices, perfumes, waxes, fuel, fibres, and medicine are just a few of the products we rely on that are provided by trees. And, as well, trees provide colour, shape, shade, mythology, and a sense of place in our landscapes and gardens. This book celebrates the global diversity of trees. It shows the threats now leading to extinction of trees around the world, as we collectively take these species for granted, and highlights the actions that are being taken to conserve the trees in most serious trouble.




Did you know?




The Global Trees Campaign supports tree conservation in over 50 countries, implementing conservation projects for over 400 threatened tree species.








Trees dominate forest landscapes worldwide. In total, there are over 58,000 tree species around the world. The huge diversity of trees results from evolutionary forces and adaptions to local climatic and soil conditions. Different forest types are found across the planet, from the vast expanse of boreal coniferous forests, through mixed temperate forests, to tropical rainforests. Trees first evolved over 300 million years ago with relatives of conifers and cycads being the earliest trees that we would recognise today. Although conifers and cycads are the oldest tree lineages, the characteristic of “woodiness” subsequently evolved in many plant families with the arrival of flowering plants in the Cretaceous period, 130 million years ago. Magnolias are among the oldest flowering plants. Trees continue to evolve, and new species are still being discovered and described. The extremely long history of trees and their evolution and survival over millennia provides a backdrop to the current dramatic loss of tree species globally.


EVOLUTIONARY HISTORY AND SHIFTING INFLUENCES


Over evolutionary history, some tree species became extinct through natural causes. Others proved remarkably resilient, with fossil records showing how species survived changing climates over millions of years. But the pace of extinction is now of a different order of magnitude. Extending back into prehistory, humans have exerted an influence on trees and the natural environment, initially causing very slow and gradual changes at the local level. But the pace of environmental change accelerated in the early 19th century, at the start of the industrial revolution and at the time when the human population passed one billion. With European colonisation and expanding international trade, environmental change spread rapidly around the world, with particularly significant loss of forests in the species-rich tropics. The impact of humanity on the biosphere is now considered so great that we have entered a new geological era in the history of the planet, known as the Anthropocene. With the destruction of forests, the rise of pollution, and the impact of carbon emissions, humankind itself has become a global geological force. The consequences for the earth’s future are unprecedented.


We know that we are pushing more and more species to the brink of extinction without really understanding the consequences. There may be a domino effect as ecosystems begin to unravel. In the process, an unimaginable amount of natural resources and genetic material that has scarcely been studied is being lost. Globally, the main threat to tree species is habitat destruction. The main reason for clearing forests has been to provide more land for agriculture to feed the growing human population and meet growing global expectations for cheap meat, soya products (used mainly for animal feed), and new crops (such as avocados). In the tropics, slash-and-burn farming has been a major cause of forest degradation and deforestation, but far more damaging now is plantation development. In addition to clearance for agriculture, the spread of towns and cities, transport systems, mining, and industry have all resulted in deforestation, threatening tree species on a global scale.
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Fieldwork in Indonesia.





Logging too has been a major threat to tree species. Timber for local use and international trade is still extensively sourced from natural forests rather than plantations. Many selectively logged tree species with desirable wood qualities are threatened with extinction, and other trees are affected by clear-felling (clear-cutting). Trees are also harvested from the wild for various other products and may face the threat of overexploitation. Medicinal products are derived from a wide range of tree species and are of great importance in many rural parts of the world.


Forest clearance for agriculture and logging takes place at different rates and scales around the world. Added to these threats is the overarching global challenge of climate change. The impact of climate change due to the increase in CO2 emissions during the 20th century is an increasing threat to tree species and one that we are only starting to understand. In addition to emissions from burning fossil fuels, global deforestation has been one of the main drivers of climate change with the release of the carbon stored in trees as CO2 emissions. In turn, the impact of climate change on individual plant species is complex. As trees tend to be long-lived we are only now beginning to see the impacts and assess the threats. On every continent we are experiencing more extreme tropical storms and hurricanes—weather events that can have severe impacts on tree species. We are witnessing more frequent and intense forest fires that threaten the survival of rare trees. Pollination and dispersal patterns of trees shift as flowering and fruiting times change, perhaps no longer coinciding with the presence of the appropriate insects and birds.


Rainfall and temperature are fundamental factors in the growth of trees, determining which species grow where, in which combinations, how they regenerate, and how they survive. As major determinants in the distribution of individual tree species, temperature and rainfall provide the so-called climate envelope for each species. Faced with climate change, species can either adapt, migrate, or become extinct. With climate change, plant ranges are shifting both altitudinally and latitudinally. Widespread species with greater genetic variation may fare better than naturally rare species with a restricted gene pool. Restricted-range plants—such as island species or cloud forest trees, which are often isolated at higher elevations—may simply have no suitable habitat to spread to.




Did you know?




Over 17,500 trees are threatened with extinction—that’s more than double the total number of globally threatened mammals, birds, reptiles, and amphibians.








Another rapidly emerging threat is the spread of invasive pests and diseases, assisted by changing weather patterns, and the global trade in living plants and plant products. The impact on ash species in Europe and the US is just one example of the devastation caused by introduced species. Threats to tree species often act together and vary at different locations and at different scales around the world. The solutions to tree loss are equally varied.


Around the world people are taking action to prevent the extinction of tree species. Sometimes working in dangerous conditions, international activists and local people are fighting bulldozers and mining companies to halt the pace of deforestation and protect individual species. Behind the scenes, herbarium botanists are working to document the diversity of trees, giving scientific names to individual species and understanding why each species is found where. Gardeners in the global network of botanic gardens, studying trees in their natural habitats and in cultivation, are working out how to grow and propagate some of the most threatened tree species. Park managers and forest rangers are looking out for rare trees and ensuring that they are safeguarded in their natural habitats. Firefighters are tackling the rising challenge of forest fires, which are increasing in intensity, frequency, and duration. Local forest communities are protecting the tree species on which they depend. Lawyers are arguing in courts for the protection of species and their habitats. Informed consumers are buying wood from sustainably managed forests. But much more needs to be done. Each tree species is a piece in the global biodiversity jigsaw. Each tree species extinction has profound and as yet not fully understood consequences. Everyone can play a part in saving trees from extinction.


GATHERING INFORMATION


Understanding which trees are under threat is an important first step in prioritising and planning for conservation action. Concern about the fate of the giant redwoods and other iconic trees dates back to the 19th century, but documentation of the conservation status of tree species around the world didn’t began in earnest until the 1970s. Sir Peter Scott came up with the idea of Red Data books to highlight the species considered most in trouble. Following the first UN environmental summit, held in Stockholm in 1972, national Red Lists were produced in Australia, the US, and other countries, and experts began to compile information on a global scale for the International Union for Conservation of Nature (IUCN). In 1978, the IUCN Plant Red Data Book was published, providing 250 examples of the approximately 25,000 vascular plants species considered threatened at the time, including 92 tree species.
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Equipment for collecting herbarium samples in Belize, with plants harvested and pressed in the field.





Twenty years later, the IUCN published a compilation of over 33,000 globally threatened plant species, and even that number represented only the tip of the iceberg; in it, plants were listed by their botanical families, and trees were not distinguished from other types of plants. The World List of Threatened Trees, also published in 1998, took a different approach, and, using the new Red List assessment system introduced by IUCN in 1994, identified at least 10 percent of the world’s tree species as being under threat while simultaneously making a strong plea for measures to prevent extinctions. Responding to the call, the Global Trees Campaign (GTC) was established, with Fauna & Flora International (FFI) as the main driver. For more than two decades, the Global Trees Campaign has been an innovative and highly successful conservation initiative, since 2005 working in partnership with Botanic Gardens Conservation International (BGCI). Many stories of action under the Global Trees Campaign are highlighted in this book.


But threats to trees continue to take their toll, and now we understand more fully the major impact that climate change is having on trees. The Global Tree Assessment (GTA) is an ambitious initiative to assess the conservation status of all tree species. An outline plan, built on earlier studies, was published in 2015, since when hundreds of tree experts and enthusiasts have contributed information. The GTA benefits from the huge improvements in data collection and sharing over the past 20 years but still depends on fundamental knowledge of what is happening to trees in the wild. The work is coordinated by BGCI and a group of tree experts brought together as the IUCN/SSC Global Tree Specialist Group (GTSG). SSC (Species Survival Commission) is another legacy of Sir Peter Scott, who was the first Chair of this voluntary network of species experts. BGCI and GTSG are working together to map and collect information on all tree species, updating conservation assessments and undertaking new assessments for many previously undescribed or poorly known species.


The first step in the Global Tree Assessment was to compile a baseline list of all tree species, something that, surprisingly, had never been undertaken. Emily Beech describes the laborious task, which took two years: “After trawling through a range of plant databases, over 500 scientific references, and contacting around 80 tree experts we had produced the list of nearly 60,000 tree species and their country distributions. The list is now online and searchable by taxonomy or country.” Anyone can use this global list of tree species; it is updated regularly and provides a checklist for monitoring progress in assessing the conservation status of each tree species. The task of assigning IUCN threat categories falls to teams of national or taxonomic experts who are working hard to assess the conservation status of all trees. All relevant information is taken into account in the assessments—distribution, habitat type and ecology, species population size and trends, threats, uses, and conservation status.


The IUCN Red List status is given for the species discussed and described within this book. There are three categories of threat—Critically Endangered, Endangered, and Vulnerable. The category of Near Threatened suggests that a species is approaching the Vulnerable category. Data Deficient is used when there is simply not enough information to make a judgement about a species. Extinct, Extinct in the Wild, Least Concern, and Not Evaluated are self-explanatory.



DEVELOPING LEGISLATION AND INTERNATIONAL AGREEMENTS



Since the 1970s, countries have taken action to protect threatened trees through legislation. In the US, for example, the Endangered Species Act came into force in 1973 with lists of endangered and threatened species subject to legal protection. Assessment of the conservation of plant species for the Act was undertaken by the Smithsonian Institution in response to a request from Congress, and this legislation extends to some species found outside the country. In other countries, species assessed as threatened according to the IUCN Red List categories and criteria are automatically protected by law; this is the case, for example, in Chile, home to iconic conifers, and Brazil, the country with the greatest diversity of tree species. Many countries now have some form of legal protection for the threatened trees under their watch.




Did you know?




Over 2700 trees are listed as critically endangered on the IUCN Red List—likely to go extinct unless urgent action is taken to save them.








As awareness of environmental problems grew over the past 50 years, governments realised the need to work together to protect trees and other imperilled species. One of the first international agreements to tackle global threats was the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES), which came into force in 1976. This Convention is designed to ensure that international trade in wild animals and plants and their products does not threaten their survival in the wild. Together, governments decide which species at risk from harvesting for international trade need to be monitored and protected. International trade in some very rare species sourced from the wild is totally banned, whereas for other species, trade is allowed when it can be shown that the trade is legal and will not be detrimental to the species. Implementation of CITES is primarily through national legislation and enforcement. When the lists of plants needing protection were first proposed, there was an emphasis on protecting ornamentals such as orchids, cacti, and cycads together with iconic plant species of national importance. Over time the emphasis has shifted to include commercially important timber species. Initially there was strong resistance from the timber trade, but environmental campaigners have helped to ensure that species such as mahogany and rosewood are now listed by CITES. This provides a framework for action, but implementation and enforcement remain challenging for timber products.


Implementation of CITES for trees is supported by the International Tropical Timber Organization (ITTO), created in 1983 through an agreement between major timber-producing and -consuming countries. Initially ITTO questioned whether controls on tropical timber species of conservation concern was a good idea and was resistant to the idea of international legally binding action. Over time, their position shifted, partly as the scale of damaging illegal timber trade was realised. Since 2006, a joint CITES and ITTO programme of work strengthens sustainable management of timber resources and track the legality of CITES timber exports.


A second UN environmental summit was held in Rio de Janeiro in 1992. A major outcome of this so-called Rio meeting was the Convention on Biological Diversity (CBD). This is an international framework agreement that comprehensively addresses biological diversity with three objectives: conservation of biological diversity; sustainable use of its components; and fair and equitable sharing of benefits arising from the utilisation of genetic resources. The CBD is not a legally binding agreement and delivers its objectives through programmes of work rather than national legislation. The conservation of tree species is integral to these programmes, including the Forestry Programme, Protected Area Programme, and Sustainable Use Programme. It is also particularly relevant to the crosscutting Global Strategy for Plant Conservation (GSPC). The CBD has a Strategic Plan for Biodiversity, agreed in Japan in 2010, which provides the global framework for biodiversity action for the entire United Nations system.


Another equally important outcome of the second UN environmental summit in Rio was the United Nations Framework Convention on Climate Change (UNFCCC), adopted by 193 countries. The ultimate goal of this convention is to stabilize greenhouse gas concentrations “at a level that would prevent dangerous anthropogenic (human-induced) interference with the climate system. [S]uch a level should be achieved within a time-frame sufficient to allow ecosystems to adapt naturally to climate change, to ensure that food production is not threatened, and to enable economic development to proceed in a sustainable manner.” Forest restoration, reforestation, and afforestation are recognised as valuable approaches for climate change mitigation, through the capture and storage of carbon by trees. According to the historic UNFCCC Paris Agreement in 2015, “Climate change represents an urgent and potentially irreversible threat to human societies and the planet and thus requires the widest possible cooperation by all countries.” The central aim of the Paris Agreement is to strengthen the global response to the threat of climate change by keeping global temperature rise in the current century well below two degrees Celsius above pre-industrial levels and to make efforts to limit the temperature increase even further. Additionally, the agreement aims to strengthen the ability of countries to deal with the impacts of climate change.


Forest restoration, benefitting threatened tree species, could potentially be supported by the developing market for carbon. Regulated or compliance carbon markets are governed by rules in the Kyoto Protocol of the UNFCCC; these markets include Clean Development Mechanism (CDM) projects, of which a number are forestry-related. Unregulated voluntary carbon markets, such as the Verified Carbon Standard (VCS), also offer project standards; these have been applied to a wide range of conservation and forestry schemes, many of which are operated by NGOs. In the context of climate change mitigation, a promising mechanism for funding forest restoration and tree conservation is REDD (Reducing Emissions from Deforestation and Forest Degradation), which provides incentives for developing countries to invest in low-carbon approaches to sustainable development. Developed within the UNFCCC, the focus of REDD was recently expanded (as REDD+) to include “enhancement of forest carbon stocks,” which provides opportunities for supporting forest restoration efforts. REDD+ activities are supported by national and local governments, NGOs, and the private sector, with support from various development agencies, the World Bank, and research institutes.


Markets for carbon can generate revenues that support forest and biodiversity conservation. In practice, however, the mechanisms have not been as successful as initially hoped. The ecosystem service of carbon is part of a much wider range of ecosystem goods and services, all of which interact in complex ways. Potential negative social impacts include loss of livelihoods or access to lands undergoing reforestation, a risk that is particularly high in areas where land tenure is insecure.


The United Nations Convention to Combat Desertification (UNCCD) is the third major agreement developed in Rio and adopted in 1994. This aims to ensure long-term productivity of drylands and the biodiversity that they support. The convention promotes effective action through local programmes and supportive international partnerships. Tree planting is an important global activity promoted by UNCCD in its work to tackle deforestation. Launched in 2007, the Great Green Wall, a very ambitious undertaking, will become the largest living structure on the planet—an 8000-km wall of trees stretching across the entire width of Africa.


With international agreements in place, there is a now a framework for countries to work together cooperatively to save trees and the global biodiversity they support through legislation, policies, and action. The agreements have resulted in many small conservation successes and more significant advances, but they have not yet prevented the loss of tree diversity. Economic concerns are universally given higher priority by governments than environmental concerns. Successes in biodiversity conservation that have been achieved around the world frequently reflect the efforts of voluntary and charitable organisations. Now with growing protests about the fate of the Amazon and calls for immediate action to save the planet, there is hope that the small conservation successes will be scaled up to achieve real impact.


CONSERVATION APPROACHES


In Situ Conservation: Reserves, Reintroductions, Sustainable Use


Legislation protects individual tree species in their natural habitats, aiming to prevent their removal from the wild and specifying the need for recovery. Protection of trees in their natural habitats is also greatly enhanced by the designation of nature reserves and national parks. Valued areas of forest have been revered and protected for centuries. In India, for example, forests were declared abhayaranyas (sanctuaries) over 2000 years ago. The world’s first modern national parks were developed in the US in response to the loss of forests and iconic species, such as the bison. Yellowstone National Park, established in 1872, can rightly claim to be the first official national park. Earlier, the Yosemite Valley in California was declared a state park under the Yosemite Bill signed by Abraham Lincoln in 1864, and it became a national park in 1890. Canada and New Zealand soon adopted the idea of creating national parks to protect nature, and now very country in the world has a protected area system. Protected areas cover over 15 percent of the world’s land area. As well as helping to reduce deforestation together with habitat and species loss, they collectively store 15 percent of the global terrestrial carbon stock, helping to buffer the impacts of climate change, and support the livelihoods of over a billion people.


Protected areas are an important component of in situ conservation for tree species. But even then, areas set aside for forest conservation are not enough. Management and vigilance—to prevent illegal logging and other threats to areas once they have been designated as protected—remains crucial. Much of the world’s forest land, with some of the richest tree diversity, lacks formal protection. Forests and their timber stocks, whether under national control or private ownership, continue to be utilized as a primary source of wealth. In the years leading up to the environmental summit in Rio, there were calls for a global agreement on forest management and conservation. As with the debate on timber and CITES, resistance to any form of legally binding agreement was strong. In the forestry sector, calls for an international legal regime for control of forests and trade in timber were largely countered by the growth of voluntary schemes for certification of sustainable forest management supported by the private sector. The Forest Stewardship Council (FSC) was created by business interests, environmentalists, and community leaders in 1993 after the Rio summit failed to agree to a convention to stop deforestation. The mission of the FSC is to promote environmentally sound, socially beneficial, and economically prosperous management of the world’s forests. Subsequently national governments set up national forest certification schemes, and these were brought together under the Programme for the Endorsement of Forest Certification (PEFC). True sustainable forestry as promoted by the FSC takes into account ecological, economic, and social criteria. Based on the application of these criteria, sustainability can be assessed and forest products from sustainably managed sites certified for the marketplace.
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Camellia nitidissima being cultivated within a nature reserve as part of a conservation effort.





As of September 2019, according to the Global Forest Atlas of the Yale School of Forestry, over 440.3 million hectares of forest around the world were certified by the FSC and PEFC. This represents about 10 percent of the total global forest area. Unfortunately, 92 percent of certified forest is in temperate and boreal regions, which are far less biodiverse and have far fewer tree species than tropical regions. The certified timber available on the market represents only a small proportion of the species in trade, and logging for tropical timber is usually damaging to species diversity. Nevertheless some FSC-certified stocks of African blackwood (Dalbergia melanoxylon), big-leaf mahogany (Swietenia macrophylla), West Indian cedar (Cedrela odorata), and other valuable tropical hardwoods are available, showing that forest certification can play a direct role in tree species conservation. Forest certification schemes can successfully link timber production to the consumer of timber products, and the trade in certified products has been particularly successful in areas with strong consumer interest in the environment.


Conservation through sustainable use and trade in timber has been widely presented as a dream ticket for forests and their trees, providing both ecological security and livelihood options for the millions of people who live in or around forest ecosystems. The same is true for non-timber forest products (NTFPs). In reality, however, sustainable use of forest resources is not an easy option. The “use it or lose it” argument for conserving forests is compromised by the fact that trade in forest products rarely (if ever) provides sufficient financial returns to protect the forest against other threats. This is the case even when high-value timber like mahogany is harvested for the international market and considerably more so where NTFPs (which include fruit, bark, exudates, and leaves) are harvested. Tropical hardwood remains undervalued, sustainable management adds many costs, and unfair competition with illegal and unregulated logging remains commonplace. Forestry expert Adrian Newton generally agrees: “Most efforts to manage tropical forests sustainably have focused on producing a sustained timber yield of a few species. On this basis a continuous supply of timber is assured but not necessarily the survival of populations of valuable timber species and undoubtedly not the survival of other tree species within the forest.”




Did you know?




Baobab fruit was hailed as a superfood on the international market after it was approved for use in smoothies by the European Union in 2008.








A similar form of certification for sustainable production has been developed for NTFPs harvested for food and medicine. FairWild Standard aims to enable transformation of resource management and business practices to be ecologically, socially, and economically sustainable throughout the supply chain of wild-collected products. Currently, products from tree species certified against the FairWild Standard include elderflower (Sambucus nigra), African baobab (Adansonia digitata), and two Indian medicinal trees, myrobalan (Terminalia chebula) and bastard myrobalan (T. bellirica). Many more tree products are in development. This is a small step in the right direction. Guaranteeing sustainability is a big challenge in the context of wild-harvesting. The international trade in NTFPs covers an extraordinary range of tree products from around the world, used for aromatic, medicinal, and food purposes. The trade is scarcely documented, overexploitation of trees remains a problem, and the livelihoods of people involved in harvesting are often precarious.


The Sustainable Agriculture Network (SAN) is a coalition of leading conservation groups that links responsible farmers with conscientious consumers by means of the Rainforest Alliance Certified seal of approval. SAN promotes effcient and productive agriculture, biodiversity conservation, and sustainable community development by creating social and environmental standards. In August 2010, there were over 80,000 Rainforest Alliance Certified farms in 26 countries, covering a total of over 500,000 hectares. By June 2013, certification had expanded to 2.7 million hectares in 43 countries worldwide. The Rainforest Alliance has successfully introduced the concept of “landscape mosaics” to farm and forestry operations around the world. To meet the standards of FSC and Rainforest Alliance certification, farm and forest operations must allocate as protected reserves a portion of the land they are seeking to certify. To date, more than 11 million hectares have been set aside as reserves in Latin America alone.


Ex Situ Conservation: Botanic Gardens, Seed Collections


We need to do much more to protect trees in their natural habitats. We need to think about the impact of climate change on tree species and how this might affect future tree conservation needs. At the same time, with so many tree species declining in abundance as a result of human activities, there is an increasing need to consider ex situ conservation approaches. Ex situ conservation of plants is the conservation and maintenance of samples of living organisms outside their natural habitat, in the form of whole plants, seed, pollen, vegetative propagules, tissue, or cell cultures. Botanic gardens and arboreta play a major role in the ex situ conservation of plants, as do some zoos, academic institutions, non-profit organisations, forest services, and other government agencies. One huge value of ex situ collections is to connect people with the trees we are losing. Many favourites commonly cultivated in parks and gardens—monkey puzzles, magnolias, camellias—are endangered in the wild. This is not as well known as it should be.




PlantSearch Database


BGCI maintains an extensive database that records the plant species grown by botanic gardens worldwide. This is an extremely useful tool for tracking the progress of ex situ conservation for species that are in decline in the wild. PlantSearch (bgci.org/resources/bgci-databases/plantsearch) is being used to measure progress toward Target 8 of the GSPC by tracking which threatened species are in botanical collections throughout the world. It also enables botanic garden staff to understand the global significance of their collections and to plan collaboratively for the conservation of particular species. Currently over 600 botanic gardens and related institutions provide data on the species they are growing.
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A nursery at Tooro Botanical Gardens in western Uganda.





For ex situ conservation action of a tree species to be truly effective, the material in a collection needs to be well documented, of known wild origin, and genetically diverse. Paul Smith, Secretary General of BGCI, is convinced that with the backup provided by botanic gardens, no tree species should go extinct:


We have the knowledge, experience, and networks to conserve tree species, either as living plants or seeds and where necessary using novel scientific techniques. For species with orthodox seeds which maintain their viability after drying and storing at low temperatures for many years, seed banks provide the greatest direct conservation value at the lowest cost. In contrast, for species with recalcitrant seeds that cannot be dried and stored, tissue culture or cryopreservation collections can also provide high direct conservation value but at a higher cost. We also cannot underestimate the conservation value of living collections of trees.


In general, well-documented, wild-collected ex situ collections that capture as much genetic variation of the species as possible will have the greatest conservation value. Botanic gardens often maintain collections of living plants represented by a few specimens of a range of species from cultivated or, where records have not been kept in the past, unknown origin. Living collections represented by only a few individuals will often be of limited direct conservation value. They can, however, be of indirect conservation value—for example, through research, horticulture, and education, helping to tell the story of the plight of trees in the wild. It goes without saying that ex situ collection efforts must be conducted carefully to ensure wild populations are not placed at additional risk.
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Germination trials to determine whether stored seeds are viable.
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New South Wales Seed Bank, Australia.





Once the material is brought into a collection, effective management is important to maintain the conservation value of the material. Collections with the most direct conservation application are genetically diverse and representative of the species; they must be managed to ensure the material is genetically sound and available for conservation activities over the long-term. Many living collections do not meet these standards, owing primarily to genetic issues such as having too little genetic diversity, being of unknown provenance, or losing genetic diversity via drift or adaptation to cultivation and hybridization. Management of ex situ collections should also minimize the risk of loss due to random events, natural disasters, or other catastrophic loss (staff changeover, theft, fire, disease) by ensuring that collections are maintained at more than one site. Additionally, curatorial oversight of living collections through time is crucial to maintaining associations between collection data (e.g., provenance) and specimens.


Ecological Restoration: Reinstating Tree Species, Diversity, and Functional Ecosystems


Conserving natural areas to allow tree species to flourish is an essential conservation goal. But can we also repair areas that have been badly damaged by mining, clear-felling, and intensive agriculture? The answer is a qualified yes. Sometimes forests will recover naturally if the damage has not been too intense. The deciduous forests of New England in the US were among the first to be cleared for farming with the arrival of European settlers. In the 20th century, forested areas increased in New England, with natural regeneration of marginal or abandoned agricultural land. Nevertheless the composition and structure of the forests has changed significantly, with a broad ecological shift away from genera such as Fagus (beech) and Tsuga (hemlock) to the now-dominant Acer (maple) and Populus (poplar). Generally in the northeastern states, 80 percent of the region was forested in 2010, but with less than 1 percent of original old-growth forest remaining intact. To recreate original forest we have to decide on the baseline conditions to work toward and undertake active management.


Globally, the widespread environmental degradation that has resulted from human activities has led to a growing interest in restoring forests and other ecosystems. Ecological restoration has grown rapidly in importance over the past few decades, both in terms of scientific understanding and in terms of environmental management practice. Billions of dollars are now being invested in restoration actions throughout the world, supported by the CBD and other international policy commitments. Environmental organisations and community groups, governments and large companies are actively engaged in ecological restoration projects.




Did you know?




During the Middle Ages, yew wood was used to craft long bows and spears, as the timber was both strong and elastic. This led to the exhaustion of yew forests once widespread across Britain.








We have to be careful to distinguish between tree planting and ecological restoration. Often now tree planting is seen as a panacea for the world’s environmental problems. Tree planting schemes are promoted as a way of reducing carbon dioxide in the atmosphere and mitigating the impacts of climate change. But it is very important to plant the right tree in the right place—and ideally with the right mix of species. Replicating the monocultures of eucalyptus and pine that have been a major threat to natural forests is a big mistake.


In planning tree conservation action, the focus is often on restoring populations of an individual tree species that has been depleted in the wild. This can be achieved by artificially establishing individuals of the tree species—for example, by enrichment planting, using planting stock derived from an ex situ population. If a species has been extirpated from its original habitat, it may be a candidate for reintroduction, which aims to re-establish new, self-sustaining populations of a species in locations where it occurred previously. Reintroduction is now a very important plant conservation tool, but tree species have seen relatively few success stories. To be successful, reintroductions are dependent on the availability of appropriate material, either from other nearby adapted populations or from suitable ex situ populations. Reintroduction can form part of a broader effort to restore an entire ecosystem.


A range of terms describes the restoration of whole areas of forest. Rehabilitation emphasizes the recovery of forest ecosystem function, without including the re-establishment of some pre-existing baseline state. Reclamation generally refers to the environmental improvement of mined lands, which have often lost all their natural vegetation and underlying soils, producing a barren wasteland. In the US, some exciting initiatives to restore Appalachian coal mine sites go beyond reclamation to introduce an interesting mix of species, including the American chestnut. This is unusual at reclamation sites, which rarely aim to restore the original biodiversity. Afforestation and reforestation refer to the establishment of trees on a site—the former, where no trees existed before; the latter, following deforestation. Afforestation is tree planting, and great care needs to be taken to ensure that the site is suitable for growing trees and that the species chosen are appropriate.


The Bonn Challenge is a global effort to bring 350 million hectares of the world’s deforested and degraded land into restoration by 2030. It was launched in 2011 by the government of Germany and IUCN, and later endorsed and extended by the New York Declaration on Forests at the 2014 UN Climate Summit. Underlying the Bonn Challenge is the forest landscape restoration (FLR) approach, which aims to restore ecological integrity at the same time as improving human well-being through multifunctional landscapes. There is huge scope to be bold in reintroducing threatened tree species as part of the FLR approach, effectively bringing together tree conservation and forest restoration action.


THE ONGOING CAMPAIGN


It seemed a simple idea at the outset. We had a list of around 7000 tree species evaluated as threatened with extinction—let’s develop a campaign to save them. This would involve looking at tree conservation success stories and scaling up action globally. Of course this would involve financing, but surely everyone would understand the importance of trees and would want to contribute. That was 20 years ago. Initially FFI took the lead. Working with the UNEP World Conservation Monitoring Centre, who had produced the World List of Threatened Trees in 1998, FFI established the Global Trees Campaign in 1999. The aim was straightforward: to save globally threatened trees and their habitats. Over time, the work of UNEP WCMC evolved away from documenting the conservation status of tree species, and in 2005 BGCI replaced UNEP WCMC as the lead partner in the Global Trees Campaign alongside FFI.


The FFI and BGCI are ideal partners for the implementation of the Global Trees Campaign. For more than a century, the former has been developing innovative approaches to species conservation, working with local stakeholders and communities. The latter, with its focus on conserving plant diversity and working with a global network of botanic gardens, adds important skills to the mix. Various approaches—in situ and ex situ conservation, restoration in natural habitats, sustainable forest management—are being implemented for a range of “flagship” tree species, chosen because they are important to people and representative of their habitats; these include magnolias in China, Colombia, and Cuba, agarwood trees in Cambodia, oaks in the US, and rosewoods in Central America. Over 20 years, the Campaign has acted to conserve over 400 tree species in more than 50 countries. It is an exciting time to join the fight for threatened tree species. The involvement of an increasing range of botanic gardens, arboreta, forestry departments, NGOs, and other partners—partially in response to updated IUCN Red Lists for selected tree groups—is an encouraging sign. But even as we learn more and increase the level of action, the threats to tree diversity are increasing. Much more support for saving trees, building on all available conservation options, is needed.










CHAPTER 1



Trees and Their Ecosystems


Trees define landscapes worldwide. Outside the extreme polar regions and at the earth’s highest altitudes, trees flourish in a wide variety of ecosystems. They are the main biological components of the world’s forests and also grow in savannas, grasslands, deserts, and wetlands. Trees survive as remnants of natural vegetation in agricultural landscapes and are much loved in our towns and cities, whether in fragments of natural forest or planted in our parks and gardens or along our streets. The world’s continental forests offer a rich diversity of trees, while islands include all the different types of forests found elsewhere and, because of their isolation, have a rich concentrations of endemic tree species.
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Pumalin National Park, in Chilean Patagonia.






TROPICAL RAINFORESTS



Magnificent tropical rainforests cover about 6 percent of the world’s land surface. They are home to a huge amount of biodiversity (about half of all known plant and animal species) and maintain some 40 percent of the earth’s carbon stocks. Trees are their essential components, defining the architecture and composition of tropical rainforests; they have evolved to reach their maximum diversity within these forests. The Amazon alone has an estimated 16,000 tree species. Rainforests in Southeast Asia also have a very large number of tree species, followed by rainforests in New Guinea, Madagascar, and elsewhere in Africa. Many tree species within rainforests are naturally rare, existing in low numbers over large areas. The reasons for the exuberant tree diversity are not fully understood but may be partially attributed to the stability of lowland rainforest areas over a very long period of time and climatic conditions that favour plant growth.
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A rainforest in Ecuador.
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The canopy walkway
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And view from it, at Ulu Temburong National Park in Brunei.





Walking high in the forest canopy on a jungle walkway is an exhilarating experience, giving some idea of the scale and diversity of the rainforest ecosystem. Jungle walkways are the perfect opportunity to see the abundance of trees of different heights, with different shapes and sizes of leaves in different hues of green, stretching for miles and miles. Flashes of colour are provided by flowering trees and epiphytic orchids and, at the right time of day, birds and butterflies animate the forest. Standing in the middle of the canopy walkway of Ulu Temburong National Park in Brunei, high above the forest floor, it is easy to imagine a world entirely covered in lush forest. No buildings or roads are in sight. But in reality most of the rainforests of Borneo and all the world’s other tropical rainforests have been modified and are now fragmented and continuously under threat. National parks like Ulu Temburong are increasingly important refuges and among the few places where we can see tropical rainforest in a near pristine condition.


The hot and wet climatic conditions that support rainforests in the tropical lowlands are ideal for the luxuriant growth of trees. Generally the soils underlying tropical rainforests are formed from ancient rocks; they are leached by high rainfall and therefore infertile, with a lack of readily available nutrients. Tall, diverse forests can exist on these soils only because rainforests have evolved to recycle nutrients efficiently. Very often, symbiotic fungal associations (mycorrhizae) found in the tree roots enable trees to utilise nutrients and water resources more efficiently. These fungi may also provide protection against harmful plant pathogens, and the trees in turn provide carbon as an energy source to the fungi. Extensive buttresses often support the towering straight trunks of rainforest trees; these are necessary because root systems of rainforest trees are generally shallow, extending laterally to tap the nutrients in the surface litter layer.


Rainforest trees have also evolved to make maximum use of the sunlight essential for photosynthesis. Competition for light is intense. Many tree species have the ability to remain semidormant under the canopy until a light gap appears, for example, when another large tree dies or decays. Gaps in the forest may result from a tropical storm or natural fire, and then the semidormant tree seedlings “wake up” and undertake very rapid growth. Leaves in understory forest species are typically arranged in a single layer to minimise casting shade. Leaves in the forest canopy are usually leathery and drought resistant, to withstand severe sun intensity. Some leaves alter their orientation during the day to avoid sun stress.


Interactions between plants and animals are very highly developed in the rainforest. Seed dispersal, for instance, is largely accomplished by animals, and much pollination is by vertebrates and social bees, which travel long distances between scattered individuals of many plant species. An extraordinary example of large-scale bat pollination can be observed in the Calakmul Biosphere Reserve in the state of Campeche, Mexico, where every day just before dusk a whirlwind of 7–13 million bats (depending on the period of the year), leaving their subterranean cave for the night, can be observed. An unknown but important percentage of the 450 tree species recorded in this area of 20,000 km2 depend on bats for pollination and dispersal.


Many rainforest tree species are in large plant families, some of which are entirely or largely restricted to tropical forest areas, including tropical cloud forests. These families include Anacardiaceae, Annonaceae, Bignoniaceae, Capparidaceae, Dipterocarpaceae, Lauraceae, Melastomaceae, Meliaceae, Moraceae, Myrsinaceae, Myrtaceae, Rubiaceae, Sapindaceae, Sapotaceae, and Sterculiaceae.


Rainforest trees provide a rich diversity of useful products. Tropical hardwoods are the most economically important on a global scale and provide major export earnings for tropical countries. Over a thousand different tree species are sourced from tropical forests for use as commercial timber, and many more are used locally. Fuelwood sourced from the rainforest is also very important for people living in or near the forest. It has been estimated that approximately 1.3 billion people rely on forests for their livelihood. Wild fruits and nuts, leaves for thatching, latex, gums and flavourings for local use and trade, and medicinal products are just some of the products provided by rainforest trees. Exploitation of high-value products such as wild rubber and Brazil nuts attracted hundreds of thousands of migrants into the Amazon in the 19th century. Tropical forests are the source of around 2500 edible fruits. Papua New Guinea alone has more than 250 edible fruit tree species, 40 of which are in cultivation; the rest provide fruit sourced from the wild. The forests of Borneo are the origin of important tropical fruits such as mango, durian, breadfruit, and jackfruit, a new miracle fruit that is increasingly popular with vegans. Major commercial crops such as cocoa, avocados, and citrus fruits have all been developed from rainforest trees.




Did you know?




The Amazon rainforest is home to over 400 billion trees from 16,000 different species.








Local people living close to or in the rainforest typically collect wild fruit and other forms of food to supplement the crops they grow. Slash-and-burn farming (aka shifting cultivation, swidden) has been used to manage forests for food over the past 10,000 years. Land is first cleared by removing the trees and then burnt and used to grow crops. After one or many seasons, the land is abandoned, and a new area is cleared and burned. Slash-and-burn farming is now practised in over 40 countries in tropical regions of Africa, Asia, and Latin America. As human population increases, demand on land increases, and abandoned land is not left long enough to recover, nor is there enough natural forest left to provide the plants and seeds to allow for recovery to take place. Shifting cultivation has been considered a major threat to the rainforest and as general pressures on the land increase, it is contributing to forest loss in parts of the world. But where traditional knowledge relating to fallow management is well developed and applied, shifting cultivation can be a form of sustainable forest management, especially when human population density is low. In these cases, soil fertility is maintained while conserving biodiversity and maintaining the provision of other forest ecosystem goods and services. Within tropical countries, where most forest change has occurred, deforestation due to smallholder agricultural expansion has generally given way to large-scale agricultural forest conversion.


Meanwhile logging continues apace, and few tropical rainforest areas have not been exploited. Currently about 15 percent of the timber produced globally is sourced from tropical forests. Timber from the forests of the Caribbean was shipped to Europe from the time of Columbus, with Cuban mahogany (Swietenia mahagoni) a prized resource. Exploitation of west African timber for the European market dates to at least 1672, when the Royal African Company received a charter from King Charles II of England to trade in African mahogany (Khaya and Entandrophragma spp.). By the early 18th century, west African timber replaced the diminishing and more distant supplies from the Caribbean region. Trade in African timber increased significantly with European colonialism at the end of the 19th century and evolved rapidly after 1945, still controlled by European interests, to supply utility-grade wood.


In Southeast Asia, tropical forests in Peninsular Malaysia have been managed for commercial timber since the early 1900s, initially to supply UK needs. International demand for Malaysian timber became significant in the 1950s; increasing postwar demand in 1953 and agricultural expansion after Malaysia’s independence in 1957 made large quantities of logs available. In Indonesia, teak plantations developed in Java under Dutch colonial rule formed the basis for commercial forestry until after World War II. The vast forests of Indonesia and East Malaysia (Sabah and Sarawak) were opened up in 1965 for the international market. In the Philippines, intensive logging of the dipterocarp forests took place from the end of World War II until the 1970s. In 1968, timber accounted for 33 percent of the country’s foreign exchange earnings, falling to 5 percent by 1986 because of lower global prices, forest depletion, and conservation policies.


The first global assessment of the extent of logging in the tropics, compiled in 2009, indicated that 20 percent of the tropical forest biome was either actively logged or allocated to logging concessions between 2000 and 2005. About half of this area had already been heavily affected by land-use change, losing over 50 percent of its forest cover. By 2010, commercial timber extraction reached into the centre of Amazonia and was expanding rapidly into new areas, including central Africa and Papua New Guinea; soon it would reach the very last remote tropical forests.


There are major efforts to conserve rainforests around the world, as highlighted in the introduction to this book. Managing tropical rainforests sustainably and setting aside sufficient natural areas is certainly an efficient way to conserve maximum tree species on a global scale. Approximately 25 percent of all tropical forest is now in some form of protected area. Serranía del Chiribiquete National Park, in the heart of the Colombian Amazon, is the world’s largest national park protecting tropical rainforest. In 2018, the size of this protected area was doubled, and it was declared a UNESCO World Heritage site, reflecting its enormous environmental, cultural, and social value. This biodiverse area, located at the westernmost edge of the Guiana Shield, protects many tepuis (steep-sided tabletop mountains), which have very high levels of endemism. The tepuis found in Chiribiquete have dramatic scenery that is relatively undisturbed, making the site one of the most important areas of wilderness rainforest in the world. But the tepuis also have a long history of human use. Some 75,000 pictographs have been recorded on the walls of rock shelters at the foot of tepuis. These scenes of hunting, battles, dances, and ceremonies are thought to reflect a thousand-year-old system of sacred beliefs, representing and explaining the relations between the cosmos, nature, and people. Even now they are believed to be accessed by uncontacted indigenous groups.


We still have a lot to learn about tropical forests and their trees. In some ways our understanding is no more advanced than that of ancient inhabitants, who relied on their forests for all their survival and spiritual needs. Now we have satellite imagery, which gives a broad picture of forest extent and condition. We can travel to rainforests from around the world with relative ease. But our knowledge of how tropical forest ecosystems function and sustain global ecosystems is still rudimentary.


At ground level, a global network of permanent forest plots is helping scientists to understand more about tree diversity and ecological functioning within the forest. The Forest Global Earth Observatory, for example, is a global network of forest research sites and scientists dedicated to the study of forest function and diversity in both temperate and tropical areas. With over 70 forest research sites across the world, ForestGEO monitors the growth and survival of approximately 6 million trees and nearly 13,000 species that occur in the forest research sites. The initiative, begun in the 1980s, now conducts long-term, large-scale research to increase scientific understanding of forest ecosystems. This knowledge helps to guide sustainable forest management and natural-resource policy, monitor the impacts of climate change, and build capacity in forest science. Forest plots are mainly used for ecological research, to understand how trees and other species work individually and collectively in their natural environment. At the species level there is still much to learn, even concerning many relatively widespread tropical tree species, including our most important forest-dwelling flagship species.


The only way to fully document tree species diversity is to undertake fieldwork, both in the forest plots and in areas which are far less known. There are new species of trees to be discovered and distribution records to be compiled for species that are sometimes known only from a few herbarium records. With this baseline of knowledge, the conservation status of tree species can be assessed and ideally the ecology of at least an increased range of tropical trees can be studied.





The Lacandon Forest



The Lacandon Maya people, indigenous to the Yucatán Peninsula, initially moved to the forests of southern Chiapas and the Guatemalan Petén in the 1700s to avoid participating in the war that took place between the Mayas and the authorities of the Spanish colony (and later, the Mexican government). The frontiers in this completely unoccupied area were not well defined at the time, and neither were there authorities, so the Lacandon people developed a society that was totally self-sufficient, without any contact with neighbouring civilizations. An example: they never depended on commercial salt, instead obtaining their salt by burning the stems of the palm Cryosophila stauracantha.


At the beginning of the 20th century, when the frontiers between Mexico and Guatemala were defined, all the Lacandon migrated to Mexico, since in Guatemala they were persecuted, captured, and put on display in cities. In the 1950s, archeologists discovered the monumental murals of the Bonampak archeological site, through which the Lacandon presented their culture to the world. As a consequence, the Mexican government designated a large conservation area in the Lacandon forest.


The population of the village of Nahá maintains the most traditional lifestyle, and their conservation areas, although relatively small, are the best-conserved of the whole forest. Esteban Martínez Salas, botanist of the National Herbarium of Mexico, has worked with this community for more than 35 years, and his research team and other scientists have been able to generate extensive knowledge of the area’s natural resources, as the Lacandon people are very open toward participation with researchers. This partnership in support of continuous conservation actions in the area is extremely important, given that 40 percent of Mexico’s water resources originate in this extraordinary forest.




[image: Image]


Lacandon murals.
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Las Nubes in the Lacandon forest, Chiapas.








Marie-Stéphanie Samain is a Belgian botanist now based in Pátzcuaro, Mexico. She has travelled extensively in the tropical Americas, undertaking work on hydrangeas, magnolias, and non-woody plants such as peperomias. She describes the reality of working in the tropical rainforest:


The first time I set foot in a tropical rainforest, I felt deeply impressed and overwhelmed by the high trees, the forest noises and smells. At the same time, I was surprised that primary rainforest generally does not consist of impenetrable vegetation as I had imagined before or as you see in movies. You can easily walk among the trees and gaze up to their canopies to spot a little bit of the sky. . . . I am very fond of all the memories I have collected over the years, such as the time we camped in La Chinantla, Oaxaca, Mexico, and I slept outside in my sleeping bag, cradled asleep by myriad animal noises and waking up to a breakfast of raw inflorescences of the palm Chamaedorea tepejilote; or the visit to a 400-year-old brazil nut (Bertholletia excelsa) plantation in the middle of the forest near Kayserberg, Surinam, planted by indigenous people who used to travel by pirogue between Surinam and Brazil. Another unforgettable experience was when during a hydrangea collection trip in Peru, I climbed a tree north of San Ignacio in Cajamarca, near the border with Ecuador, and I was able to observe the forest stratification from above, looking down into the phyllotaxis of a giant tree fern!
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Distribution of tropical montane cloud forests around the world.






TROPICAL CLOUD FORESTS



Step inside a cloud forest, and what do you see? Initially perhaps rather little, as everything is surrounded by a thick mist, swirling slowly around you. As you walk onward, the dark shapes of trees loom out of the fog, their trunks and branches completely covered with epiphytes. Ferns, bromeliads, and orchids grow densely together on every available surface. Perhaps your attention is caught by a flash of colour, as a hummingbird darts between flowers, or a tree frog hops onto a leaf. Underfoot, the ground might be springy with moss or poorly decayed leaves, which, owing to the low temperatures and high humidity, accumulate gradually over time. The air is very still, and sound is deadened by the mist, yet everywhere you hear the sound of dripping water. The silence is penetrated by the whistles and chatters of orioles and bellbirds, and maybe the booming calls of a troop of howler monkeys.


Cloud forests occur in some unusual places. For example, in the deserts of Peru and northern Chile are small islands of vegetation entirely supported by the fog that regularly rolls in from the Pacific Ocean. These are home to some mysterious trees, such as the critically endangered arrayan (Myrcianthes ferreyrae), which is found nowhere else in the world. However, most conservation attention has focused on the cloud forests found on the top of some tropical mountains. As you climb a tropical mountain, the forest changes in both structure and composition. The tall and often buttressed trees of multi-storied lowland rainforest gradually give way to trees that are shorter in height, with a simpler canopy structure. Epiphytes become more abundant, and trees are increasingly mossy. The shortest and mossiest forest of all, the upper montane cloud forest, is found at the highest elevations, on ridge crests and upper slopes. The transition from lower to upper montane cloud forest occurs where condensation from clouds is most persistent. This typically happens at 2000–3000 metres, although cloud forests occur at much lower elevations on some oceanic islands.


The most extensive tropical montane cloud forests occur in the neotropics, where they clothe the upper slopes of the Andes and extend through the mountain chains of Central America into southern Mexico. Other important cloud forest areas include parts of East Africa and Southeast Asia. Cloud forests are also found in the Pacific region, typically as small and isolated patches on the upland ridges and peaks of volcanic islands, such as Hawaii. The cloud forests of these different regions are characterised by very different floras. For example, neotropical cloud forests at lower elevations are dominated by members of Annonaceae and Melastomataceae. These same plant families often occur at higher elevations, but here they may be joined by temperate-climate genera, such as Podocarpus, Drimys, and Weinmannia. In Southeast Asia, the different vegetation zones associated with elevation are characterised by families of different continental origins. Plant families with Laurasian affinities, such as Fagacaeae, predominate in lower montane forests, whereas at higher elevations, members of Australasian families (Myrtaceae, Podocarpaceae, Araucariaceae) are more likely to be encountered. In other words, the world’s cloud forests are united more by their structure and appearance than by their taxonomic affinities. Above all, these forests share an adaptation to high cloud cover and frequent fogs and mists, which creates conditions of high humidity but low sunlight and air temperatures.
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Myrcianthes ferreyrae, endemic to the cloud forests of coastal Peru.





Although they occur in inaccessible locations, cloud forests are typically full of life. They are particularly rich in those groups that thrive in high humidity, such as mosses, fungi, lichens, ferns, orchids, and other epiphytes. Many reptiles and amphibians are also found here, including many species of brightly coloured tree frogs and poison arrow frogs. Recently, seven new species of miniature frog, each smaller than a thumbnail, were discovered in the cloud forests of Brazil. These live on sky islands—areas of cloud forest on mountains that are surrounded by lower-altitude rainforest. Such amphibians clearly benefit from the high humidity conditions found in cloud forests, but perhaps more surprisingly, the diversity of mammals can also be high. Examples of species that might be encountered include tapirs, sloths, jaguars, rodents, and monkeys. Again, new species continue to be discovered. As illustration, the Tabaconas Namballe National Sanctuary in Peru, a cloud forest reserve that extends over 70,000 acres, is home to the endangered mountain tapir and spectacled bear. In addition to the 82 mammal species known to occur there, eight new species were recently discovered, including the orange-eyed night monkey, a shrew opossum, an extremely long-quilled porcupine, and an olingo (a relative of the raccoon).


Cloud forests are also very important for birds. Ten percent of the world’s 2609 restricted-range bird species (i.e., those with a range < 50,000 km2) are mainly found in cloud forests. Similarly, around 12 percent of the threatened bird species of the Americas are cloud forest species. Many songbirds and other bird species from North America migrate south and overwinter in neotropical cloud forests, where they play an important role in seed dispersal, with up to half of tree species producing fruit that are bird-dispersed. Cloud forests are particularly important for hummingbirds, with more species than any other habitat. Recent bird discoveries include the jocotoco antpitta (Grallaria ridgelyi), which lives in a small patch of cloud forest in Ecuador, and the scarlet-banded barbet (Capito wallacei), found on a single mountain in Peru. Perhaps the most iconic cloud forest bird is the resplendent quetzal (Pharomachrus mocinno), famed for its wonderful iridescent green plumage and long tail feathers. This neotropical species was venerated by pre-Columbian people of Mesoamerica; it was considered to be divine by the ancient Aztecs and Maya, who associated it with the snake god, Quetzalcoatl.


The high species richness of cloud forests makes them an important priority for conservation. Yet they are also important for another reason: many cloud forest species occur nowhere else. In Mexico for example, cloud forests cover less than 1 percent of the country’s land area, but provide a home to around 10 percent of the nation’s plant species. Up to 30 percent of Mexico’s endemic plant species—in other words, those not found in any other country—occur in cloud forests. Similarly, half of Ecuador’s plant species occur in the montane forests of the Andes; of these, 39 percent are endemic. Patterns of endemicity can be quite extreme. As the great American botanist Alwyn Gentry put it, “Some plant families seem to have evolved locally endemic species in every patch of isolated Andean forest.” As a result, up to a quarter of the species found in a single area of Andean cloud forest may be found nowhere else. This makes cloud forests a particularly rewarding place to hunt for new tree species. For example, during preparation of the Flora of Colombia, 21 endemic species of Magnoliaceae were discovered on Andean mountains. Similarly, new tree species continue to be discovered in cloud forests throughout Mesoamerica. Sometimes it is possible find new species without even leaving your desk. Two new Magnolia species, M. rzedowskiana and M. pedrazae, were recently discovered by Mexican botanists studying an online photographic archive, where photos taken in Mexico’s Sierra Gorda cloud forest reserve had previously been deposited.


The reason so many endemic species are found in cloud forests is that many of them are geographically isolated. Each ridge or mountain top may be separated from the next by areas of lower elevation that are warmer, drier, and less cloudy, which do not provide suitable habitat for cloud forest species. This isolation limits the exchange of genes from one cloud forest to another, and as a result, evolution can take a different course on each separate mountain. Over time, this process of evolutionary divergence has created the patterns of endemicity we observe today. Researchers are studying these processes by examining patterns of variation in the DNA of species that occur across a cloud forest region. Such research is being undertaken by biologist Doug Soltis, a professor at the Florida Museum of Natural History and the University of Florida. “A species will occur in different areas, but each area has its own genetic fingerprint,” he notes. “Populations of the same species may look very similar, but genetically, they’re different.” This research has shown how differences among cloud forests reflect the migration histories of different species and the periods of isolation that have occurred over the past few million years, together with the impact of glaciations and other environmental changes. This DNA detective work—“like CSI, but in natural populations,” as Soltis says—has shown that geographic barriers to gene flow have occurred at different times in the past, for different taxa. A period of cool, wet climate, as experienced in Mesoamerica during the last ice age, might therefore provide opportunities for some species to spread from one mountain to another, which then become isolated as drier climates return.
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The cloud forest of Kinabalu National Park in Sabah, Borneo, named a UNESCO World Heritage site for its outstanding biological diversity.





As a result of this complex evolutionary history, if you climb a tropical mountain as a botanical explorer, you will never quite be sure of what you will find at the top. Sometimes you might find a tree species that is highly valuable to people—for example, Persea americana (avocado), a small tree or shrub from the cloud forests of Mesoamerica. Avocados have been eaten as a wild fruit for about 12,000 years and cultivated for perhaps 10,000 years. Today, the global trade in this nutritious fruit is valued at some US$9 billion. Other tree crops with wild relatives in montane forests include papaya (Carica papaya), passion fruit (Passiflora spp.), and tree tomato (Cyphomandra betacea). And the wild relatives of very important crop plants—peppers (Capsicum spp.), tomato (Lycopersicon esculentum), beans (Phaseolus spp.), potato (Solanum spp.)—provide another powerful reason to protect cloud forests: as a genetic resource. Wild populations can be a valuable source of genetic variation to help improve commercial food crops and to counter new pests and diseases that are encountered during cultivation, especially with the growing impacts of climate change.


Some cloud forest trees are also important sources of medicines. Examples include Cinchona pubescens, the bark of which is the source of quinine, which is used to treat malaria. The discovery of the antimalarial property of this species was once considered to be one of the greatest events in medical history. This led to the development of a major industry of bark collection and extraction in Ecuador, Peru, Colombia, and Bolivia in the 18th and early 19th centuries; as a result, the trees were completely extirpated over large areas.
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