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Introduction

Global biodiversity loss is a major challenge. Since 1970, the number of birds, mammals, 
reptiles and amphibians has dropped by more than half and over a quarter of all species 
(one million animal and plant species) are now threatened with extinction (Brondizio 
et al. 2019). The extinction rate is now 1000 times faster than in pre-industrialization 
times, suggesting the advent of a sixth mass extinction (Barnosky et al. 2011). 

Biodiversity loss impacts ecosystem functioning, reduces the resilience of ecosystems 
and threatens human well-being (Johnson et al. 2017). For instance, a decline in soil and 
pollinator biodiversity has significantly reduced annual crop yields globally (Díaz et 
al. 2019). Similarly, loss of genetic diversity of cultivated crops, their wild relatives and 
domesticated breeds in agricultural systems makes them vulnerable to threats such as 
pests, pathogens and climate change (Díaz et al. 2019). Apart from species extinction, 
loss of overall abundance of multiple trophic groups can further exacerbate the 
provision of ecosystem functions (Newbold et al. 2015). These impacts can be potentially 
equivalent in magnitude to global drivers of environmental change such as drought, fire 
and global warming (Hooper et al. 2012).
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The major drivers of biodiversity loss are land-use change, exploitation, pollution, 
invasion of alien and undesired native species, loss of pollinators and climate change 
(Díaz et al. 2019). These, in turn, are underpinned by a range of socioeconomic issues 
such as food and nutrition security (Montoya et al. 2020), livelihoods (Garibaldi et 
al. 2017), Indigenous rights (Witter and Satterfield 2019) and gender issues (Alvarez 
and Lovera 2016). This is particularly evident in the tropics, which harbor about 
two-thirds of the world’s biodiversity (Giam 2017; Barlow et al. 2018) and is more 
pronounced in the subtropical dry forests and woodlands (Miles et al. 2006), where 
the anthropogenic pressures on the environment have escalated to an unprecedented 
level (Barlow et al. 2016; Swamy et al. 2018). A strictly conservation focus to address 
these challenges is limited in scope, as the well-being of the local communities, 
particularly those who are poor and vulnerable, is inextricably linked to the natural 
resources in these regions (Swamy et al. 2018; Schleicher et al. 2019). Thus, there is 
an urgent need for an integrated approach that better acknowledges and reconciles 
the deeply connected social, environmental, political and economic challenges in 
the tropics. 

Biodiversity is an integral component of such integrated approaches as it contributes 
both directly and indirectly to food security and human well-being (Cramer et al. 
2017). This chapter synthesizes the crucial roles of biodiversity and evaluates ways to 
conserve and monitor biodiversity within integrated landscape approaches.

3.1 Why is biodiversity important?

3.1.1 Biodiversity and food security

Biodiversity – that is, the variety of life across genes, species and functional 
traits – plays an integral role in ensuring food security, livelihoods and human 
well-being (Cardinale et al. 2012). Globally, 1.6 billion people rely on forests and 
biodiversity for food and livelihoods (Newton et al. 2020). Biodiversity is critical 
for safeguarding food and nutrition security, underpinning modern agriculture as 
well as the livelihoods of millions of forest-proximate communities (Richardson 
2010; Sunderland 2011; Broegaard et al. 2017). Biodiversity contributes to food and 
livelihood security via a number of pathways, which we briefly summarize below. 

Forest food

About one in six people rely on wild food such as wild vegetables and fruits, fungi, 
honey, edible insects and bushmeat across the world (Vinceti et al. 2013; Vira et al. 
2015; Sardeshpande and Shackleton 2019). For instance, local communities use up 
to 800 species for wild food in Asia and Africa (Bharucha and Pretty 2010), while six 
million tons of bushmeat is extracted annually from the forests of Africa and South 
America (Overton et al. 2017; Baudron et al. 2019). Forest foods also provide a safety 
net to communities during food scarcity (Wunder et al. 2014), signaling the need to 
manage the interdependence between human needs and biodiversity conservation. 
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Nutrition and health

Biodiversity increases dietary diversity and nutritional quality, especially for local 
communities (Powell et al. 2015; Rasmussen et al. 2017). Wild foods are important 
sources of essential fatty acids, iron, zinc, calcium and vitamins (Glew et al. 1997). 
Deficiency in one or more of these micronutrients is most severe in the developing 
world, where production is highly dependent on pollinators (Chaplin-Kramer et al. 
2014). Bushmeat and fish contribute to 20% of the protein requirement where other 
sources of protein are not available (Datta et al. 2008; Naro et al. 2015). In addition, 
up to 80% of the population in many developing countries depend on biodiversity for 
their primary health care (Herndon and Butler 2010). Biodiversity is often the basis for 
various forms of indigenous medicines that are critical for human survival, especially 
in developing countries (WHO 2002; Alves and Rosa 2007). Finally, biodiversity loss can 
also impact human health by increasing the emergence and transmission of infectious 
diseases (Keesing et al. 2010; Olivero et al. 2017).

3.2 Livelihood benefits from biodiversity

Plants and animals harvested from forests contribute significantly to the livelihood 
strategies of forest-dependent local communities (Delang 2006; Paumgarten and 
Shackleton 2009), especially in the case of women and the cash poorest (Pouliot and 
Treue 2013). The contribution of biodiversity to the economy of developing countries 
has been estimated to be USD 250 billion per annum (Agrawal et al. 2013). Meanwhile, 
environmental income was found to account for 28% of total household income in a 
comparative study across 24 developing countries (Angelsen et al. 2014). For instance, 
income generated from wild harvest in terms of fuelwood, bushmeat and wild foods 
was the second biggest contributor to local communities’ total annual income in Ghana 
(Hansen et al. 2015). In Indonesia, 36% of the total income in indigenous households 
came from forest resources (Widianingsih et al. 2016). In southern Africa, some poor 
households derive close to 30% of their income from forests (Fisher 2004; Jumbe et al. 
2008; Mulenga et al. 2012).

3.3 Adaptation and resilience benefits 

Biodiversity plays a crucial role for resilience and adaptation of people. Ecosystem-
based adaptation approaches provide cost-effective alternatives for buffering the 
impacts of climate change, while avoiding the many challenges of hard infrastructure 
(Jones et al. 2012). Hence, integrated approaches are crucial to capture context-specific, 
local connections and scale-related challenges between conserving ecosystem services 
and enhancing the adaptive capacity of people. Most of what is documented as losses 
and damages to human systems is inherently linked to permanent or temporary 
disturbances in the biodiversity of ecosystems due to climatic stressors, but studies of 
loss and damage from climate change tend to overlook the mediating role of biodiversity 
and ecosystems services to society (van der Geest et al. 2019). A systematic review 
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on the impact of climate change on most types of services found that the impact is 
predominantly negative (59% negative, 24% mixed, 13% positive, 4% neutral), but varied 
across services. However, very few studies integrated decision-making processes and 
users, and even fewer studies identified solutions that were robust to uncertainty 
(Runting et al. 2017). Integrative landscape approaches will help to incorporate this 
twofold nature of the linkages between ecosystem services and climate change.

3.4 Ecosystem services from biodiversity

Biodiversity maintains and enhances multiple ecosystem functions such as primary 
production, decomposition, nutrient cycling and trophic interactions that support a 
range of ecosystem services (Cardinale et al. 2012; Lefcheck et al. 2015; Soliveres et al. 
2016). The different dimensions of biodiversity such as species richness and abundance, 
functional diversity (the range of functional traits in species) and phylogenetic diversity 
(diversity of evolutionary history in species) affect ecosystem services at different spatial 
and temporal scales (Bennett et al. 2015). For example, species richness can influence 
ecosystem services such as pollination and pest control whereas abundance can impact 
biomass production and nutrient cycling (Soliveres et al. 2016). The presence of more 
species increases the likelihood of an ecosystem to retain a wide range of functional 
traits. This, in turn, facilitates better ecosystem functioning or provision of services and 
increases resilience to any potential disturbance compared with communities with fewer 
species (Brockerhoff et al. 2017).

3.4.1 Pollination

Wild pollinators such as bees, butterflies, birds and bats are fundamental to the 
reproduction and persistence of over 85% of wild flowering plants globally (Ollerton et 
al. 2011). Wild pollinators directly affect the productivity of 75% of globally important 
crops and are attributed with contributing up to an annual market value of USD 577 
billion (Potts et al. 2016). A global study found that pollinator richness increased crop 
yields across 89 different crop systems (Dainese et al. 2019). Conversely, the absence of 
pollination can reduce global food production by 5–8% (Aizen et al. 2009) and risk the 
nutritional health of up to 56% of the human population in developing countries (Ellis et 
al. 2015). However, the diversity and complementarity of functional traits in pollinators 
is more important than the pollinator species richness, as evidenced in an experimental 
study in Göttingen, Germany (Fründ et al. 2013). In some parts of the world, for example 
Africa, with its heterogeneous landscapes and ecosystems, the contribution of animal 
pollinators to biological diversity remains poorly researched and understood.

3.4.2 Seed dispersal

Although many seeds are dispersed by wind, herbivore and frugivore animals also play 
an important role in seed dispersal. For instance, 68% of tree species are dispersed by 
animals in Mexico (Cortés-Flores et al. 2013). Moreover, passage of seeds through the 
gut of some mammals also enhances seed germination for some species (Campos-Arceiz 
and Blake 2011). The loss of seed-dispersing species can mean that fruiting trees are 
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replaced by wind-dispersed species, leading to homogenization of plant communities 
(Brodie and Aslan 2012). Thus, seed dispersal by animals contributes significantly to 
maintaining tree community structure and ecosystem services in the tropics (Markl et 
al. 2012; Brockerhoff et al. 2017).

3.4.3 Pest control

Control of crop pests by their natural enemies such as birds, bats and mammals is an 
important ecosystem service that supports agriculture (García et al. 2018). Biological 
pest control is more efficient in complex landscapes with heterogenous habitats where 
natural pest enemies are diverse and abundant (Chaplin-Kramer et al. 2011). For 
instance, insectivorous bats and birds play a key role in limiting arthropod abundance 
and pest outbreaks in diverse agroecological systems (Veres et al. 2013; Martin et al. 
2016; Voigt and Kingston 2016). Moreover, natural pest control has always been found 
to be effective in oil palm landscapes where macaques can potentially regulate rodent 
populations, with each group feeding up to 3,000 rodents per year, as evidenced in 
Malaysia (Holzner et al. 2019). 

3.4.4 Biomass production

Biodiversity promotes primary productivity and its temporal stability at a landscape 
scale (Oehri et al. 2017). For instance, a synthesis of 67 empirical studies shows that 
species richness significantly increases biomass production across a range of taxa and 
ecosystems (Duffy et al. 2017). Conversely, loss of biodiversity from a trophic group can 
reduce biomass production, resulting in less efficient resource capture, particularly in 
plants (Cardinale et al. 2012; Liang et al. 2016; Brose and Hillebrand 2016). 

3.4.5 Carbon sequestration

Forest ecosystems are the largest land carbon sink, accounting for more than half 
of the carbon stored in terrestrial ecosystems (Hui et al. 2015). The major drivers 
of carbon accumulation across above- and belowground layers and soil are plant 
species richness and functional diversity (Lange et al. 2015; Brockerhoff et al. 2017). 
The estimated monetary value of biodiversity in sequestering carbon is considered 
to be up to USD 3.1 trillion (Isbell et al. 2017). Thus, biodiversity plays an important 
role in mitigating climate change by significantly reducing carbon emissions (Chen 
et al. 2018). 

3.4.6 Nutrient cycling

Biodiversity influences biogeochemical cycles in myriad ways (Tully and Ryals 
2017). For instance, plants sequester carbon, thereby producing soil biodiversity, 
whereas microorganisms such as bacteria, protozoa, fungi and invertebrate animals 
decompose organic matter and make nutrients available for plants (van der Heijden 
et al. 2016). Nitrogen-fixing trees maintain and enhance soil fertility by cycling 
atmospheric nitrogen, thereby increasing yields (Ajayi et al. 2011). Conversely, 
decreasing plant and soil diversity can alter decomposition pathways and nutrient 
cycling (Balvanera et al. 2006; Bender et al. 2016). 
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3.4.7 Ecosystem resilience

Biodiversity regulates ecosystem resilience by maintaining ecosystem functions 
and services through a range of mechanisms at species, community and landscape 
levels (Oliver et al. 2015; Mori et al. 2017). For instance, plant trait diversity maintains 
resilience in Amazon forests’ biomass and thus acts as an insurance against climate 
change impacts (Sakschewski et al. 2016). Meanwhile, soil biodiversity plays an 
important role in regulating plant tolerance to stress, thereby also contributing to 
ecosystem stability (Yang et al. 2018). 

3.4.8 Cultural services

Cultural services from biodiversity are crucial in enhancing the physical, mental and 
psychological well-being of human societies (Maller et al. 2006; Abraham et al. 2010; 
Russell et al. 2013). For instance, ecosystem services from biodiversity provide various 
health benefits such as lowering blood pressure, relieving stress and mental fatigue, 
and reducing crime and the tendency for aggressive behavior (Sandifer et al. 2015; 
Hausmann et al. 2016). Moreover, nature promotes social integration and contributes 
to the integrity of personal or community identity (Maller et al. 2006). For instance, 
Indigenous communities often link forest landscapes and biodiversity to tribal 
identities, kinship, customs and protocols (Gould et al. 2014; Lyver et al. 2017; Yuliani et 
al. 2018).

3.5 Managing landscapes for biodiversity and livelihoods

Effective management of landscapes for both biodiversity and livelihoods requires 
incorporating biodiversity at the design stage rather than considering it as a response 
to a conservation initiative. Land management strategies also need to consider the 
simultaneous interactions between multiple trophic levels and ecosystem services, 
and potential trade-offs between biodiversity, ecosystem services and livelihoods at 
both local and landscape scales (Macfadyen et al. 2012). Optimizing synergies and 
managing trade-offs based on empirical information and adapting management 
strategies to specific socioeconomic conditions are crucial for maintaining and 
enhancing both biodiversity and livelihoods in multifunctional landscapes (Kremen and 
Merenlender 2018).

3.5.1 Multiple trophic levels and ecosystem services

Multifunctional landscapes are complex and various ecosystem services interact with 
and impact these systems simultaneously (O’Farrell and Anderson 2010; Raudsepp-
Hearne et al. 2010; Soliveres et al. 2016). Similarly, biodiversity loss occurs across various 
taxa, and the functional effects of any trophic group may depend on the abundance 
and diversity of others (Hughes et al. 2016). Therefore, only focusing on a single trophic 
group or an ecosystem service may lead to underestimating the functional importance 
of biodiversity and multiple ecosystem services. For instance, an analysis of the 
relationships between the species richness and abundance of 4,600 taxa and 14 different 
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ecosystem services in 150 grasslands shows that high species richness in multiple trophic 
groups affected ecosystem services more strongly than richness in any individual trophic 
group (Soliveres et al. 2016). This makes it vital to incorporate simultaneous impacts of 
any anthropogenic pressure on multiple trophic levels and ecosystem services in effective 
landscape management strategies.

3.5.2 Trade-offs between biodiversity and ecosystem services

A range of trade-offs can occur between biodiversity and ecosystem services and 
between different ecosystem services (Howe et al. 2014; van der Plas et al. 2018). For 
instance, trade-offs between agricultural production and biodiversity (Chapin III et al. 
2000; Macfadyen et al. 2012) and between carbon storage and other ecosystem services 
(Goldstein et al. 2012) are well documented. Moreover, the relationships between 
ecosystem services and biodiversity can also change across landscapes of differing 
complexity (Birkhofer et al. 2018). For example, a study on the relationship among eight 
ecosystem services and species richness of five taxonomic groups in cereal farming 
systems showed that biodiversity increases with increasing landscape complexity, but 
there was no evidence of a similar positive impact on ecosystem services (Birkhofer et 
al. 2018). Thus, it is necessary to explicitly incorporate both biodiversity and ecosystem 
services in landscape management strategies, as promoting one might not necessarily 
lead to a positive impact on the other (Macfadyen et al. 2012). 

3.5.3 Trade-offs between biodiversity conservation and livelihoods

Trade-offs between conservation and economic development objectives to ensure 
livelihoods can potentially be reconciled by targeting management interventions on 
different components of a landscape (Sayer et al. 2013). However, identification of the 
optimal allocation of different management options at the landscape scale can also be a 
challenge (Verhagen et al. 2018). This requires the prioritization of local habitats that are 
important in providing ecosystem services such as biological pest control (Landis 2017) 
and pollination services (Garibaldi et al. 2017). For instance, agricultural landscapes can 
be managed to optimize biodiversity, ecosystem services and livelihoods by incorporating 
agroforestry, aquaculture, conservation tillage, integrated nutrient management, 
integrated pest management, crop–livestock integration and water harvesting techniques 
(Garibaldi et al. 2017).

3.5.4 Landscape heterogeneity and connectivity

Landscape composition (proportion of land-use types) and configuration (size, shape and 
arrangement of land-use patches) play an important role in determining biodiversity in 
heterogenous landscapes (Duflot et al. 2017; Martin et al. 2019). For example, a review of 
49 studies showed that a higher level of landscape configuration (edge density) increased 
pollinator and natural enemy abundance significantly, leading to improved pollination 
and pest control across European agroecosystems (Martin et al. 2019). Similarly, an 
increase in compositional and configurational landscape heterogeneity decreased 
arthropod abundance in rice cultivation (Dominik et al. 2018), whereas landscape 
composition had a relatively stronger effect on plant and vertebrate communities 
(Herrera et al. 2016; Duflot et al. 2017). Therefore, it is crucial to incorporate the impacts 
of both landscape composition and configuration in land-use planning. 



The role of biodiversity in integrated landscape approaches   •   39

3.5.5 Land tenure, rights and social equity

Since Indigenous communities manage over a quarter of the world’s land surface, 
addressing their tenure, rights and sharing benefits is essential to achieving 
conservation goals (Garnett et al. 2018). Strengthening stakeholder capacity and 
facilitating their active involvement in every stage from planning to implementation 
can contribute significantly in addressing these issues (Zanzanaini et al. 2017). 
Understanding how different stakeholders benefit from ecosystem services and their 
preferences for valuing services and how customary institutions are acknowledged by 
formal institutions are also crucial in evaluating trade-offs and their implications for 
livelihoods and well-being (Bennett et al. 2015). This facilitates a better understanding 
of stakeholders’ multifaceted perceptions around ecosystem services and thus leads to 
effectively incorporating those in management systems (Martín-López et al. 2012). 

3.6 Biodiversity monitoring in multifunctional landscapes

Biodiversity monitoring is key to better understanding how biodiversity responds to 
drivers of change, its effects on ecosystem services and how to best assess the progress 
of any conservation intervention (Luque et al. 2018). Setting a frame of reference to track 
progress and choosing suitable indicators reflecting key aspects of biodiversity response 
can facilitate objective evaluation of conservation initiatives. Moreover, remote sensing 
and modeling techniques and community-based monitoring programs can contribute to 
large-scale data collection, interpretation and informed decision-making with the active 
participation of local stakeholders. 

3.6.1 Frame of reference to track progress

The progress of conservation interventions can be evaluated against a clearly specified 
frame of reference that is either a temporal baseline, i.e. a known biodiversity level at 
a fixed point in the past or present, or a counterfactual such as an alternative scenario 
that would have occurred without the intervention (Bull et al. 2014). This frame of 
reference should be set at an appropriate scale, depending on the context (Mihoub et 
al. 2017). Although widely used in climate change and restoration assessments, the 
importance of identifying an appropriate frame of reference to track progress is still 
largely overlooked in many conservation approaches (Bull et al. 2014), particularly at the 
landscape scale (Reed et al. 2017).

3.6.2 Selecting suitable biodiversity indicators

Biodiversity indicators are widely used tools to monitor and evaluate rates of 
biodiversity change, habitat condition and the progress in conservation interventions 
(Mcowen et al. 2016; Bal et al. 2018; Han et al. 2020). A systematic decision framework 
for indicator selection can make it feasible for land managers and stakeholders to assess 
biodiversity responses and facilitate effective decision-making (Tzilivakis et al. 2016). 
This framework can draw from existing international guidelines such as Biodiversity 
Indicators Partnership (Addison et al. 2018; Rochette et al. 2019). These indicators 
need to be unambiguously defined and measurable at appropriate scales while also 
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considering management effectiveness and budget constraints (Valerio et al. 2016; Bal 
et al. 2018; Rochette et al. 2019). Moreover, these indicators should include measures 
to track social outcomes linked to biodiversity such as capacity building and levels of 
anthropogenic pressures (Mcowen et al. 2016). 

3.6.3 Citizen science programs

Citizen science, i.e. the practice of engaging the public in a scientific process to produce 
information that can be used by scientists, decision-makers or the public, is emerging 
as a powerful tool for tackling conservation challenges (McKinley et al. 2017; Strasser et 
al. 2019). It can improve conservation efforts by building scientific knowledge through 
active public participation and by facilitating informed and effective land management 
decisions and policy-making (Kobori et al. 2016; McKinley et al. 2017). Although most 
of the existing citizen science programs are currently focused on North America and 
Europe, various community-based monitoring programs actively operate in Africa and 
Asia (Chandler et al. 2017). These community-based monitoring (CBM) programs are 
designed, interpreted and implemented for effective management by local communities 
(Danielsen et al. 2014). Meanwhile, there is early evidence of the potential for citizen 
science approaches to improve conservation and development decision-making 
and outcomes in landscape approaches (Sayer et al. 2015). Citizen science programs 
can potentially contribute significantly to generating large-scale data on species 
distribution, species abundance and ecosystem services (Bonney et al. 2016; Chandler 
et al. 2017), while also creating public awareness, empowering local communities and 
improving conservation outcomes (McKinley et al. 2017).

3.6.4 Use of remote-sensing techniques

Remote-sensing techniques based on high-resolution and multispectral satellite 
imagery are widely used to monitor biodiversity, ecosystem services and land-use/
land-cover changes at both spatial and temporal scales (Vihervaara et al. 2017; Luque 
et al. 2018). Moreover, recent technologies from drones and airborne lidar (light 
detection and ranging) systems generating very high-resolution (VHR) images can 
improve biodiversity monitoring and ecosystems at both local and regional scales (Guo 
et al. 2017). Novel techniques to estimate species richness and compositional turnover 
(β-diversity) from airborne or satellite remote sensing can help provide faster and more 
effective biodiversity monitoring (Rocchini et al. 2018). Increasing the availability and 
accessibility of processed remotely sensed and geo-referenced data sources at fine 
spatial and temporal resolutions through open access databases can be particularly 
useful (Reed et al. 2020).

3.6.5 Use of modeling and predictions

Landscape ecological modeling can contribute significantly to our understanding 
of socioeconomic drivers of land use change and their impact in multifunctional 
landscapes (Synes et al. 2016). Moreover, social–ecological models can be useful tools for 
evaluating trade-offs between conserving biodiversity and multiple ecosystem services 
and providing temporal and spatial projections of future scenarios that can facilitate 
better decision-making (Mori et al. 2017). For instance, ecosystem services models that 
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incorporate biodiversity conservation, such as the Integrated Valuation of Environmental 
Services and Tradeoffs (InVEST) model (Nelson et al. 2009; see also Chapter 6) can be 
effective in incorporating the complexity of interacting ecosystem services at multiple 
scales and generating future land use scenarios for informing policy (Swayne et al. 2010).

3.7 Biodiversity assessment in the three landscapes

3.7.1 Western Wildlife Corridor landscape, Northern Ghana 
Fauna and floristic biodiversity

The North Ghanaian savannah that hosts the Western Wildlife Corridor (WWC) is 
generally described as an area rich in wildlife and floristic biodiversity. Indeed, the forest 
reserves found there are important refuges for many species of mammals, primates, 
reptiles, birds and rodents, among others (Husseini et al. 2015; Owusu-Ansah 2018). 

In terms of floristic biodiversity, the woody species encountered in the area are mainly 
Vitellaria paradoxa, Combretum spp., Acacia spp., Anogeissus leiocarpa, Afzelia africana, Burkea 
africana, Isoberlinia doka, Terminalia spp., Adansonia digitata, Boscia senegalensis, Calotropis 
procera, Lannea microcarpa, Acacia goumaensis, Acacia polycanta, Tamarindus indica, Balanites 
aegyptiaca, Anonna senegalensis, Bombax spp., Diospyros mespiliformis, Parkia biglobosa, 
Pterocarpus erinaceus, forming most of the woody savannas. Forest galleries border the 
main rivers and host species such as Danielia oliveri, Terminalia spp., Anogeissus leiocarpa 
and Khaya senegalensis (Bouché 2007; Husseini et al. 2015; Owusu-Ansah 2018; see also 
Chapter 8).

Importance, constraints and measures of biodiversity conservation

Compared to the high forest zone of Ghana, the savanna ecological zone is timber-poor 
and hence is not suitable for commercial timber production. However, it still plays a 
key role in meeting the socioeconomic, cultural and other ecosystem services needs of 
people (Asase and Oteng-Yeboah 2012). The savanna woodlands ecosystem comprises 
multifunctional areas that can contribute to reducing rural poverty, supporting the local 
economy and maintaining biological diversity (IUCN 2012). They provide important 
regulating, provisioning and cultural services, and are a critical refuge for native 
biodiversity. In terms of provisioning services, this ecosystem produces about 70% of 
Ghana’s total supply of firewood and charcoal (World Bank 2002). It shelters several 
Ghanaian staples, including root tubers such as yam, cereals such as millets, assorted 
vegetables and nuts. Savanna bushmeat (e.g. rodents, antilopes, reptiles) is estimated 
to provide 12% of rural people’s protein intake, while it is is also a source of income 
(Ibid.). With its large tracts of grasslands, the WWC hosts most of Ghana’s livestock 
population, significantly contributing to the protein needs of the country. Other useful 
ecosystem services include medicinal plants, roofing grasses and fencing poles. The 
savanna woodlands also have beneficial effects on the local climate and constitute a 
natural barrier to the desiccating harmattan winds from the Sahara, helping to maintain 
a favorable microclimate for agricultural production in the south. 
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Shea trees (Vitellaria paradoxa) are indigenous to the landscape and are important for 
the regulation services within the agroforestry system and for the livelihood of people, 
particularly women (Anang et al. 2011). The fruits are harvested by women to produce 
shea butter or shea kernel, which are consumed locally, but increasingly marketed as a 
global commodity in recent years. However, this ecosystem is facing pressure, as shea 
trees are being lost to indiscriminate charcoal production as a response to the increasing 
urban demand (Lurimuah 2011; Dapilah et al. 2019). In addition, with the global demand 
increasing and the lack of investment in the shea value chain, the transformation of the 
shea nut has negative impacts as it is energy intensive and therefore fuelwood is often 
harvested in large quantities for this purpose (Jibreel et al. 2013; Jasaw et al. 2017).

African rosewood (Pterocarpus erinaceus) occurs in the Northern Region, particularly 
within the catchment area of the Mole and Bui National Parks. Recent botanical surveys 
carried out in northern Ghana estimate the abundance of the African rosewood species 
to be 82 trees per 40 ha (Ghana Shea Landscape REDD+ Project Concept Note 2017). The 
exploitation of this species is subject to many conflicts and a heated debate in the area, 
as demand from international timber markets (China) is increasing (Treanor 2015). To 
curb overexploitation, a ban was placed on exports in 2012 but was later lifted as salvage 
permits were given during the construction of a major road network and hydropower 
station in the Northern Region in 2013, which led again to overexploitation and the 
subsequent reintroduction of the ban in January 2014. The species was not targeted for 
local illegal chain-sawed lumber until the surge in demand in 2013 (Dumenu and Bandoh 
2016). There is potential to support the development and management of rosewood as 
a high-value source of revenue. In terms of sustainable management of the biodiversity 
of both shea and rosewood ecosystems, understanding their ecological characteristics 
and dynamics including species abundance, distribution, mortality and regeneration 
patterns is crucial (Dumenu and Bandoh 2016). 

As in other drylands regions, threats to biodiversity in the area come from climate 
change, land degradation and deforestation. Thus, the survival of indigenous land 
varieties of important food crops and an increasing number of medicinal plant species 
is being threatened. High levels of human and animal pressure on natural resources, 
uncontrolled bush fires, agricultural expansion, deforestation and the replacement of 
indigenous varieties with imported ones are the most cited threats to biodiversity in 
the region (Mensah et al. 2016). Those issues are exacerbated by the changing climate, 
with a higher seasonal variability and more extreme events expected in the future. 
Consequently, many wild species such as elephants, for example, are restricted to a few 
protected areas. Because of high human impact, elephant migration is now essentially 
nonexistent in both the eastern and western corridors. However, the existence of a third, 
lesser known corridor has been revealed between Mole National Park and Bontioli in 
Burkina Faso through the Gbele Resource Reserve (Bouché 2007).

For many years, the biodiversity efforts of the government were concentrated in the 
Ghanaian humid zone, and the first draft of the National Biodiversity Strategy and 
Action Plan neither included the different ethnic and cultural perspectives of the 
savanna zone nor addressed land degradation issues in the northern savanna regions. 
Meanwhile, more awareness and efforts are needed to address the biodiversity loss in 
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the Northern Region. Indeed, inadequate relevant information has been pointed out 
as a drawback to the implementation of the National Biodiversity Strategy for Ghana 
(Hackman 2014). 

In situ biodiversity efforts such as those undertaken by the Plant Genetic Resource 
Center (PGRC), which operates under the auspices of the Ministry of Environment, 
Science and Technology (MEST) and is based at Bunso, have a basic assignment to 
collect, conserve, characterize and document plant genetic resources in the country. 
Besides its ex situ/in vivo facilities, the PGRC maintains an arboretum that contains 
timber species, medicinal plants, non-timber species and fruit trees. The PGRC works 
with other institutions related to the northern savannah landscape, such as the Savanna 
Agricultural Research Institute (SARI) and NGOs working with communities to preserve 
biological resources and natural habitats, including sacred groves. 

In the face of the multiple threats affecting biodiversity conservation, economic 
incentives through livelihood support activities have been promoted by numerous 
projects as instruments for natural resource and biodiversity conservation at the fringes 
of protected areas (Ekpe et al. 2014). 

3.7.2 Kalomo District, Zambia

Zambia is well endowed with natural resources and biological diversity (GRZ 2015a) that 
are an importance source of food, nutrition and vitamins, especially to rural households. 
As elsewhere, human activities have led to unprecedented levels of biodiversity loss in 
the last few decades (Hanks 2019). Consequently, one of the goals of Zambia’s second 
National Biodiversity Strategy and Action Plan (NBSAP-2) is to “address the underlying 
drivers of biodiversity loss by mainstreaming biodiversity across government and 
society” (GRZ 2015a, p. 32). This is underpinned by several policies designed to stem 
biodiversity loss in affected sectors (GRZ 2015a).

The major drivers of biodiversity loss in Zambia are various, including economic; policy 
and regulatory; social, environmental, cultural and demographic; political; scientific; 
and technological. Agriculture, whether subsistence or commercial, remains one of the 
main drivers of not only habitat loss but also biodiversity loss. The annual deforestation 
rate in Zambia is 276,021 ha per annum or 6% of the total forest cover (GRZ et al. 2016) 
and this has a tremendous impact on biodiversity. Relatedly, practices such as intensive 
mono-cropping, burning of bush areas for land preparation, use of synthetic fertilizers, 
and the associated poor disposal of herbicides and insecticides further contribute to the 
loss of biodiversity.

Government structures are weakly empowered and supported in reducing biodiversity 
loss due to insufficient resources. Further, conflicting mandates among institutions 
that issue provisions that adversely affect biodiversity; for example, trade policies in 
the external sector that allow duty-free importation of fishing gear and the issuing 
of mining operation licenses by the Ministry of Mines and Minerals Development 
in protected areas (Matakala et al. 2015) impede progress. In addition, biodiversity 
management is hampered by low investment in and funding of human resources and 
physical infrastructure. Key biodiversity sectors such as forestry, wildlife and fisheries 
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that fall under environmental and natural sectors are lowly prioritized and hence get a 
low share of the national budget. Actual allocations for environmental protection have 
over the years been less than 50% of the budgeted amounts (GRZ 2015b).

Lately, a rise in invasive alien species has been noted and they too are contributing 
to biodiversity loss. Among the invasive species in Zambia are the water hyacinth 
(Kafue weed), Salvinia molesta (Kariba weed), and Tithonia diversifolia (Mabeta et al. 
2018). The Lantana camara, a weed, and Toona ciliata are posing serious threats to 
forestry plantations in the Copperbelt Province as well as near the Victoria Falls in the 
Livingstone area (GRZ et al. 2016).

Biodiversity loss in Zambia is increasing, due to a host of drivers wherein economic 
drivers are the largest contributor. Further compounded by emerging issues such as 
climate change, invasive alien species and mining, they collectively pose serious threats 
for sustainable biodiversity management in Zambia. Improved extension services 
and more integrated decision-making can increase awareness and capacity on the 
diffusion of technologies that increase efficiency and productivity, such as conservation 
agriculture, and reduced utilization of water, fertilizers and pesticides or other inputs 
that adversely affect biodiversity. 

3.7.3 Kapuas Hulu Regency, West Kalimantan, Indonesia

Located in the northeastern part of West Kalimantan Province and bordering Sarawak 
(Malaysia), Kapuas Hulu Regency (31,162 km2) is one of the last rainforest frontiers 
of Borneo and the hydrological powerhouse of the whole province. Very remote until 
the 1980s, it now has a long history of collaboration on transboundary management 
and conservation between Malaysia and Indonesia. Starting in 1993, transboundary 
biodiversity conservation areas (TBCAs) were delineated, several biodiversity 
expeditions were financed by the International Tropical Timber Organization (ITTO 
1998), and more recently, there has been involvement in transnational cooperation under 
the Heart of Borneo (HoB) initiative (Wulffraat et al. 2017). 

With 73% of forest cover in 2019 (Laumonier et al. 2020a), the region is biodiversity rich. 
However, competing perspectives over land exist between local government agencies 
(planning bureau, forestry, watershed, agriculture, national park authorities, fisheries, 
tourism), local communities, local NGOs and the private sector. The current land 
use has been influenced by several issues of unclear or even ambiguous regulations 
and conflicting recommendations made by institutions related to natural resource 
management, tenurial conflicts, exclusion of ecosystem services in land-use planning 
processes and the agenda of large-scale businesses. Those issues have impacts on forest 
clearance and biodiversity loss and are threatening local communities’ livelihoods and 
cultural identity (Shantiko et al. 2013). In the pursuit of development, land allocated for 
alternative use to forestry has increased by more than 19% in the revised spatial plan of 
2011 (PERDA Kabupaten Kapuas Hulu 2014).

Indigenous communities still manage land using traditional practices, i.e. swidden 
agriculture to grow crops such as paddy, maize, cassava, tubers and vegetables. The 
agricultural land acquired by clearing forest or secondary forest is systematically left 
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to lie fallow for a period after paddy rice is harvested. Perennial crops, mainly rubber, 
provide a ready source of cash income and are often grown to supplement other crops 
such as pepper, fruits and illipe (tengkawang) nuts. The forest is essential for the people 
in Kapuas Hulu, especially for food (meat, fruits and vegetables), medicines and 
traditional crafts (baskets and mats). In general, although economic activities in the 
district and rural areas are emerging, subsistence activities still play a central role, for 
instance, food provisioning from fallows, fishing and the gathering of forest products. 
In the south, many communities are involved in environmentally devastating illegal gold 
mining operations near almost all rivers.

The diversity of ecosystems and their importance for the conservation of Borneo’s 
biodiversity led to the establishment of two national parks in Kapuas Hulu (an unusual 
situation for Indonesia): Betung Kerihun National Park, which has a variety of lowland, 
hill and mountain forest ecosystems; and Danau Sentarum National Park, the only 
remaining extensive wetlands in Borneo with a unique ecosystem of interconnecting 
seasonal lakes, peat swamps and periodically inundated freshwater swamp forests 
(Giesen 2000; see also Chapter 10). To curb the massive illegal logging occurring in the 
area in the 1990s and up until 2003, and also to secure the hydrological power function 
of the Kapuas River Basin (98,700 km2) for the rest of the province, the local government 
declared the regency a ‘conservation regency’ in 2003. More recently, a World Wide Fund 
for Nature initiative advocated the establishment of a biodiversity corridor between the 
two parks (Widmann et al. 2012). Furthermore, the whole regency was registered as an 
official UNESCO Man and the Biosphere (MAB) zone in 2018. 

The complex geomorphology and biophysical characteristics of the Kapuas River Basin 
brought about a high diversity of habitats and vegetation types. The Kapuas originates 
from the mountain range in the east, descends westward into flat lowlands less than 
50 m in elevation to reach its delta near the provincial capital city of Pontianak, 900 
km away (MacKinnon et al. 1996). This low inclination resulted in the formation of a 
floodplain, wetlands and lakes in the upstream part of the river, surrounded by the 
mountain ranges of the Betung–Kerihun–Upper Kapuas mountains in the north, the 
Muller Mountains in the east, and the towering sandstone Madi Plateau in the south. 
With mean annual precipitation of 4231 mm (range 2863–5517) (WorldClim 2018), the 
entire region has a very humid climate, but prolonged droughts can occur, often during 
El Niño years. The wetlands of the Danau Sentarum system receive approximately 25% 
of the annual flood flow of the Kapuas River during the wet season. Conversely, 50% of 
the downstream flow during the dry season originates in these wetlands (Klepper 1994). 
Hidayat et al. (2017) used a combination of satellite remote sensing and observations 
from field campaigns to study the hydrological dynamics of the Kapuas Basin.

For ecology and biodiversity assessments, the Danau Sentarum National Park area has 
received far greater attention compared with the rest of the regency. Since the 1990s, it 
has been an active research site for ecologists researching flora and vegetation (several 
swamp forest types, from forests that are periodically inundated with freshwater to deep 
peat swamp forests; Kerangas and Kerapah), fauna (fish, crocodiles, birds, proboscis 
monkeys and endangered Bornean orangutans), as well as human resource use (honey, 
fisheries, turtles, rattan, timber), culture, and social and environmental economics (see 
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review by Aglionby 2010). In contrast, all the rest of the regency, including the other 
national park, Betung Kerihun, has received very little attention besides the original 
transboundary expeditions and baseline fauna and flora data (Soedjito 1999; ITTO 
2013). The number of tree species in the lowlands and hills is estimated to be around 
1200, encompassing at least 120 species of dipterocarp, numerous palms and orchids, 
which are replaced at higher altitude with the ‘Montane rainforest of the Müller- and 
Upper Kapuas Mountains’ floristic region (Raes 2009). The fauna of the lowlands and 
hills is also very diverse, with 300 species of birds (25 endemic to Borneo), at least 
180 fish species and at least 54 mammals (including 8 primates: Bornean orangutan, 
Müller’s Bornean gibbon, white-fronted surili, maroon leaf monkey, southern pig-tailed 
macaque, crab-eating macaque, Sunda slow loris and Horsfield’s tarsier) (Aglionby 
2010). All the southern hills and mountains had never been surveyed until recently 
(Weihreter 2014; Labrière et al. 2015; Boissière et al. 2017; Laumonier et al. 2020b). 

Ongoing development has introduced changes and brought new pressures, which have 
influenced the long-established interactions between the people and their landscape. 
Oil palm plantations have expanded across West Kalimantan in recent years. They are 
now advancing toward Kapuas Hulu, with the establishment of oil palm plantations 
spreading from the west of the regency, reaching the ‘biodiversity corridor’ between the 
two national parks in the north, and spreading into the south (Yuliani 2010; Leonald 
and Rowland 2016). The potential impact of the growth of oil palm plantations on 
biodiversity and ecosystem functions presents a significant challenge for the regency, 
which is faced with the need to mitigate the impacts of economic development and of 
maintaining ecosystem services, preserving the environmental and social functions that 
they provide. 

As a designated conservation district and MAB zone, the regency government of Kapuas 
Hulu made commitments to conserve its natural resources. However, the challenge will 
be to ensure that this can be done while creating economic development opportunities 
that contribute to poverty alleviation and support the needs of the local population. 
The landscape approach implemented for two of its watersheds (see Chapter 10) will 
facilitate this process.

Conclusion

Biodiversity plays an important role in safeguarding food security, livelihoods and 
human well-being. Thus, incorporating biodiversity into integrated landscape 
management strategies is crucial for reconciling conservation and livelihoods in 
multifunctional landscapes. This requires careful consideration of trade-offs and 
synergies between biodiversity, ecosystem services and livelihoods at both local and 
landscape levels. Use of suitable biodiversity indicators, remote sensing and modeling 
techniques, and citizen science programs can facilitate effective monitoring of a 
biodiversity response to conservation interventions. This can further lead to informed 
decision-making and the sustainable management of landscapes for both biodiversity 
and livelihoods. 
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