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CHAPTER 2

NATURE’S CONTRIBUTIONS TO
PEOPLE AND QUALITY OF LIFE
EXECUTIVE SUMMARY
Africa’s natural assets and associated contributions
to people are underutilised in some areas, but are
generally in decline due to a range of natural and
human activities (well established). Use and distribution
of water resources are uneven among both water-scarce
and water-rich regions, countries and communities, and
remains, in certain areas, a source of conflict. Africa has
abundant and diversified energy sources, including oil
and gas and clean energy; but access remains uneven.
Renewable energies could provide economically and
environmentally attractive alternatives for many countries,
while realisation of hydropower potential has remained
limited. Despite the presence of a significant portion of the
world’s arable uncultivated lands, both food production
and access experience patterns of constraint in certain
areas. Furthermore, little value is added to agriculture,
forest, agroforest, livestock and fishery products through
industrialisation and processing {2.4.1, 2.4.2}.
Africa’s waters are known for the abundance of
their fishery resources, with the six Large Marine
Ecosystems (LMEs) ranking within the first four most
productive LMEs in the world (inconclusive). The
fisheries of Africa provide a source of livelihood for 8 million
active fishers and their families. If all catches were landed
in Africa, African fisheries could contribute a landed value
of $20 billion to national economies, with an additional
3.6 billion injected by the small-scale fishing sectors across
the value chain. Despite regional differences, current
trends in fisheries catch data from LMEs in Africa reaffirm
a need for equitable and sustainable use. Overall catches
increased from 2.1 million tons in 1950 to 16.7 million tons
in 1988 and then decreased to 12.4 million tons in 2010.
The artisanal sector, whose landed value reached $4 billion
in 2010, is in decline since 2004 along with the industrial
sector’s catch, despite an increasing fishing effort {1.3.4.1.2,
1.3.4.1.3, 2.2.1}.
Non-Timber Forest Products (NTFPs) contribute
significantly to maintain livelihoods of rural
communities in Africa (well-established). There is a
growing evidence that NTFPs are essential income source
in the total household economy in African rural communities
in Africa. For example, wild and plants fruit trees on

common land make up to 15%, 10% and 27 of total
income (subsistence and cash income) in Malawi, DRC, and
Ethiopia respectively. Due to growing demand for conversion
of land for cultivation purposes, growing populations
in certain areas, the availability of NTFPs is threatened
{2.2.1.2}.
Woodfuel plays an important role in energy provision
in Africa (in particular sub-Saharan Africa) and serves
as a critical resource for physical and socio-economic
development in both rural and urban communities,
a trend that is likely to continue (well-established).
Woodfuels account for >80% of primary energy supply in
sub-Saharan Africa, where >90% of the population rely on
firewood and charcoal for energy, especially for cooking. The
demand for charcoal is growing and is expected to increase
further, with likely negative effects on health, socio-economic
activities and environmental health under business-as-usual
scenarios. Despite woodfuel values and increase in demand,
the topic tends to be under-represented in policy, with
emphasis instead on the need to gaining access to ‘modern
energy’ sources such as electricity and kerosene. Africa
sees a clear need to promote and guarantee renewable
energy security, availability, and reliability for human comfort
{1.3.4, 2.2.1.2}.
Africa has a significant amount of undocumented
indigenous local knowledge that would enhance
our understanding of biodiversity and ecosystem
services status and trends (inconclusive). Indigenous
local knowledge of the status and trends of biodiversity may
be particularly critical in Africa, due to the relative dearth
of scientific biodiversity studies relative to other regions
(Chapter 3). Indigenous and local knowledge is critical to
the management and sustainable use of biodiversity and
ecosystem services in Africa because of the strong but
poorly understood links between biodiversity, ecosystem
services, spirituality, culture, and identity. Africa’s high
cultural diversity with a multitude of unique ethnicities and
social groups shows specificity with regards to resource
use and management of selected material and nonmaterial nature’s contributions. This diversity also results in
different perception of nature and interaction with natural
ecosystems, thus building unique indigenous and local
knowledge for the various countries and localities in the
continent over millions of years of interaction between
indigenous and local people and nature {2.2.3.3, 4.4.7}.
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2.1 INTRODUCTION
The Millennium Ecosystem Assessment (MA) contextualized,
in 2003, the linkages between nature and human well-being
with the concept of Ecosystem Services (Beaumont et al.,
2007; Balvanera et al., 2006; Akachuku, 2008; Nelson
et al., 2009). More recently, in 2015, the Intergovernmental
Platform on Biodiversity and Ecosystem Services (IPBES)
conceptualised nature’s benefits (ecosystem goods and
services) to people, their contribution to good quality of life,
including the drivers of change and the impacts they have
on human well-being as the nature’s contributions to people,
arranged into three main categories (Table 2.1; Figure 2.1):
material contributions, non-material contributions and
regulating contributions (Díaz et al., 2015). Since the
adoption of the 2011–2020 Strategic Plan for Biodiversity,
the focus has been as to how to mainstream the concept
of natural assets and ecosystem services into policies and
decision-making processes. As indicated in Chapter 1,
integrating ecosystem services into policy is critical for the
African continent, as ecosystem services have not yet been
regarded as a crucial element of the human systems.
Chapter 2 reflects on the IPBES conceptual framework
boxes “Nature’s contributions to people” and “Good quality
of life”, as well as the valuation of NCP and ecosystem
services values when available. The chapter reflects Goal D
of the Strategic Plan for Biodiversity, which is to enhance
the benefits to all from biodiversity and ecosystem services.
It further addresses issues related to the Aichi Biodiversity
Targets, the Sustainable Development Goals (SDGs) and the
Intergovernmental Platform for Climate Change (IPCC). It
assesses the values and status of nature’s contributions to
people, including the interrelationship between biodiversity;
ecosystem functions and society; the geographical
differences between production and use of ecosystem
services; and trends and future dynamics of ecosystem
goods and services.
Overall, NCPs are particularly important in Africa since a
large proportion of the population live in rural areas, and
rely quasi-exclusively on material ecosystem services for
their livelihoods and, to a significant extent, for their health.
Nevertheless, quantity and quality of NCPs tend to decrease
due to the overuse of resources, degradation of natural
habitats and biodiversity, the increase of all kinds of pollution
alongside with the current and future changes incurred by
climate change (Chapters 1, 3, & 4). Valuation of ecosystem
services is recent in Africa and limited to the provisioning
services for food (fish), raw material (wood), medicinal uses
(plants, etc.) and regulating ones (water). In this regard,
limited monetary values have been produced for a limited
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number of services. Valuation of NCP has proven to be
a useful method to define baselines as well as indicating
changes in food, energy, livelihood and health security;
and their linkages to biodiversity and ecosystem functions
and services that are also critical to social relationships,
spirituality and cultural identity.
The objective of this chapter is to present an assessment,
at the scale of Africa, of two components of the IPBES
conceptual framework: NCP in terms of goods and
services and to a good quality of life. The Assessment
focuses on NCP in the Africa continent in terms of their
geographical differences, their values, status, trends
and future dynamics, as well as their impact on human
well-being. The approach is based on geographical
setting according to the five subregions of Africa (North,
South, West, East, and Central), and different units of
analysis: tropical and subtropical dry and humid forests;
Mediterranean forests, woodlands and shrubs; tundra and
high mountain habitats; tropical and subtropical savannas
and grasslands; dry lands and desserts; wetlands (peat
lands, mires and bogs); urban and semi urban areas;
cultivated areas; freshwater (brackish and marine); Inland
surface waters and freshwater bodies; shelf ecosystems
(neritic and intertidal/littoral zone); open ocean pelagic
systems as well as deep sea and coastal areas. The
review focuses on NCP in terms of their production and
contribution, their use and non-use values by means of
different valuation methodologies (biophysical, social,
cultural, and economic); their impact on human well-being
in relation to basic material for good life, health, livelihood
security and on freedom. It further highlights status and
trends of some of the continent`s representative NCP.
Approaches pertaining to future dynamics of NCP involve
reviewing some of the key projects that are undertaken in
the region related to reforestation/afforestation; avoided
deforestation; sustainable forest management; agroforestry
and energy efficiency, amongst others.
The chapter is structured into 4 sections. In the first section,
values and valuation of NCP for material and regulating
contributions are presented. In the second section, the
geographical differences in production and contribution of
ES are reported, while in the following section, the status,
trend and future dynamics of NCP are described. In the
fourth section, the impacts of NCP changes on human
well-being are introduced. The conclusion recalls the main
elements of the Assessment review.
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Figure 2

1

Examples of nature’s contributions to people:

(A) Nature’s material contributions: More than 400 million Africans rely on fish as a source of animal protein, and several hundred
million people depend on fish as their main source of income. Better processing and marketing technologies can slash post-harvest
losses by more than half, generating $350 million and ensuring that 350,000 tons of additional fish will reach the poor. The continent
is projected to need an additional 1.6 million tons of fish a year by 2030 just to maintain current consumption. This demand will
increase by a further 2.6 million tons a year by 2050.
(B) Nature’s non-material contributions: Both land- and seascapes provide important areas for recreation, relaxation, healing,
nature-based tourism and aesthetic enjoyment, religious and spiritual fulfilment, cognitive development, as well as the promotion
of social cohesion and a sense of identity. Tourism is well developed and an important source of income in the northern, southern,
and eastern parts of Africa, as well as the oceanic Islands. Many sites in Africa have been classified as protected or heritage
sites for their non-material contributions. Many forest locations have been earmarked as sacred sites. In Tanzania, for example,
more than 600 sacred groves exist in the North Pare Mountains.
(C) Regulating contributions: These contributions from nature are increasingly being appreciated and valued higher in
national accounting systems. Highly valued services are mainly linked to agricultural production, including climate, air and water
regulation, disease and pest control, and pollination. Other services include nesting, feeding and mating sites for birds and
mammals, such as the Key Biodiversity Areas. Key Biodiversity Areas are more and more integrated in national protected systems
(Figure SPM 7).
A) MATERIAL–COMMERCIAL VS LOCAL PROCESSING
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B) NON MATERIAL –TOURISM

Photos credits: Pierre Failler

C) REGULATING–MANGROVES/WETLANDS/LAKES

Table 2

1

The 18 categories of nature’s contributions to people used in IPBES assessments
with regional case studies of relevant key references that refer to these categories.

Regulating contributions–Functional and structural aspects of organisms and ecosystems that modify
environmental conditions experienced by people, and/or sustain and/or regulate the generation of material
and non-material benefits. In many cases, these NCP are not experienced directly, for example, many
people directly enjoy useful, beautiful or otherwise meaningful plants, soil organisms that are essential
for the supply of nutrients that underpin growth and long-term survival of such plant species. Sometimes
regulating contributions impact people’s quality of life directly; for example, avalanches have a direct
negative effect on people who live in avalanche-prone areas, and therefore their prevention or favouring by
different kinds of vegetation directly affect people’s quality of life.
CATEGORIES
OF NCP

A BRIEF EXPLANATION AND SOME EXAMPLES

VALUES
TYPE

STUDY
REGION

SOURCE

Habitat creation
and maintenance

The formation and continued production, by ecosystems or organisms
within them, of ecological conditions necessary or favourable for
organisms important to humans (e.g., nesting, feeding, and mating sites
for birds and mammals, resting and overwintering areas for migratory
mammals, birds, and butterflies, nurseries for juvenile stages of fish)

Instrumental

East Africa
and adjacent
islands and
Southern
Africa

Reynolds
et al., 2011;
Wangai,
et al., 2017

Pollination and
dispersal of
seeds and other
propagules

Facilitation by animals of movement of pollen among flowers, and
dispersal of seeds, larvae or spores of organisms important to humans

Instrumental

Africa

GemmillHerren,
2014
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Table 2

1

CATEGORIES
OF NCP

A BRIEF EXPLANATION AND SOME EXAMPLES

VALUES
TYPE

STUDY
REGION

SOURCE

Regulation of air
quality

Regulation (by impediment or facilitation) by ecosystems, of CO2 /O2
balance, O3 for Ultraviolet-B absorption, levels of sulphur oxide, nitrogen
oxides, volatile organic compounds, particulates, and aerosols

Instrumental

Africa

Chianu
et al., 2011

Instrumental

Mauritius

Munang
et al., 2013;
Mbow et al.,
2014

Filtration, fixation, degradation or storage of pollutants that directly affect
human health or infrastructure
Regulation of
climate: Climate
regulation by
ecosystems
(including
regulation of
global warming)

Positive or negative effects on emissions of greenhouse gases
(e.g., biological carbon storage and sequestration; methane emissions
from wetlands)
Positive or negative effects on biophysical feedbacks from vegetation
cover to atmosphere, such as those involving albedo, surface roughness,
long-wave radiation, evapotranspiration (including moisture-recycling)
Direct and indirect processes involving biogenic volatile organic
compounds
Regulation of aerosols and aerosol precursors

Regulation
of ocean
acidification

Regulating, by photosynthetic organisms (on land or in water), of
atmospheric CO2 concentrations and so seawater pH, which affects
associated calcification processes by many marine organisms important
to humans (such as corals)

Instrumental

Mauritius,
Africa

Lloyd et al.,
2012

Regulation
of freshwater
quantity, flow,
and timing

Regulation by ecosystems, of the quantity, location, and timing of the
flow of surface and groundwater used for drinking, irrigation, transport,
hydropower

Instrumental

Africa

Lévêque,
1997

Instrumental

Kenya,
Comoros
Island, and
Tanzania

Comte
et al., 2016

Regulation of flow to water-dependent natural habitats that in turn
positively or negatively affect people downstream, including via flooding
(wetlands including ponds, rivers, lakes, swamps)
Modifying groundwater levels, which can ameliorate dryland salinization
in unirrigated landscapes

Regulation of
freshwater and
coastal water
quality

Regulation– through filtration of particles, pathogens, excess nutrients,
and other chemicals–by ecosystems or particular organisms, of the
quality of water used directly (e.g., drinking) or indirectly (e.g., aquatic
foods, irrigated food and fibre crops, freshwater and coastal habitats of
heritage value)
Role of mangroves and seagrasses in this regulation process show in
West Africa

Formation,
protection, and
decontamination
of soils and
sediments

Sediment retention and erosion control, soil formation and maintenance
of soil structure and processes (e.g., such as decomposition and nutrient
cycling) that underlie the continued fertility of soils important to humans.
Filtration, fixation, degradation or storage of chemical and biological
pollutants (pathogens, toxics, excess nutrients) in soils and sediments
that are important to humans

Instrumental

Africa

Symeonakis
et al., 2010

Regulation of
hazards and
extreme events

Amelioration, by ecosystems, of the impacts on humans or their
infrastructure caused by e.g., floods, wind, storms, hurricanes, seawater
intrusion, tidal waves, heat waves, tsunamis, high noise levels

Instrumental

Africa

Tall et al.,
2013

Instrumental
and intrinsic

Africa

Grzywacz
et al., 2014

Reduction, by ecosystems of hazards like landslides, avalanches
Regulation
of organisms
detrimental to
humans

Regulation, by ecosystems or organisms, of pests, pathogens, predators,
competitors, etc. that affect humans, plants, and animals
Regulation by predators or parasites of the population size of nonharmful important animals (e.g., large herbivore populations by wolves or
lions)
Regulation (by impediment or facilitation) of the abundance or distribution
of potentially harmful organisms (e.g., venomous, toxic, allergenic,
predators, parasites, competitors, disease vectors, and reservoirs) over
the landscape or seascape
Removal of animal carcasses and human corpses by scavengers (e.g.,
vultures in Zoroastrian and some Tibetan Buddhist traditions)
Regulation (by impediment or facilitation) of biological impairment and
degradation of infrastructure (e.g., damage by pigeons, bats, termites,
strangling figs to buildings)
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Table 2

1

Material contributions–Substances, objects or other material elements from nature that sustain people’s
physical existence and infrastructure. (The basic physical and organisational structures and facilities
(e.g., buildings, roads, power supplies) needed for the operation of a society or enterprise). They are
typically consumable, for example when organisms are transformed in food, energy, or materials for
shelter or for some ornamental purposes.
CATEGORIES
OF NCP

A BRIEF EXPLANATION AND SOME EXAMPLES

VALUES
TYPE

STUDY
REGION

SOURCE

Energy

Production of biomass-based fuels, such as biofuel crops, animal waste,
fuelwood, agricultural residue pellets

Instrumental

Mozambique

Batidzirai
et al., 2006;
Wicke,
et al., 2011

Food and feed

Production of biomass-based fuels, such as biofuel crops, animal waste,
fuelwood, agricultural residue pellets

Instrumental

Africa

IRENA,
2017

Materials and
assistance

Production of materials derived from organisms in crops or wild
ecosystems, for construction, clothing, printing, ornamental purposes
(e.g., wood, fibres, waxes, paper, resins, dyes, pearls, shells, coral
branches)

Instrumental

Africa

Griffis, 1998

Instrumental
and
relational

Africa

Wollny,
2003

Direct use of living organisms for decoration (i.e., ornamental plants in
parks and households, ornamental fish), company (i.e., pets), transport,
and labour
Medicinal,
biochemical
and genetic
resources

Production of materials derived from organisms (plants, animals, fungi,
microbes) used for medicinal and veterinary purposes
Production of genes and genetic information used for plant and animal
breeding and biotechnology

Non-material contributions–Nature’s contribution to people’s subjective or psychological quality of life,
individually and collectively. The sources of these intangible contributions can be physically consumed in
the process (e.g., animals in recreational or ritual fishing or hunting) or not (individual trees or ecosystems
as a source of inspiration).
CATEGORIES
OF NCP

A BRIEF EXPLANATION AND SOME EXAMPLES

VALUES
TYPE

STUDY
REGION

SOURCE

Learning and
inspiration

The provision, by landscapes, seascapes, habitats or organisms, of
opportunities for the development of the capabilities that allow humans
to prosper through education, acquisition of knowledge and development
of skills for well-being, scientific information, and inspiration for art and
technological design (e.g., biomimicry)

Relational

Niger, Tanzania

Moussa
et al., 2008

Physical and
psychological
experiences

Provision, by landscapes, seascapes, habitats or organisms, of
opportunities for physically and psychologically beneficial activities,
healing, relaxation, recreation, leisure, tourism and aesthetic enjoyment
based on the close contact with nature. For example, hiking, recreational
hunting, and fishing, birdwatching, snorkelling, gardening

Relational

Côte d’Ivoire,
Cameroon

Feka et al.,
2008;
Kouassi
et al., 2013

Supporting
identities

Landscapes, seascapes, habitats or organisms being the basis for
religious, spiritual, and social-cohesion experiences

Relational

South Africa,
Zimbabwe

Radder
et al., 2008

Provisioning of opportunities by nature for people to develop a sense of
place, purpose, belonging, rootedness or connectedness, associated
with different entities of the living world (e.g., cultural and heritage
landscapes, sounds, scents and sights associated with childhood
experiences, iconic animals, trees or flowers)
The basis for narratives and myths, rituals and celebrations provided
landscapes, seascapes, habitats, species or organisms (e.g., sacred
groves, sacred trees, totem animals)
Source of satisfaction derived from knowing that a particular landscapes,
seascape, habitat or species exist in the present
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Table 2

1

For all groups of nature’s contributions to people
Maintenance
of options

The capacity of ecosystems, habitats, species or genotypes to keep human options open in order to support a later
good quality of life. Examples include benefits (including those of future generations) associated with the continued
existence of a wide variety of species, populations, and genotypes
Future benefits (or threats) derived from keeping options open for yet unknown discoveries and unanticipated uses
of particular organisms or ecosystems that already exist (e.g., new medicines or materials)
Future benefits (or threats) that may be anticipated from on-going biological evolution (e.g., adaptation to a warmer
climate, to emergent diseases, development of resistance to antibiotics and other control agents by pathogens
and weeds)
Ecosystems in Protected areas, and more particularly in marine protected areas have shown a higher resilience capacity
than the ones not protected or well managed. Efficient protection measures contribute to the maintenance of options

2.2 VALUES AND
VALUATION OF NATURE’S
CONTRIBUTION
TO PEOPLE
IPBES’s conceptual framework identified three major
inclusive elements of the interaction between human
societies and the non-human world. These elements are
nature, nature’s contributions to people, and a good quality
of life. This section focuses on the assessment of values
attributed to nature’s contributions to people in Africa.
The values that are attributed to nature’s contributions to
people are both instrumental and relational and include
material contributions such as the provision of food and
feeds, regulating contributions such as climate regulation
and pollination, and non-material contributions linked
to physical and psychological experiences. Figure 2.2
provides a summary representation of the relative proportion
of material, non-material, and regulatory values attributed
to nature’s contribution to people in different sub regions
of Africa from the papers considered for the synthesis of
information on values of biodiversity in Africa.
In many parts of the world, including Africa, perceptions of
the values of nature and its contributions to a good quality of
life differ and often result in conflicting views depending on
the cultural or institutional setting. This implies that various
environmental decision-making efforts would have different
implications in different settings, but in reality, independent
values are seldom recognised or explicitly taken into
account. It thus becomes important that in this assessment
(and others), the diversity of perceived values from nature’s
contributions to people are clearly understood, and not simply
ignored or misrepresented at regional and subregional level.
Accounting for the value of nature’s contributions to people
is challenging in part because nature’s contributions to

people are often not traded and in part because there
are very few formal valuation studies of nature and its
contributions to people on the continent of Africa. The
extent and quantity of existing valuation studies in Africa
is unfortunately limited in geographical scope and types
of ecosystems covered (e.g., Turpie et al., 1999; Naidoo
et al., 2005; Bignaut et al., 2008; O’Farrell et al., 2011; Egoh
et al., 2012; Failler et al., 2012; Failler, 2016). This chapter
summarises findings from major studies and assessments
that have been carried out to date.
Along with the spatially explicit ecosystem service research in
Africa, pragmatic approaches to ecosystem service valuation
have been suggested by Failler et al. (2009) and O’Farrell
et al. (2011), and in their guidelines for the estimation of
coastal and marine ecosystem services valuation. O’Farrell
et al. (2011) estimated grazing values in the Succulent Karoo
of South Africa at a range of $19 to $114 million, tourism
activities from $2 to $20 million; and services linked to
water from $300 to 3120 million. Failler et al. (2009) have
estimated the total economic value of ecosystem services
of marine protected areas in West Africa at $30,000/km2
(Section 2.4.2.1). More recently, Failler (2016; 2017a & b) has
provided, for UNEP, an estimate of African coastal and marine
ecosystem services values. These estimates are presented in
Figure 2.4 alongside with other ecosystem services values.

2.2.1 Material Contributions
Material contributions are the provisioning services that
describe the material or energy outputs from ecosystems.
The materials considered in this section are food, energy,
health, and water. As mentioned in Chapter 1, Africa is rich
in biodiversity and draws on diverse forms of plants and
fauna to meet its basic human needs (Chapter 3). Its people
depend highly on these materials for daily sustenance,
construction purposes, fuel, and health and cosmetic
purposes, amongst other uses.
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2.2.1.1 Food and feeds

Hunting bushmeat is a common practice, particularly in
Central Africa (Chapters 3 & 4), where it provides high-quality
animal protein. Target animals include mostly insects, rodents,
birds, reptiles, as well as other primate species (Ajayi et al.,
2010; Salami et al., 2011). Larger-bodied species are usually
preferred, however, as they generate a greater return on
effort invested in hunting (Wilkie et al., 2016; Chapter 3).
For example, in the Congo Basin countries, approximately
80% (maximum 98%) of the volume of meat eaten comes
from wild animals and contributes between 30% and 80%
of the daily fats and protein requirements (Nasi et al., 2011).
Bushmeat serves as a cheap and easily accessible resource
especially for rural households, who, rely heavily on this
resource during the “hungry season” and in situations of
stress or emergency (Nlom, 2011; Chapters 3 & 4).

Food production serves as an important material
contribution of ecosystem services in terms of nature’s
contributions to people. Many communities in Africa
depend on food provided by natural ecosystems
such as forests, grasslands, wetland areas and water
bodies sustaining fisheries (FAO, 2014) for their food
security. The main food items that are sourced come
from bushmeat (Olupot et al., 2009; Golden et al.,
2011), insects, fresh fruits, nuts, seeds, tubers and
green leafy vegetables (Kehlenbeck et al., 2014),
edible oils, drinks spices, condiments (Faye et al.,
2011), mushrooms, honey, sweeteners, wild tubers,
and snails, amongst others.

Figure 2

2

Values representation per subregion and targeted nature’s contributions
to people. Source: see Appendix AfRA 2.1; Available at https://www.ipbes.net/
sites/default/ﬁles/synthesis_of_information_on_ecological_and_socio-economic_
beneﬁts_of_bes_in_africa.xlsx.
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The rate at which urbanisation is growing in Africa,
combined with an increasing demand, which is now
surpassing supply, there has been a devastating impact
on the biodiversity of the region (Kasisi, 2012; Chapters
3 & 4). Figure 2.3 illustrates the rate of increase of
bushmeat production in the Congo Basin countries
between 1985 and 2005, and Table 2.2 further

Figure 2

demonstrates the increase in the volume of consumption in
the Congo Basin in 2009.
Some regions show positive impacts on biodiversity,
however. Fenced and unfenced community conservancies
in Namibia and Kenya and private game ranches in
South Africa, for example, have been generally (although

Bushmeat production in selected countries within Congo Basin between 1980
and 2005. Source: Ziegler (2009).
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Cameroon

Total consumption
(tons/year)

Central African
Republic

Congo

DRC

Equatorial
Guinea

Gabon

TOTAL

78,077

12,977

16,325

1,067,873

9,763

11,381

1,196,396

Average harvest (kg/
km forest/year)

503

248

77

897

574

50

645

Average consumption
(kg/person/year)

21

17

11

41

24

15

35

195,193

32,443

40,813

2,669,683

24,408

28,453

2,990,990

Bushmeat value
($/year)
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not always) successful in conservation efforts by mixing
wildlife and livestock production (Wilkie et al., 2016). Mixed
wildlife–livestock production can increase income for poor
rural families when wildlife is sold by hunters as trophies or
as meat to high-value tourist lodges and export markets.
Insects comprise another source of protein, minerals, and
vitamins. About 250 edible species are listed in Africa,
where the dominant 78% represent Lepidoptera (30%),
Orthoptera (29%) and Coleoptera (19%), while the other
22% comprise Isoptera, Homoptera, Hymenoptera,
Heteroptera, Diptera, and Odonota. Whether or not
insects are eaten depends partly on taste and nutritional
value, but also on customs, ethnic preferences and
prohibitions. Because most insects are only available
seasonally. Preservation by drying is often practiced (van
Huis, 2003). Research in Bangui estimated that 29%
of the total annual consumption of animal proteins was
obtained from caterpillars and larvae, and that during
the harvesting period, they accounted for over half of
the population’s protein consumption (N’Gasse, 2003).
Bahuchet (1972) recorded that caterpillar consumption in
a forest camp of the Aka Pygmies in the Central African
Republic made up 75% of people’s protein consumption
during the caterpillar season. Many insects also provide
commercially value added products, such as honey.
Currently, Egypt is the dominant honey producer, with
the highest value of honey in Africa at about €98/hectare
(Croitoru, 2007).
Wild plants are also an excellent source of food and
vitamins and in the absence of regular supply of animal
protein and fat (i.e., dairy products and meat, plants are
fundamental to nutritional security) (Maranz et al., 2004;
Teklehaimanot, 2004). According to Kronborg et al.
(2014), the protein contents of the fermented product of
Parkia biglobosa (soumbala/moutarde in local language),
for instance, can surpass that of meat. In West Africa,
there are three key species complementing daily
rural diets: Vitellaria paradoxa, Parkia biglobosa, and
Adansonia digitata (Augusseau et al., 2006; Belem et al.,
2007; Heubach et al., 2013), while in Sudan, a wide
variety of wild plants are used in everyday meals, such as
for salads, drinks (hot and cold), and everyday cooking
(Salih et al., 2014).
Plant products are mostly open-access resources (i.e.,
no financial investment is needed to produce or collect
them) (Angelsen et al., 2003). They are available in the
dry season when fields are already harvested and are
suitable for mid-term storage to provide a buffer during
times of seasonal or financial stress (Arnold et al., 2001;
Schreckenberg et al., 2006). There are many examples
of the nutritional values of Non Timber Forest Products
(NTFPs) of plant origin across the continent, like Marula
(Sclerocarya birrea), a source of nutrition and a dietary
mainstay in South Africa, Botswana, and Namibia.
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Besides bushmeat, insects, and plants, fisheries
constitute another key source of food and income derived
from nature. Despite regional differences (Belhabib et al.,
2016), some major trends can be revealed by analysing
fisheries catch data. Data extracted from the Sea Around
Us database show that overall catches increased from
2.1 million t in 1950 to 16.7 million t in 1988, and then
decreased to 12.4 million t in 2010. The artisanal sector,
whose landed value reached $4 billion in 2010, is in
decline since 2004, along with the industrial sector’s
catch, despite an increasing fishing effort. Subsistence
sectors, consumption driven fishing activities conducted
operated almost exclusively by women, caught
411,000 tons in 2010. Overall, catches by this sector
increased, showing high dependence upon fish. With
the over-exploitation of fish stocks (Pauly et al., 2015),
costs of fishing increased (Teh et al., 2013), translating
into a shift from subsistence to artisanal fishing (Belhabib
et al., 2014).
In sub-Saharan Africa, fish provide over one-fifth of
protein intake by local communities. In West African
coastal countries such as Ghana and Sierra Leone, the
rate of protein uptake from fish is more than half. West
African is considered one of the most economically
important fishing zones in the world, with a production
of 4.5 million tons of fish in 2000 (Belhabib et al., 2014).
Southern African countries also constitute exceptional
fishing areas and export between 80% and 90% of their
marine fish annually (Akpalu, 2013). Other countries such
as Egypt, Morocco, Ghana, Kenya, Namibia, Nigeria,
Senegal and Uganda, also produce large quantities of
fish, which contribute significantly to food security and
nutrition in those areas (FAO, 2016). Over 3,300 industrial
vessels (20% foreign) and 54,000 artisanal and
subsistence pirogues catch over 6.4 million tons of fish
per year (Belhabib et al., 2012; Belhabib et al., 2015b),
for a landed value of $10.6 billion (Belhabib et al.,
2015a). Catches peaked in the late 1990s and have been
declining since then, despite or because of an increase in
the fishing effort. However, as this region is also targeted
by foreign fleets under agreement and illegal fleets, at
least 15 of the 18 important coastal demersal stocks and
pelagic resources (sardinellas, horse mackerel Trachurus
trachurus, chub mackerel Scomber colias, anchovy,
and bonga shad Ethmalosa fimbriata) are fully or overexploited (CCLME, 2016). This raises serious concerns
about food security and the sustainability of fishing
access agreements with foreign countries (Belhabib
et al., 2015a).
The countries of Eastern and Southern Africa and others
in the Indian Ocean (ESA-IO) region collectively produce
almost 1.9 million metric tons of fish – or 23% of Africa’s
fish production every year. A special characteristic of the
region’s fish production is that the greatest proportion of
the total catch is derived from diverse inland and fresh
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water fisheries, rather than marine fisheries (IOC, 2014).
Despite this, per capita, fish consumption has stagnated
in Africa and only accounts for a tiny share of global fish
production, approximately 0.6% and shrinking (CAPMAS,
2014; Soliman et al., 2016). In Figure 2.4, a summary of
Africa’s material and non-material contribution to people
from fisheries is given.

Figure 2

4

Small-scale fisheries are the only source of animal protein to
many rural populations and are economically significant in
a number of areas in Africa (FAO, 2014). According to FAO
(2016), the total fish supply was 11 million tons live weight
equivalent or 10.5 kg/year per capita. It was estimated that
with a total GDPA of $288.4 billion, this sector contributes
6% of the GDPA for the whole of Africa. The highest

Indicative lists of economic values of nature’s contributions to people in Africa.

Sample values of some ecosystem services in selected ecosystems (freshwater, marine and coastal areas and forests) in Africa.
Apart from fishery and blue carbon values, data comes from various sources, with methodological differences, which means
comparisons of values between subregions or ecosystems is not currently possible. (a) North Africa: Marine and Coastal
fishery value added (FAO FISHSTAT, 2017); Carbon sequestration (Canu et al., 2015); Inland waters (de Graaf et al., 2014);
Forest (Daly, 2016); (b) West Africa: Marine and Coastal (Failler, 2016); Wetlands (Failler et al., 2012); Inland waters (Acharya
et al., 2000); (c) Central Africa: Marine and Coastal (Failler et al., 2017a); Wetlands (Failler et al., 2017b); Inland waters
(de Graaf et al., 2014); Forest (Yaron, 2001); (d) South Africa: Marine and Coastal (Mclean et al., 2017; Klaus et al., 2017);
Inland waters (de Graaf et al., 2014); Savanna (de Wit et al., 2006); (e) East Africa and adjacent islands: Marine, Coastal
and Wetlands (Mclean et al., 2017); Inland waters (de Graaf et al., 2014); Forest (Emerton et al., 1999); Dryland and Desert
(Barrow et al., 2007); Savanna (Emerton, 1998).

North Africa
West Africa

Fishery value added:
$ 0.6 billion /year

Water purification:
$ 40,000/km2/year

Fishery value added:
$ 0.5 billion/year

Mangrove coastal
protection:
$ 4,500/km2/year

Carbon sequestration:
$ 300/km2/year (average)
Timber production:
$ 20,00/km2/year

Fishery value added:
$ 4 billion/year
Carbon sequestration:
$ 2,800/km2/year (average)

East Africa and
adjacent islands
Fishery value added:
$ 1.2 billion/year

Central Africa

Mangrove coastal
protection:
$ 5,000/km2/year

Fishery value added:
$ 0.8 billion/year
Mangrove coastal protection:
$ 3,500/km2/year

Fishery value added:
$ 2.5 billion/year

Fishery value added:
$ 2 billion/year

Carbon sequestration:
$ 2,200/km2/year

Carbon sequestration average:
$ 14,000/km2/year

Carbon sequestration:
$ 120,000/km2/year

Timber value added:
$ 3,000/km2/year

Bioprospecting:
$ 7,800/km2/year
Erosion protection:
$ 11,000/km2/year (average)

Southern
Africa

Food production:
$ 16000/km2/year

Fishery value added:
$ 0.3 billion/year
Fishery value added:
$ 0.5 billion/year
Recreation value:
$ 9,000/km2/year

Drylands and deserts

Tundra and high mountain habitats

Flooded grasslands and savannas

Mangroves

Mediterranean forests, woodlands and scrub

Inland surface waters and water bodies

Tropical and subtropical dry and humid forests

Coastal areas and near shore ecosystems

Tropical and subtropical savannas and grasslands
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Multiple values of fisheries based on their diverse contributions to people.
Source: See Appendix AfRA 2.1; Available at https://www.ipbes.net/sites/default/
files/synthesis_of_information_on_ecological_and_socio-economic_benefits_of_
bes_in_africa.xlsx.
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contribution is from marine artisanal fishing contributing
1.82% of the total GDPA, whereas inland fishing and marine
industrial fishing contribute 1.62% (FAO, 2014).
The successful management of fisheries has to consider
the employment of fishers’ ILK on the ecology and
biology of local fish species. It has been found that the
lack of sufficient scientific information on specific fish
species was be complemented by the local fishers ILK
(Gaspare et al., 2015).

2.2.1.2 Timber and Non-Timber Forest
Products (NTFPs) and livelihoods
Forests and woodlands provide valuable ecosystems
services by provisioning timber and Non Timber Forest
Products (NTFPs), which serve as a diverse source of
jobs and livelihoods in Africa. For instance, in Tanzania,
the estimated annual revenues generated from timber for
domestic use are $10 million in terms of planks, and twice
as much when processed into furniture (Schaafsma et al.,
2014b). Africa-wide, the annual consumption of wood is
projected to grow by over 40% by 2030, and the region
as a whole is slated to become a net importer of wood
products for fuel and construction. According to Nlom
(2011), the formal forestry sector in Congo Basin countries
produces more than 10 million tons of timber a year, with
production dominated by Gabon (3.96 million tons) and
Cameroon (3.16 million tons). A large proportion of this
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timber is exported–around 50% overall, ranging from
15% in the Central African Republic to over 90% in the
Democratic Republic of Congo. The current total annual
value of these exports exceeds $2.5 billion, while the
estimated market value of domestically-consumed timber
and timber products is estimated to total almost $1 billion.
The FAO (2013), quantified the total value of forests to rural
people in Uganda at about $4.01 billion (Table 2.3).
Domestic demand for timber in this region is growing,
however, which is almost entirely supplied by the largely
unregulated, inefficient and unsustainable informal sector,
which makes the sector’s real contribution to GDP and to
local livelihoods challenging to measure (Cerbu, 2016). The
region is well known for round wood and timber exports
from large forest concessions, traditionally managed by
foreign owned companies. Total recorded round-wood
harvests for industrial timber are 7.5 million m3, compared
with 1.7 billion m3 globally (Bromhead, 2012).
In the subregions of East Africa (Kenya, Malawi, Somalia,
Sudan, Tanzania, Uganda, Zimbabwe), Teak is particularly
valued, mainly for its durability and water resistance, and
is used for boat building, exterior construction, veneer,
furniture, carving, turnings, and other small wood projects
(USDA, 2010). Its leaves are also edible and have medicinal
properties (Farinola et al., 2014).
On the African island of Madagascar, endemic species
of rosewood is in great demand for veneer, musical
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instruments (guitar bodies and fingerboards), furniture,
cabinetry, inlays, carving, turned objects, and other small
specialty wood items. The essential oil can also be extracted
from the wood and used for aromatherapy and perfume.
The heartwood is traditionally used as medicine to treat
malaria, bilharzias, and cysticercose (WHO, 2013).
The southern African region is characterised by the Miombo
dry land forests, which cover 2.4 million hectares (twice
the area of the Congo Basin rainforests) and span from
Mozambique to Angola and including parts of southern
Tanzania and southern DRC (Chapter 3). Miombo woodlands
provide many services to rural populations, including late dryseason grazing for livestock from foliage, building materials,
and a range of non-timber forest products such as honey,
ingredients for cosmetics, Amarula (a cream liqueur), etc.
(Chapters 1, 3, & 4). According to Kimaro et al. (2013), wild
tree fruits and edible mushrooms are widely used by local
people near Ngumburuni forest reserve in Tanzania.
Non-Timber Forest Products (NTFPs) contribute
significantly to the subsistence, daily life, and welfare

Table 2

3

of people, and could become a major instrument of
economic development for some rural communities
(Mahaptara et al., 2011; Lambini et al., 2014; Maisharou
et al., 2015; Table 2.4). The average share of NTFPs
income in total household income in rural Africa is
21.4% (Angelsen et al., 2014; Heubach et al., 2016),
with varying figures across countries ranging from 20%
in Tanzania (Schaafsma et al., 2014a), to up to 44% in
Zambia (Kalaba et al., 2013). Amous (1999) estimated a
per capita fuelwood consumption of 0.89 m3/year and
African fuelwood consumption by households is still
the highest in the world (Arnold et al., 2003; UN, 2018).
Women and children are the main collectors and traders
of NTFPs, and they form a substantial component of
women’s livelihoods in many rural areas (Arnold et al.,
2001; Pouliot et al., 2013; Colfer et al., 2015). However,
as pointed out by Ambrose-Oji (2011), few countries
have explicit laws that govern the harvesting of NTFPs
Inventories of all species used and sold would be
impossibly costly to undertake, and they recommend
creating inventories of only the half dozen most important
NTFPs sold in any location.

The total annual value of forest products to rural people in Uganda.
Source: FAO (2013).

FOREST PRODUCT
CATEGORY

CASH VALUE
($million)

NON-CASH VALUE
(%)

($million)

THE TOTAL VALUE
OF FOREST PRODUCTS

(%)

($million)

(%)

Fuel

406

10.1

1,186

29.5

1,592

39.6

Building materials

346

8.6

655

16.3

1,001

24.9

Forest Foods

241

6.0

510

12.7

752

18.7

Fibre (for ropes, baskets,
matting, etc.)

68

1.7

257

6.4

326

8.1

Herbal medicines

44

1.1

145

3.6

189

4.7

Timber

32

0.8

129

3.2

161

4

1,137

28.3

2,882

71.7

4,019

100

Total

Table 2
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The value of NTFPs per country group (Euro/hectare, 2005 prices).
Source: Croitoru (2007).

Firewood

Morocco

Grazing

Cork

17

31

1

Algeria

0

36

1

Tunisia

3

81

11

Egypt

7

No data

No data

11

35

Average

2

Mushrooms

1
No data
0
No data
1

Honey

Other NTFPs

TOTAL
NTFPS

4

1

54

0

0

38

2

12

109

97

No data

104

3

1

54
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2.2.1.3 Energy
Fuelwood is the dominant source of energy in Africa (World
Bank data repository, 2017), with over 90% of energy needs
in rural areas supported by fuel wood. Urban areas rely
more on charcoal as a source of energy for cooking (Bailis
et al., 2005; Figure 2.6). For instance, in Tanzania, direct
dependence fuelwood is high; 92% of rural households rely
on it for cooking, whereas 50% of the urban population uses

Figure 2

6

charcoal (National Bureau of Statistics Tanzania, 2011). In
Central Africa, demand for household energy from rapidly
growing urban centres (e.g., Kinshasa; Chapter 3) exerts
massive pressure on forests (World Bank, 2013). Nlom
(2011), identified fuelwood as the dominant energy source
in the Congo Basin (mostly sourced from the natural forest).
The annual consumption has been recorded at around
95 million m3, mainly comprising firewood, with a total value
of some $2.8 billion (Table 2.5).

“Current per-capita biomass production in sub-Saharan Africa.

The colours show total wood fuel consumption, and the pie charts show the fraction of wood that is used for charcoal, based
on multiple sources. FAO biomass estimates (including charcoal) were roughly consistent with IEA estimates and were used for
all countries except Angola, Kenya, South Africa, Sudan, and Zambia (20% of the region’s population). For these countries, FAO
biomass estimates would have been too low to meet minimal household energy needs when considered with energy use from
fossil fuels and other energy sources reported by IEA. In all of these countries except Kenya, IEA estimates were used; for Kenya,
data from a detailed national household fuel consumption study were used.” Bailis et al. (2005).

Wood used for charcoal production
Wood used directly as firewood
Not in region
No data
0–0.2 tons per capita
0.2–0.4 tons per capita
0.5–0.5 tons per capita
0.5–0.8 tons per capita
0.8–1.5 tons per capita
>1.5 tons per capita
Water bodies
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In East Africa and adjacent islands, 70–85% of urban
households rely on charcoal, and between 2000 and
2010 the demand for charcoal grew at 3%/year, while
firewood grew at 1%/year (World Agroforestry Centre, 2013;
Chapter 3). Charcoal production constitutes an important
source of income in rural Africa, but is, in certain areas, at the
expense of forest cover (Chapters 1, 3 & 4). Currently wood
fuel, i.e., firewood and charcoal accounts for around 10% of
global energy supply, but dominates energy provision in many
parts of the developing world (OCDE/IEA, 2014).
In sub-Saharan Africa, wood fuel accounts for > 80% of
energy supply and over 90% of the population relies on
these sources of energy (Bailis et al., 2005), except in
South Africa where levels of electricity supply are relatively
high. For instance, it is estimated that four out of five
people in the region are reliant on the traditional use of
mainly fuelwood, for cooking (Bailis et al., 2005). The
expected increase in charcoal demand could significantly
negatively impact on tree cover in dry forests and
savannas, which supply much of the charcoal sold in the
urban areas of sub-Saharan Africa (World Agroforestry
Centre, 2013). In most sub-Saharan Africa countries, the
wood-based biomass sector contributes significantly to
employment, generally providing regular income to a large

Figure 2
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portion of people. This assumption is based on three
studies (in Kenya, Malawi and Tanzania), extrapolated to
sub-Saharan Africa to show that the charcoal industry in
this region might have been worth more than $8 billion in
2007, with more than 7 million people dependent on the
sector for their livelihoods (World Bank, 2012).
Sub-Saharan Africa is rich in energy resources but very
poor in energy supply. Hydropower accounts for onefifth of today’s power supply, but less than 10% of the
estimated technical potential has been utilised. In Central
Africa, only 9% of the population in the DRC has access
to electricity. This is an example where huge hydropower
potential is surpassed by extreme energy poverty. In East
Africa and adjacent islands, mainly in Kenya and Ethiopia,
geothermal energy serves as the second-largest source
of power supply. Coal production and use gradually
extend beyond South Africa, but coal is surpassed by
oil as the second-largest fuel in the sub-Saharan energy
mix. Nigeria remains the region’s largest gas consumer
and producer, but significant offshore discoveries in
Mozambique and Tanzania are also changing energy
supply geography (OECD/IEA, 2014). Figure 2.7 shows
patterns of fossil fuel energy consumption at the sub
regional level.

Patterns of fossil fuel energy consumption in Africa at subregional level.
Fossil fuel comprises coal, oil, petroleum, and natural gas products.
Source: World Bank data repository (2017).

FOSSIL FUEL ENERGY CONSUMPTION (% of Total)

90

80

70

60

50

40

30

20

10

0
1970

1975

1980

1985

1990

1995

2000

2005

2010

2015

YEAR
EAST AFRICA

CENTRAL AFRICA

WEST AFRICA

SOUTHERN AFRICA

NORTH AFRICA

93

THE REGIONAL ASSESSMENT REPORT ON BIODIVERSITY AND ECOSYSTEM SERVICES FOR AFRICA

Table 2

5

Value of fuelwood production in Congo Basin countries (2008).
Source: Nlom (2011).
Cameroon

Firewood (m3)

Central African
Republic

Congo

DRC

1,295.10

74,315.30

188.8

534.1

92,082.3

409.5

185.5

3.6

1,890.00

8.5

19.2

2,516.3

304,260

186,060

38,961

2,286,159

5,919

16,599

2,837,958

According to IEA, (2009), bioenergy formed almost
50% of the Total Primary Energy Supply (TPES) for the
African continent and over 60% of sub-Saharan TPES.
Assessments carried out by Stecher et al. (2013), indicate
that by the year 2020 potentials for bioenergy would rise
for; crops (from 0 PJ/year to 13,900 PJ/year), and forestry
biomass (from 0PJ/year to 5400 PJ/year). For residues and
wastes, however, the potentials will rise from 10 PJ/year to
5,254 PJ/year. In South Africa, bioenergy potentials range
from approximately 400 to 550 PJ/ year, where maize and
wheat residues currently account for about 104 PJ of the
sustainable bioenergy potentials (Batidzirai et al., 2016).
National Programmes in biogas production are being
implemented in certain countries across the continent
(Austin et al., 2012).
Renewable energy markets (sun, water, biomass, and
wind) are steadily growing on the continent, despite

s/N

TOTAL

6,016.50

Fuelwood
value ($)

6

Gabon

9,732.50

Charcoal
(tons)

Table 2

Equatorial
Guinea

significant barriers facing implementation of energy
projects in Africa, such as fluctuating exchange
rates, political and institutional challenges, and falling
international commodity prices, (Power Africa, 2016).
Africa has significant potential for wind and solar energy;
for example, Ethiopia has a capacity of 1,350 GW of
energy from wind and annual total solar energy reserve of
2,199 million TWh/annum (Derbew, 2013). Africa’s lengthy
coastline provides significant potential for wind power
production. South Africa, Morocco, Egypt, Ethiopia, and
Kenya are currently the five most prominent countries in
the wind energy market in Africa (Table 2.6).
Solar power potential in Africa is significant (IRENA, 2016).
The price of producing power from solar mini grids is
expected to fall by approximately 60% in the next 20 years.
According to IRENA (2016), up to 60 million Africans may
already have access to renewable electricity.

The five biggest wind markets in Africa. Source: Tiyou (2016).

Countries

1

South Africa

2

Operational (MW)

Under construction (MW)

I, 170

840

Morocco

870

50

3

Egypt

750

0

4

Ethiopia

320

0

5

Kenya

14

310

3,124

1200

TOTAL

2.2.1.4 Medicinal, biochemical
and genetic resources

are used in traditional African medicine (Moyo et al., 2015;
Table 2.7).

According to WHO (2002), up to 80% of the population in
Africa rely on traditional medicine to help meet their primary
health care needs. Furthermore, numerous plant products

Traditional medicine, in particular, phytotherapy, is
widespread throughout the African continent and extends
to include practices for treatment of animals ailments and
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Some medicinal plants used in treatments of some ailments in Africa.

S/N

PLANT SPECIES

TREATMENTS/AILMENTS

SOURCE

1

Xylopia aethiopica

Ante natal care and child birth

Gbadamosi et al., (2014)

2

Garcinia Kola

Anti-infection treatment, and sexual drive improvement

Gbadamosi et al., (2014)

3

Rauvolfia vomitora

Purgative

Moyo et al., (2015)

4

Gmelina arborea

Carminative in many ailments

El- Mahmood et al., (2010)

5

Tamarindus indica

Constipation, obesity, etc.

Mohamed et al., (2017)

6

Prunus africanis

Benign prostatic hypertrophy, also used
in 19 other herbal preparation

Hoare, (2007).

7

Khaya senegalensis, and
Combretum Micranthum

Anti- malaria

Lokossou et al., (2012)

8

Anthcleista nobilis

Rheumatism

Lokossou et al., (2012)

9

Newbouldia laevis

A cough, toothache, and conjunctivitis

Lokossou et al., (2012)

general animals’ health care (Halmy, 2016). Both women
and men practice folk medicine, but women hold a
substantial portion of the traditional knowledge (Pourchez,
2014). Overharvesting of medicinal materials for commercial
trade, however, can severely threaten plant populations and,
subsequently, the longevity of traditional medicine (Moyo
et al., 2015).
In Nigeria, for example, biodiversity supports the health
needs of millions, and studies have revealed hundreds
of different kinds of herbs with a range of medicinal uses
throughout the country (Nigeria, 2015). Accordingly, trade
in medicinal plants and animal parts have grown, and now
form a major category of merchandise in village markets
in rural and peri-urban settlements. Consequently,
maintaining health standards for millions of Nigerians
depends on the protection and sustainable management
of biodiversity. Efforts are now being made in different
parts of the country to domesticate certain medicinal
plants. For example, one of the mandates of the National
Agency for Genetic Resources and Biotechnology is
to document and archive essential genetic biodiversity
resources.
In Central Africa, among some of the most valuable
non-timber forest products in international trade are
medicinal plants, supplying the pharmaceutical and
herbal industries. For example, export of medicinal plants
is a major foreign exchange earner in Cameroon, with
annual earnings of $2.9 million (FAO, 2002). A number of
species are exported, but the majority of the trade is in
the following four species: Prunus africana, Pausinystalia
johimbe (native to the coastal forests of Central Africa),

Voacanga africana and Strophanthus gratus (Hoare,
2007). Prunus africana provides the largest volume of any
African medicinal plant in international trade. It is most
commonly used for its anti-inflammatory and analgesic
properties, and to treat malaria. It is mainly exported
from Cameroon, DRC, and Equatorial Guinea to Europe
ranges (between 3,200–4,900 tons), with a market value
estimated at $150 million/year. The commercial value of
the trade in 1999 from Cameroon alone was estimated to
be $700,000 within the country.

2.2.1.5 Water supply
Water is an important ecosystem service, and major
sources of water in Africa include streams and rivers,
freshwater lakes, and groundwater sources. Water security
in much of the continent is, however, under threat, and a
number of freshwater ecosystems are currently undergoing
degradation due to deforestation, pollution, invasive
species as well as climate change (Niang et al., 2014).
After Australia (and Antarctica), Africa is the world’s
third-driest continent. It constitutes 15% of the global
population, but only has 9% of the global renewable water
resources, of which only 15% is groundwater (Figure 2.8),
which supplies about 75% of its population. Water is also
unevenly distributed, with Central Africa holding 50.66% of
the continent’s total internal water, and Northern Africa only
2.99% (Chapters 1 & 3). Thus, in all regions except Central
Africa, water availability per person is lower than that
of all of the world’s other regions except Asia (the most
populous continent) (UNEP, 2010). Since Africa’s water

95

THE REGIONAL ASSESSMENT REPORT ON BIODIVERSITY AND ECOSYSTEM SERVICES FOR AFRICA

Figure 2

8

Aquifer productivity for Africa showing the likely interquartile range for boreholes
drilled and sited using appropriate techniques and expertise. The inset shows
an approximate depth to groundwater. Source: Bonsor et al. (2011).
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resources are so vital to basic livelihoods and economic
growth on the continent, an improved understanding of
its availability, distribution and limitations is crucial for its
better management (UNECA, 2006).
An analysis of data from 35 countries in sub-Saharan
Africa (representing 84% of the region’s population) shows
significant differences in water access between the poorest
and richest fifths of the population in both rural and urban
areas. Over 90% of the richest quintile in urban areas use
improved water sources, and over 60% have piped water
on premises. In rural areas, piped-in water is not accessed
in the poorest 40% of households, and less than half of the
population use any form of improved source of water (UN,
2012; Figure 2.9). Table 2.8 provides a more detailed
breakdown of water availability in southern Africa.

Table 2
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According to a survey of ecosystem services in seven
African countries (Wong et al., 2015), many regions in
these countries are water stressed in terms of both supply
and quality. The major causes of water degradation were
cited as wetland degradation, agricultural, urban pollution,
and deforestation. In the drier regions of Africa, oases
play an important role in terms of both agricultural and
water supply. Dates, cotton, olives, figs, citrus fruit, wheat
and corn (maize) are common oasis crops. Amongst
the world’s most significant (and strategically important)
supplies of groundwater exist beneath the Sahara Desert
(Figure 2.8) for a relative amp of aquifer productivity in
Africa) supporting about 90 major oases there. In certain
areas, communities have traditionally planted trees such
as palms around the perimeter of oases to protect against
sand and wind erosion.

Water availability and use in Southern Africa, as compiled in the South African Facilities
Management Association regional scale study. Source: van Jaarsveld et al. (2005).

COUNTRY

Angola

Renewable
water
resources1
(km3/year)

Total water use
(km3/year)

Water per
person2 (m3/
person/year)

Access to
improved water
(% of total
population)

Access to
improved
sanitation (% of
total population)

Under-five
mortality (per
1000 births)

184

0.34

13, 620

38

44

260

14.40

0.14

8,471

95

66

110

Burundi

3.60

0.23

519

78

88

190

Congo

832

0.04

26,8 387

51

–

108

Dem. Rep. Congo

1,283

0.36

24 ,508

45

21

205

Equatorial Guinea

26

0.11

55, 319

44

53

153

Gabon

164

0.13

130 ,159

86

53

90

Kenya

30.20

1.58

982

57

87

122

Lesotho

3.02

0.05

1,467

78

49

132

Malawi

17.28

0.11

1,641

57

76

183

216.11

0.64

11, 960

57

43

197

Namibia

17.94

0.27

10 ,022

77

41

67

Rwanda

5.20

0.08

656

41

8

183

50

15.31

1,156

86

87

71

4.51

0.83

4,215

48

44

149

Tanzania

91

2

2,642

68

90

165

Uganda

66

0.30

2,896

52

79

124

Zambia

105.20

1.74

10 ,233

64

78

202

20

2.61

1,560

83

62

123

11, 390

61

63

155

Botswana

Mozambique

South Africa
Swaziland

Zimbabwe
Region

26.87

3

1. Total surface and groundwater resources (corrected for partial overlap) within a country›s borders, plus or minus the natural flows entering and
leaving the country, as well as flows secured through treaties and agreements with other countries. Aggregation cannot be done for the region as it
would result in double counting of shared water resources.
2. Population-weighted means.
3. Weighted by total renewable resources of each country.
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PROPORTION OF THE POPULATION
THAT GAINED ACCESS FROM 1990 TO 2015 (%)

Figure 2
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Population of Africa that gained Access to clean water since 1990 at urban
and rural areas. Data source: UNEP (2016).
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2.2.2 Regulating Contributions
2.2.2.1 Pollination, dispersal of seeds
and other propagules
Pollination is an ecosystem service that is fundamental
to plant reproduction, agricultural production and the
maintenance of terrestrial biodiversity. Pollen is moved
between flowers by wind, water, or animals as a precursor
to fertilisation (IPBES, 2016). The majority of animal
pollinators are insects, of which bees are the best known,
but large animals such as birds, bats, and other mammals
also frequently help pollinate large flowers. Pollination
by hand has also been practiced for many years in, for
example, the production of dates (Phoenix dactylifera) in
the Middle East (Zaid et al., 2002) and in the production of
vanilla (Arditti, 1992; Fouche et al., 1992).
African forest elephants (Chapter 3) are major seed
dispersers. In Uganda, for example, elephants are
responsible for spreading seeds a great distance from
the parent trees. Asian elephants typically spread seeds
from 1 km to 6 km, while Congo forest elephants are
capable of spreading seeds as far as 57 km. Myrianthus
arboreus are typical fruits targeted by large mammals
and elephants in Congo (Campos-Arceiz et al., 2011).
Moreover, in the Congo Basin, Baillonella toxisperma
(Sapotaceae), is species frequently exploited for a
number of products, which relies on mammals and local
populations for dispersal of the species (Duminil et al.,
2016). In Madagascar, insects, lemurs, birds, and bats play
an important role in improving agricultural yield, pollination
and forest regeneration (Oleksy et al., 2017).
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2.2.2.2 Regulation of climate
Ecosystem services play a critical role in mitigation
and adaptation strategies for climate change. Forest
ecosystems, in particular, contribute to mitigation, due
to their capacity to remove carbon from the atmosphere
and to store it. Effective agricultural management
can also enhance carbon sequestration through soil
conservation, or by introducing trees into agroforestry
systems (Uprety et al., 2012a). Well-managed
ecosystems can further support adaptation to climate
variability and change by providing a range of ecosystem
services (Doswald et al., 2014).
In cities, ecosystem based adaptation requires a robust
understanding of landscape ecology and the potential of
green infrastructure to improve the well-being of vulnerable
communities, as in the case of Durban, South Africa
(Roberts et al., 2012). While ecosystem services are part of
the solution to climate change, they are also, themselves,
affected by changing climatic conditions (Chapter 3
& 4; SPM sections B & D). As a result, the provision of
ecosystem services and the well-being of people that rely
on these services are under threat by climate change.
Such modification is expected to increasingly impact,
both positively and negatively, the provision and value of
ecosystem services.
Much attention has recently been focused on the role of
Congo Basin forests in carbon sequestration, and the
impacts of deforestation and forest degradation on global
carbon emissions. For example, estimates made in the 2008
State of the Forests Report (de Wasseige et al., 2008; Nlom,
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2011; Chapters 3 & 4) estimate the total stock of carbon in
Congo Basin forests to be some 47 billion tons (Table 2.9).
In key coastal and marine areas around the continent,
climate change is increasingly impacting coral reefs and
mangroves (Niang et al., 2014; Chapters 3 & 4).

2.2.2.2.1 Regulation of hazards and extreme
events
Extreme climatic events, in particular droughts and
heat waves, significantly impact on ecosystem carbon
and water cycles and a range of related ecosystem
services (Chapter 4, section 4.2.1.1). As indicated above,
ecosystem services may help in regulation of hazards and
extreme events.
For example, in terms of coastal resilience, mangrove
forests provide protection and shelter against extreme
weather events, such as storm winds and floods, as well
as tsunamis. Mangroves absorb and disperse tidal surges
associated with such events. As indicated by Hirashi et al.
(2003), a mangrove stand of 30 trees per 0.01 hectares
with a depth of 100 metres can reduce the destructive
force of a tsunami by up to 90%. Recent research by
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The Nature Conservancy and Wetlands International
proves that mangroves reduce wave height by as much as
66% over 100 metres of forest (McIvor, 2012).
Floods and fires are considered natural hazards – that is,
natural processes or phenomena occurring in the biosphere
that may become damaging for human as well as for natural
systems. They are most strongly subject to feedback
processes and most directly influenced by human activities
such as urbanisation and environmental degradation
(Chapter 4, sections 4.2.1.2 & 4.2.1.4). Deforestation,
for example, has a direct effect on the incidence and
magnitude of flood events (Schaeffer et al., 2013).
Additionally, benefits from flooding may occur through the
transport of sediments and nutrients to the coastal zone,
although the consequences of this are often negative.
Ecosystem conditions and their services can play a role in
modulating both the event and the human systems that
create conditions of vulnerability. This is also true for natural
systems. The preservation of natural areas is important
for flood attenuation. For example, some natural soils (not
affected by human activities) have a large capacity to store
water, facilitate the transfer of groundwater, and prevent or
reduce flooding. The capacity to hold water is dependent

Stock of carbon in Congo Basin forests (million tons). Source: de Wasseige
et al. (2008); Nlom (2011).
Cameroon

Humid forests

Central African
Republic

Congo

DRC

Equatorial
Guinea

Gabon

TOTAL

3,203

886

3,263

18,056

383

4,033

29,824

Mosaic forest/croplands

414

167

534

1,945

57

287

3,404

Mosaic forest/savanna

628

2,437

145

3,059

3

20

6,292

6

54

73

1,625

0

10

1,768

Deciduous woodland

684

1,658

6

1,812

1

2

4,163

Open deciduous
woodland

108

258

199

760

0

31

1,356

5,043

5,460

4,219

27,258

445

4,383

46,808

Closed deciduous forest

TOTAL

Box 2

1

Regulating contributions by tropical rain forests.

Major terrestrial ecosystems in the tropics are tropical rainforests
and tropical savannas, basically separated by soil type and
by period of the year when evapotranspiration is lower, the
precipitation being 9–10 months for forests and 6–8 months
for savannas, which define substantial differences in vegetation
physiognomies. In other words, tropical forests cover an area

of 17 million km2 with 340 x 109 tons of Carbon stored in the
above and below ground biomass, and tropical savannas cover
15 million km2, with 24 x109 tons of Carbon. Therefore, tropical
systems account for a substantial portion of the carbon stored in
the atmosphere, highlighting the importance of these systems in
the global carbon balance (IPCC, 2007).
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on soil texture (size of soil particles and spaces between
them) and soil structure. Wetlands, floodplains, lakes,
and reservoirs are the main providers of flood attenuation
potential in the inland water system.
For food production, Smith et al. (2010) have identified
agricultural adaptation options that could have a positive
impact on the mitigation of greenhouse gases emissions,
such as measures that reduce soil erosion or increase the
diversity of crop rotations. In the Economics of adaptation
to climate change studies, the World Bank also identifies as
options irrigation, improvement in water storage capacity
and research and development to discover, for example,
more drought-resistant species.
In terms of fisheries, sustaining affordable access to fish in
the context of climate change will necessitate the adoption of
adaptive measures aimed at protecting particular fish species
or relieving fishing pressure on specific species or areas
(Cinner et al., 2012). The survival of freshwater fish species,
for example, can be aided by creating thermal refugia such as
deep ponds or reducing freshwater abstraction from rivers,
lakes, and ponds (Wilby et al., 2010). A study by Merino
et al. (2012) shows that the global population’s demand for
fish could be sustained through 2050 in a scenario of 2°C
warming by that time, by increasing aquacultural production
and supporting the sustainable management of marine fish
stocks (Niang et al., 2014; Chapters 3 & 4).
For the energy access, increased frequency and intensity of
droughts increased rainfall seasonality, and wet extremes,
are projected to affect hydropower and thermo-electricity
production. To mitigate the impacts of climate change
on the energy sector, there is a need to simultaneously
address both supply and demand. In terms of ensuring
supply of energy, investment in renewable sources, which
do not depend on hydropower and water-cooling systems–
thereby avoiding exposure to climatic changes is necessary
(Willmott et al., 2011; Chapters 3 & 4).

2.2.2.3 Regulation of freshwater
and coastal quality
Ecosystems influence the hydrological functioning of
watersheds through their contribution to rainfall interception,
evapotranspiration, water infiltration, and groundwater
recharge. This influence can reduce the impacts of
climate variation on downstream population. For example,
ecosystems can preserve base flows during dry seasons if
they facilitate groundwater recharge; they can also reduce
peak flows or floods during rainfall events if they contribute
to rainfall interception and infiltration. In addition, ecosystems
can reduce soil erosion and landslide hazards, which are
partially climate related (Locatelli, 2016). The function of the
forest in regulating the flow of water is well known.
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As described earlier, mangroves are coastal forests that
lie on the crossroad where oceans, freshwater, and land
realms meet; and are key in the regulation of freshwater
and coastal quality (Chapters 3 & 4). They are among the
most productive and complex ecosystems on the planet,
thriving in salty and brackish conditions that would just kill
ordinary plants very quickly. Their capacity to protect against
storms and even sea level rise make them indispensable for
coastal communities in their fight against climate change.
African mangroves are home to very diverse fauna. Aquatic
mammals include monkeys, antelopes, and manatees. Its
roots and mud are home to molluscs, such as bivalves and
oysters, and crustaceans. Live and decaying mangrove
leaves and roots provide nutrients that nourish plankton,
which in turn are food for many of these species. With this
abundance of food, mangroves function as nurseries for
many fish species; many of commercially caught fish have
spent part of their lives in mangroves. Mangroves are also
home to terrestrial fauna, including mammals, reptiles, and
avian species; especially waterbirds (McIvor, 2012).
Mangroves also play a vital role in climate change
mitigation and adaptation, as mentioned previously
(Chapter 4, section 4.2.2.2). Ecosystems services
related to climate change mitigation and adaptation
include carbon sequestration at rates higher than
terrestrial forest systems, a buffer against shoreline
erosion, protection against extreme weather events
through absorption and dispersion of tidal surges, and
groundwater recharge. While estimates vary, many
scientific studies have indicated that mangroves are
among the most intense carbon sinks on the planet
and that they sequester higher amounts of carbon than
terrestrial forest ecosystems (Hutchinson et al., 2014).
Given the amount of carbon that mangroves sequester
and the important socio-economic benefits derived from
mangroves, Reduced Emissions from Deforestation and
Forest Degradation activities-including conservation,
sustainable management, and the enhancement
of carbon stocks-have great potential to contribute
to climate change mitigation efforts while providing
economic development opportunities to the region.
In term of species, certain tree species could contribute
indirectly to water regulation, in controlling pollution, for
example. As an example, for water pollution control,
suspension of the ground seed of Moringa oleifera, the
benzolive tree, is used as a primary coagulant. It can clarify
water of any degree of visible turbidity (ISO, 2016).

2.2.2.4 Soil amelioration
Soils play a pivotal role in major global biogeochemical
cycles (carbon, nutrient, and water) while hosting the
largest diversity of organisms on land. As a result, soils
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deliver fundamental ecosystem services. A soil process
in support of one ecosystem service can either provide
co-benefits to other services or result in trade-offs. The
ability of soils to provide services is principally conferred by
two attributes: the range of biogeochemical processes that
occur in the soil, and the functionality of soil biodiversity
(Smith et al., 2015). As mentioned earlier, carbon storage
is an important ecosystem function of soils that has
gained increasing attention in recent years. Changes in soil
carbon impacts on, and feedback to, the Earth’s climate
system through emissions of CO2 and CH4, as well as
storage of carbon removed from the atmosphere during
photosynthesis (climate regulation). Soil organic matter
itself also confers multiple benefits, such as enhancing
water purification and water holding capacity, protecting
against erosion risk, and enhancing food and fibre
provision through improved soil fertility (Pan et al., 2013,
2014). Moreover, soil is an important carbon reservoir that
contains more carbon (at least 1,500–2,400 PgC) than the
atmosphere (590 PgC) and terrestrial vegetation (350–
550 PgC) combined (Ciais et al., 2013; Schlesinger et al.,
2013) and an increase in soil carbon storage can reduce
atmospheric CO2 concentrations (Whitmore et al., 2014).
After carbon, nitrogen is the most abundant nutrient in all
forms of life, since it is contained in proteins, nucleic acids,
and other compounds (Galloway et al., 2008). Organisms
ultimately acquire Nitrogen from plants, which on land
is mostly taken up in mineral form (i.e., NH4+ and NO3)
from the soil. Soils further provide important ecosystem
services through their influence on the water cycle. These
services include provisioning services of food and water
security, regulating services associated with moderation,
and purification of water flows, and they contribute to
the cultural services of landscapes/water bodies that
support recreation and aesthetic values (Dymond, 2014).
Furthermore, soils represent a physically and chemically
complex and heterogeneous habitat supporting a high
diversity of microbial and faunal taxa. These complex
communities of organisms play critical roles in sustaining
soil and wider ecosystem functioning, thus conferring
a multitude of benefits to global cycles and human
sustainability. Specifically, soil biodiversity contributes to
food and fibre production and is an important regulator of
other soil services, including greenhouse gas emissions,
water purification (Bodelier, 2011).
Forest soils support the diversification of livelihoods
and their role in providing ecosystem services which
underpin the agricultural production system–through
soil formation, nutrient cycling and provision of green
manure and microclimate regulation; further enhancing
synergies between the forest-tree landscape and the
wider food production system (MA, 2005). Land clearing
and slash-and-burn practices pose a particular threat to
forests, mostly in the Eastern and Southern subregions
(Chapters 3 & 4).

2.2.3 Non-material Contributions
Nature’s non-material contributions are highly significant,
even though their sources are intangible and based on
cultural context. This section provides an overview of
nature’s non-material contributions in Africa, through
highlighting the links between biodiversity, ecosystem
services, spiritual, religious significance, and other
immaterial services. The section further shows relevant
cases of such contributions and the interrelations between
these dimensions.

2.2.3.1 Supporting identities
Africa’s cultural landscapes and habitats support religious
and social experiences, according to Opoku (1978). Thus,
the unseen is as much a part of reality as that which is seen.
There is a complementary relationship between the two,
with the spiritual seen as, in certain circumstances, more
powerful than the material. A number of traditions and belief
systems recognise linkages between health, diet, properties
of different foods and medicinal plants, and horticultural/
natural resource management practices–all within a highly
articulated cosmological/social context (Edwards et al.,
1997). Table 2.10 below describes certain examples of
supporting identities based on landscapes with religious,
spiritual and social cohesion experiences in selected
African countries.

2.2.3.2 Physical and physiological
experiences
Natural ecosystems in Africa provide significant
opportunities for tourism, healing, relaxation, leisure,
recreation, aesthetic appreciation, inspiration and education
(e.g., hiking, recreational hunting, and fishing, birdwatching,
snorkelling, gardening). Such services can improve mental
and physical health; enhance a subjective sense of culture
or place; and also enrich objective knowledge of natural and
social sciences. Recently, Africa has been considered as
one of the fastest growing tourism regions in the world. The
continent holds more than a 5% share in tourism arrivals,
and a 3.5% share of tourism receipts globally (UNWTO,
2017). ‘Wildlife Watching Tourism’ is considered a highly
significant tourism segment in Africa. These activities can
provide job opportunities for the local population through
providing services to visitors, working as tour guides, staff,
and cultural performers.
Ecotourism effectively managed by indigenous and local
communities can promote biodiversity conservation and
improve community development. Such positive outcomes
are contingent, amongst others, upon improving the
management and marketing skills of the local communities
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Table 2 10

Selected case studies of landscapes being the basis for religious and spiritual
and social cohesion in Africa.

LANDSCAPES/SEASCAPES,
HABITATS OR ORGANISMS

RELIGIOUS AND SPIRITUAL LINKAGES

SOCIAL COHESION LINKAGES

Kagore Shona people in Zimbabwe use
burial grounds as sacred sites

Spiritual significance ‘deeply embedded’ in the
cultural landscape (Matowanyika, 1997)

–

Loita Maasai’s ‘forest of the lost child’
in Kenya

Spiritual forest among the Maasai

Direct expression of the relationship between
communities and their habitats (Poole, 1993;
Kakonge, 1995).

Wildlife products from Dryland areas
in Nigeria (Adeola, 1992)

Wildlife products play important roles in the
performance of spiritual rites (e.g., invoking
and appeasing traditional gods and witches),
and as constituents in traditional medicines or
for aphrodisiac, fertility or potency purposes

Wildlife products play important roles in
community ceremonies (e.g., funerals and
installation of rulers)

Great Fish River Wetland in the AmaXhosa
communities

Performance of spiritual rituals in wetlands
sites to maintain a spiritual relationship with
ancestors (Biggs et al., 2004)

Wetland sites shape community’s cultural
identity

Wetlands in Niger Delta (James et al., 2013)
and in Cameroon (Feka et al., 2008)

Deeply held spiritual values linked to wetlands
in Nigeria and protected mangroves in
Cameroon

–

Mountainous forest Mafa- Bécédi-brignan
in Ivory Coast. (Kouassi et al., 2008)

The sacred forest is seen as an ancestral
heritage for the Akyé people and the site has
a spiritual and religious significance to the
people

The forest is used as a site for community
festivals such as the generation day
(“Fankwé”) and the feast of yams (the “Yabe”)

(Coria et al., 2012). Botswana and Namibia provide (in
certain sites) successful examples of how government
policies that have banned commercial hunting and
promoted community-based ecotourism have contributed
to the conservation of wildlife and development of the local
communities (Naidoo et al., 2016).

2.2.3.3 Social relationships, spirituality
and cultural identity
Natural ecosystems play a central role in cultural
and spiritual practices for many indigenous and local
communities in Africa, as indicated earlier. For example,
Laikipia Maasai communities in Kenya are dependent
on livestock for livelihoods and food security, which is
dependent on the sustainability of a healthy environment.
Spiritual leaders help the communities in interpreting
variation in natural ecosystems, and advising in terms of
response, including preparation for migration or shifting to
new locations. Spiritual chiefs lead rituals and ceremonies
to help the community connect with nature and remember
the role of nature in the sustenance of life (Kaunga, 2016).
These spiritual rituals involve, in many cases, the use of
specific trees or species for their spiritual value. Many seeds
and/or crops are critical during rituals and ceremonies
(Kaunga, 2016; Mburu et al., 2016).
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As a further example, shellfish have an important
patrimonial and symbolic value in Bijagos communities’
culture, located in the island of Orango Grande, off the
coast of Guinea, west of Africa. Shellfish are included
in their religious ceremonies, as well as in other
aspects of their life. For example, shellfish, along with
other products such as tobacco, rice, or palm wine,
is offered by the youngest to the oldest as a form of
‘paying respect to the greatness of wisdom. Honey is
also connected to the social life of these communities
(Cormier-Salem et al., 2010).
Studies have demonstrated relationships between
biodiversity, human cultural, and linguistic diversity in
Africa (Moore et al., 2002). Aspects of cultural diversity
include language, customs, habits, beliefs, local
knowledge and practices used in the management of
natural resources (Shemdoe, 2017). By being the sites
of approximately 30% of the world languages, Africa is
considered the richest worldwide in linguistic diversity,
with more than 2,500 spoken languages (Batibo, 2006).
Studies indicate, however, a decline in the African
cultural and linguistic diversity (Batibo, 2006; Yankuzo,
2014). Effective management of natural resources and
conservation of biodiversity of any cultural landscape
require a better understanding of associated cultures,
including linguistic diversity.
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There is, thus, a growing recognition of the importance
of protection of the different aspects of cultural diversity,
including documentation of ILK of the respective local
communities and the vernacular names bestowed on the
species existing in the endangered cultural landscape
(Yankuzo, 2014; Shemdoe, 2017; SPM sections A,
B, & D). For example, efforts were made to record the
cultural heritage of the Luhya people of the Kakamega
region in Kenya to document vernacular bird names to
improve conservation efforts of rare bird species (Sagita
et al., 1998).

2.2.3.4 Learning and inspiration
Nature on the African continent provides opportunities for
gaining of knowledge and development of practices and
skills for human well-being. One example here would be
the development of ‘sensory ecology’ as a new scientific
field in the 1940s by Felix Santschi, through his research
studies on desert ants’ navigation in the Tunisian desert
(Wehner, 1990).
As described previously, African indigenous and local
communities have developed knowledge, practices, and
experiences through their interactions with their biophysical
environment, observing changes and dynamics of natural
ecosystems; which have allowed them to respond to
environmental changes and disturbances over time and
space. Validation and integration of ILK have, to some
extent, taken place in the pharmaceuticals sector through
evaluation of the medicinal effectiveness of many plants
used in folk medicine. This has led to the discovery and
extraction of many bioactive secondary metabolites, many
of which have been used for the production of effective
drugs (Dias et al., 2012; Mahomoodally, 2013).
There is a growing scientific recognition of the importance
and merit of integration of ILK with conventional forms
of knowledge to develop new knowledge systems for
facing future challenges and coping with environmental
changes, especially for the design of adaptation and
mitigation strategies (Dias et al., 2012; Gómez-Baggethun
et al., 2013; Chapter 1, section 1.3.2; SPM section
A). There is significant potential for integration of ILK in
sustainable agriculture practices, ecological restoration, land
conservation and adaptive management of natural resource
(Dias et al., 2012). The incorporation of the ILK in the
rehabilitation activities of degraded lands due to mechanised
rain-fed agriculture in the southern Gadarif region in
Sudan, for example, should successfully support improved
rehabilitation (Sulieman et al., 2012).
The agroforestry parkland system approach is one of
several techniques for management of soil fertility adopted
widely by local communities in Africa (Lesueur et al., 1995).

It is a dominant farming system that covers the majority
of the cultivated area in the Sahelian countries in Africa.
In this system, farmers grow their crops in combination
with wild multipurpose trees. This system has supported
farmers’ livelihoods for centuries. Farmers select and protect
useful multipurpose species on their farmlands. The local
farmers’ strategy is to simultaneously gain the advantage of
collecting from wild plants resources while growing different
crops, and benefiting from the enhancing effect that wild
plants have on soil (Nikiema, 2005).
Proper selection of species to be used in ecological
restoration activities is critical for successful restoration.
Integration of ILK with scientific knowledge could facilitate
selection of species with both ecological importance and
traditional value, thus ensuring the effectiveness of the
restoration activities (Higgs, 2005; Uprety et al., 2012a).
For crop selection, indigenous and local communities have
developed land management approaches that depend
on monitoring changes in wild plant species composition,
particularly indicators of good soil quality. Farmers also
use many species as indicators of poor soil condition,
and as signs of land degradation. For example, local
communities of Gadarif region in Sudan use the occurrence
of species such as Striga hermonthica, Veronica sp.,
Evolvulus alsinoides, Desmodium dichotomum, Sonchus
cornutus, Sorghum arundinaceum, Ocimum basilicum
and Schizachyrium in the agricultural land as indicators
of land degradation (Sulieman et al., 2012). In Niger, the
presence of certain grasses such as the kounkoumbara
(Jacquemontia ovalifolius), and the Tsintya (Schoenfeldia
gracilis) is considered a sign of poor soil condition (Moussa
et al., 2008).
As a further example, farmers in Mpwapwa district of
Tanzania rely on their traditional knowledge to determine
soil quality, using a range of indicators such as soil colour
and types of plants inhabiting the region. For example, the
occurrence of Mahata (Tragus berteronianus) in a specific
area is an indicator of soil suitability for growing maize,
while the presence of Mphangalile (Bidens lineoriloba) is
an indicator that the soil is suitable for growing groundnuts
(Shemdoe, 2017). Certain native plants in deserts are
also used as indicators of soil fertility. Local inhabitants
in northern Sinai in Egypt, for example, consider the
occurrence of the grass Panicum turgidum a sign of the
fertility of the soil and they prefer to grow crops where the
species occur (Halmy, 2016). In Niger, soils harbouring
a high diversity of woody and grass species such as the
Guiera senegalensis, Piliostigma reticulatum, Andropogon
gayanus, Cenchrus biflorus, is considered as fertile soil
(Moussa et al., 2008).
For proper integration and dissemination of the ILK and
traditional practices, comprehensive documentation of this
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body of knowledge is necessary (Bidak et al., 2015; Halmy,
2016; Shemdoe, 2017). It is also important to translate the
documented practices into national languages to make
it accessible to researchers and decision-makers (Uprety
et al., 2012b; Shemdoe, 2017).

2.3 GEOGRAPHICAL
DIFFERENCES IN
PRODUCTION AND
CONTRIBUTION OF
ECOSYSTEM SERVICES
The particular location of Africa has contributed to
the environmental conditions shaping the geographic
distribution and the high diversity of its habitats and biomes
(Chapters 1 & 4; SPM sections A & B). Chapter 3 to follow
provides particular details in this regard.

2.3.1 Regulating contributions
according to subregions and units
of analysis
There are significant spatial differences with regard to
regulating contributions of units of analysis (Table 2.10).
Observed differences are closely linked to differences in
spatial distribution of those ecosystems across African
regions (MA, 2005; Chapter 3). The highest contribution of
tropical and subtropical dry and humid forests to regulating
nature’s contributions to people is in West and Central
Africa. East Africa and adjacent islands and Southern
Africa share comparable regulating nature’s contributions
to people when we consider Mediterranean forests,
woodlands, and shrubs (Chapter 3). The highest regulating
nature’s contributions to people of mountainous regions
are derived mainly from the highest mountainous areas in
Africa, namely East Africa and, to some extent, West Africa
(Chapter 3). Regulating nature’s contributions to people of

Box 2

2

Across the five subregions in Africa (North, West, Central,
East and South), human influenced areas have no significant
regulating contributions. Urban and semi-urban areas, and
cultivated areas (mainly intensive agriculture and livestock–
see Chapter 3) have generally negative effects on climate
and ecosystems through their contribution to the soil,
air and water pollution and greenhouse gases emission.
However, as mentioned earlier, carbon sequestration
on agricultural lands is possible through a range of soil
management strategies (Kane et al., 2015).
Wetlands, including peat lands, mires, and bogs have
good regulating contributions (flood moderation, climate
regulation) respectively in Central Africa and East Africa
(including the Great Lakes Region–see Chapter 3, and
example in Box 2.2). Regulating contribution is moderate
for West Africa wetlands, weak for Southern Africa and very
weak for North Africa. Drylands and deserts, covering about
40% of the land of Northern Africa (MA, 2005), have a good
contribution to carbon cycling and climate regulation while
contributing moderately in West Africa, East Africa, and
Southern Africa. Drylands store carbon at about the same
rate as evergreen forests (Jaramillo et al., 2003). In addition,
deserts provide genetic resources in the form of many
species adapted to aridity, excessive temperature, high
salinity and other harsh condition.
Freshwater, Inland surface, Shelf ecosystems, Open ocean,
Deep sea and Coastal areas are among instrumental
ecosystems in Africa, with strong spatial variation regarding
their regulating, material contributions and non-material
contributions (Brown et al., 2008, UNEP 2016). Because of
their relatively wide distribution in East Africa and adjacent
islands, wetlands (Chapter 3) and inland surface waters

Water purification through wetlands: Nakivubo Swamps, Uganda.

The Nakivubo swamps are adjacent to Uganda’s capital
city, Kampala. The local government had proposed draining
the swamps to make way for agriculture, but when a study
revealed that this ecosystem was providing a valuable service
by filtering organic waste and other effluent derived from
Kampala, the proposal was discarded. The study indicated
that a water-purification facility capable of performing the same
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tropical and subtropical savannas and grasslands is the
highest in Southern Africa (Table 2.10). Their contribution
to regulating nature’s contributions to people in Central and
North Africa is comparably low. Overall, most of Africa’s
subregions have some contribution to the regulating
nature’s contributions to people, irrespective of the unit of
analysis, with the exception of North Africa for tropical and
subtropical dry and humid forests (Table 2.11).

service would cost several million US dollars to construct, and
$2 million/year to maintain. In this case, the value of converting
land for agriculture would be offset by the cost of lost sewagetreatment capacity. Direct investment to maintain the wetland
was a cost-effective measure to uphold the purification service.
This example demonstrates how detailed information and cost
estimates can better inform planning decisions.
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Table 2 11 Regulating

nature’s contributions to people according to subregions and
ecosystem units of analysis.
Regulating nature’s contributions to people (water purification,
climate regulation, or soil erosion regulation, etc.)

East Africa and
adjacent islands

Southern Africa

Central Africa

North Africa

West Africa

Angola, Botswana, Lesotho, Malawi,
Mozambique, Namibia, South Africa,
Swaziland, Zambia and Zimbabwe

Burundi, Cameroon, Central African
Republic, Chad, Congo, Democratic
Republic of the Congo, Equatorial Guinea,
Gabon and Sao Tome and Principe

Algeria, Egypt, Libya, Mauritania,
Morocco, Sudan, Tunisia and Western
Sahara

Benin, Burkina Faso, Cabo Verde, Côte
d’Ivoire, Gambia, Ghana, Guinea, GuineaBissau, Liberia, Mali, Niger, Nigeria,
Senegal, Sierra Leone and Togo

ECOSYSTEM UNIT OF ANALYSIS

Comoros, Djibouti, Eritrea, Ethiopia,
Kenya, Madagascar, Mauritius, Mayotte,
Reunion, Rwanda, Seychelles, Somalia,
South Sudan, Uganda and United
Republic of Tanzania

Subregions of Africa (from IPBES Africa regional assessment
scoping document)

Tropical and subtropical dry and humid forests

NA

Mediterranean forests, woodlands and shrub

TERRESTRIAL

Tundra and High Mountain habitats
Tropical and subtropical savannas and grasslands
Drylands and Deserts

NA

Wetlands – peatlands, mires, bogs
Urban/Semi-urban areas
Cultivated areas (including cropping, intensive livestock farming, etc.)
freshwater, brackish and marine

AQUATIC

Inland surface waters and water bodies/freshwater
Shelf ecosystems (neritic and intertidal/littoral zone)
Open ocean pelagic systems
Deep-Sea
Coastal areas intensively and multiply used by human

FORESTS- WOODLANDS – SAVANNAS – GRASSLANDS

Excellent
contribution

Good contribution

Moderate
contribution

Weak contribution

Very weak
contribution

Non applicable

Excellent
contribution

Good contribution

Moderate
contribution

Weak contribution

Very weak
contribution

Non applicable

Excellent
contribution

Good contribution

Moderate
contribution

Weak contribution

Very weak
contribution

Non applicable
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and water bodies/freshwater and shelf ecosystems (neritic
and intertidal/littoral zone) provides excellent regulating
contributions there, while moderate to weak contribution are
observed in the other regions.
Deep sea areas of oceans constitute the so-called blue lungs
of the planet, due to their highlighted role as global warming
‘regulator’. East Africa and adjacent islands, Southern Africa
and West Africa are regions where this is mainly a factor.
These regions contribute strongly to regulating contributions,
as compared to the two other regions.

2.3.2 Material contributions
according to subregions and units
of analysis
The material contribution is the highest for West, East
Africa and adjacent islands, when tropical and subtropical
dry and humid forests are taken into account (MA,
2005; Box 2.3; Chapter 3). This is further observed
for woodlands, shrubs and Tropical and subtropical
savannas and grasslands. However, a moderate and low
contribution is noticed for these four major ecosystems
when we consider tundra and high mountain habitats
(Table 2.12). North Africa shows globally the same
tendency for all units of analysis, and has a relatively low
contribution to material services.
Regardless of the region, urban and semi-urban areas
have very weak to no material contribution in term of
provisioning ecosystem services (Chapter 3). For West,
East, and Southern regions of Africa, cultivated areas have
good material contribution through provisioning of biofuel
crops, animal waste, fuel wood, agricultural residue pellets,
and food from domesticated organisms, amongst others.
In regions of African Great Lake (East Africa and adjacent
islands and Central Africa) and in West Africa, wetlands,
peatlands, mires, and bogs have excellent contribution
through provisioning of drinking water, irrigation water,
hydro-power, fishes, minerals, and fuels (Upton et al., 2013).
Drylands and desert have a low material contribution in
West, East, and Southern Africa while having moderate
material contribution through provisioning food, fibre, forage,

Box 2

3 	
Case

Freshwater, brackish and marine contributions are well
distributed in East Africa and adjacent islands (http://www.
zonu.com/fullsize-en/2009-11-07-10918/African-Wetlands.
html; Chapter 3), where they strongly contribute to material
contributions. In Central Africa and West Africa, their
contribution is moderate, while weak in Southern Africa
and North Africa, with the exception of the contributions
from the Nile River to the livelihood of the people in Egypt
and Sudan. Similar patterns are observed for inland
surface waters and water bodies/freshwater contributions.

2.3.3 Non-material nature’s
contributions to people according
to subregions and units of
analysis
Non-material contributions refer to contribution to people’s
subjective or psychological quality of life, individually and
collectively as defined in the update on the classification of
nature’s contributions to people by the IPBES (IPBES/5/
INF/24). West and Central Africa show the highest value
for non-material contributions, especially for tropical and
subtropical dry and humid forests. For North Africa, this
does not apply for most biomes, except for Mediterranean
forests, woodlands, and shrub. Eastern, Southern, and
Central Africa, on the other hand, show high contribution
for non-material services as regards tropical and subtropical
savannas and grasslands (Table 2.12). Importance of
non-material provisions in sustaining remaining forests has
been reported (UNEP, 2016). Neglecting cultural values
and services in the design of interventions can produce
dire unintended consequences and can impede the
achievement of program goals. For example, West (2006)
documented how marketing cultural forest goods in Papua
New Guinea, an economic-development strategy to offset
the consequences of conservation interventions, overlooked
the numerous ways in which local peoples used the land
and how wildlife contributed to their sociocultural system
(Chan et al., 2012).

study of material contribution in Miombo and Mopane (Malawi).

Miombo and Mopane woodlands are the dominant land cover
in southern Africa. Nature’s contributions to people from these
woodlands support the livelihoods of 100 million rural people
and 50 million urban dwellers, and others beyond the region.
Material contributions to rural livelihoods are estimated to
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medicinal plants, wood fuel and biochemical; fresh water;
hydrocarbons (oil and gas); metals and metallic minerals;
precious minerals etc.

$9 ± 2 billion/year; 76% of energy used in the region is derived
from woodlands; and traded woodfuels have an annual value of
$780 million. Woodlands harbour a unique and diverse flora and
fauna that provides spiritual succour and attracts tourists (Ryan
et al., 2016).
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Table 2 12

 aterial nature’s contributions to people according to subregions and ecosystem
M
units of analysis.
Regulating nature’s contributions to people (Functional and structural aspects of
organisms and ecosystems that modify environmental conditions experienced by
people, and/or sustain and/or regulate the generation of material and non-material
benefits, such as soil formation, pollination, seed dispersal, fresh water regulation,
air quality regulation, etc.)

East Africa and
adjacent islands

Southern Africa

Central Africa

North Africa

West Africa

Angola, Botswana, Lesotho,
Malawi, Mozambique, Namibia,
South Africa, Swaziland, Zambia
and Zimbabwe

Burundi, Cameroon, Central
African Republic, Chad, Congo,
Democratic Republic of the
Congo, Equatorial Guinea,
Gabon and Sao Tome and
Principe

Algeria, Egypt, Libya, Mauritania,
Morocco, Sudan, Tunisia and
Western Sahara

Benin, Burkina Faso, Cabo
Verde, Côte d’Ivoire, Gambia,
Ghana, Guinea, Guinea-Bissau,
Liberia, Mali, Niger, Nigeria,
Senegal, Sierra Leone and Togo

ECOSYSTEM UNIT OF ANALYSIS

Comoros, Djibouti, Eritrea,
Ethiopia, Kenya, Madagascar,
Mauritius, Mayotte, Reunion,
Rwanda, Seychelles, Somalia,
South Sudan, Uganda and
United Republic of Tanzania

Subregions of Africa (from IPBES Africa regional assessment scoping document)

Tropical and subtropical dry and humid forests

NA

Mediterranean forests, woodlands and shrub

TERRESTRIAL

Tundra and High Mountain habitats
Tropical and subtropical savannas and grasslands
Drylands and Deserts
Wetlands – peatlands, mires, bogs
Urban/Semi-urban areas
Cultivated areas (including cropping, intensive livestock
farming, etc.)
freshwater, brackish and marine

AQUATIC

Inland surface waters and water bodies/freshwater
Shelf ecosystems (neritic and intertidal/littoral zone)
Open ocean pelagic systems
Deep-Sea
Coastal areas intensively and multiply used by human

FORESTS- WOODLANDS – SAVANNAS – GRASSLANDS

Excellent
contribution

Good contribution

Moderate
contribution

Weak contribution

Very weak
contribution

Non applicable

Excellent
contribution

Good contribution

Moderate
contribution

Weak contribution

Very weak
contribution

Non applicable

Excellent
contribution

Good contribution

Moderate
contribution

Weak contribution

Very weak
contribution

Non applicable
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Table 2 13 	Non-material

nature’s contributions to people according to subregions and
ecosystem units of analysis.
Non-material nature’s contributions to people –Many cultural
ecosystem services as defined in the Millennium Ecosystem
Assessment.

East Africa
and adjacent
islands

Southern Africa

Central Africa

North Africa

West Africa

Angola, Botswana, Lesotho, Malawi,
Mozambique, Namibia, South Africa,
Swaziland, Zambia and Zimbabwe

Burundi, Cameroon, Central African
Republic, Chad, Congo, Democratic
Republic of the Congo, Equatorial Guinea,
Gabon and Sao Tome and Principe

Algeria, Egypt, Libya, Mauritania,
Morocco, Sudan, Tunisia and Western
Sahara

Benin, Burkina Faso, Cabo Verde, Côte
d’Ivoire, Gambia, Ghana, Guinea, GuineaBissau, Liberia, Mali, Niger, Nigeria,
Senegal, Sierra Leone and Togo

ECOSYSTEM UNIT OF ANALYSIS

Comoros, Djibouti, Eritrea, Ethiopia,
Kenya, Madagascar, Mauritius, Mayotte,
Reunion, Rwanda, Seychelles, Somalia,
South Sudan, Uganda and United
Republic of Tanzania

Subregions of Africa (from IPBES Africa regional assessment
scoping document)

Tropical and subtropical dry and humid forests
Mediterranean forests, woodlands and shrub

TERRESTRIAL

Tundra and High Mountain habitats
Tropical and subtropical savannas and grasslands
Drylands and Deserts
Wetlands – peatlands, mires, bogs
Urban/Semi-urban areas
Cultivated areas (including cropping, intensive livestock farming, etc.)
?

freshwater, brackish and marine

AQUATIC

Inland surface waters and water bodies/freshwater
Shelf ecosystems (neritic and intertidal/littoral zone)
Open ocean pelagic systems
Deep-Sea

NA

NA

NA

Coastal areas intensively and multiply used by human

FORESTS- WOODLANDS – SAVANNAS – GRASSLANDS
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Excellent
contribution

Good contribution

Moderate
contribution

Weak contribution

Very weak
contribution

Non applicable

Excellent
contribution

Good contribution

Moderate
contribution

Weak contribution

Very weak
contribution

Non applicable

Excellent
contribution

Good contribution

Moderate
contribution

Weak contribution

Very weak
contribution

Non applicable

NA

NA
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For all regions of Africa, urban and semi-urban could have
a very low contribution in term of non-material services
(Chapter 3). With regards to cultivated areas, they have
a moderate non-material contribution. These areas are
also of high interest to researchers. In terms of wetlands,
peatlands, mires, and bogs, good non material contribution
is evident, especially in West Africa, Southern Africa, Central
Africa and East Africa and adjacent islands, where they
represent important sites for cultural activities (Adams, 1993;
Verschuuren, 2010), for eco-tourism (Crisman et al., 2001)
and for research.
Apart from North Africa, where drylands and deserts are
culturally integrated (Davis, 2004), these biomes have a
low non material contribution in the other regions of Africa.
Certain communities, particularly in North Africa, have lived
in deserts for millennia. These communities ranged in their
activities from hunter-gatherers, agriculture, and pastoralism.
In Africa, deserts have contributed extensively to global
culture, traditions and the body of scientific knowledge
(Ezcurra, 2006). Deserts provide opportunities for spiritual
and recreational contributions.

2.4 STATUS, TREND,
FUTURE DYNAMICS
OF NATURE’S
CONTRIBUTIONS
PEOPLE (NCP)
2.4.1 Status of NCP
The status, trends and future dynamics of contributions
of nature to people in Africa are diverse but also depend
on the underlying drivers and subregional/national level
understanding, interpretation and integration of NCP into
land-use and nature conservation (Chapters 3 & 4). The
underlying drivers of status, trends and future dynamics of
NCP include natural direct drivers relating to non-human
processes and activities, whose occurrences are beyond
human influence including natural climate and weather
patterns, as well as extreme events such as prolonged
drought or cold periods, tropical cyclones and floods,
glacial lake outburst floods, earthquakes, volcanic eruptions
and tsunamis (Chapter 4, sections 4.2.1.1 & 4.2.2.2).
Anthropogenic direct drivers are those which result from
human decisions and actions, such as institutions and
governance systems, and other indirect drivers including
degradation, exclusion and restoration of terrestrial
and aquatic habitats, intensification or abandonment,
harvesting of wild populations, climate changes produced
by urbanisation and industrial emissions, pollutions of

soil, water or air due to population pressures and species
introductions (Chapter 4).
These underlying factors affect contributions of nature
to people in different aspects, including climate regulation,
disturbance regulation, water regulation, water supply,
erosion control and sedimentation retention, soil formation,
nutrient cycling, waste treatment, biological control, food
production, raw materials, genetic resources, recreation
and cultural heritage (Chapter 4). This Assessment uses the
African subregions including North Africa, West Africa, Central
East Africa and adjacent islands, and Southern Africa as
ecosystem units of analysis. Such an approach is due to the
level of understanding and interpretation of how NCP in public
policy at the national, subregional and regional level play a
significant role in biological diversity and ecosystem services.
The methodology adopted in this section was to use the
IPBES’ categories of NCPs, and identify specific indicators as
representations in the African subregions.

2.4.1.1 Habitat creation
and maintenance
Protected areas are specifically earmarked and devoted
areas of land or sea for the conservation and maintenance
of biodiversity including natural and associated cultural
resources, often governed through legally established
systems. Chapters 3, 4 and 6 provide substantively more
detail in this regard (Chapter 1; SPM sections B, D, & E).

2.4.1.2 Dispersal of threat potentials
The relationships among invasive alien species, terrestrial,
freshwater and marine environments play significant roles
in the status of nature’s contributions to people. The
introduction of invasive alien species causes changes to
water regulation, waste treatment, weed control, water
supply, erosion control and sedimentation retention, food
production, recreation, and genetic resources (United
Republic of Tanzania, 2014; Chapter 4, section 4.2.2.4).
The status of nature’s contributions to people is also
affected by utilisation of biodiversity. Further details on this
are provided in Chapter 4. Common challenges on the
continent are over-fishing/harvesting and hunting inhibiting
food production, biological control, genetic resources and
availability of raw materials (Chapters 3 & 4).
A range of policies and strategies have been developed to
support forests on the continent to be able to contribute to
the regulation of hazards and extreme events (Fasona et al.,
2015, 2016; Chapter 6). Despite the progress in developing
climate change policies in many African countries, a number
have not reached the implementation stage, let alone made
clear progress on mainstreaming (Chapter 6; SPM section E).
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2.4.2 Trends of nature’s
contributions to people

ivory poaching is in Mozambique, where the combined
elephant population in the Selous-Niassa Ecosystem lost an
estimated 7,000 elephants in the period between the 2009
and 2011 surveys (European Union, 2016).

2.4.2.1 Habitat Creation
and Maintenance

2.4.2.3 Regulation of threat potentials
In sub-Saharan Africa, both national and international (as
well as regional) initiatives have resulted in the growth of
protected areas (Chapter 4, section 4.5.1; SPM sections B,
D, & E). For example, in 1998, Equatorial Guinea developed
their protected area extension network from 3,196 to
5,081 km2, representing about 18.1% of the national land
area (Machado, 1998).
Despite challenges to protected area creation and
management (Chapters 4 & 6), the establishment of
protected areas can procure a net benefit in terms of
total economic value (Table 2.14). For instance, in West
Africa, the comparison of the total economic value of
ecosystem services within marine protected areas and
ecosystem services located in non-protected zones
(comparative area) shows that, while the direct use value
(associated with fish and wood production mainly) is
higher in a non-managed area, since there is no limitation
on extractive activities, the indirect use value associated
with carbon sequestration, fish biomass production, water
purification and coastal protection against erosion is
higher in marine protected areas than in the comparative
area indicating a better quality and quantity of ecosystem
services. This benefit is largely due to the better health
status of ecosystems in marine protected areas that can
be assimilated to a better resilience capacity in face of
global changes (Bonin, et al., 2016).

2.4.2.2 Materials and assistance
Chapters 3 and 4 provide detail on status and trends in
deforestation, land transformation and losses due to, for
example, poaching and unsustainable offtake (SPM section
B). For example, in Southern Africa, the main concern over

Table 2 14

As described previously, and in more detail in Chapters 3
and, most particularly, 4; Africa is expected to be
particularly severely impacted by climate change (SPM
section B). Impacts on ecosystem services are already
evident, with, in certain cases, future impacts likely to be
severe (Niang et al., 2014; Chapters 3 & 4; SPM section
B). Impacts of invasive alien species (IAS) have already
been referred to in Chapter 1, and are covered in detail
in Chapter 4 (Chapter 4, section 4.2.2.4.3; SPM sections
B & D). IAS are currently already impacting nature’s
contributions to people and ecosystem services, a trend
that is likely, in certain areas, to worsen in the future
(Chapter 4, section 4.2.2.4.3; SPM sections B & D).

2.4.3 Future Dynamics of nature’s
contributions to people
A range of international frameworks (Chapters 3, 4, & 6;
SPM sections C, D, & E) have highlighted the importance
of identifying, designating and managing protected
areas as fundamental to biodiversity and ecosystem in
relation to nature’s contributions to people. Important
indicators include the proportion of protected areas in
relation to total land area and by type of ecosystems, as
well as progress made by regions/subregions/countries
with regards to implementation of international policies
on natural resource use, protection and monitoring
(Chapters 5 & 6; SPM sections C, D, & E). The future
dynamics of nature’s contributions to people in Africa
could be influenced by both direct and indirect activities
in the proportion of protected areas relative to the
total land area and by type of ecosystems, progress
made by regions/subregions/countries with regards

Benefits of ecosystem protection; an example of marine protected areas in West
Africa. Source: Failler et al. (2012).
Marine protected
areas*($ million)

Comparative areas*

Benefits

Direct use value

11.2

20.4

-9.1

Indirect use value

39.5

28.8

10.6

Non-use value

0.5

0.6

-0.1

TOTAL

51.1

49.8

1.3

*based on the same surface (MPA surface as reference)
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to implementation of international policies on natural
resource use, protection and monitoring (Chapter 4,
sections 3.5.2 & 3.5.3).
The future dynamics of protected areas in Africa are likely to
depend on the following strategies (Chapters 4, 5 & 6):
Economic and land tenure reform strategies:
Progress in privatisation and commercialisation of
protected areas will be improved by land ownership and
tenure security which guarantees long-term investments
and productivity. It should also create an inclusive
financial environment that is accessible to all. Efforts
to strengthen national and regional land governance
towards protected areas is an imperative (Chapter 6).
Landscape-wide conservation planning: a broadbased picture of conservation strategies which integrate
protected areas into development goals covering all
biomes, sectors, and subregions will be more useful in
achieving development goals.
Resolving conflict: Policy and legislation should
address competition from other land-uses and between
local communities and nature conservation programmes
by exploring and emphasising co-dependence rather
than competition. It should also build and nurture
regional groups, transboundary arrangements, and
collaborations among neighbouring protected areas
(Chapter 6; SPM section E).
Community-Based Natural Resource
Management: (Chapters 1 & 6; SPM section E).
Strengthening the governance capacity of
protected area institutions to address the complex
interactions between natural resources and local
communities focusing on site-based planning and
management of protected areas as well as promoting
equity and benefit-sharing. This should also include
measures to prevent and mitigate potential negative
impacts and threats (Chapter 6; SPM sections D & E).

2.5 IMPACT OF NATURE’S
CONTRIBUTIONS TO
PEOPLE CHANGES ON
HUMAN WELL-BEING
As shown in this and other assessments, human driven
activity is altering the structure and functions of landscapes,
water bodies and climate, and biogeochemical cycles,
with some of the worst case scenarios in the tropics (Foley

et al., 2005; MA, 2005; Chapter 4). African biodiversity and
ecosystems are currently undergoing massive structural
changes (MA, 2005; Daily et al. 2009; Effiom et al., 2013c;
Chapters 3 & 4,). A change in ecosystem structure implies a
change in ecosystem functioning (Lavorel et al., 2012); and,
ultimately, the provisioning of ecosystem services, nature
contributions to human that enhance human well-being and
good quality of life (Chapters 3 & 4). The strong dependence
of human on nature contributions through biodiversity and
ecosystem services is evident on the African continent,
as detailed in this chapter. The concept of sustainably
utilising ecosystem services is thus gaining considerable
attention globally, since it conveys the idea that ecosystems
are socially and economically valuable, and vital in human
well-being, in addition to their ecological value. This section
will look at the impact of such change on basic material for
good life, health and social security.

2.5.1 Impacts of changes
in contributions of nature on
basic material for a good life
Changes in nature’s benefit to people influence all
components of human well-being, especially the basic
material needs for a good life. Environmental degradation
caused by various drivers and through different pathways
(Chapter 4) endangers provisioning of the basic material for
human well-being.
Along with biodiversity erosion, as detailed in Chapters 3
and 4 to follow, we face erosion of indigenous and
local knowledge, as mentioned earlier (SPM section
B). The decline in ILK has a number of implications for
biodiversity conservation efforts since, without an adequate
understanding of the natural ecosystems and knowledge
about natural resources, future local and rural communities
will be challenged in maintaining these resources (Grainger,
2003; Solh et al., 2003; Heneidy et al., 2007). For example,
local communities in the coastal desert of Egypt used to be
traditional nomadic communities. Such communities have
been subjected to changes due to urban encroachment
and development activities over the last three decades.
Such activities influenced the demographic structure and
the nomadic lifestyle of local inhabitants. Abandonment
of traditional practices threatens the sustainability of the
indigenous local knowledge, since younger generations
prefer to engage in the new economic activities (e.g.,
construction of coastal resorts, real-estate businesses,
intensive agriculture, and quarrying activities) to the
traditional practices (e.g., herding, rain-fed agriculture,
collection of medicinal plants, amongst others) (Bidak et al.,
2015; Halmy, 2012; Halmy et al., 2015a; Halmy et al.,
2015b & c). This may have led to a decline in number of the
ILK holders in these communities.
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Similar challenges to communities’ traditional life ways have
been recorded by Kaunga (2016) in Maasai community
in northern Kenya, where the changes in land ownership
and land-use due to developmental projects challenge
the Maasai and Samburu communities to maintain
their traditional lifestyle and associated indigenous local
knowledge. The transfer of the ILK to the new generation
has declined in these communities due to these socioeconomic changes. Attempts have been made by the
Samburu communities, as a response to the reduced
attention to the traditional activities in favour of the new
economic activities; through diversification of livelihood
sources by include activities that would benefit from their ILK
such as ecotourism (Oguge, 2016).

2.5.2 Impacts of changes
in contributions of nature
on people’s health
There is a growing recognition worldwide of the crucial links
between health and the natural environment. The linkages
between biodiversity, ecosystem, ecosystem services (its
conservation, sustainable use, status, trend, and degradation)
and human health are increasingly taking centre stage in
conservation and policy discussion in many parts of the world
(SPM sections B & E). The issue has become more prominent
following decisions at the 12th Conference of the Parties
to the Convention on Biological Diversity in October 2014,
which encouraged Parties to “consider biodiversity and health
linkages in the preparation of national biodiversity strategies
and action plans, development plans and national health
strategies” (UNEP, 2014). This is due to the fact that, as
mentioned earlier, many raw materials for the pharmaceuticals
are tied to the conservation and sustainable use of certain
plant or animal species or genetic resources (Kretsch et al.,
2016). In many traditional communities, watersheds and
some rare species and special habitats that have high
medicinal value or contribute to climate and water regulation
have been inadvertently preserved by their status as sacred
sites. Similarly, nature through biodiversity and ecosystem
services contribute significantly to dietary health, mental
health, emerging infectious diseases, in medical research,
and the use of sentinel species in health risk assessments,
(see Chivian et al., 2008; Keune et al., 2013; CBD Secretariat
et al., 2015).
The assessment of the impact of the change in ecosystem
services on health is critical because when health is
affected, there is bound to be a cascading effect on the
other aspects of well-being such as quality of life, livelihood
security and freedom of action. According to Kretsch
et al. (2016), apart from the many recognised connections
between ecosystems and health, health comprises a
major element of self-reported assessments of personal
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(subjective) and population (objective) measures of wellbeing, with health status also affecting personal perceptions
of the other aspects of well-being. Additionally, health and
health care delivery are also some of the most significant
areas of national, regional and local government activity
and expenditure. Since ecosystems may be viewed as
“settings” in which health is determined or important
determinant of human health (Horwitz et al., 2011; Myers
et al., 2013), quantifying the impact of change of nature
(biodiversity and ecosystem) on health is, therefore essential
to provide insights to the nature and extent of the impact,
as well as cascading effects on other aspects of wellbeing (Chapter 4, section 4.4.4.3.1). There is, however,
in certain circumstances, a paradox in that some major
changes to natural systems have been associated with
public health benefits. For example, early efforts to reduce
malaria in certain parts of sub-Saharan Africa (Keiser et al.,
2005) by draining swamps that were habitats for mosquito
vectors was for the eradication of malaria, while certain
deforestation, dams, and irrigation projects been to increase
the supply of food and clean energy – critical building blocks
for public health (Keiser et al., 2005; Myers et al., 2013).

2.5.3 Impacts of changes
in contributions of nature
on livelihood security
The decline in biodiversity and ecosystem services is
resulting in more variable ecological dynamics, the decline
in nature contributions to humans, and more human
exposure to catastrophic hazards and diseases and
increasing loss of livelihoods, especially to marginalised
communities in the tropics especially in Africa (Chapters
3 & 4). It, therefore, implies that sustainably managed
ecosystems that enhance the continuous flow of
ecosystem services are vital to sustaining human wellbeing, as both are mutually beneficial (SPM section E).
It is becoming clear that promoting the conservation of
one ecosystem service, (for example, in safeguarding
watersheds to maintain water regulation), a bundle
of other ecosystem services will be provided such as
prevention soil and soil nutrient erosion (Maukonen et al.,
2017), thus showing positive synergies (Chapter 6; SPM
section E). For example, according to Effiom (2013b),
95% and 86% of primate-dispersed trees utilised by rural
households provide fruit and/or nuts and other non-timber
forest products, respectively, showing that these trees
are significantly very important for human sustenance
(Chapter 3). This study corroborates previous findings
from other studies from the African region (Fa et al., 2006;
Kone et al., 2008) in terms of a general reliance on forest
resources, such as bushmeat, fruits and/or nuts, medicinal
plants, timber and other non-timber forest products,
including firewood as source of livelihood (Chapters 3 &
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4). The take home message here is that structural and
functional change to biodiversity which diminishes nature’s
capacity to contribute benefits to human will impact
negatively on livelihood security. This impact becomes
particularly prominent in localities that lacks provision
of alternative livelihood options and /or viable adaptive
measures to combat environmental change. It, therefore
follows that achieving human livelihood security especially
that in the developing world, will depend greatly on
achieving environmental security (Biggs et al., 2014).
Environmental security is a component of ‘Environmental
Livelihood Security (ELS). The concept of ELS encompasses
a balance between natural resource supply, nature
contribution to people, and human demand on the
environment to promote sustainable livelihood (Biggs et al.,
2014). ELS describe the challenges of maintaining global food
security, universal access to freshwater and energy to sustain
livelihoods and the promotion of inclusive economic growth,
whilst sustaining key environmental systems functionality.
Maintaining this balance poses a significant challenge, as
shown earlier and in Chapters 3 and 4 to follow, as livelihood
activities contribute in many instances to the undesirable
transformation of natural ecosystems (Chambers et al.,
1992). The interactions between environmental changes
and the effect of human utilisation for livelihood is enormously
complex. Hence in 1992, the UN Conference on Environment
and Development adopted the term sustainable livelihoods,
as a means of linking socioeconomic and environmental
concerns (Brocklesby et al., 2003), stressing that degradation
of ecosystem services could be significantly slowed or
reversed if the full socioeconomic value of ecosystem services
were taken into account in policy planning and decisionmaking (Chapter 6; SPM sections A & E).

2.5.4 Impacts of changes
in contributions of nature
on people’s freedom
Freedom and, in most cases, the ability to make choice(s)
cannot exist without the presence of the other elements
of well-being–including human basic needs of food,
shelter, clothing, and income. Nature contributions to
people through the different forms of ecosystems services
(supporting, provisioning, regulating, and cultural) underpin
human well-being (MA, 2005). Degradation of natural
ecosystems that limits nature’s capacity to contribute to
the supply of these elements of well-being has an indirect
negative impact on human freedom of choice or action.
This has been evident throughout the continent – for
example, conditions such as degraded natural forest may
lead to a poor harvest of non-timber forest products,
and, ultimately, result in a substantial loss of livelihood
(Chapter 3).

The impact of change on nature contributions to human
well-being is bound to adversely constrain the actions
of the poor, whose economic and social sustenance
depend greatly on the services of natural systems.
Conversely, people living in countries with effective
environmental governance, where, for instance, energy,
quality education, and safe drinking water are affordable
and accessible, can exercise and maintain freedom.
There are currently limited studies providing evidence as
to how a change of ecosystem structure and services
may impact human freedom, a research gap that requires
prioritisation. This section thereby recognises the need for
improved research to grant a better understanding of the
impact of impacts of the alteration of the ecosystem on
livelihood, health, and freedom, to better inform decisionmaking in the land-use planning, biodiversity and nature
conservation and resource allocation for the attainment of
total well-being for a man in the African region.

2.6 NEGATIVE NATURE’S
CONTRIBUTIONS
TO PEOPLE
As mentioned in Chapter 1 and throughout this chapter
thus far, nature provides benefits for human well-being
(MA 2005; IPBES, 2016). It should be noted, however,
that not all nature`s contributions are positive; some are
negative with adverse impacts on human well-being
(Lukamba, 2010). Certain studies refer to contributions
by ecosystems that are perceived to have a negative
impact on human well-being as ecosystem disservices
(Lyytimäki et al., 2009; von Döhren et al., 2015). For
instance, the decimation of large primates in hunted
tropical forest is associated with a lower richness of
seedlings for large-seeded trees that are dispersed
by primates, and a higher richness of seedlings for
small-seeded species that are dispersed abiotically
or by other animals (Nunez-Iturri et al., 2008; Effiom
et al., 2013c; Effiom, 2013a; Chapter 3). Plant richness
may significantly affect the way in which ecosystems
function, which may, in turn, determine the provisioning
of certain ecosystem services (Lewis et al., 2004;
Bunker et al., 2005; Brodie et al., 2009; Lavorel et al.,
2012). Hunting may cause community-level shifts along
the leaf economics spectrum (Wright et al., 2004), with
significant effects on processes such as herbivory, litter
decomposition, and soil fertility and productivity (Lavorel
et al., 2012). In other cases, ecosystem disservices may
result from inappropriate land-use, such as the incorrect
application of fertilisers and pesticides, increasing
cultivation on slopes and overuse and harvest (Power,
2010; Escobedo et al., 2011; Firbank et al., 2013; von
Döhren et al., 2015; Chapters 3 & 4).
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Figure 2 10

Water crisis in Africa. Source: UNECA (2005).
0

1,000

Scarcity

2,000

Stress

3,000

4,000

5,000

6,000

Vulnerable

Côte d’Ivoire
Niger
Benin
Sudan
Senegal
Mauritania
Mozambique
Uganda
Ghana
Togo
Nigeria
Madagascar
Burkina Faso
Tanzania
Zimbabwe
Ethiopia
Lesotho

FRESH WATER STRESS AND SCARCITY IN 2025

Mauritius
Comoros
South Africa
Egypt
Somalia
Malawi
Rwanda
Scarcity

Burundi

Stress

Kenya
Cabo Verde
Djibouti
0

1,000

2,000

3,000

4,000

WATER AVAILABILITY (m3)
WATER AVAILABILITY PER CAPITA

WATER SCARCITY: less than 1,000 m3/person/year
WATER STRESS: 1,000 to 1,700 m3/person/year

in 1990

in 2025
WATER VULNERABILITY: 1,700 to 2,500 m3/person/year

114

5,000

6,000

CHAPTER 2 . NATURE’S CONTRIBUTIONS TO PEOPLE AND QUALITY OF LIFE

Chapter 4 (Section 4.2.1.4) provides more detail on natural
disasters; and the role of natural ecosystems in impact
and/or driver. For example, the provisioning of material
contributions, other than food that is central to human
well-being, is also very difficult to realise under drought
conditions–water security providing a particularly critical
example in this regard (Figure 2.10).

2.7 CONCLUSION
African ecosystems provide material, non-material and
regulating nature’s contributions to the people of Africa
and the world. Material contributions are the provisioning
services that describe the material or energy outputs from
ecosystems. The materials considered in this section are
food, energy, health and water. Food production serves
as an important material contribution of ecosystem
services in terms of nature’s contributions to people. Many
communities in Africa depend on food provided by natural
ecosystems such as forests, grasslands, wetland areas
and water bodies sustaining fisheries for their food security.
The main food items that are sourced come from bushmeat,
insects, fresh fruits, nuts, seeds, tubers and green leafy
vegetables, edible oils, drinks spices, condiments,
mushrooms, honey, sweeteners, wild tubers, and snails,
amongst others. Fuelwood is the dominant source of
energy in Africa, with over 90% of energy needs in rural
areas supported by fuel wood. Urban areas rely more on
charcoal as source of energy for cooking and demand for
household energy from rapidly growing urban centres exerts
massive pressure on forests. Up to 80% of the population
in Africa rely on traditional medicine to help meet their
primary health care needs. Furthermore, numerous plant
products are used in traditional African medicine. Nature’s
non-material contributions from land- and seascapes
provide important areas for recreation, relaxation, healing,
nature-based tourism and aesthetic enjoyment, religious
and spiritual fulfilment, cognitive development, as well as
the promotion of social cohesion and a sense of identity.
Tourism is well developed and an important source of
income in northern, southern, and eastern parts of Africa as
well as the oceanic Islands. Many sites in Africa have been
classified as protected or heritage sites for their non-material
contributions. Regulating contributions from nature are
increasingly being appreciated and valued higher in national
accounting systems. Highly valued services are mainly
linked to agricultural production, including climate, air and
water regulation, disease and pest control and pollination.
Other services include nesting, feeding and mating sites
for birds and mammals, e.g., the Important Bird and
Biodiversity Areas.

The true value of biodiversity and nature’s contributions to
human well-being tend to be under-appreciated in decisionmaking processes in Africa, particularly for non-material and
regulating contributions. Existing studies on the valuation
of biodiversity and nature’s contributions to people in Africa
are few and limited in both geographical scope and the
types of ecosystems covered. Valuation of biodiversity and
its contributions to people is a tool used in decision-making
and in communicating their importance to humanity, thus
serving as support for their conservation and sustainable
use as well as the sharing of benefits from the utilisation
of biological resources. Knowing the value of biodiversity
components and their contribution to people can thus
encourage investments for their management through
the most appropriate methods, and assist in assessing
the trade-offs between different policy options as well as
the cost and benefits of biodiversity conservation and use
policies. Failure to reflect values in decision-making often
results in unsustainable use and depletion of biodiversity
and ecosystem services. Valuation of biodiversity and
nature’s contribution to people has received limited attention
across Africa. More studies were conducted in coastal
and marine areas, inland waters and forests than in the
other ecosystems. Most value studies were conducted in
Southern Africa and East Africa and adjacent islands than in
other subregions on the continent.
By taking into account the economic value of the whole
range of ecosystem services, including the ones that don’t
have a market value per se (water purification, coastal
protection, etc.), valuation studies have shown that many
ecosystems have a higher overall value when kept in
their pristine or optimal health condition than used for
material purposes such as timber production. For instance,
tropical forest and mangrove have a value 4 times higher
when maintained for providing services such as carbon
sequestration, non-timber material provisioning, etc. than
use for timber production only. Therefore, valuation should
be conceived as a tool to guide policy and management
decision-making. Overall, policy interventions should be
devoted to the maintaining or restoration of an optimum
health status of the all ecosystem as well as an optimum
use. This will guarantee the resilience of African ecosystem
against global changes.

115

THE REGIONAL ASSESSMENT REPORT ON BIODIVERSITY AND ECOSYSTEM SERVICES FOR AFRICA

REFERENCES
Acharya, G., & Barbier, E .B. (2000).
Valuing groundwater recharge through
agricultural production in the Hadejia-Nguru
wetlands in northern Nigeria. Agricultural
Economics, 22(3), 247–259. https://doi.
org/10.1016/S0169-5150(99)00054-7
Adams, W. M. (1993). Indigenous use of
wetlands and sustainable development in
West Africa. Geographical Journal, 159(2),
209–218. https://doi.org/10.2307/3451412
Adams, W. M., & Mulligan, M. (Eds.).
(2003). Decolonizing nature: Strategies
for conservation in a post-colonial era.
London, UK: Earthscan Publications Ltd.
Retrieved from https://adriancolston.files.
wordpress.com/2016/10/decolonizingnature-strategies-for-conservation-in-apostcolonial-era1.pdf
Adeola, M. O. (1992). Importance of
wild animals and their parts in the culture,
religious festivals, and traditional medicine,
of Nigeria. Environmental Conservation,
19(2), 125–134. https://doi.org/10.1017/
S0376892900030605
Agarwal, B. (2001). Participatory
exclusions, community forestry, and gender:
An analysis for South Asia and a conceptual
framework. World Development, 29(10),
1623–1648. https://doi.org/10.1016/
S0305-750X(01)00066-3
Aguilar, L., & Sasvari, A. (2009). Gender
equality within the REDD and REDD-plus
framework. Costa Rica, IUCN. Retrieved
from https://theredddesk.org/sites/default/
files/resources/pdf/18_iucn_mainstreaming_
gender_into_redd.pdf
Ajayi, I. E., Ojo, S. A., Ayo, J. O., &
Chikera, S. (2010). Histomorphometric
studies of the urinary tubules of the African
grasscutter (Thryonomys swinderianus).
Journal of Veterinary Anatomy, 3(1), 17–23.
Akachuku, C. O. (2008). Sustainable
production of snail through home garden
agroforestry practice in South Eastern
Nigeria. Journal of Tropical Forest
Resources, 1(24), 77–83.
Akpalu, W. (2013). Foreign aid and
sustainable fisheries management in sub-

116

Saharan Africa. Tokyo, Japan: United Nations
University. Retrieved from https://www.wider.
unu.edu/sites/default/files/WP2013-100.pdf
Angelsen, A., & Wunder, S. (2003).
Exploring the forest–poverty link: Key
concepts, issues and research implications.
Bogor, Indonesia: CIFOR. Retrieved from
http://www.cifor.org/publications/pdf_files/
OccPapers/OP-40.pdf
Angelsen, A., Jagger, P., Babigumira, R.,
Belcher, B., Hogarth, N. J., Bauch, S.,
Börner, J., Smith-Hall, C., & Wunder, S.
(2014). Environmental income and rural
livelihoods: a global-comparative analysis.
World Development, 64, S12–S28. https://
doi.org/10.1016/j.worlddev.2014.03.006
Ambrose-Oji, B. (2011). Wild product
governance: Finding policies that work
for non-timber forest products. Mountain
Research and Development, 31(2), 178–179.
https://doi.org/10.1659/mrd.mm083
Arditti, J. (1992). Fundamentals of orchid
biology. New York, USA: John Wiley and
Sons.
Arnold, J. M., & Pérez, M. R. (2001). Can
non-timber forest products match tropical
forest conservation and development
objectives? Ecological economics, 39(3),
437–447. https://doi.org/10.1016/S09218009(01)00236-1
Arnold, M., & Persson, R. (2003).
Reassessing the fuelwood situation in
developing countries. The International
Forestry Review, 5(4), 379–383. https://doi.
org/10.1505/IFOR.5.4.379.22660
Augusseau, X., Nikiéma, P., &
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Faso. Journal of Transdisciplinary
Environmental Studies, 6, 1–21. Retrieved
from http://journal-tes.dk/vol_6_no_1/
no_2_Bassirou(lav).pdf
Belhabib, D., Zeller, D., Harper, S., &
Pauly, D. (2012). Marine fisheries catches
in West Africa, 1950–2010, part I. Fisheries
Centre Research Reports, 20(3), 61–78.
Retrieved from http://www.seaaroundus.
org/doc/publications/books-andreports/2012/Belhabib-et-al-2012-WestAfrica.pdf
Belhabib, D., Koutob, V., Sall, A., Lam,
V. W., & Pauly, D. (2014). Fisheries catch
misreporting and its implications: The
case of Senegal. Fisheries Research,
151, 1–11. https://doi.org/10.1016/j.
fishres.2013.12.006

Belhabib, D., Sumaila, U. R., &
Pauly, D. (2015a). Feeding the poor:
Contribution of West African fisheries
to employment and food security.
Ocean and Coastal Management,
111, 72–81. https://doi.org/10.1016/j.
ocecoaman.2015.04.010
Belhabib, D., Sumaila, U. R., Lam, V.
W., Zeller, D., Le Billon, P., Kane, E.
A., & Pauly, D. (2015b). Euros vs. Yuan:
Comparing European and Chinese fishing
access in West Africa. PLoS ONE, 10(3),
e0118351. https://doi.org/10.1371/
journal.pone.0118351
Belhabib, D., Mendy, A., Subah, Y.,
Broh, N. T., Jueseah, A. S., Nipey,
N., Boeh, W. W., Willemse, N., Zeller,
D., & Pauly, D. (2016). Fisheries
catch under-reporting in The Gambia,
Liberia and Namibia and the three
large marine ecosystems which they
represent. Environmental Development,
17, 157–174. https://doi.org/10.1016/j.
envdev.2015.08.004
Bidak, L. M., Kamal, S. A., Halmy, M.
W. A., & Heneidy, S. Z. (2015). Goods
and services provided by native plants in
desert ecosystems: Examples from the
northwestern coastal desert of Egypt.
Global Ecology and Conservation, 3,
433–447. https://doi.org/10.1016/j.
gecco.2015.02.001
Biggs, R., Bohensky, E., Desanker, P.
V., Fabricius, C. Lynam, T., Misselhorn,
A. A., Musvoto, C., Mutale, M., Reyers,
B., Scholes, R. J., Shikongo, S., & van
Jaarsveld, A. S. (2004). The cultural
importance of ecosystem services to
the amaXhosa people of the Eastern
Cape. Pretoria, South Africa: Council for
Scientific and Industrial Research.
Biggs, E. M., Boruff, B., Bruce, E.,
Duncan, J., Haworth, B., Duce,
S., Horsley, J., Curnow, J., Neef,
A., McNeill, K., & Pauli, N. (2014).
Environmental livelihood security in
South-East Asia and Oceania: A nexus
livelihoods approach for spatially
assessing change. Colombo, Sri
Lanka: White Paper International Water
Management Institute. https://doi.
org/10.5337/2014.231
Blignaut, J., Aronson, J., Mander, M.,
& Marais, C. (2008). Investing in natural

capital and economic development:
South Africa’s Drakensberg Mountains.
Ecological Restoration, 26(2), 143–150.
https://doi.org/10.3368/er.26.2.143
Bodelier, P. L. E. (2011). Toward
understanding, managing, and protecting
microbial ecosystems. Frontiers in
Microbiology, 25(2), 80. https://doi.
org/10.3389/fmicb.2011.00080
Bollig, M., & Schulte, A. (1999).
Environmental change and pastoral
perceptions: Degradation and
indigenous knowledge in two African
pastoral communities. Human
Ecology, 27(3), 493–514. https://doi.
org/10.1023/A:1018783725398
Bonin, M. C., Harrison, H. B.,
Williamson, D. H., Frisch, A. J.,
Saenz-Agudelo, P., Berumen, M. L.,
& Jones G. P. (2016). The role of marine
reserves in the replenishment of a locally
impacted population of anemonefish on
the Great Barrier Reef. Molecular Ecology,
25, 487–499. https://doi.org/10.1111/
mec.13484
Bonsor, H. C., & MacDonald, A. M.
(2011). An initial estimate of depth to
groundwater across Africa. Keyworth,
UK: British Geological Survey. Retrieved
from http://nora.nerc.ac.uk/id/
eprint/17907/1/OR11067.pdf
Brocklesby, M., & Fisher, E. (2003).
Community development in sustainable
livelihoods approaches-an introduction.
Journal of Community Development,
38, 185–198. https://doi.org/10.1093/
cdj/38.3.185
Brodie, J. F., & Gibbs, H. K. (2009).
Bushmeat hunting as climate threat.
Science, 326(5951), 364–365. https://
doi.org/10.1126/science.326_364b
Bromhead, M-A. (2012). Forest, trees,
and woodlands in Africa: An action plan
for World Bank engagement. Washington,
DC: World Bank. Retrieved from http://
hdl.handle.net/10986/11927
Brown, H. C. P., & Lassoie, J. P. (2010).
Institutional choice and local legitimacy in
community-based forest management:
Lessons from Cameroon. Environmental
Conservation, 37(3), 261–269. https://
doi.org/10.1017/S0376892910000603

117

THE REGIONAL ASSESSMENT REPORT ON BIODIVERSITY AND ECOSYSTEM SERVICES FOR AFRICA

Brown, K., Daw, T., Rosendo, S.,
Bunce, M., & Cherrett, N. (2008).
Ecosystem services for poverty
alleviation: Marine and coastal situational
analysis (synthesis report). London, UK:
Natural Environment Research. Retrieved
from http://www.espa.ac.uk/files/espa/
Marine%20and%20Coastal%20-%20
Synthesis%20Report.pdf
Bunker, D. E., DeClerck, F., Bradford,
J. C., Colwell, R. K., Perfecto, I.,
Phillips, O. L., Sankaran, M., &
Naeem, S. (2005). Species loss and
aboveground carbon storage in a tropical
forest. Science, 310(5750), 1029–1031.
https://doi.org/10.1126/science.1117682
Byers, B. A., Cunliffe, R. N.,
& Hudak, A. T. (2001). Linking
the conservation of culture and
nature: A case study of sacred
forests in Zimbabwe. Human
Ecology, 29, 187–218. https://doi.
org/10.1023/A:1011012014240
Campos-Arceiz, A., & Blake, S. (2011).
Mega-gardeners of the forests–the role
of elephants in seed dispersal. Acta
Ecologica, 27, 542–533. https://doi.
org/10.1016/j.actao.2011.01.014
Canu, D. M., Ghermandi, A., Nunes,
P. A. L. D., Lazzari, P., Cossarini, G.,
& Solidoro, C. (2015). Estimating the
value of carbon sequestration ecosystem
services in the Mediterranean Sea:
An ecological economics approach.
Global Environmental Change, 32,
87–95. https://doi.org/10.1016/j.
gloenvcha.2015.02.008
CAPMAS, (2014). Egypt in figures report
2014. Retrieved from http://www.saflii.
org/za/journals/ADRY/2014/8.pdf
CBD Secretariat, & WHO. (2015).
Connecting global priorities biodiversity
and human health. A state of knowledge
review. Geneva, Switzerland: WHO.
Retrieved from https://www.cbd.int/
health/SOK-biodiversity-en.pdf
CCLME. (2016). Canary Current
Large Marine Ecosystem (CCLME)
transboundary diagnostic analysis.
Rome, Italy: FAO. Retrieved from http://
www.fao.org/in-action/canary-currentlme/working-groups/transboundarydiagnostic-analysis/en/

118

Cerbu, G. (Ed.). (2016). Central Africa
Congo Basin Timber. Washington DC:
World Bank. Retrieved from https://www.
profor.info/sites/profor.info/files/PROFOR_
CongoTimber_web_0.pdf
Chambers, R., & Conway, G. (1992).
Sustainable rural livelihoods: Practical
concepts for the 21st century. London,
UK: Institute of Development Studies.
Retrieved from https://opendocs.
ids.ac.uk/opendocs/bitstream/
handle/123456789/775/Dp296.
pdf?sequence=1
Chan, K. M. A., Satterfield, T., &
Goldstein, J. (2012). Rethinking
ecosystem services to better address
and navigate cultural values. Ecological
Economics, 74, 8–18. https://doi.
org/10.1016/j.ecolecon.2011.11.011
Chianu, J., Nkonya, Mairura, F.,
Chianu, J., & Akinnifesi, F. (2011).
Biological nitrogen fixation and
socioeconomic factors for legume
production in sub-Saharan Africa:
A review. Agronomy for Sustainable
Development, 31(1), 39–154. https://doi.
org/10.1051/agro/2010004
Chivian, E., & Bernstein, A. (Eds.).
(2008). Sustaining life-how human health
depends on biodiversity. New York, USA:
Oxford University Press.
Ciais, P., Sabine, C., Bala, G., Bopp,
L., Brovkin, V., al., E., & House, J. I.
(2013). Carbon and other biogeochemical
cycles. In O. Edenhofer, R. Pichs-Madruga,
Y. Sokona, E. Farahani, S. Kadner, K.
Seyboth, A. Adler, I. Baum, S. Brunner, P.
Eickemeier, B. Kriemann, J. Savolainen, S.
Schlömer, C. von Stechow, T. Zwickel, &
M. J. C. Minx (Eds.), Climate Change 2013:
The physical science basis. Contribution
of working group I to the Fifth Assessment
Report of the Intergovernmental Panel on
Climate Change Change. Cambridge, UK:
Cambridge University Press. Retrieved
from https://www.ipcc.ch/pdf/assessmentreport/ar5/wg1/WG1AR5_Frontmatter_
FINAL.pdf
Cinner, J. E., McClanahan, T. R.,
Graham, N. A. J., Daw, T. M., Maina,
J., Stead, S. M., Wamukota, A., Brown,
K., & Bodin, Ö. (2012). Vulnerability of
coastal communities to key impacts of
climate change on coral reef fisheries.

Global Environmental Change, 22(1),
12–20. https://doi.org/10.1016/j.
gloenvcha.2011.09.018
Colfer, C. J. P., Achdiawan, R.,
Adnan, H., Moeliono, M., Mulyana,
A., Mulyoutami, E., Roshetko, J. M.,
Yuliani, E. L., Balang & LepMil. (2015).
Preparing the ground for better landscape
governance: Gendered realities in southern
Sulawesi. Forests, Trees and Livelihoods,
24(1), 59–83. http://doi.org/10.1080/14728
028.2014.951002
Comte, J. C., Cassidy, R., Obando,
J., Robins, N., Ibrahim, K., Melchioly,
S., Mjemah, I., Shauri, H., Bourhane,
A., Mohamed, I., Noe, C., Mwega,
B., Makokha, M., Join, J-L., Banton,
O., & Davies, J. (2016). Challenges in
groundwater resource management in
coastal aquifers of East Africa: Investigations
and lessons learnt in the Comoros Islands,
Kenya and Tanzania. Journal of Hydrology:
Regional Studies, 5, 179–199. https://doi.
org/10.1016/j.ejrh.2015.12.065
Coria, J., & Calfucura, E. (2012).
Ecotourism and the development of
indigenous communities: The good, the
bad, and the ugly. Ecological Economics,
73, 47–55. https://doi.org/10.1016/j.
ecolecon.2011.10.024
Cormier-Salem, M. C., Bernatets,
C., & Sarr, O. (2010). Mangrove system
sustainability. Public incentives and local
strategies in West Africa. Colombo, Sri
Lanka: International Water Management
Institute. Retrieved from https://ideas.repec.
org/p/iwt/bosers/h043071.html
Cornwall, A. (2007). Myths to live by?
Female solidarity and female autonomy
reconsidered. Development and Change,
38(1), 149–168. https://doi.org/10.1111/
j.1467-7660.2007.00407.x
Crisman, T. L., Chapman, L. J., Balirwa,
J., Bugenyi, F. W. B., & Chapman, C.
(2001). Wetlands of East Africa: Biodiversity,
exploitation, and policy perspectives.
Biodiversity and Wetlands, 2, 101–131.
Retrieved from http://biology.mcgill.ca/
faculty/chapman/articles/80_Gopal.pdf
Croitoru, L. (2007). Valuing the non-timber
forest products in the Mediterranean region.
Ecological Economics, 63, 768–775. https://
doi.org/10.1016/j.ecolecon.2007.01.014

CHAPTER 2 . NATURE’S CONTRIBUTIONS TO PEOPLE AND QUALITY OF LIFE

Daly, H. H. (2016). Assessment of the socioeconomic value of the goods and services
provided by Mediterranean forest ecosystems:
Critical and comparative analysis of studies
conducted in Algeria, Lebanon, Morocco,
Tunisia and Turkey. Retrieved from http://
www.fao.org/3/a-i6117e.pdf
Daily, G. C., Polasky, S., Goldstein, J.,
Kareiva, P. M., Mooney, H. A., Pejchar,
L., Ricketts, T. H., Salzman, J., &
Shallenberger, R. (2009). Ecosystem
services in decision making: Time to deliver.
Frontiers in Ecology and the Environment, 7,
21–28. https://doi.org/10.1890/080025
Davis, D. K. (2004). Desert ‘wastes’ of
the Maghreb: desertification narratives
in French colonial environmental
history of North Africa. Cultural
Geographies, 11(4), 359–387. https://doi.
org/10.1191/1474474004eu313oa
de Graaf, G., & Garibaldi, L. (2014). The
value of African fisheries. Rome, Italy: FAO.
Retrieved from http://www.fao.org/3/ai3917e.pdf
Derbew, D. (2013). Ethiopia’s renewable
energy power potential and development
opportunities. Addis Ababa, Ethiopia:
Ministry of Water and Energy. Retrieved
from https://www.agora-parl.org/resources/
library/ethiopias-renewable-energy-powerpotential-and-development-opportunities
de Wasseige, C., Devers, D., De
Marcken, P., Eba’a Atyi, R., Nasi, R.,
& Mayaux, P. (2008). The forest of the
Congo Basin: State of the forest 2008.
Lexembourg: Publications Office of the
European Union. Retrieved from https://
www.cifor.org/library/2949/the-forests-ofthe-congo-basin-state-of-the-forest-2008/
de Wit, M., & Blignaut, J. N. (2006).
Monetary valuation of the grasslands in
South Africa: Making the case for the
value of ecosystem goods and services
provided in the grassland. Pretoria, South
Africa: SANBI. Retrieved from http://
biodiversityadvisor.sanbi.org/wp-content/
uploads/2014/07/2006deWit_BackgroundInfoRep5_Strategic-Monetary-valuation.pdf
Dias, D. A., Urban, S., & Roessner, U.
(2012). A historical overview of natural
products in drug discovery. Metabolites,
2, 303–336. https://doi.org/10.3390/
metabo2020303

Díaz, S., Demissew, S., Carabias,
J., Joly, C., Lonsdale, M., Ash, N.,
Larigauderie, A., Adhikari, J. R., Arico,
S., Baldi, A., Baetuska, A., Baste, I. A.,
Bilgin, A., Brondizio, E., Chan, K. M. A.,
Figueroa, V. E., Duraiappah, A., Fischer,
M., Hill, R., Koetz, T., Leadley, P., Lyver,
P., Mace, G. M., Martin-Lopez, B.,
Okumura, M., Pacheco, D., Pascual, U.,
Perez, E. S., Reyers, B., Roth, E., Saito,
O., Scholes, R. J., Sharmer, N., Tallis,
H., Thaman, R., Watson, R., Yahara, T.,
Hamid, Z. A., Akosim, C., Al–Hafedh,
Allaherdiyev, R., Amankwah, E., Asah,
S.T., Asfaw, Z., Bartus, G., Brooks, L.
A., Cailaux, J., Dalle, G., Darmaedi,
D., Drivers, A., Erpul, G., EscobarEyzaguirre, P., Failier, P., Fouda, A. M.
M., Fu, D., Gundimeda, H., Hashimoto,
S., Homer, F., Lavorel, S., Lichtenstein,
G., Mala, W. A., Mandivenyi, W.,
Matczak, P., Mbizvo, C., Mehrdadi, M.,
Metzger, J. P., Mikissa, J. B., Moller, H.,
Mooney, H. A., Mumby, P., Nagendra,
H., Nesshover, C., Oteng–Yeboah, A. A.,
Pataki, G., Roue, M., Rubis, J., Schultz,
M., Smith, P., Sumaila, R., Takeuchi,
K., Thomas, S., Verma, M., Yeo–Chang,
Y., & Zlatanova, D. (2015). The IPBES
conceptual framework- connecting nature
to people. Current Opinion in Environmental
Sustainability, 14, 1–16. https://doi.
org/10.1016/j.cosust.2014.11.002
Doswald, N., Munroe, R., Roe, D.,
Giuliani, A., Castelli, I., Stephens, J.,
Möller, I., Spencer, T., Vira, B., & Reid, H.
(2014). Effectiveness of ecosystem-based
approaches for adaptation: Review of the
evidence-base. Climate and Development,
6(2), 185–201. https://doi.org/10.1080/175
65529.2013.867247
Duminil, J., Abbesolo, D. T., Bourubou,
D., Doucet, J., Lou, J., & Hardy O. J.
(2016). High selfing rate, limited pollen
dispersal and inbreeding depression in
the emblematic African rain forest tree
Baillonella toxisperma–Management
implications. Forest Ecology and
Management, 379, 20–29. https://doi.
org/10.1016/j.foreco.2016.08.003
Dymond, J. (2014). Ecosystem services in
New Zealand, Manaaki 2014. New Zealand:
Whenua Press.
Edwards, J., & Palmer, M. (Eds.). (1997).
Holy ground, the guide to faith and ecology.
Northamptonshire, UK: Pilkington Press.

Effiom, E. O. (2013a). Consequences
of bushmeat hunting in tropical forests.
(Doctoral dissertation). Retrieved from
https://www.biology.lu.se/ (ISBN 97891-7473-460-7).
Effiom, E. O. (2013b). Animal-mediated
changes in tree species composition in
hunted forests. Retrieved https://www.
biology.lu.se/ (ISSN 1100-1844)
Effiom, E. O., Nuñez-Iturri, G., Smith,
H. G., Ottosson, U., & Olsson, O.
(2013c). Bushmeat hunting changes
regeneration of African rainforests.
Philosophical Transactions of the
Royal Society B: Biological Sciences,
280(20130246), 1–8. https://doi.
org/10.1098/rspb.2013.0246
Egoh, B. N., O’Farrell, P. J., Charef,
A., Gurney, L. J., Koellner, T., Abi, H.
N., Egoh, M., & Willemen, L. (2012).
An African account of ecosystem
service provision: Use, threats
and policy options for sustainable
livelihoods. Ecosystem Services, 2,
71–81. https://doi.org/10.1016/j.
ecoser.2012.09.004
El-Mahmood, A. M., Doughari, J.
H., & Kiman, H. S. (2010). In vitro
antimicrobial activity of crude leaf and
stem bark extracts of Gmelina arborea
(Roxb) against some pathogenic species
of Enterobacteriaceae. African Journal
of Pharmacy and Pharmacology, 4(6),
355–361. Retrieved from http://www.
academicjournals.org/journal/AJPP/
article-full-text-pdf/0C4BE7036300
Emerton, L. (1998). Djibouti
biodiversity: Economic assessment.
Gland, Switzerland: IUCN. Retrieved
from https://www.cbd.int/financial/
values/djibouti-economicassessment.pdf
Emerton, L., & Muramira, E. (1999).
Uganda biodiversity: Economic
assessment. Gland, Switzerland:
IUCN. Retrieved from https://www.
cbd.int/financial/values/ugandaeconomicassessment.pdf
Escobedo, F. J., Kroeger, T., &
Wagner, J. E. (2011). Urban forests and
pollution mitigation: Analyzing ecosystem
services and disservices. Environmental
Pollution, 159(8), 2078–2087. https://
doi.org/10.1016/j.envpol.2011.01.010

119

THE REGIONAL ASSESSMENT REPORT ON BIODIVERSITY AND ECOSYSTEM SERVICES FOR AFRICA

European Union. (2016). Analysis and
evidence in support of the EU action plan
against wildlife trafficking. Retrieved from
http://ec.europa.eu/environment/cites/pdf/
WAP_EN_WEB.PDF
Ezcurra, E. W. (Ed.). (2006). Global
deserts outlook. Nairobi, Kenya: UNEP.
Retrieved from http://hdl.handle.
net/20.500.11822/9581
Fa, J. E., Seymour, S., Dupain, J., Amin,
R., Albrechtsen, L., & Macdonald, D.
(2006). Getting to grips with the magnitude
of exploitation: Bushmeat in the CrossSanaga Rivers region, Nigeria and
Cameroon. Biological Conservation,
129, 497–510. https://doi.org/10.1016/j.
biocon.2005.11.031
Failler P., Binet, T., Borot de
Battisti, A., & Maréchal, J.-P. (2009).
Évaluation de la valeur économique et
sociale des écosystèmes associés aux
AMP de l’Afrique de l’Ouest, Guide
Méthodologique, appui au renforcement
institutionnel du Réseau Régional d’AMP
en Afrique de l’Ouest et à la mise en
œuvre de son plan de travail. Dakar,
Sénégal: Partenariat Régional pour la
Conservation Office.
Failler, P., Binet, A., Doumbouya, A.,
& Sall, A. (2012). Évaluation de la valeur
socio-économique des écosystèmes
marins et côtiers des Aires marines
protégées de l’Afrique de l’Ouest, Résumé.
Dakar, Senegal: Réseau Régional d’Aires
Marines Protégées en Afrique de l’Ouest.
Failler, P. (2016). Addendum of UNEP
report on the socioeconomics of the West,
Central and Southern African coastal
communities: A synthesis of studies
regarding large marine ecosystems.
Nairobi, Kenya: UNEP.
Failler, P., Klaus, R., & Mclean, B.
(2017a). Inputs for the design of an EU
strategic approach to the coastal and
marine biodiversity in Africa, synthesis.
Brussels, Belgium: B4Life Programme.
Failler, P., Klaus, R., & Mclean, B.
(2017b). Inputs for the design of an EU
strategic approach to the coastal and
marine biodiversity in Africa, Western,
Central and Southern Africa–Eastern
Atlantic Ocean. Larger than Whales.
Brussels, Belgium: B4Life Programme.

120

FAO. (2002). World agriculture: Towards
2015/2030: Summary report. Rome,
Italy: FAO. Retrieved from http://www.fao.
org/3/a-y3557e.pdf
FAO. (2013). Forests, livelihoods and
poverty alleviation: The case of Uganda.
In G. Shepherd, C. Kazoora, & D. Mueller
(Eds.), Forestry policy and institutions
working paper No. 32. Rome, Italy: FAO.
Retrieved from http://www.fao.org/3/amh068e.pdf
FAO. (2014). The value of African fisheries.
Rome, Italy: FAO. Retrieved from http://
www.fao.org/3/a-i3917e.pdf
FAO. (2016). State of the world´s forests
2016. Forests and agriculture: Land use
challenges and opportunities. Rome,
Italy: FAO. Retrieved from http://www.fao.
org/3/a-i5588e.pdf
FAO FISHSTAT. (2017). Fisheries and
aquaculture software. FishStat Plus–
Universal software for fishery statistical
time series. In FAO Fisheries and
Aquaculture Department. Rome. Updated
14 September 2017.
Farinola, L. A., Famuyide O. O., Nosiru,
M. O., & Ogunsola, A. (2014). Survey
of identified non timber forest products
and their role in the rural livelihood of
inhabitants of Omo forest reserve, Ogun
State. International Journal of Agriculture
and Forestry, 4(4), 317–324. https://doi.
org/10.5923/j.ijaf.20140404.09
Fasona, M., Fabusoro, E., Sodiya,
E., Adedayo, V., Olurunfemi, F., Elias,
P., Oyedepo P., & Oloukoi, G. (2016).
Some dimensions of farmers-pastoralist
conflicts in the Nigerian savanna. Journal
of Global Initiatives: Policy, Pedagogy,
Perspective, 10(2), 87–108. Retrieved
from http://digitalcommons.kennesaw.
edu/jgi/vol10/iss2/7
Fasona, M., Olukoi, G., Olufemi,
F., Adedayo, V., & Elias, P. (2015).
Aspects of natural use and adaptation to
climate change in the Nigerian savanna.
In Adeniyi, G., Bassey, E., Orimoguje,
O., & Fashae, O., (Eds.), Frontiers of
environmental research in sustainable
environment in 21st century. Ibadan,
Nigeria: University Press. Retrieved
from http://collections.unu.edu/eserv/
UNU:5734/DNC2015_PolicyBrief_No2.pdf

Faye, M. D., Webber, C., Abasse, T.
A., & Diaite, D. S. (2011). Farmers’
preferences for tree functions and species
in the West African Sahel. Forests, Trees
and Livelihoods, 20, 113–136. https://doi.
org/10.1080/14728028.2011.9756702
Feka, N. Z., & Manzano, M. G. (2008).
The implications of wood exploitation for
fish smoking on mangrove ecosystem
conservation in the South West Province,
Cameroon. Tropical Conservation
Science, 1(3), 222–241. https://doi.
org/10.1177/194008290800100305
Firbank, L., Bradbury, R. B.,
McCracken, D. I., & Stoate, C. (2013).
Delivering multiple ecosystem services
from enclosed farmland in the UK.
Agriculture, ecosystems and environment,
166, 65–75. https://doi.org/10.1016/j.
agee.2011.11.014
Foley, J. A., DeFries, R., Asner, G. P.,
Barford, C., Bonan, G., Carpenter, S.
R., Chapin, F. S., Coe, M. T., Daily, G.
C., Gibbs, H. K., & Helkowski, J. H.
(2005). Global consequences of land use.
Science, 309(5734), 570–574. https://doi.
org/10.1126/science.1111772
Fouche, J. G., & Coumans, M. (1992).
Summarize four techniques for pollinating
Vanilla planifolia. AOS Bulletin, 61(11),
1118–1122.
Galloway, J. N., Townsend, A. R.,
Erisman, J. W., Bekunda, M., Cai,
Z., Freney, J. R., Martinelli, L. A.,
Seitzinger, S. P., & Sutton, M. A. (2008).
Transformation of the nitrogen cycle:
Recent trends, questions, and potential
solutions. Science, 320(5878), 889–892.
https://doi.org/10.1126/science.1136674
Gaspare, L., Bryceson, I., &
Kulindwa, K. (2015). Complementarity
of fishers’ traditional ecological
knowledge and conventional science:
Contributions to the management of
groupers (Epinephelinae) fisheries around
Mafia Island, Tanzania. Ocean & Coastal
Management, 114, 88–101. https://doi.
org/10.1016/j.ocecoaman.2015.06.011
Gbadamosi, I., & Otobo, E. R. (2014).
Assessment of the nutritional qualities
of ten botanicals used in pregnancy
and child delivery in Ibadan, Nigeria.
International Journal of Phytomedicine,

CHAPTER 2 . NATURE’S CONTRIBUTIONS TO PEOPLE AND QUALITY OF LIFE

6, 16–22. Retrieved from http://www.
arjournals.org/index.php/ijpm/article/
view/1290
Gemmill-Herren, B., Aidoo, K.,
Kwapong, P., Martins, D., Kinuthia
W., Gikungu, M., & Eardley, C. (2014).
Priorities for research and development in
the management of pollination services for
agriculture in Africa. Journal of Pollination
Ecology, 12(6), 40–51. Retrieved from
http://www.pollinationecology.org/index.
php?journal=jpe&page=article&op=view&p
ath%5B%5D=191&path%5B%5D=80
Golden, C. D., Fernald, L. C. H.,
Brashares J. S., Rasolofoniaina, B.
J. R., & Kremen, C. (2011). Benefits of
wildlife consumption to child nutrition in
a biodiversity hotspot. Proceedings of
the National Academy of Sciences of the
United States of America, 108, 19653–56.
https://doi.org/10.1073/pnas.1112586108
Gómez-Baggethun, E., Corbera,
E., & Reyes-García, V. (2013).
Traditional ecological knowledge and
global environmental change: Research
findings and policy implications. Ecology
and Sociology, 18(4), 72. https://doi.
org/10.5751/ES-06288-180472
Grainger, J. (2003). People are living in
the park. Linking biodiversity conservation
with community development in the
Middle East region: A case study from the
Saint Katherine protectorate, southern
Sinai. Journal of Arid Environments,
54, 29–38. https://doi.org/10.1006/
jare.2001.0894
Griffis Jr, S. J. (1998). New African plants
with ornamental potential, ornamental
section. Proceedings of the Florida State
Horticultural Society, 111, 1–3.
Grzywacz, D., Stevenson, P. C.,
Mushobozi, W. L., Belmain, S., &
Wilson, K. (2014). The use of indigenous
ecological resources for pest control in
Africa. Journal Human Evolution, 60(3),
281–298. https://doi.org/10.1007/
s12571-013-0313-5
Halmy, M. W. A. (2012). Environmental
risk assessment for habitats of the
Egyptian northwestern coastal desert.
(Doctoral dissertation). Retrieved from
https://ebookcentral.proquest.com/lib/
csir-ebooks/home.action (3536891).

Halmy, M. W. A. (2016). Traditional
knowledge associated with desert
ecosystems in Egypt. In M. Roué, A.
Oteng–Yeboah, P. Kariuki, & Y. Adou
(Eds.), Indigenous and local knowledge
of biodiversity and ecosystems services
in Africa: Contributions to an IPBES
regional assessment (pp. 107–120). Paris,
France: UNESCO. Retrieved from http://
climatefrontlines.org/sites/default/files/
ipbes/IPBES_in_Africa_2015.pdf
Halmy, M. W. A., & Salem, B. B.
(2015a). Species conservation importance
index for comparing sites’ conservation
value at landscape level. Brazilian Journal
of Botany, 38(4), 823–835. https://doi.
org/10.1007/s40415-015-0197-z
Halmy, M. W., Gessler, P. E., Hicke,
J. A., & Salem, B. B. (2015b). Land
use/land cover change detection and
prediction in the north-western coastal
desert of Egypt using Markov-CA. Applied
Geography, 63, 101–112. https://doi.
org/10.1016/j.apgeog.2015.06.015
Halmy, M. W., Gessler, P. E., &
Heneidy, S. Z. (2015c). Implications
of human induced changes on the
distribution of important plant species
in the northwestern coastal desert of
Egypt. Renewable Energy and Sustainable
Development, 1(2), 243–263. https://doi.
org/10.21622/resd.2015.01.2.243
Heneidy, S. Z., & Waseem, M. (2007).
Rehabilitation of degraded coastal
Mediterranean rangelands using Panicum
turgidum Forssk. Acta Botanica Croatica,
66(2), 161–176. Retrieved from https://
hrcak.srce.hr/17184
Heubach, K., Schumann, K., &
Hahn, K. (2016). Substitutes for seeds
of Vitellaria paradoxa, Parkia biglobosa
and Adansonia digitata used for nutrition
by five major ethnic groups in Benin,
West Africa. Flora et Vegetation SudanoSambesica, 19, 7–17. https://doi.
org/10.21248/fvss.19.32
Heubach, K., Wittig, R., Nuppenau,
E. A., & Hahn, K. (2013). Local values,
social differentiation and conservation
efforts: The impact of ethnic affiliation on
the valuation of NTFP-species in northern
Benin, West Africa. Human Ecology,
41, 513–533. https://doi.org/10.1007/
s10745-013-9592-x

Higgs, E. (2005). The two-culture problem:
Ecological restoration and the integration
of knowledge. Restoration Ecology, 13(1),
159–164. https://doi.org/10.1111/j.1526100X.2005.00020.x
Hoare, A. L. (2007). The use of nontimber forest products in the Congo Basin:
Constraints and opportunities. New York,
USA: Rain Forest Foundation. Retrieved
from http://www.rainforestfoundationuk.org/
files/rf5.pdf
Horwitz, P., & Finlayson, C. M. (2011).
Wetlands as settings for human health:
Incorporating ecosystem services and
health impact assessment into water
resource management. BioScience,
61(9), 678–688. https://doi.org/10.1525/
bio.2011.61.9.6
Hutchison, J., Manica, A., Swetnam,
R., Balmford, A., & Spalding, M. (2014).
Predicting global patterns in mangrove
forest biomass. Conservation Letters,
7(3), 233–240. https://doi.org/10.1111/
conl.12060
IEA. (2010). Bioenergy countries’
report: Bioenergy policies and status
of implementation. Paris, France:
IEA Bioenergy. Retrieved from http://
www.ieabioenergy.com/wp-content/
uploads/2016/09/IEA-Bioenergy-CountriesReport-23.09.2016-1.pdf
IOC. (2014). Let’s talk fish. Guide
for journalists and media. Rome,
Italy: FAO. Retrieved from http://
commissionoceanindien.org/fileadmin/
projets/smartfish/TP/TP30EN.pdf
IPBES. (2016). The Assessment Report on
pollinators, pollination and food production.
Summary for policymakers. S. G. Potts,
V. L. Imperatriz-Fonseca, H. T. Ngo, J. C.
Biesmeijer, T. D. Breeze, L. V. Dicks, L. A.
Garibaldi, R. Hill, J. Settele, A. J. Vanbergen,
M. A. Aizen, S. A. Cunningham, C. Eardley,
B. M. Freitas, N. Gallai, P. G. Kevan, A.
Kovács-Hostyászki, P. K. Kwapong, J.
Li, X. Li, D. J. Martins, G. Nates-Parra,
J. S. Pettis, R. Rader, & B. F. Viana
(Eds.). Bonn, Germany: Secretariat of the
Intergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services.
Retrieved from https://www.ipbes.net/
search?query=%20sites%20default%20
files%20downloads%20pdf%20spm_
deliverable_3a_pollination_20170222.pdf

121

THE REGIONAL ASSESSMENT REPORT ON BIODIVERSITY AND ECOSYSTEM SERVICES FOR AFRICA

IPBES/5/INF/24. (2017). Update on the
classification of nature’s contributions
to people by the Intergovernmental
Science-Policy Platform on Biodiversity
and Ecosystem Services. Bonn, Germany:
IPBES Secretariat. Retrieved from
http://www.ipbes.net/sites/default/files/
downloads/pdf/ipbes-5-inf-24.pdf
IPCC. (2007). Summary for policymakers.
In S. Solomon, D. Qin, M. Manning, Z.
Chen, M. Marquis, K. B. Averyt, M. Tignor,
& H. L. Miller (Eds.), Climate change 2007:
The physical science basis. Contribution of
working group I to the Fourth Assessment
Report of the Intergovernmental Panel
on Climate Change. Cambridge, UK:
Cambridge University Press. Retrieved
from http://repository.icse.utah.edu/
dspace/bitstream/123456789/9951/1/
ClimateChange2007-1.pdf
ISO. (2016). International Standard ISO
7027–1:2016(E): Water quality–determination
of turbidity. Part 1: quantitative methods.
Retrieved from https://www.iso.org/
standard/62801.html
IRENA. (2016). Renewable energy benefits:
Measuring the economics. Abu Dhabi:
IRENA. Retrieved from http://www.irena.org/
documentdownloads/publications/irena_
measuring-the-economics_2016.pdf
IRENA. (2017). Biofuel potential in subSaharan Africa: Raising food yields, reducing
food waste and utilising residues. Abu
Dhabi: IRENA. Retrieved from http://www.
irena.org/-/media/Files/IRENA/Agency/
Publication/2017/Nov/IRENA_Biofuel_
potential_sub-Saharan_Africa_2017.pdf
James, G. K., Adegoke, J. O., Osagie, S.,
Ekechukwu, S., Nwilo, P., & Akinyede, J.
(2013). Social valuation of mangroves in the
Niger Delta region of Nigeria. International
Journal of Biodiversity Science, Ecosystem
Services & Management, 9(4), 311–323.
https://doi.org/10.1080/21513732.2013.8
42611
Jaramillo, V. J., Kauffman, J. B.,
Rentería-Rodriguez, l., Cummings, D. L.,
& Ellingson, L. J. (2003). Biomass, carbon,
and nitrogen pools in Mexican tropical dry
forest landscapes. Ecosystems, 6, 609–629.
https://doi.org/10.1007/s10021-002-0195-4
Kakonge, J. O. (1995). Traditional African
values and their use in inlplementing Agenda

122

21. Indigenous Knowledge and Development
Monitor, 3(2), 19–22.

from http://www.worldagroforestry.org/
knofordocs/Treesilience_Book_2014.pdf

Kalaba, F. K., Quinn, C., & Dougil, A.
(2013). Contribution of forest provisioning
ecosystem services to rural livelihoods in the
Miombo woodlands of Zambia. Population
and Environment, 35(2), 159–182. https://
doi.org/10.1007/s11111-013-0189-5

Keiser, J., Singer, B. H., & Utzinger J.
(2005). Reducing the burden of malaria
in different eco-epidemiological settings
with environmental management: A
systematic review. Lancet Infect Dis, 5(11),
695–708. https://doi.org/10.1016/S14733099(05)70268-1

Kane, D., & Solutions, L. L. C. (2015).
Carbon sequestration potential on
agricultural lands: A review of current
science and available practices.
Washington, DC: National Sustainable
Agriculture Coalition. Retrieved from http://
sustainableagriculture.net/publications
Kaplan, S. (1995). The restorative benefits
of nature: Toward an integrative framework.
Journal of Environmental Psychology, 15,
169–182. https://doi.org/10.1016/02724944(95)90001-2
Kasisi, R. (2012). Divided we fall:
Rethinking biodiversity planning in the
context of development in sub-Saharan
Africa. Journal of Sustainable Development,
5(9), 1913–9071. https://doi.org/10.5539/
jsd.v5n9p42
Kaunga, J. M. O. (2016). The use of
indigenous traditional knowledge for
ecological and bio-diverse resource
management by the Laikipia Maasai and
the Samburu. In M. Roué, A. OtengYeboah, P. Kariuki, & Y. Adou (Eds.),
Indigenous and local knowledge of
biodiversity and ecosystems services in
Africa: Contributions to an IPBES regional
assessment. Paris, France: UNESCO.
Retrieved from http://climatefrontlines.
org/sites/default/files/ipbes/IPBES_in_
Africa_2015.pdf
Kausch, A. P., Hague, J., Deresienski,
A., Tilelli, M., & Nelson, K. (2012). Male
sterility and hybrid plant systems for gene
confinement. In M. J. Oliver, & Y. Li (Eds.),
Plant gene containment. https://doi.
org/10.1002/9781118352670.ch6
Kehlenbeck, K., & Jamnadass, R. (2014).
Chapter 6.2.1: Food and nutrition–fruits,
nuts, vegetables and staples from trees.
In J. De Leeuw, M. Njenga, B. Wagner & M.
Iiyama (Eds.), Treesilience: An assessment
of the resilience provided by trees in the
drylands of eastern Africa. Nairobi, Kenya:
World Agroforestry Centre. Retrieved

Keune, H., Kretsch, C., De Blust, G.,
Gilbert, M., Flandroy, L., Van Den
Berge, K., Versteirt, V., Hartig, T., De
Keersmaecker, L., Eggermont, H.,
& Brosens, D. (2013). Science-policy
challenges for biodiversity, public health
and urbanization: Examples from Belgium.
Environmental Research Letters, 8(2),
025015. https://doi.org/10.1088/17489326/8/2/025015
Kimaro, J., & Lulandala, L. (2013).
Contribution of non-timber forest
products to poverty alleviation and forest
conservation in Rufiji District-Tanzania.
Journal of Livestock Research for Rural
Development, 12(92). https://doi.org/10.10
80/09709274.2010.11906305
Klaus, R., Failler, P., & McClean, B.
(2017). Inputs for the design of an EU
strategic approach to the coastal and
marine biodiversity in Africa, North
Eastern Africa–Red Sea and Gulf of Aden.
Larger than whales. Brussels, Belgium:
B4Life Programme.
Kone, I., Lambert, J. E., Refisch,
J., & Bakayoko, A. (2008). Primate
seed dispersal and its potential role in
maintaining useful tree species in the
Tai region, Cote-d’Ivoire: Implications
for the conservation of forest fragments.
Tropical Conservation Science, 1,
293–306. Retrieved from https://
tropicalconservationscience.mongabay.
com/content/v1/08-09-15-Kone_et_
al_293-306_2008.pdf
Kouassi, K. I., Barot, S., Gignoux, J., &
Zoro-Bi, I. A. (2008). Demography and life
history of two rattan species, Eremospatha
Macrocarpa and Laccosperma
Secundiflorum, in Cote d’Ivoire. Journal of
Tropical Ecology, 24(5), 493. https://doi.
org/10.1017/S0266467408005312
Kretsch, C., & Keune, H. (2016).
Ecosystem services and human health. In

CHAPTER 2 . NATURE’S CONTRIBUTIONS TO PEOPLE AND QUALITY OF LIFE

M. Potschin, & K. Jax (Eds.), OpenNESS
ecosystem services reference book.
Retrieved from http://www.opennessproject.eu/library/reference-book
Kronborg, H., Foverskov, E., &
Væth, M. (2014). Predictors for early
introduction of solid food among Danish
mothers and infants: An observational
study. BMC pediatrics, 14(1), 243. https://
doi.org/10.1186/1471-2431-14-243

Haines-Young, R. Fish, & R. K. Turner,
(Eds.), Routledge handbook of ecosystem
services (pp. 481–490). London, UK:
Routlegde. Retrieved from https://www.
routledge.com/products/9781138025080
Lokossou, A. O., & Bossou, B. (2012).
Benin’s experience in the management of
sacred forests for biodiversity conservation.
Tokyo, Japan: International Partnership
for the Satoyama Initiative. Retrieved
from http://satoyama-initiative.org

Lambini, C. K., & Nguyen, T. T. (2014).
A comparative analysis of the effects
of institutional property rights on forest
livelihoods and forest conditions: Evidence
from Ghana and Vietnam. Forest Policy
and Economics, 38, 178–190. https://doi.
org/10.1016/j.forpol.2013.09.006

Lukamba, M. T. (2010). Natural disasters in
African countries: what can we learn about
them? The Journal for Transdisciplinary
Research in Southern Africa, 6(2),
478–495. Retrieved from http://hdl.handle.
net/10394/3879

Lavorel, S., & Grigulis, K. (2012).
How fundamental plant functional trait
relationships scale-up to trade-offs and
synergies in ecosystem services. Journal
of Ecology, 100, 128–140. https://doi.
org/10.1111/j.1365-2745.2011.01914.x

Lyytimäki, J., & Sipilä, M. (2009). Hopping
on one leg–the challenge of ecosystem
disservices for urban green management.
Urban Forestry and Urban Green, 8(4),
309–315. https://doi.org/10.1016/j.
ufug.2009.09.003

Lesueur, D., & Ducousso, M. (1995).
Étude des associations symbiotiques
dans les essais agroforestiers réalisés
dans les stations d’Oumé et de Korhogo
en Côte d’Ivoire. Montpellier, France:
Centre de Coopération Internationale
en Recherche Agronomique pour le
Développement-Forêt.

MA. (2005). Ecosystems and human
well-being: Synthesis. Washington, DC:
Island Press. Retrieved from https://www.
millenniumassessment.org/documents/
document.356.aspx.pdf

Lévêque, C. (1997). The freshwater fish
of tropical Africa. In biodiversity dynamics
and conservation. Cambridge, UK:
Cambridge University Press.
Lewis, S. L., Malhi, Y., & Phillips,
O. L. (2004). Fingerprinting the impacts
of global change on tropical forests.
Philosophical Transactions of the Royal
Society B: Biological Sciences, 359(1443),
437–462. https://doi.org/10.1098/
rstb.2003.1432
Lloyd, P., Plagányi, É. E., Weeks, S.
J., Magno-Canto, M., & Plagányi, G.
(2012). Ocean warming alters species
abundance patterns and increases
species diversity in an African subtropical reef fish community. Fisheries
Oceanography, 21, 78–94. https://doi.
org/10.1111/j.1365-2419.2011.00610.x
Locatelli, B. (2016). Ecosystem services
and climate change. In M. Potschin, R.

Machado, A. (1998). Borrador de
anteproyecto de ley de areas protegidas
de Guinea Ecuatorial. Guinea Ecuatorial:
Informe Curef. Retrieved from http://www.
antoniomachado.net/wp-content/uploads/
pdf/legal/1998-borrador-anteproyecto-leyareas-protegidas-guinea.p.pdf
Mahaptara, A., & Mitchell, C. P. (2011).
Non-timber forest products management
problems and prospects: A case study from
India. Retrieved from http://www.w3c.org/
TR/1999/REC-html401-19991224/loose.dtd
Mahomoodally, M. F. (2013). Traditional
medicines in Africa: An appraisal of
ten potent African medicinal plants.
Evidence-Based Complementary and
Alternative Medicine, 1–14. https://doi.
org/10.1155/2013/617459
Maisharou, A., & Larwanou, M.
(2015). Market potential of nonwood forest products in the Sahelian
countries. International Forest
Review, 17(S3), 125–135. https://doi.
org/10.1505/146554815816007018

Maranz, S., Weisman, Z., Bisgaard,
J., & Bianchi, G. (2004). Germplasm
resources of Vitellaria paradoxa based
on variation in fat composition across the
distribution range. Agroforestry systems,
60, 71–76. https://doi.org/10.1023/
B:AGFO.0000009406.19593.90
Matowanyika, J. Z. Z. (1997). Resource
management and the Shona people in
rural Zimbabwe. Indigenous peoples and
sustainability: Cases and sections. Utrecht,
Nerthelands: IUCN.
Maukonen, P., Nkor, B., Ama, M., Guth
M., Williamson, A., Nkeke, F., Hicks,
C., Effiom, E., Adekola, R., & Ekwu, A.
(2017). Using spatial analysis to explore
multiple benefits from REDD+ actions in
Cross River state, Nigeria. Abuja, Nigeria:
National REDD+ Programme. Retrieved
from http://bit.ly/2jMeKF0
Mbow, C., van Noordwijk, M.,
Luedeling, E., Neufeldt, H., Minang,
P., & Kowero, G. (2014). Agroforestry
solutions to address food security and
climate change challenges in Africa. Current
Opinion Environmental Sustainability,
6(1), 61–67. https://doi.org/10.1016/j.
cosust.2013.10.014
Mburu, G., & Kaguna, S. (2016).
Community dialogue on ILK relevant for
food and water protection in Tharaka,
Kenya. In M. Roué, A. Oteng-Yeboah,
P. Kariuki, & Y. Adou (Eds.), Indigenous
and local knowledge of biodiversity and
ecosystems services in Africa: Contributions
to an IPBES regional assessment. Paris,
France: UNESCO. Retrieved from http://
climatefrontlines.org/sites/default/files/ipbes/
IPBES_in_Africa_2015.pdf
McIvor, A. (2012). Reduction of wind and
swell waves by mangroves. Cambridge,
UK: The Nature Conservancy and
Wetlands International. Retrieved from
https://www.conservationgateway.
org/ConservationPractices/Marine/crr/
library/Documents/wind-and-swell-wavereduction-by-mangroves.pdf
Mclean, B., Klaus, R., & Failler, P.
(2017). Inputs for the design of an EU
strategic approach to the coastal and
marine biodiversity in Africa, Eastern and
Southern Africa–Western Indian Ocean.
Larger than Whales. Brussels, Belgium:
B4Life Programme.

123

THE REGIONAL ASSESSMENT REPORT ON BIODIVERSITY AND ECOSYSTEM SERVICES FOR AFRICA

Merino, G., Barange, M., Blanchard,
J. L., Harle, J., Holmes, R., Allen, I.,
Allison, E. H., Badjeck, M. C., Dulvy, N.
K., Holt, J., & Jennings, S. (2012). Can
marine fisheries and aquaculture meet fish
demand from a growing human population
in a changing climate? Global Environmental
Change, 22, 795–806. https://doi.
org/10.1016/j.gloenvcha.2012.03.003
Mohammed, K. G., & Yakasai, H. I.
(2017). Tamarindus Indica an appraisal
on its uses in traditional medicine and its
antinutritional components-mini review.
Chronicles of Pharmaceutical Science,
1(4), 199–203. https://doi.org/10.21825/
af.v23i1.5039
Moore, J. L., Manne, L., Brooks, T.,
Burgess, N. D., Davies, R., Rahbek,
C., Williams, P., & Balmford, A. (2002).
The distribution of cultural and biological
diversity in Africa. Philosophical Transactions
of the Royal Society B: Biological Sciences,
269, 1645–1653. https://doi.org/10.1098/
rspb.2002.2075
Moussa, I. B., & Yamba, B. (2008). Local
knowledge and management of Sahelian
ecosystems. Les Cahiers d’Outre-Mer, 241–
242. https://doi.org/10.4000/com.3762
Moyo, M., Aremu, A. O., & van
Staden, J. (2015). Medicinal plants: An
invaluable, dwindling resource in subSaharan Africa. Journal of Ethnopharmacoly,
174, 595–606. https://doi.org/10.1016/j.
jep.2015.04.034
Munang, R., Thiaw, I., Alverson,
K., Liu, J., & Rivington, M. (2013).
Climate change and ecosystem-based
adaptation: A new pragmatic approach to
buffering climate change impacts. Current
Opinion Environmental Sustainability,
5, 67–71. https://doi.org/10.1016/j.
cosust.2012.12.001
Myers, S. S., Gaffikin, L., Golden, C. D.,
Ostfeld, R. S., Redford, K. H., Ricketts,
T. H., Turner, W. R., & Osofsky, S. A.
(2013). Human health impacts of ecosystem
alteration. Proceedings of the National
Academy of Sciences of the United States
of America, 110(47), 18753–18760. https://
doi.org/10.1073/pnas.1218656110
N’Gasse, G. (2003). Contribution des
chenilles/larves comestibles à la réduction
de l’insécurité alimentaire en République

124

centrafricaine. In M. P. Balinga, Mapunzu,
P. M., J-B. Mousssa, & G. N’Gasse (Eds.),
Contribution des insectes de la forêt à
la sécurité alimentaire. L’exemple des
chenilles d’Afrique Centrale. Rome, Italy:
FAO. Retrieved from http://www.fao.org/
docrep/019/j3463f/j3463f.pdf

products in the humid forest zone of
Cameroon. Rural Development Forestry
Network Paper, 22, 1–25. Bogor, Indonesia: CIFOR. Retrieved from http://www.
odi.org.uk/resources/docs/1168.pdf

Naidoo, R., & Adamowicz, W. (2005).
Biodiversity and nature-based tourism at
forest reserves in Uganda. Environment
and Development Economics, 10(2),
159–178. https://doi.org/10.1017/
S1355770X0400186X

Nelson, E., Mendoza, G., Regetz,
J., Polasky, S., Tallis, H., Cameron,
D., & Shaw, M. (2009). Modeling
multiple ecosystem services, biodiversity
conservation, commodity production, and
tradeoffs at landscape scales. Frontiers in
Ecology and the Environment, 7(1), 4–11.
https://doi.org/10.1890/080023

Naidoo, R., Weaver, L. C., Diggle, R.
W., Matongo, G., Stuart-Hill, G., &
Thouless, C. (2016). Complementary
benefits of tourism and hunting to
communal conservancies in Namibia.
Conservation Biology, 30(3), 628–638.
https://doi.org/10.1111/cobi.12643

Nikiema, A. (2005). Agroforestry
parkland species diversity: Uses and
management in semi-arid West Africa
(Burkina Faso). (Doctoral dissertation).
Retrieved from http://library.wur.
nl/WebQuery/wurpubs/344241.
(ISBN 9085041686).

Niang, I., Ruppel, O. C., Abdrabo, M.
A., Essel, A., Lennard, C., Padgham,
J., & Urquhart, P. (2014). Africa.
In V. R. Barros, C. B. Field, D. J.
Dokken, M. D. Mastrandrea, K. J.
Mach, T. E. Bilir, M. Chatterjee, K.
L. Ebi, Y. O. Estrada, R. C. Genova,
B. Girma, E. S. Kissel, A. N. Levy, S.
MacCracken, P. R. Mastrandrea, & L.
L.White (Eds.), Climate change 2014:
Impacts, adaptation and vulnerability.
Contribution of Working Group II to
the Fifth Assessment Report of the
Intergovernmental Panel on Climate
Change (pp. 1199–1265). Cambridge,
UK: Cambridge University Press.
Retrieved from https://www.ipcc.ch/pdf/
assessment-report/ar5/wg2/WGIIAR5Chap22_FINAL.pdf

Nkem, L., Kalame, F. B., Idinoba,
M., Somorin, O. A., Ndoye, O., &
Awonod, A. (2010). Shaping forest safety
nets with markets: Adaptation to climate
change under changing roles of tropical
forests in Congo Basin. Environmental
Science & Policy, 13(6), 498–508. https://
doi.org/10.1016/j.envsci.2010.06.004

Nasi, R., Taber, A., & van Vliet, N.
(2011). Empty forests, empty stomachs?
Bushmeat and livelihoods in the Congo
and Amazon Basins. International
Forestry Review, 13(3), 355–68. https://
doi.org/10.1505/146554811798293872
National Bureau of Statistics
Tanzania. (2011). Tanzania National
Panel Survey Report (NPS)–Wave 2,
2010–2011. Dar es Salaam, Tanzania:
National Bureau of Statistics Tanzania.
Retrieved from http://nbs.go.tz/catalog/
index.php/catalog/2/study-description
Ndoye, O., Perez, M., & Eyebe, A.
(1997). The markets of non-timber forest

Nlom, J. H. (2011). The Economic value
of Congo Basin protected areas goods
and services. Journal of Sustainable
Development, 4(1), 130–142. https://doi.
org/10.5539/jsd.v4n1p130
Nunez-Iturri, G., Olsson, O., &
Howe, H. F. (2008). Hunting reduces
recruitment of primate-dispersed
trees in Amazonian Peru. Biological
Conservation, 141, 1536– 546. https://
doi.org/10.1016/j.biocon.2008.03.020
O’Farrell, P. J., De Lange, W. J., Le
Maitre, D. C., Reyers, B., Blignaut,
J. N., Milton, S. J., Atkinson, D.,
Egoh, B., Maherry, A., Colvin, C., &
Cowling, R. M. (2011). The possibilities
and pitfalls presented by a pragmatic
approach to ecosystem service valuation
in an arid biodiversity hotspot. Journal of
Arid Environments, 75, 612–623. https://
doi.org/10.1016/j.jaridenv.2011.01.005
Odebode, S. O. (2005). Gender issues
in community forestry: Lessons from
Nigeria. Journal of Food, Agriculture and
Environment, 3(2), 307–312.

CHAPTER 2 . NATURE’S CONTRIBUTIONS TO PEOPLE AND QUALITY OF LIFE

OECD/IEA. (2014). A focus on energy
prospects in sub-Saharan Africa. World
energy outlook special report. Retrieved
from https://www.iea.org/publications/
freepublication
Oguge, N. O. (2016). Landscape
ethnoecological knowledge base and
management of ecosystem services
among the Samburu of Northern
Kenya. In M. Roué, A. Oteng-Yeboah,
P. Kariuki, & Y. Adou (Eds.), Indigenous
and local knowledge of biodiversity
and ecosystems services in Africa:
Contributions to an IPBES regional
assessment. Paris, France: UNESCO.
Retrieved from http://climatefrontlines.
org/sites/default/files/ipbes/IPBES_in_
Africa_2015.pdf
Oleksy, R., Giuggioli, L., McKetterick,
T. J., Racey, P. A., & Jones, G. (2017).
Flying foxes create extensive seed
shadows and enhance germination
success of pioneer plant species in
deforested Madagascan landscapes.
PLoS ONE, 12(9), e0184023. https://doi.
org/10.1371/journal.pone.0184023
Olson, D. M., Dinerstein, E.,
Wikramanayake, E. D., Burgess, N.
D., Powell, G. V. N., Underwood, E.
C., D’Amico, J. A., Itoua, I., Strand,
H. E., Morrison, J. C., Loucks, C. J.,
Allnutt, T. F., Ricketts, T. H., Kura, Y.,
Lamoreux, J. F., Wettengel, W. W.,
Hedao, P., & Kassem, K. R. (2001).
Terrestrial ecoregions of the world: A new
map of life on earth. Bioscience, 51(11),
933–938. https://doi.org/10.1641/00063568(2001)051[0933:TEOTWA]2.0.CO;2
Olupot, W., Barigyira, R., &
Chapman, C. A. (2009). The status
of anthropogenic threat at the peoplepark interface of Bwindi impenetrable
national park, Uganda. Environmental
Conservation, 36, 41–50. https://doi.
org/10.1017/S0376892909005347
Onyenechere, E. C., Azuwike, D. O., &
Enwereuzo, A. I. (2011). Effect of rainfall
variability on water supply in Ikeduru,
L.G.A of Imo State, Nigeria. International
multidisciplinary journal, Ethiopia, 5(5),
22, 223–241. https://doi.org/10.4314/
afrrev.v5i5.18
Opoku, K. A. (1978). West African
traditional religion. Accra, Ghana: Free

Educational Publications International
Private Limited.
Pan, G., Huang, Z. Q., Wang, J. K.,
Li, H., Chabbi, A., Paustian, K., &
Smith, P. (2013). Soil organic matter
dynamics: beyond carbon. A report of the
4th international symposium on soil organic
matter dynamics. Carbon Management,
4, 485–489. https://doi.org/10.4155/
cmt.13.43
Pan, G., Li, L. Q., Zheng, J. F., Cheng,
K., Zhang, X. H., Zheng, J. W., &
Li, Z. C. (2014). Managing soil organic
carbon for multiple benefits case studies–
positive exemplars. Benefits of SOM
in agro-ecosystems: A case of China,
Chapter 27. In S. Banwart (Ed.), Benefits
of soil carbon (pp. 383–401). https://doi.
org/10.1079/9781780645322.0307
Pauly, D., & Zeller, D. (2015). Catch
reconstructions reveal that global marine
fisheries catches are higher than reported
and declining. Nature Communications,
7, 10244. https://doi.org/10.1038/
ncomms10244
Poole, P. J. (1993). Indigenous Peoples
and Biodiversity Protection. In S. H. Davis,
(Ed.), The social challenge of biodiversity
conservation (pp. 14–25). Washington,
DC: World Bank. Retrieved from http://
documents.worldbank.org/curated/
en/326401468181790562/The-socialchallenge-of-biodiversity-conservation
Pouliot, M., & Treue, T. J. (2013). Rural
people’s reliance on forests and the
non-forest environment in West Africa:
Evidence from Ghana and Burkina Faso.
World Development, 43, 180–193. https://
doi.org/10.1016/j.worlddev.2012.09.010
Pourchez, L. (2014). Savoirs des
femmes. Médecine traditionnelle et nature
(Maurice, Rodrigues, La Réunion). Les
Tribunes de La Santé, 44(3), 51–71.
https://doi.org/10.3917/seve.044.0051
Power Africa. (2016). Annual report,
power Africa. Washington, DC: USAID.
Retrieved from https://www.usaid.gov/
sites/default/files/documents/1860/
Power_Africa_AR2016-optimized.pdf
Power, A. G. (2010). Ecosystem services
and agriculture: Trade-offs and synergies.
Philosophical Transactions of the Royal

Society B: Biological Sciences, 365(1554),
2959–2971. https://doi.org/10.1098/
rstb.2010.0143
Radder, L., & Bech-Larsen, T. (2008).
Hunters’ motivations and values: A South
African perspective. Human Dimensions
of Wildlife, 13, 252–262. https://doi.
org/10.1080/10871200801986739
Reed, M. G., & Varghese, J. (2007).
Gender representation on Canadian forest
sector advisory committees. The Forestry
Chronicle, 83(4), 515–525. https://doi.
org/10.5558/tfc83515-4
Reynolds, S. C., Bailey, G. N., &
King, G. C. (2011). Landscapes and their
relation to hominin habitats: Case studies
from Australopithecus sites in Eastern
and Southern Africa. Journal of Human
Evolution, 60(3), 281–298. https://doi.
org/10.1016/j.jhevol.2010.10.001
Roberts, D., Boon, R., Diederichs, N.,
Douwes, E., Govender, N., McInnes,
A., McLean, C., O’Donoghue, S., &
Spires, M. (2012). Exploring ecosystembased adaptation in Durban, South
Africa: Learning-by-doing at the local
government coal face. Environment and
Urbanization, 24(1), 167–195. https://doi.
org/10.1177/0956247811431412
Roubik, D. W. (Ed.). (1995). Pollination
of cultivated plants in the tropics. Rome,
Italy: FAO. Retrieved from http://www.fao.
org/3/a-v5040e.pdf
Roy, J., Saugier, B., & Mooney,
H. A. (Eds.). (2001). Terrestrial global
productivity. Massachusetts, USA:
ScienceDirect. https://doi.org/10.1016/
B978-0-12-505290-0.X5000-5
Ryan, C. M., Pritchard, R., McNicol, I.,
Owen, M., Fisher, J. A., & Lehmann, C.
(2016). Ecosystem services from southern
African woodlands and their future
under global change. . Philosophical
Transactions of the Royal Society
B: Biological Sciences, 371(1703),
20150312. https://doi.org/10.1098/
rstb.2015.0312
Sagita, N., Imboma, T., Shikuyenzel,
N., Likare, S., Amutete, G., Oyug,
C. J., & Brooks, T. (1998). Luyha bird
names. East Africa Natural History Society
Bulletin, 28(3), 2–5.

125

THE REGIONAL ASSESSMENT REPORT ON BIODIVERSITY AND ECOSYSTEM SERVICES FOR AFRICA

Salami, S. O., Onwuama, K. T.,
Maidawa, M. S., Imam, J., & Ojo, S. A.
(2011). Morphological studies of the
appendicular skeleton of the African giant
pouched rat (Cricetomys gambianus) Part (i)
pectoral limb. Journal of Veterinary Medicine
and Animal Health, 3(7), 82–87. https://doi.
org/10.5897/JVMAH11.013
Salih, N. K., & Ali, A. H. (2014).
Wild food trees in Eastern Nuba
Mountains, Sudan: Use diversity
and threatening factors. Journal of
Agriculture and Rural Development in
the Tropics and Subtropics, 115, 1–7.
Retrieved from http://nbn-resolving.de/
urn:nbn:de:hebis:34-2014020344903
Schaafsma, M., Burgess, N., Swetnam,
R. D., Ngaga, Y. M., Turner, R K., &
Treue, T. (2014a). Market signals of
sustainable and inequitable forest extraction:
assessing the value of illegal timber trade
in the eastern arc mountains of Tanzania.
World Development, 62, 155–168. https://
doi.org/10.1016/j.worlddev.2014.05.011
Schaafsma, M., Morse-Jones, S.,
Posen, P., Swetnam, R. D., Balmford,
A., Bateman, I. J., Burgess, N. D.,
Chamshama, S. A. O., Fisher, B.,
Freeman, T., & Geofrey, V. (2014b).
The importance of local forest benefits:
Economic valuation of non-timber forest
products in the Eastern Arc Mountains in
Tanzania. Global Environmental Change,
24, 295–305. https://doi.org/10.1016/j.
gloenvcha.2013.08.018
Schaeffer, M., Baarsch, F., Adams, S.,
Bruin, K., Marez, L., Freitas, S., Hof,
A., & Hare, B. (2013). Africa’s adaptation
gap: Climate-change impacts, adaptation
challenges and costs for Africa. Nairobi,
Kenya: UNEP. Retrieved from http://
climateanalytics.org/files/schaeffer_et_
al__2013__africao__s_a_daptation_gap_
technical_report.pdf
Schlesinger, W. M., & Bernhardt, E. S.
(2013). Biogeochemistry: An analysis of
global change (3rd Ed.). New York, USA:
Academic Press.
Schreckenberg, K., Rushton, J., & te
Velde, D. W. (2006). NTFP value chains:
What happens between production
and consumption? In E. Marshall, K.
Schreckenberg, & A. C. Newton (Eds.),
Commercialisation of non-timber forest

126

products: factors influencing success
(pp. 97–106). Cambridge, UK: UNEP/
Earthprint. Retrieved from https://www.
odi.org/sites/odi.org.uk/files/odi-assets/
publications-opinion-files/3769.pdf
Shemdoe, R. (2017). Indigenous and
local knowledge for biodiversity and
ecosystem services in Tanzania: The
case of two selected communities. In M.
Roué, N. Césard, Y. C. Adou Yao, & A.
Oteng-Yeboah (Eds.), Knowing our Lands
and Resources: Indigenous and Local
Knowledge of Biodiversity and Ecosystem
Services in Africa. Paris, France: UNESCO.
Retrieved from http://climatefrontlines.
org/sites/default/files/ipbes/IPBES_in_
Africa_2015.pdf
Smith, P., & Olesen, J. E. (2010).
Synergies between the mitigation of,
and adaptation to, climate change in
agriculture. Journal of Agricultural Science,
148(5), 543–552. https://doi.org/10.1017/
S0021859610000341
Smith, P., Cotrufo, M. F., Rumpel, C.,
Paustian, K., Kuikman, P. J., Elliott,
J. A., McDowell, R., Griffiths, R. I.,
Asakawa, S., Bustamante, M., &
House, J. I. (2015). Biogeochemical
cycles and biodiversity as key drivers of
ecosystem services provided by soils.
Soil Discussions, 1, 665–685. https://doi.
org/10.5194/soild-2-537-2015
Solh, A. A., Ngaido, T., & Valkoun, J.
(2003). Policy and education reform
needs for conservation of dryland
biodiversity. Journal of Arid Environments,
54, 5–13. https://doi.org/10.1006/
jare.2001.0896
Soliman, N. F., & Yacout, D. M. M.
(2016). Aquaculture in Egypt: Status,
constraints and potentials. Aquaculture
International, 24(5), 1201–1227. https://
doi.org/10.1007/s10499-016-9989-9
Stecher, K., Brosowski, A., & Thrän, D.
(2013). Biomass potential in Africa. Abu
Dhabi: IRENA. Retrieved from https://
www.irena.org/DocumentDownloads/
Publications/IRENADBFZ_Biomass%20
Potential%20in%20Africa.pdf
Sulieman, H. M., Buchroithner, M. F.,
& Elhag, M. M. (2012). Use of local
knowledge for assessing vegetation
changes in the southern Gadarif Region,

Sudan. African Journal of Ecology, 50,
233–242. https://doi.org/10.1111/j.13652028.2011.01318.x
Symeonakis, E., & Drake, N. (2010).
10-Daily soil erosion modelling over subSaharan Africa. Environmental Monitoring
and Assessment, 161, 369–387. https://
doi.org/10.1007/s10661-009-0754-7
Tall, A., Patt, A., & Fritz, S. (2013).
Reducing vulnerability to hydro
meteorological extremes in Africa.
A qualitative assessment of national
climate disaster management policies:
Accounting for heterogeneity. Weather and
Climate Extremes, 1, 4–16. https://doi.
org/10.1016/j.wace.2013.07.007
Teh, L. S. L., Teh, L. C. L., &
Sumaila, U. R. (2013). A global estimate
of the number of coral reef fishers.
PLoS ONE, 8(6), e65397. https://doi.
org/10.1371/journal.pone.0065397
Teklehaimanot, Z. (2004). Exploiting the
potential of indigenous agroforestry trees:
Parkia biglobosa and Vitellaria paradoxa in
sub-Saharan Africa. Agroforestry Systems,
61, 207–220. https://doi.org/10.1023/
B:AGFO.0000029000.22293.d1
Timko, J. A., Waeber, P. O., &
Kozak, R. A. (2010). The socio-economic
contribution of non-timber forest products
to rural livelihoods in sub-Saharan Africa:
Knowledge gaps and new directions.
International Forestry Review, 12(3), 284–
294. https://doi.org/10.1505/ifor.12.3.284
Tiyou, T. (2016). The five biggest wind
energy markets in Africa. Renewable
Energy Focus, 17(6), 218–220. https://doi.
org/10.1016/j.ref.2016.10.005
Tobith, C., & Cuny, P. (2006). Genre et
foresterie Communautaire au Cameroun.
Quelles perspectives pour les femmes?
Bois et Forêts des Tropiques, 289(3),
17–26. Retrieved from http://bft.cirad.fr/cd/
BFT_289_17-26.pdf
Turpie, J., Smith, B., Emerton, L.,
& Barnes, J. (1999). Economic value
of the Zambezi basin wetlands. Gland,
Switzerland: IUCN. Retrieved from https://
portals.iucn.org/library/node/8114
UN. (2012). World urbanization prospects,
the 2011 Revision. New York, USA: UN.

CHAPTER 2 . NATURE’S CONTRIBUTIONS TO PEOPLE AND QUALITY OF LIFE

Retrieved from http://esa.un.org/unpd/
wup/index.htm
UN. (2018). Energy Statistics Database.
Retrieved 21 March 2018, from https://
unstats.un.org/unsd/energy/edbase.htm
UNEP. (2010). Using ecosystems to
address climate change–ecosystem based
adaptation. Nairobi, Kenya: UNEP.
UNEP. (2014). Biodiversity and health.
Pyeongchang, Republic of Korea:
12th Meeting of the Conference of the
Parties to the UN Convention on Biological
Diversity. Retrieved from http://www.cbd.
int/cop12/insession
UNEP. (2016). The socioeconomics of
the West, Central and Southern African
Coastal Communities: A Synthesis
of Studies Regarding Large Marine
Ecosystems. Nairobi, Kenya: UNEP.
Retrieved from https://gridarendal-websitelive.s3.amazonaws.com/production/
documents/:s_document/323/original/
AfricanLME_screen.pdf?1491297440
UNECA. (2005). Annual report 2005:
Economic commission for Africa. Retrieved
from http://repository.uneca.org/bitstream/
handle/10855/14915/bib.%2056810_I.
pdf?sequence=1
UNECA. (2006). Water in Africa.
Management options to enhance survival
and growth. Addis Ababa, Ethiopia:
Economic Commission for Africa.
United Republic of Tanzania. (2014).
Second state of the environment report.
Dar es Salaam, Tanzania: Vice President’s
Office. Retrieved from https://www.scribd.
com/document/327279591/Tanzania-2ndState-of-the-Envrionemnt-Report-2014
UNWTO. (2017). UNWTO annual report
2016. Madrid, Spain: UNWTO. Retrieved
from https://www.e-unwto.org/doi/
pdf/10.18111/9789284418725
Uprety, D. C., Dhar, S., Hongmin, D.,
Kimball, B. A., Garg, A., & Upadhyay, J.
(2012a). Technologies for climate change
mitigation: Agriculture sector. Technical
University of Denmark, Denmark: UNEP.
Retrieved from http://orbit.dtu.dk/
files/10267141/Technologies_for_Climate_
Change_Mitigation_Agriculture_for_
upload.pdf

Uprety, Y., Hugo, A. H., Bergeron, Y.,
Doyon, F., & Bouchermm, J. (2012b).
Contribution of traditional knowledge
to ecological restoration: Practices and
applications. Ecoscience, 19(3), 225–
237. https://doi.org/10.2980/19-3-3530
Upton, C., Ballatore, T., Adgo,
E., Harper, D., Morrison, E.,
Ngendahayo,vR., & Pacini, N. (2013).
Ecosystem services and livelihoods for the
African Great Lakes: Overview and case
studies. University of Leicester, UK: East
African Great Lakes Observatory. Retrieved
from https://www2.le.ac.uk/departments/
geography/people/cu5/docs/upton-et-aleaglo-final-report-2013
USDA. (2010). USDA PLANTS database.
Retrieved from http://plants.usda.gov/
van Huis, A. (2003). Insects as food
in sub-Saharan Africa. Insect Science
Application, 23(3), 163–185. https://doi.
org/10.1017/S1742758400023572
van Jaarsveld, A., Biggs, R., Scholes,
R., Bohensky, E., Reyers, B., Lynam,
T., Musvoto, C., & Fabricius, C.
(2005). Measuring conditions and
trends in ecosystem services at multiple
scales: The Southern African Millennium
Ecosystem Assessment (SAfMA)
experience. Philosophical Transactions of
the Royal Society B: Biological Sciences,
360(1454), 425–441. https://doi.
org/10.1098/rstb.2004.1594
Verschuuren, B. (Ed.). (2010).
Sacred natural sites: Conserving
nature and culture. Gland, Switzerland:
IUCN. Retrieved from https://portals.
iucn.org/library/sites/library/files/
documents/2010-045.pdf
von Döhren, P., & Haase, D. (2015).
Ecosystem disservices research: A review
of the state of the art with a focus on cities.
Ecological Indicators, 52, 490–497. https://
doi.org/10.1016/j.ecolind.2014.12.027
Wangai, P. W., Burkhard, B., & Muller, F.
(2017). A review of studies on ecosystem
services in Africa. International Journal
of Sustainable Built Environment, 5,
225–245. https://doi.org/10.1016/j.
ijsbe.2016.08.005
Wehner, R. (1990). On the brink of
introducing sensory ecology: Felix Santschi

(1872–1940)–Tabib-en-Neml. Behavioural
Ecology and Sociobiology, 27, 295–306.
https://doi.org/10.1007/BF00164903
West, P. (2006). Conservation is our
government now: The politics of ecology in
Papua New Guinea. Duke University, USA:
Duke University Press.
Whitmore, A. P., Kirk, G. J. D., &
Rawlins, B. G. (2014). Technologies
for increasing carbon storage in soil
to mitigate climate change. Soil Use
Management, 30, 10–22. https://doi.
org/10.1111/sum.12115
WHO. (2002). Traditional medicine strategy
2002–2005. Geneva, Switzerland: WHO.
Retrieved from http://www.wpro.who.int/
health_technology/book_who_traditional_
medicine_strategy_2002_2005.pdf
WHO. (2013). Schistosomiasis Fact sheet
no. 115. Retrieved from http://www.who.
int/mediacentre/factsheets/fs115/en/index.
html
Wicke, B., Smeets, E., Watson, H., &
Faaij, A. (2011). The current bioenergy
production potential of semi-arid and arid
regions in sub-Saharan Africa. Biomass
and Bioenergy, 35(7), 2773–2786. https://
doi.org/10.1016/j.biombioe.2011.03.010
Wilby, R. L., & Fowler, H. J. (2010).
Regional climate downscaling. In C.
F. Fung., A. Lopez., & M. New (Eds.),
Modelling the impact of climate change on
water resources (pp. 34–85). Chichester,
UK: Wiley and Blackwell.
Wilkie, D. S., Wieland, M., Boulet,
H., Le Bel, S., Vliet, N., Cornelis, D.,
BriacWarnon, V., Nasi, R., & Fa, J. E.
(2016). Eating and conserving bushmeat in
Africa. African Journal of Ecology, 54, 402–
414. https://doi.org/10.1111/aje.12392
Willmott, E., Le Courtois, A., Baker
Gallegos, J., & Datta, N. (2011). Guide
to climate change adaptation in cities
(pp. 1–106). Washington, DC: World Bank.
https://doi.org/10.1596/27396
Wollny, C. B. (2003). The need to
conserve farm animal genetic resources
in Africa: Should policy makers be
concerned? Ecological Economics, 45(3),
341–351. https://doi.org/10.1016/S09218009(03)00089-2

127

THE REGIONAL ASSESSMENT REPORT ON BIODIVERSITY AND ECOSYSTEM SERVICES FOR AFRICA

Wong, C. P., Jiang, B., Kinzig, A.
P., Lee, K. N., & Ouyang, Z. (2015).
Linking ecosystem characteristics to final
ecosystem services for public policy.
Ecology Letters, 18,108–118. https://doi.
org/10.1111/ele.12389
World Agroforestry Centre. (2013).
Charcoal: A driver of dryland forest
degradation in Africa? Nairobi, Kenya: World
Agroforestry Centre. Retrieved from http://
hdl.handle.net/10568/52032
World Bank data repository. Accessed on
24 June 2017. Retreived from https://data.
worldbank.org/
Wright, I. J., Reich, P. B., Westoby, M.,
Ackerly, D. D., Baruch, Z., Bongers,
F., Cavender-Bares, J., Chapin, T.,
Cornelissen, J. H. C., Diemer, M.,
Flexas, J., Garnier, E., Groom, P. K.,
Gulias, J., Hikosaka, K., Lamont, B. B.,

128
View publication stats

Lee, T., Lee, W., Lusk, C., Midgley, J. J.,
Navas, M-L., Niinemets, U., Oleksyn, J.,
Osada, N., Poorter, H., Poot, P., Prior,
L., Pyankov, V. I., Roumet, C., Thomas,
S. C., Tjoelker, M. G., Veneklaas, E.
J., & Villar, R. (2004). The worldwide leaf
economics spectrum. Nature, 428, 821–
827. https://doi.org/10.1038/nature02403
Yankuzo, K. I. (2014). Impact of
globalization on the traditional African
cultures. International Letters of Social
and Humanistic Sciences Online, 15, 1–8.
https://doi.org/10.18052/www.scipress.
com/ILSHS.15.1
Yaron, G. (2001). Forest, plantation
crops or small-scale agriculture? An
economic analysis of alternative land use
options in the Mount Cameroon Area.
Journal of Environmental Planning and
Management, 44(1), 85–108. https://doi.
org/10.1080/09640560123194

Zaid, A., & De Wet, P. F. (2002).
Pollination and bunch management.
In A. Zaid (Ed.), Date palm cultivation.
Rome, Italy: FAO. Retrieved from http://
www.fao.org/docrep/006/Y4360E/
y4360e00.htm
Zarfl, C., Lumsdon, A. E., Berlekamp,
J., Tydecks, L., & Tockner, K. (2015).
A global boom in hydropower dam
construction. Aquatic Sciences, 77(1),
161–170. https://doi.org/10.1007/
s00027-014-0377-0
Ziegler, S. (2009). Application of food
balance sheets to assess the scale of the
bushmeat trade in Central Africa. TRAFFIC
Bulletin, 22, 1–12. Retrieved from https://
pingpdf.com/pdf-application-of-foodbalance-sheets-to-assess-the-scale-ofthe-.html

