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4
WILD PLANT AND ANIMAL
GENETIC RESOURCES
Verina Ingram, Barbara Vinceti and Nathalie van Vliet

Introduction
Wild plant and animal resources are commonly defined as those which exist in a natural state;
are not tamed, cultivated or domesticated; nor are in the care of people. A natural system (as
opposed to an agricultural or human-managed system) is generally characterized by complex
spatial arrangements in which different species co-exist, are genetically diverse, and consist of
plants and animals of different ages and developmental stages, with offspring and seeds produced
by a population in one year being the source of future generations (Alexander, 2010). Genetic
resources can be defined as the heritable materials maintained within and among species that
are of actual or potential economic, environmental, scientific or societal value. Genes are not
consciously used, but people have taken advantage of genetic variation, by selecting plants and
animals with preferred characteristics. Plant and animal genetic resources are the total genetic
diversity of cultivated and domesticated species and their wild relatives, much of which may be
valuable to breeders ( Jackson and Ford-Lloyd, 1990).
Wild genetic resources differ from their domesticated counterparts as they reproduce independently of human control (Prescott-Allen and Prescott-Allen, 1983), as do the habitats in
which they are found. The extent to which genetic resources can be considered to be wild can
also be determined by their natural range, although wild populations can also result from benign
introductions or deliberate reintroduction (Hemp, 2006). This wild versus cultivated dichotomy
is, however, simplistic. In practice, the distinction is blurred, with resources harvested from a continuum ranging from entirely natural systems to resource enriched, reconstructed and managed
systems that often appear ‘wild’ ( Wiersum et al., 2014).
This chapter provides an introduction to the range of resources gathered from the wild and
their uses, with a focus on plant and animal resources at species level, with some examples of wild
tree genetic resources presented.
Covering 30% of the globe (FAO, 2015b, forests represent the predominant land cover (FAO,
2014b) and are a major source of wild genetic resources (FAO, 2015a). For this reason, examples of wild plant and animal resources from forested landscapes predominate in this chapter.
Forest products provide a significant contribution to the shelter of at least 18% of the world’s
population and billions of people use forest products to meet their needs for food, energy and
shelter. Wood energy is often the only energy source in rural areas of less developed countries,
65

Downloaded By: 10.3.98.93 At: 09:58 22 Apr 2019; For: 9781315797359, chapter4, 10.4324/9781317753285-5

Verina Ingram et al.

particularly by poor people, accounting for between 5% to 27% of energy supply regionally
(FAO, 2015b).
Characteristics distinguishing wild resources from cultivated ones are then discussed. These
include the fact that many wild species are governed as public goods or common property, raising
questions about if and how they are managed, and by whom; how access to, and benefits from,
these resources are arranged; and how these governance factors affect sustainable use of species
and genetic diversity. The chapter illustrates how knowledge of these aspects helps to underpin
the development of sustainable measures for the use and conservation of wild plant and animal
resources.

Use and dependency on wild plant and animal genetic resources
Wild resources from ecosystems around the globe have been used for millennia to meet people’s
basic needs for food, fuel, medicines, tools and materials, and for spiritual and cultural uses (Cunningham, 2001). As well as being the source of most crops and domesticated animals (Diamond,
2002; Zohary et al., 2012), many wild species are still used for subsistence purposes and are the
source of traded commodities (Newton, 2008).
In many developing countries, subsistence farmers and rural inhabitants depend to a higher,
but highly context-specific, extent on wild resources from forests, mangroves, rivers and other
wildlands, for both cash and subsistence ( Wunder et al., 2014). Non-timber forest products
(NTFPs), which include whole and parts of plants and animals that originate from natural,
modified and managed forested landscapes, particularly provide an important contribution to the
livelihood of communities living inside or near forests (FAO, 2015b; Vira et al., 2015). NTFPs
are used for food (e.g. berries, mushrooms, nuts, seeds, edible plants and exudates), medicinal
and aromatic plants, fodder, ornamental plants, energy, materials and products, for example for
cultural use.
Wild plant and animal resources in tropical and temperate climates, including both developed
and developing countries, have, however, received sporadic attention in terms of quantification,
valuation and mapping, due to different perceptions of their importance (Ingram, 2014; Schulp
et al., 2014; see also Boshier et al., Chapter 3 of this Handbook). Many assessments focus on their
direct economic value for humankind (such as economic, nutritional or functional) but miss
critical supporting, regulating and cultural ecosystem services.
A global study of rural households showed that income from natural resources is higher for
the poorest households and even higher when subsistence uses are considered (Angelsen et al.,
2014). The study’s findings challenge common thinking, as households in the highest income
quintile had the highest environmental and forest incomes, indicating that wealthier people create higher pressure on natural resources, and not necessarily the poorest. Environmental income
is, however, widely neglected by policy makers in poverty reduction strategies (Oksanen and
Mersmann, 2003).
Along the same lines, an analysis of 8,000 households in 24 developing countries showed
that 28% of income came from environmental sources, 77% of which came from natural forests
(Angelsen et al., 2014). A study in Thailand (Delang, 2005) complements this global data, showing how those collecting NTFPs used less cash than people depending only on markets. The
study also showed how wild food plants remain a preferred alternative to commercial food crops,
being a more efficient use of time. Knowledge of species and the environment is associated with
the benefits that local communities derive from wild-harvested forest products (Sheil and Salim,
2012). All too often, however, data on the source of environmental incomes and its impact on
wild species do not reach policy makers.
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Wild-harvested products are also sometimes preferred to cultivated products. People’s perceptions of availability, preferences and consumption of forest foods in relation to other, cultivated
and exotic food species can be complex, for example Balanites aegyptiaca, Ziziphus spina-christi and
Tamarindus indica in Tanzania (Msuya et al., 2010) and Gnetum spp. in Cameroon (Ingram, 2014).
Assumptions concerning the dependency of rural communities on NTFPs contend that
NTFPs can help to reduce poverty, promote development, buffer shocks and mitigate seasonal
shortfalls in income and products used for subsistence. Only in rare cases have NTFPs been
shown to create a path out of poverty, however (Kusters et al., 2006).
In many developing countries, a diversity of wild species (fish, plants, bushmeat, insects and
fungi) underpin dietary diversity and good nutrition, and make an important contribution
towards food security, especially in traditional ‘hungry seasons’ when crops are not yet ready
for harvest ( WHO/UNEP/CBD, 2015). For example, many wild foods are sold in Cameroonian cities, including bushmeat, fruits, vegetables, spices and insects, with an average of 25% of
a household’s food budget spent on wild foods (Sneyd, 2013). However, social and economic
access to a diverse diet of often more nutritious foods are often priced out by imported, low cost,
non-traditional staples, such as rice, alongside increasing trends towards urbanization and associated access to processed foodstuffs. Scarcity, due to seasonal availability and over-exploitation,
also affects prices and dietary diversity (Sneyd, 2013). Nutritional diversity and food security are
strengthened when wild foods are integrated into agro-ecological production systems managed
to provide multiple benefits, combining biodiversity concerns with food production. The nutritional and livelihood benefits of diverse wild and agricultural production systems can not only
help achieve food security but also be more resilient to climate induced events and other shocks
(Sunderland, 2011). Wild species contribute to the agricultural biodiversity associated with dietary diversity ( Johns et al., 2013; Powell et al., 2015).
Wild animal and plant genetic resources are also an important source of variation for breeding
crops and livestock. They can confer characteristics of interest to domesticated species, including
disease and pest resistance, higher yields, vigour and environmental adaptability. The latter is of
increasing importance in relation to climate change.

Wild plant and fungi resources
In the developed world, wild plant resources generally enhance, rather than form, the basis of
subsistence use, although some species are the foundation for trade, such as berries and truffles.
For example, at least 27 species of mushrooms and 81 species of vascular plants are known to
be collected and consumed in countries throughout Europe (Schulp et al., 2014). Income, age,
gender, access and cultural factors explain the current variations found in gathering wild plants
in Europe. While the economic and nutritional values of wild food compose a tiny proportion
of GDP and total food consumption, over 100 million European Union citizens consume wild
food sourced from plants and animals. Collecting is also an appreciated recreational activity, often
creating a sense of place (Schulp et al., 2014).
The use of native European medicinal and aromatic plants has a long history. International
trade data from the mid-1990s indicates that at least 2,000 species are used on a commercial
basis, some 1,200–1,300 of which are native to Europe. Of these, 90% are still wild collected,
totalling around 20,000 to 30,000 tons per year (Lange, 1998). Wild collection is particularly
prominent in Albania, Turkey, Hungary and Spain. In the European Union, medicinal and aromatic plants are cultivated on an estimated 70,000 hectares, mainly in France, Hungary and Spain.
Europe imports about a quarter of annual global market imports (440,000 tons valued at USD
1.3 billion in 1996), with Germany, France, Italy, Spain and the United Kingdom among the
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12 leading countries of import and Germany, Bulgaria and Poland among the 12 leading exporters (Lange, 1998). In developing countries, the historical and current medicinal and aromatic use
of an estimated 50,000 species of wild plants is known, but is less well documented (Schippmann
et al., 2002). Approximately 2,500 of these species are also traded. Wild species can contain unique
pharmaceutical properties not easily reproduced artificially. An example are the compounds
extracted from Prunus africana bark, which act synergistically in traditional medicine, in a way not
completely understood, to cure benign prostate hyperplasia (Kadu et al., 2012). In other cases,
synthetic chemicals used as an alternative to the products harvested from wild tree populations
may cause additional pathologies and cannot replace natural phytochemical compounds, such as
the tree Pterocarpus erinaceus, a West and Central African leguminose whose bark is traditionally
used for its strong anti-inflammatory, analgesic and antioxidant properties (Noufou et al., 2012).

Wild animal resources
The range of animal species gathered from the wild and their uses, with a focus on forested
landscapes, is illustrated in this section.
One of the most significant and traditional uses of natural resources is that of wild animals for
food. In some countries, such as Australia, hunting for subsistence use and small scale, legal trade
in wild animals, mainly for food (kangaroos, wallabies, brushtail possums, short-tailed shearwaters, crocodiles and emus), co-exist. Species with large populations, such as kangaroos, wallabies,
wild boars, wild goats, rabbits and foxes, are the mainstay of trade (Ramsay, 1994). Impediments
to the development of this wild animal trade include public perception, parochial attitudes,
administrative and legislative structures, the variable operating environment, low product values,
the novelty of products, lack of information of species and markets, animal welfare issues and
pest control activities that conflict with commercial harvesting. In the European Union, 38
game species are harvested and consumed, generally as part of recreational and cultural activities
(Schulp et al., 2014).
In contrast, particularly in developing countries, bushmeat forms a major contribution to
daily dietary needs (Nasi et al., 2008). Poor households especially can suffer from nutritional
deficiencies when wildlife is removed from their diet because of their reliance on bushmeat
(Golden et al., 2011). Since bushmeat is often the main source of meat available in some regions
of developing countries, the loss of bushmeat species means decreases in protein, fats and important micronutrients, such as iron, in diets. The nutritional importance of bushmeat is due in part
to its fat content, as fat has considerably higher energy content per unit of mass than protein and
carbohydrates (Sirén and Machoa, 2008). However, bushmeat trade can also spread pathogens,
increase exposure to and the transmission of zoonoses, such as from African apes to humans, and
vice versa, which are linked to diseases such as HIV and Ebola (Leroy et al., 2004; Smith et al.,
2012). In the Amazon and Congo Basin, a wide variety of taxa are hunted for food. In Gabon,
114 species have been recorded in hunter catches, household consumption and markets (Abernethy, 2009). In Latin America, over 200 species of mammals, around 750 bird species (including
over 530 species for the pet trade), more than 60 species of reptiles and at least five amphibian
species are harvested for household use and trade (Ojasti, 2000). Mammals make up the bulk of
the catches both in number and biomass terms, with ungulates and rodents representing more
than two-thirds of the carcasses sold in urban markets or recorded from hunter off takes in both
the Congo and Amazon Basins (Nasi et al., 2011), with medium-sized species between 2 and
50 kg being the most frequently hunted and the majority of mammal species hunted not listed
as threatened on the IUCN Red List of Threatened Species. Generally, hunting reduces prey
populations, and continued heavy hunting pressure can cause population or species extinction
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(Milner-Gulland et al., 2003). However, understanding how hunting affects animal population
dynamics is essential ( Weinbaum et al.,2013).
Another major use of wild animals (mostly parts of or whole) in many cultures is in traditional medicine. The Chinese, for example, have a long history of using animals to treat a variety
of ailments (and pseudo-ailments) while the illegal trade in African elephant and rhino horn is
largely targeted towards medicinal use in Asia (Biggs et al., 2013; Roberts, 2014). Less known and
studied, though just as varied and rich, is the tradition of wild animal-based remedies in Africa
and Latin America. At least 584 animal species are used in traditional medicine in Latin America
(Alves and Alves, 2011). A single illness can be treated by using various animal species (e.g. In
Latin America, 215 animal species are used to treat asthma and 95 for rheumatism), while many
species can also be used to treat multiple illnesses, such the tegu ( Tupinambis teguixin) and boa
constrictor, used to treat 29 and 30 conditions, respectively (Alves and Alves, 2011). In all cases,
however, there is a fine line between exploitation and conservation, with many parts of the trade
driven by militias and cartels, so ensuring sustainable use remains a priority.
The high nutritional values of wild insects have long been known empirically around the
world, and are increasingly being confirmed scientifically. For example, in Central Africa, high
consumption levels of many edible insect species play an important role in diets, pharmacopeia
and agriculture, at all levels of society and as a standard ingredient, particularly in children’s diets
(Vantomme et al., 2004; Seignonbos et al., 1996). Similarly, in southern Africa, insects such as
the mopane worm – the caterpillar of the emperor moth, Imbrasia belina – are widely consumed
by rural and urban households alike due to their high nutritional value. As a result, harvesting
is increasingly changing from subsistence to commercial ( Thomas, 2013). The role played by
wild insects as pollinators is also critical to both wild and cultivated productive systems, as about
one in three mouthfuls of food comes from insect-pollinated crops (Aizen et al., 2008). Recent
declines in bee populations and threats to other insect pollinators are cause for concern in this
context (UNEP, 2010).

Issues in the governance and sustainable use of
wild plant and animal resources
Two particularities distinguishing wild resources from cultivated ones are discussed: their governance and the sustainability of their exploitation, and the consequences for genetic diversity.

Governance
Many wild species are governed as public goods or common property, raising questions about if
and how they are managed, and by whom; and how access to, and benefits from, these resources
is arranged. The sustainability of exploitation of wild resources thus depends also on their
governance.
Access and rights to forests and their products have been called the elephant in the ‘land rights’
room (Bauer, 2015). It is essential to make sure that land rights are looked at in the context of
wildlife legislation, accompanied with greatly improved support to improve access and sustainability of these resources. While wildlife conservation programs now increasingly attempt to
include forest-dependent communities in their wildlife protection programs (Rodrıguez-Izquierdo et al., 2010; Shackleton et al., 2010), weaknesses in hunting legislation may be an important
barrier to their success (e.g. Gill et al., 2009; Shackleton et al., 2010). Among the main weaknesses
are the unclear rights given to local communities. Whether recognized by statutory laws or not,
rural communities often consider themselves to be the traditional owners of resources which fall
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within their respective domains (Laird et al., 2010; Wily, 2011). For example, in Africa, colonial
administrations adapted written laws to gradually replace customary laws to promote the development of virgin lands by the government. When Central African countries started to gain
independence in the early 1960s, the postcolonial land-tenure system incorporated customary
land, which was considered to be vacant and unoccupied, into state land (Oyono, 2005). Customary ownership or tenure rights were replaced with user rights granted to farmers and local
communities. In practice, given the scarcity of governmental resources, government laws are
rarely enforced, and people are left with an ambiguity between the need to comply with legal
frameworks and with what remains of their customary practices (Laird et al., 2010). While some
measures have been adopted in Central African countries to devolve user rights, for example
community and communal forests, such formalization and decentralization have also increased
the rigidity of once relatively fluid customarily managed domains ( Wily, 2011). On a global
level, measures to better govern wild resources exist, summarized in Box 4.1 Global governance of
wild species, but also often conflict with customary or local approaches adopted on the ground.
The sustainable governance of wild genetic resources can also be complicated if there are competing claims to wild resources in a specific area. This can occur if timber extraction competes with
the harvesting of NTFPs and wildlife, or if timber and NTFPs are harvested from the same species.
For example, the impact of selective logging on NTFPs in three tropical cases had largely negative

Box 4.1 Global governance of wild species
Global schemes to govern wild genetic resources intend to control or influence global processes and
negotiate responses to problems affecting more than one state or region. Following are examples of
such international agreements and conventions and voluntary, certification schemes:
•

•

The 1975 Convention on International Trade in Endangered Species of Wild Fauna
and Flora (CITES) is a voluntary, international agreement between governments which aims
to ensure that international trade in wild animals and plants does not threaten their survival and
contribute to species extinction. CITES accords varying degrees of protection to over 30,000
animal and plant species. Appendix I lists the most endangered species threatened with extinction,
for which international trade is prohibited except for non-commercial reasons. Appendix II lists
species not necessarily now threatened with extinction but that may become so unless trade is
closely controlled though agreeing annual quotas. Legally binding on its Parties, it does not replace
national laws but provides a framework for implementing CITES within national legislation.
The 1993 Convention on Biological Diversity (CBD) aims to conserve biological diversity
and the fair and equitable sharing of the benefits arising from the utilization of genetic resources,
ensuring the rights of countries and communities over their biological resources are respected.
Also that access to traditional knowledge occurs with the approval of such knowledge holders,
who should participate equitably in the resulting benefits should this be commercialized, establishing a system for access and benefit sharing (ABS). It recognizes that access to these resources
must be subject to the prior informed consent of the provider country and based on mutually
agreed terms. The convention requires National Biodiversity Strategy and Action Plans to be
developed by member states, which would include approaches for species used for subsistence or
commercial purposes.
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•

•

•

•

•

•


•

The 2014 Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable Sharing of Benefits Arising from their Utilization to the Convention on
Biological Diversity aims at sharing the benefits arising from the utilization of genetic
resources in a fair and equitable way. The Access and Benefit-sharing (ABS) Clearing-House
is a platform for exchanging information on access and benefit-sharing established by Article
14 of the Protocol. It aims to enhance legal certainty and transparency on procedures for
access and benefit-sharing, and monitoring the utilization of genetic resources along the
value chain, including through an internationally recognized certificate of compliance. The
ABS Clearing-House aims to connect users and providers of genetic resources and associated
traditional knowledge.
The IUCN Red List of Threatened Species aims to guide and evaluate the status of plant and
animal species worldwide. Since 1994, species conservation status has been determined using a
baseline and subsequent monitoring of changes. If data are available, the level of threat is categorized, ranging from ‘extinct’ to ‘critically endangered’, ‘endangered’, ‘vulnerable’, ‘near threatened’
and ‘least concern’. A red listing can trigger conservation actions from NGOs, governments and
researchers.
The voluntary FairWild Standard assesses and certifies the sustainable harvest and trade of wild
plants against various ecological, social and economic requirements. It aims to support efforts to
ensure plants are managed, harvested and traded in a way that maintains populations in the wild
and benefits rural producers. The FairWild Standard also supports the implementation of existing regulatory frameworks provided by national resource management systems and international
conventions the CBD and the non-detriment findings process of CITES.
The International Federation of Organic Agricultural Movements (IFOAM) sets
internationally accepted basic standards for organic agriculture. Organic wild collection
is a certification scheme with criteria to ensure the protection of the genetic diversity – for
example in wild coffee populations – and the conservation of ecosystem, such as forests,
authenticity. This certification scheme is applicable to wild coffee collected from unmanaged
forests.
Forest Stewardship Council (FSC) certification ensures that products come from well-managed forests that provide environmental, social and economic benefits. FSC certification is a way
that forest owners and managers can demonstrate they are managing their forests responsibly and
in the supply chain, FSC certification can provide benefits such as access to new markets. The
‘Expanding FSC certification to Ecosystem Services’ (ForCES) project is a multi-partner pilot for
the certification of ecosystem services which addresses biodiversity.
A geographic indication is a name or sign used on certain products which corresponds to a
specific geographical location or origin. It can be used as a certification that the product possesses
certain qualities, is made according to traditional methods or has a certain reputation, due to its
geographical origin. The inherent conservation approach can safeguard species biodiversity in
this geographic area.
(Bérard and Marchenay, 2006)
The (IUCN and WWF) TRAFFIC programme aims to ensure that trade in wild plants and
animals is not a threat to the conservation of nature. The long-running programme includes
a wildlife trade monitoring programme, networks with monitoring and enforcement agencies
worldwide and has projects to support the implementation of the CBD and CITES.
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effects on NTFP availability (Rist et al., 2012). Positive impacts were limited to light-demanding
tree species which respond well to canopy opening, and constitute a small proportion of species
with livelihood value. Occasionally, however, multiple harvesting can be complementary (Shanley
and Luz, 2003). Multiple-use landscape and forest management, taking into account timber and
non-timber forest products and environmental services, is hence gaining attention as a promising
approach for tropical forest conservation. Examples include the development of the ForCES certification scheme – see Box 4.1 – and multi-objective, cross-sectoral initiatives on landscape level
(see Milder et al., 2014) which address genetic diversity. Governing wild resources to provide for
multiple goods and services is challenging, however – by necessity taking into account different
stakeholders’ views. Focusing on Brazil nuts (Bertholletia excelsa), a study on multi-purpose management indicated that obstacles may include policy barriers, a lack of enforcement, high management costs associated with small financial benefits, damage from logging to Brazil nut stands and
the reinvestment of forestry-derived income into livestock (Duchelle et al., 2012).
Different approaches to govern wild resources have had mixed success. Community forestry
has potential to reduce over-exploitation of wild resources (Porter-Bolland et al., 2012), with
community-managed forests often more resilient and experiencing lower and less variable annual
deforestation than protected forests. Under specific circumstances, when external economic pressures or major environmental threats are not in place, participatory monitoring by local communities has been a successful measure in avoiding over-exploitation of NTFPs (Boissière et
al., 2013). Other approaches rely on well-enforced customary rules, collective action along the
value chains of wild forest products, voluntary standards and/or legislation, for example in the
case of honey, woodfuel, eru (Gnetum spp.), bush mango (Irvingia spp.) and Prunus africana in
Cameroon and Congo ( Wiersum et al., 2014). Legislation has long been an approach to govern
the harvest and trade of wild species. For example, in the 1990s, about 150 species of medicinal
and aromatic plants in Europe were reported as threatened in at least one European country as
a result of over-collection from the wild (Lange, 1998). However, alongside regulatory revisions
to reflect the dynamic nature of trade, conservation requires trade monitoring, improved law
enforcement, in situ and ex situ protection, improved management programmers, public awareness initiatives, enhancement of cultivation, and research into trade, and the certification of plant
material from sustainable sources. Voluntary schemes, such as certification standards, can play a
role in promoting innovations in sustainable trade – see Box 4.1 – for example in maintaining
wild coffee diversity in Ethiopia (Schmitt and Grote, 2006) and biodiversity in forests managed
under certification schemes (van Kuijk et al., 2009).

Drivers of change in wild plant and animal genetic resource availability
Wild resources worldwide are affected by a variety of factors which influence their availability
and the sustainability of their extractive use. Knowledge on how different pressures affect the
resource base is key to identifying management and policy measures that could help reduce
negative impacts. Some important species may not be at risk of extinction as a consequence of
unsustainable exploitation but specific populations, with distinct traits and valuable properties,
and genetically different from other populations of the same species, may be irreversibly lost.
The relative contribution of hunting wild animals and gathering wild plants, compared with
other drivers such as climate change, habitat alteration (i.e. land-use changes, destruction, fragmentation) and the impact of invasive species ( Wilkie et al., 2011), make it difficult to attribute
causation to hunting or wild harvest alone. Globally, commercial and subsistence agriculture, logging, fuelwood collection and livestock grazing are major causes of degradation and deforestation
(Kissinger et al., 2012), affecting the availability of forest resources.
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Scholte (2011) described factors driving changes in wildlife populations. Underlying drivers
may not themselves cause change, but indirectly act to contribute to change. Identifying drivers
and, where possible, quantifying their impact, facilitates the formulation of appropriate management guidelines for extractive use of wild resources. The main drivers of change are summarized
as follows:

Habitat loss and degradation
Habitat destruction can be categorized as degradation, fragmentation or outright loss. Habitat
loss has emerged in the 21st century as the most severe threat to biodiversity worldwide, threatening some 85% of all species classified as ‘threatened’ on the IUCN Red List of Threatened
Species (Baillie et al., 2004).

Large scale extractive and production projects
Many countries worldwide have allocated a large part of their territories to oil, mining, agriculture and extensive timber use. For example, in Central Africa selective logging is the most
extensive extractive industry, with logging concessions occupying 30–45% of all tropical forests
and over 70% of forests in some countries (Laporte et al., 2007). In many countries, the mineral
boom has contributed to the emergence of ‘growth corridors’ where infrastructure upgrades will
improve the competitiveness of agriculture and other economic activities (Delgado et al., 1998)
which impact wildlife habitats and disturb wildlife populations (noise, pollution, etc).

Conflict and war
Wars have multiple impacts on biodiversity and protected areas and livelihoods of local people
dependent on natural resources. Impacts can be highly variable, and may be positive in some areas
and negative in others (McNeely, 1998). Very often, war has significant negative effects directly or
indirectly on threathened wildlife (Baillie et al., 2004) and their habitats (de Merode et al., 2007).

Human population growth
The impacts of human population growth on wild resources are the subject of much debate.
While neo-Malthusian theories place population growth in the context of a vicious circle of
destruction, others suggest that such theories oversimplify environmental degradation (Sunderlin
and Resosudarno, 1999; Leach and Fairhead, 2000). According to neo-Malthusian theory, population growth causes intensified pressures on natural habitats and resources to satisfy growing
demand for space, housing, food and water for drinking and sanitation. However, Boserup (1996)
contends that people adapt to increased population density through innovative technologies that
reduce pressure on natural resources.

Wildlife and plant diseases
Ecological disturbances can also influence the emergence and proliferation of plant and wildlife
diseases. Each environmental change, whether occurring as a natural phenomenon or through
human intervention (deforestation, changes in land use, human settlement, commercial development, road construction, water control systems, introduction of cultivated species), changes
the ecological balance and context within which disease hosts or vectors and parasites breed,
73
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develop and transmit disease. The trade in wildlife provides disease transmission mechanisms
(Smith et al., 2012) that can cause human and livestock disease outbreaks. Wildlife diseases can
also have ecological impacts on native wildlife populations and affect the health of ecosystems.
They can also severely affect local and international trade and rural livelihoods. The majority of
recently emerging infectious diseases are associated with wildlife ( WHO/UNEP/CBD, 2015).
Recent highly publicized examples include the Ebola virus outbreak in West Africa and the avian
influenza H5N1 virus outbreaks in the Middle East and Asia. Such diseases also threaten their
wild species hosts. Wildlife monitoring can aid early detection and prevention of human infections ( WHO/UNEP/CBD, 2015). Infection-related wild species population declines may also
compromise the ecosystem services that wildlife provide. For example, White Nose Syndrome
in North American bats and chytrid in amphibians may affect the pest control functions provided by these animals ( WHO/UNEP/CBD, 2015). Wild plants too can act as bridges between
geographically separated crops and for seasonally active infections, allowing the transmission of
pathogens and contribute to the spread of plant epidemics (Dinoor, 1974). Host-pathogen interactions in wild plants and animals provide important insights concerning disease resistance and
the genetic factors behind resistance.

Invasive species
About 10% of invasive or ‘alien’ plants change the character, condition, form or nature of ecosystems over substantial areas, and can be termed ‘transformers’, whilst around 50% to 80% of
invaders have harmful effects can be termed ‘pests’ and ‘weeds’ (Richardson et al., 2000). Human
activities, especially international travel and trade, have circumvented natural barriers and oceans
which have regulated the distribution of the world’s biota for millions of years, leading to species
invading new continents at an increasing rate (Liebhold et al., 1995). Over 120,000 non-native
species of plants, animals and microbes have invaded the United States, United Kingdom, Australia, South Africa, India and Brazil. Many have led to significant economic losses in agriculture
and forestry and negatively impacted ecosystem integrity, estimated to cost over USD 314 billion
per year (Pimentel et al., 2001). Whilst some introduced species, like corn (Zea mays), wheat
( Triticum spp.), rice (Oryza sativa), plantation forests, chicken (Gallus spp.) and cattle (Bos taurus),
are largely seen beneficial transformers, providing more than 98% of the world’s food supply,
some species have negative invasive impacts. For example cats (Felis catus), pigs (Sus scrofa), nile
perch (Lates niloticus), water hyacinth (Eichhornia crassipes) and miconia (Miconia calvescens) have
been held responsible for the extinction of numerous wild species and lowering wild biodiversity
(Lowe et al., 2000). Precise economic costs of the most ecologically damaging invasive species are
generally not available (Pimentel et al., 2001).

Climate change
Climate change may have diverse indirect effects on wildlife depending on the characteristics of
the species (Foden et al., 2013). Similar predictions occur for wild flora. For example, forest ecosystems with low phenotypic plasticity and low genetic diversity at population level, where trees
are at their adaptive limit and edge of distribution, are predicted to be more sensitive to climate
changes (Loo et al., 2011). Expected impacts include mortality due to extreme climatic events
and regeneration failure, increasing pest and disease attacks, changing fecundity, asynchronous
timing between flowering and the availability of pollinators, increased fires, new species invasions,
altered gene flow and species and population hybridization (Loo et al., 2011). Wild species with
generalized and unspecialized habitat requirements are likely to be able to tolerate a greater level
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of climatic and ecosystem change than specialized species. However, many species rely on environmental triggers or cues for migration, breeding, egg laying, seed germination, hibernation,
spring emergence and a range of other essential processes. Species dependent on interactions that
are susceptible to disruption by climate change are at risk of extinction, particularly where they
have high degree of specialization for the particular resource species and are unlikely to be able
to switch to or substitute other species.

Sustainable use of wild plant and animal genetic resources
How wild resources (and the ecosystems which provide them) are governed affects their sustainable exploitation. Sustainability is affected by supply and demand, determining how much of a
wild resource is harvested, how, why and by whom. Interactions between supply and demand can
determine population densities and the suitability of habitats for (different) wild and cultivated
species (Green et al., 2005). Sustainability is also affected by factors such as (a) the abundance of
the species from which a product originates; ( b) direct anthropogenic factors such as forest degradation, as well as semi-natural ones such as climate change threats; (c) inherent species vulnerability which depends on the part(s) of the organism used; and (d) a species’ tolerance to harvesting.
Worldwide, trade in timber threatens around 1,000 tree species (Rivalan et al., 2007). Regarding wood production from natural forests, there appears to be a decline in natural forest wood
extraction in many nations, following a peak (around 1989) (Shearman et al., 2012; Warman,
2014). The trends observed resemble those found in non-renewable resources, as a result of many
factors, primarily the limited length of the standard cutting cycles (30–40 years) that does not
allow the wood volume to regenerate. Thus, an increasing move to deliberate tree cultivation in
response to local or national wood shortages has been observed ( Warman, 2014).
Challenges for sustainable wild collection of tree resources include determining sustainable
harvest level and practices, definition of access and tenure rights, and definition of a legislative and
policy framework. Many wild species are governed as public goods or common property, raising
questions about how (and if !) they are managed, and by whom, and how access to, and benefits
from, these resources is arranged. Tenure has a crucial role in securing sustainable use of natural
resources. With regard to forests, and particularly collective forests and resources, the term ‘tenure
rights’ is used to refer to a bundle of rights ranging from access and use rights to management,
exclusion and alienation (Schlager and Ostrom, 1992). A review of more than 100 empirical
cases of forest outcomes in relation to specific land tenure conditions concluded that land tenure
security is associated with less deforestation, regardless of the form of tenure. In addition, stateowned protected forests tend to be associated with more positive forest outcomes than private,
communal or public land (Robinson et al., 2011).
Wildlife trade threatens around a third of birds and animals and 75% of fisheries (Rivalan,
2007). ‘Defaunation’ is often cited as the main impact of hunting, resulting in the so-called
‘empty forest’ syndrome (Redford, 1992; Wilkie et al., 2011) and the ‘empty savannah’ syndrome
(Keesing and Young, 2014). Defaunation can be defined as the local or regional population
decline or species extirpation of arthropods, fish, reptile, bird or mammal species (Dirzo, 2001).
Because defaunation is solely driven by human activities, it is also referred to as ‘anthropocene
defaunation’ (Dirzo et al., 2014). Defaunation may also generate trophic cascades that alter
ecological processes, leading to long-term changes in community composition and diversity
loss (Dirzo et al., 2014; Muller-Landau, 2007). In many ecosystems, the larger vertebrate fauna,
especially frugivorous birds, primates, ungulates and mammalian carnivores, have been extirpated
or severely reduced in number. As these large animals vanish, so do their myriad, often nonredundant, ecological interactions and the processes they generate, foremost trampling, ecosystem
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engineering, herbivory, seed predation and dispersal (Dirzo et al., 2007). Therefore, activities such
as hunting have the potential to impact not only targeted species but also the ecosystem more
broadly. Examples of defaunation are numerous across the world, yet hunting does not always
necessarily lead to defaunation. Species are impacted by hunting pressure to different extents.
How populations respond to harvest can vary greatly depending on their social structure, reproductive strategies, dispersal patterns and intactness of habitats. Small species are typically more
resilient to hunting than larger species, due to their higher reproductive rates (Cowlishaw et al.,
2005). Dispersal, in particular, can have significant ramifications ( both stabilizing and destabilizing) on population dynamics. Density-dependent dispersal may stabilize populations as
immigration and emigration counterbalance between hunted (sink) and non-hunted (source).
Junker et al. (2015) suggested that projects providing bushmeat protein alternatives and education may complement strategies to conserve chimpanzees in Liberia and possibly other countries
in tropical Africa.
Many plant-based NTFPs have higher levels of exploitation than the natural carrying capacity
(Kusters et al., 2006). Such exploitation has led to concerns biodiversity loss and subsequent need
for conservation (Cunningham, 1991; Abensperg-Traun, 2009). The extraction of wild-harvested
NTFPs tends to lead to over-exploitation and degradation of the resources with negative externalities. Although NTFPs were seen as a potentially secure and stable source of cash income,
with local communities actively involved in preventing the forest degradation in the past, there
is growing evidence regarding the impacts of commercializing NTFPs on exploitation and biological degradation (Peters, 1996; Ingram, 2014).

Measures to increase the sustainable use of wild plant
and animal genetic resources
Five major approaches, sometimes applied jointly, have led to variable degrees of success in
encouraging a more sustainable governance of wild genetic resources:
1

2

Domestication and cultivation in farms and plantations have been the most commonly
adopted approaches to fulfil multiple objectives, such as (a) subtracting species from unsustainable harvesting pressures in the wild, ( b) enhancing expression of desirable traits through
breeding and (c) facilitating access to the resource thanks to the proximity of planting sites.
Examples of species now widely cultivated, whose genetic diversity provides a unique selling point critical to their trade and is actively promoted, include cocoa ( Theobroma cacao)
and coffee (Coffea spp.). However, currently, there is little evidence that cultivation has been
successful in reducing pressure from wild harvested plant resources, as reviewed in Dawson
et al. (2013). Furthermore, domestication determines shifts including potential losses of
intraspecific diversity in the tree populations affected (Dawson et al., 2009). However, these
changes depend on what methods are used, with some domestication practices leading to
the maintenance of higher genetic diversity (Cornelius et al., 2006) In addition, farming can
also negatively affect wild species and it is seen, for example, as the greatest extinction threat
to birds (Green et al., 2005).
Solutions that make trade-offs between agriculture or wild nature, include environmentallyfriendly farming, ecological intensification, land sparing and proactive management of
trade and species, which can include initially counter-intuitive practices such as ranching and trophy hunting which can conserve specific populations (Rivalan et al., 2007;
Ingram et al., 2009). The success of such approaches is often highly dependent upon local
conditions.
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3

4

5

Market-based approaches such as voluntary standards and certification aim to sustainably
govern access and use of wild resources and their markets (Schmitt and Grote, 2006; Shanley
et al., 2008; FairWild Foundation, 2010). Successes have been highly variable and context
specific, depending on factors such as the costs of adoption and adherence, strictness of the
standards, degree of supply and demand and consumer uptake (Potts et al., 2014).
Conservation in the form of customary and legal, national and international agreements
that prohibit either access to areas which contain threatened wild resources, their use and/or
trade has resulted in both notable successes and failures (Rodrigues et al., 2004; Porter-Bolland et al., 2012).
Conservation of genetic resources in the form of in situ, circa situ and ex situ approaches based
on the characterization of intraspecific diversity and its spatial distribution. Both approaches
pose some challenges. For in situ genetic conservation strategies to be effective, several conditions need to be in place, such as, for example, favourable policy and legislation frameworks,
an appropriate characterization of the resource base through research and the establishment
of genetic conservation reserves (FAO, 2014a). Ex situ crop collections are a way to conserve
crop plant varieties and their wild varieties, and ensure genetic diversity is not lost, though
this is not a viable option for all species. Several tropical tree species have recalcitrant seed,
unable to survive drying and freezing. However, research has led to considerable innovation in seed storage recently, and increased tree seed longevity under drying conditions and
improved storage technologies (Pritchard et al., 2014).

The genetic consequences of exploiting wild plant resources
The wide range of goods and services provided by trees and forests is a result of, and evidence
for, the genetic variability that supports their supply. Like wild species, ‘wild genes’ are threatened
by the same pressures that drive changes in wild resources.
However, the impact of these threats is more difficult to identify and assess in wild genetic
resources. Valuable gene pools of widespread species may disappear undetected, because the
intraspecific diversity of these species has not been yet characterized, or because the species per se
is not under threat of extinction while some populations with important, distinct characteristics
may be lost. These losses can eventually lead to species extinction.
Many tree species have very large within-species diversity (Hamrick et al., 1992) but just over
1% of tree species have been subject to genetic studies and a limited number of non-planted
tree species have been characterized using molecular markers (FAO, 2014a). Most of the species
characterized have commercial value or significant livelihood significance. Although the number
of tropical wild-harvested tree species being genetically characterized is growing, the inclusion of
genetic considerations into forest management has been relatively limited (see Box 4.2 The genetic
diversity of wild forest species). There are also major gaps in the geographic distribution of studies,
with a focus on neotropical species ( Jalonen et al., 2014).
Long-term harvesting of wild plants and other kinds of disturbance at the individual and population levels can affect the genetic diversity of a species by altering individual fitness and genetic
contribution. These effects can be detected through variations in genetic parameters. Knowledge
about the relationships between disturbance and genetic diversity within and among populations
enables us to assess the adaptive capability of plant species.
Selective logging regimes are commonly applied in tropical forest management. These practices lead to a systematic removal of the largest individuals, which often contribute to regeneration, leaving behind only residual phenotypes with less desirable qualities to contribute to
regeneration (Ledig, 1992). Changes in the genetic structure of logged tree populations, have
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Box 4.2 The genetic diversity of wild forest species
Sal (Shorea robusta Gaertn.) is a tropical tree of high economic value and classed as endangered in
Nepal due to forest clearance and range fragmentation (Pandey and Geburek, 2009). Peripheral populations have been found to be genetically less variable than central ones, although they appear to
have a distinct genetic profile that makes them suited to extreme conditions (Pandey and Geburek,
2009), highlighting the value of marginal populations of tropical plants.
Actions to conserve wild fruit trees and in situ management of African woody species in semi-arid
areas are seen as critical (Bouvet et al., 2004; Diallo et al., 2007). An example is Sclerocarya birrea, a multipurpose plant in the Sahel-Sudanian savanna threatened by human pressure and climate change. An
assessment of genetic diversity and spatial organization in Burkina Faso revealed a high within-species
diversity and enabled the implementation of conservation initiatives (Kando et al., 2012).
The Brazil nut, Bertholletia excelsa, a key forest product in Brazil, Bolivia and Peru is traded for
food and cosmetic use. Differences in the timing of fruiting and yields, mainly between the western
and eastern Amazon led to an investigation of the genetic structure of this species across the Amazon
(Sujii et al., 2015).
Prunus africana (Hook.f.) Kalkman is an evergreen tree found in Afromontane forests. For 40
years the bark extract has been used as the basis for treating benign prostatic hyperplasia. The international trade and over-exploitation of natural populations generated a study of the trees phylogeography, characterizing species genetic diversity in nine African countries. Insights into colonization
dynamics and vegetation history enabled the identification of high priority regions for genetic
diversity conservation, taking account of threats due to climatic change (Kadu et al., 2011).
To improve the understanding of the relationship between diversity in cultivated vs. wild cacao
( Theobroma cacao), a wide geographic sample of trees was genetically characterized (Motamayor et al.,
2008). Ten genetic clusters were identified, as opposed to the two genetic groups traditionally recognized. The results provide new understanding on the diversification of Amazonian species generally,
and particularly of traditional cacao cultivars.

been documented in a limited number of cases (with disputed results) in terms of changes in
production volumes, timber quality and economic value (Cornelius et al., 2005), while studies on
the genetic impact of harvesting NTFPs are very few in the scientific literature. Also, the duration
of the application of a specific management system is a factor of high relevance ( Wickneswari
et al., 2014).
For NTFPs, factors such the part of a plant harvested, the breeding system and the effective
population size of the plant involved need be taken into account. Destructive harvesting before
maturity is generally the most severe threat. The review of Dawson et al. (2014) concludes that
if the part exploited is the seed or the fruit, the effects of intensive exploitation are highest.

Conclusions
The socio-economic benefits to humankind of such resources for the multitude of functions they
provide – food, energy, medicines, materials and so forth are increasingly recognized, as is their
role in ecosystem resilience. Debates on whether wild species, particularly those threatened with
extinction, should be used, particularly commercially, and how to conserve them, have taken place
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over the last two decades (Garrison, 1994; Freese, 1998). There is a growing body of evidence
supporting the need to critically examine why, when, how and where wild genetic resources are
used, and by whom, in order to improve governance. Sustainable use and trade in wild genetic
resources across the globe is critically important to meet a number of the Sustainable Development Goals. However, sustainable use is undermined by the continued poor and unsystematic
nature of inventories of species used, of their abundance and the dependence by different peoples
on their products, for both subsistence use and trade (Ingram, 2014; Schulp et al., 2014).
Five main approaches have led to variable degrees of success in encouraging a more sustainable governance of wild genetic resources: domestication and cultivation; trade-offs between
agriculture and wild nature; voluntary standards and certification; customary and legal, national
and international agreements prohibiting access to threatened wild resources, their use and trade;
and conservation through in situ, circa situ and ex situ approaches. Despite some successes, the
increasing number of wild species extinctions and continued habitat loss indicate that generally
we are inadequately counteracting the multitude of anthropogenic threats to our valuable wild
genetic resources. The picture of how many species are in danger of becoming extinct, or have
become extinct without our knowing, is largely incomplete. Therefore, scaling-up and further
implementing the initiatives mentioned earlier, taking account of specific ecological, economic,
social-cultural contexts is imperative. Additionally, more systematic inventorying of local, traditional knowledge is needed, and improving ex situ collections of wild varieties and species of
crops and livestock to ensure genetic diversity is not lost – guided by their risk status. Adopting
new technologies such as open access, peer-checked, web-based Wikipedia-style databases could
help further. It is also important to address knowledge gaps, shown in Box 4.3 Knowledge gaps on
wild plant and animal genetic resources.

Box 4.3 Knowledge gaps on wild plant and animal genetic resources
•

•

•
•
•



The extent to which environmental incomes depend on wild-harvested resources is not clearly
documented, particularly with regard to those species that are threatened or endangered, and
upon which people have a high dependence for their livelihood.
Indicators to specifically monitor changes in genetic diversity of wild-harvested plant and animal
species are currently absent from comprehensive bio-monitoring schemes. Indicators for monitoring forest genetic diversity and dynamics based on ecological and demographic surrogates of
adaptive diversity and genetic markers could be adopted to identify genetic erosion processes and
assess gene flow (see Graudal et al., 2014).
Traditional and scientific knowledge of genetic diversity of the most threatened and endangered
wild species is inadequate to support conservation actions.
The geographical representativeness of in situ genetic conservation areas compared with the distribution range is unknown for most wild species.
For most plant wild species, the capacity to adapt to climate change is unknown, particularly their
phenotypic plasticity, the genetic adaptation, the location of areas of high adaptive potential and
high conservation value (i.e. genetic diversity hotspots), the extent of standing genetic variation,
the geographic distribution of future suitable habitats and dispersal rates and the current landscape fragmentation effects on their migration.
(see Loo et al., 2011)
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