


Balancing Development and Ecology: Land Use Change, Biodiversity Loss, and Ecosystem Services in Ghana
ABSTRACT
Land use change is one of the significant drivers of ecosystem degradation and biodiversity loss, with widespread consequences on ecosystem services essential for human livelihood. The role of land use change on biodiversity and ecosystem services is equally vital in Ghana. Forest reserves, wetlands, and savanna ecosystems of the country are vanishing at a high rate as a result of urbanisation, illegal mining (galamsey), agribusiness farming, and infrastructural development. This paper explores the effects of land use change on biodiversity and ecosystem services, based on a case study in Ghana. An extensive search was carried out on major academic databases, such as Scopus, Web of Science, ScienceDirect, PubMed, and Google Scholar,  Through a systematic review of literature between 2005 and 2024, the paper demonstrates how agricultural development, urbanisation, and artisanal mining have all contributed to habitat fragmentation, deforestation, and wetland degradation, and in the process, endangered species diversity and ecological resilience. The findings indicate that these transformations disrupt important ecosystem services such as pollination, water filtration, and climate regulation and eventually undermine food security, livelihoods, and cultural values. The paper underscores the urgent need for integrated land-use planning and biodiversity conservation policy that balances socio-economic development and ecological sustainability. It is recommended to strengthen environmental governance, encourage sustainable agriculture, and rehabilitate degraded ecosystems to safeguard biodiversity and enhance the supply of ecosystem services for generations to come. 
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1. Introduction
Land use change is one of the most potent drivers of species extinction and ecosystem degradation worldwide. As populations and socio-economic demands escalate, landscapes are being altered at an accelerating rate for agriculture, urbanisation, mining, and infrastructure (Foley et al., 2005 & IPBES, 2019). Socio-economic development and population expansion, coupled with long-term ecological imbalances, are further exacerbated by climate variability, erratic rainfall patterns, and sudden flood events, all of which disrupt the stability of ecosystems (Mishra et al., 2024). Such changes fragment natural habitats, decrease species diversity, and degrade the provision of essential ecosystem services like climate regulation, water filtration, pollination, and soil fertility.  Level, land use, and land cover change have been estimated to be responsible for more than 30% of biodiversity loss since the 1970s (Newbold et al., 2015). Deforestation, drainage of wetlands, and the construction of grasslands into croplands or built-up areas fragment ecosystems, undermining ecological network resilience and sustainable development goals (Millennium Ecosystem Assessment, 2005).
In the Sub-Saharan Africa context, land use change has been particularly great due to rapid population growth, weak land governance institutions, and increasing foreign investment in land-hungry activities such as agriculture and mining (Nkonya et al., 2016). The region is endowed with diverse ecosystems such as tropical rainforests, savannas, and wetlands that are high in biodiversity. Yet, these ecosystems are coming under growing threat from deforestation, land degradation, and unsustainable land use (Curtis et al., 2018). To put this into perspective, Sub-Saharan Africa lost more than 3.9 million hectares of forest per year from 2010 to 2020, mainly for smallholder agricultural development and charcoal production (FAO, 2020). These changes not only imperil the existence of many endemic species but also destabilise ecosystem services fundamental to food security, climate resilience, and human health (Orr et al., 2017).
Africa Ecological Footprint Report on Green Infrastructure for Africa’s Ecological Security reviewed that the continent has lost approximately 40% of its biodiversity over the last four decades as a result of land use change. This could have serious implications for human well-being, due to its impact on people’s livelihoods and the services provided (Baidoo et al., 2023). The role of land use change on biodiversity and ecosystem services is equally vital in Ghana. Forest reserves, wetlands, and savanna ecosystems of the country are vanishing at a high rate as a result of urbanization, illegal mining (galamsey), agribusiness farming, and infrastructural development (Kantanka et al., 2022 & Mensah, 2021). Ghana lost almost 1.3 million hectares of forest cover from 1990 to 2020, radically transforming habitat conditions for plants and animals (Global Forest Watch, 2022). This has impacted ecosystem services like flood control, nutrient cycling in soils, and crop pollination, with grave consequences for rural livelihoods and national ecological sustainability (Afele et al., 2022). Policies often prioritize economic growth over environmental protection, creating trade-offs that exacerbate biodiversity loss (Ekpe et al., 2014). This paper investigated the effects of land use change on biodiversity and ecosystem services in Ghana. Specifically, it examined how different land use practices contribute to biodiversity loss and the degradation of ecosystem services, to inform land-use planning and biodiversity conservation policies that support sustainable development.
2. Literature Review
2.1 Overview of Land Use Change
Land use change in Ghana is induced by shifting cultivation, colonial land allocation, and post-colonial policies. In the past, land use was aimed at subsistence agriculture, forest use, and common tenure (Maitima et al., 2009). Colonial policies formalised land registration and promoted cash crops, setting the stage for present changes. Land pressures after independence heightened due to structural change and population growth, leading to deforestation as well as agricultural expansion (Nelson et al., 2009).
In the past decades, the process of land use change in Ghana has accelerated due to urbanisation, agricultural commercialisation, and infrastructural development. Urban growth in Accra, Kumasi, and other urban centers has converted agricultural lands and forest cover into developed land (Godebo et al., 2018). Forest degradation and monoculture plantations like oil palm and rubber have transformed landscapes (Mekuria et al., 2023). Changes in land use are often unguided, leading to habitat fragmentation and reduced ecosystem services (Sisay et al., 2024).
Trends in Ghana reflect those of Sub-Saharan Africa, with unregulated land use change attributed to poverty and weak enforcement (Shah et al., 2022). Advances like remote sensing and GIS have allowed studies to quantify such changes, which have been shown to confirm forest and biodiversity losses (He et al., 2019). Biodiversity is vital to ecosystem resilience, enabling processes like pollination, nutrient cycling, water filtration, and climate regulation (Cardinale et al., 2012 & Díaz et al., 2015). Biodiversity has been cited by research as being fundamental to ecosystem services for human well-being (Balvanera et al., 2006 & Mace et al., 2012). Land use change significantly strains biodiversity. Deforestation due to agriculture, logging, and settlements results in habitat loss, extinction of species, and ecological fragmentation, particularly in forest-savanna transition areas (Appiagyei et al., 2023). In Ghana, this concurs with global evidence that land use change is the primary driver of biodiversity loss, outpacing the immediate effects of climate change (Newbold et al., 2015).
Loss of biodiversity in Ghana impacts ecosystem services. Pollinator losses through intensive farming reduced crop yields (Dainese et al., 2019). Conversion of wetlands has harmed flood regulation and water filtration (Godebo et al., 2018 and Mathewos & Mathewos, 2023). Studies in similar Sub-Saharan nations show provisioning services (e.g., food provision) vs. regulating or supporting services (e.g., soil fertility) trade-offs, with biodiversity loss diminishing ecosystem multifunctionality (Allan et al., 2015 & Felipe‐Lucia et al., 2020). Ghana's sustainable use of land should integrate biodiversity conservation into policy, understanding the interlink between ecological health and socio-economic development (Weeks et al., 2014 & Zari, 2014).
2.2 Effects of Land Use Change on Biodiversity
Habitat Loss and Fragmentation: One of the most direct and widespread effects of land use change on biodiversity in Ghana is habitat loss and fragmentation. As human populations increase and demands for land resources grow, large areas of natural habitats, tropical forests, wetlands, and savannahs have been cleared for agricultural activities, urbanisation, mining operations, and road construction. These alterations significantly decrease the quality, area, and connectivity of habitats that are essential to species richness and ecological processes (Davison et al., 2021; Newbold et al., 2015).
In Ghana, deforestation in high-biodiversity regions, including the Eastern, Ashanti, and Western regions, has been especially pronounced. The Upper Guinea Forest, which was once included in a large and continuous rainforest landscape, has become progressively fragmented due to commercial logging, shifting cultivation, and plantation agriculture, particularly for cocoa and oil palm (Ofori et al., 2024). This fragmentation not only isolates wildlife populations, thereby subjecting them to increased risks of inbreeding and local extinction, but also reshapes species interactions and ecosystem processes (Tscharntke et al., 2005 & Mitchell et al., 2015). In addition, habitat patch destruction is keenly experienced in ecological corridors that permit species migration, gene flow, and access to seasonal resources.  Ankasa and Kakum conservation areas are now bordered by progressively degraded agricultural mosaics, which constrict the range and movement of large mammals, including elephants and primates (Neldner, 2018). Moreover, Mitchell et al. (2015) established that fragmentation causes nonlinear and frequently irreversible declines in the supply of essential ecosystem services, such as water filtration, climate regulation, and carbon storage.
Edge effects, due to the high perimeter-to-area ratios in fragmented landscapes, intensify environmental pressure. Such effects encompass modified microclimates, vulnerability to invasive species, and human-wildlife conflict, all of which diminish the ecological integrity of the habitats left behind (Davison et al., 2021 & Rodríguez-Echeverry et al., 2018). The net result is a landscape that gradually falls under the dominance of anthropogenic land cover types with reduced complexity and biodiversity compared to natural ecosystems. This has important implications not only for species conservation but for long-term ecological system sustainability and the health of individuals in Ghana's vulnerable rural and peri-urban populations (Maitima et al., 2009 & Weeks et al., 2014).
Agricultural Expansion and Intensification: Agricultural expansion in Ghana highly pressures biodiversity. Increasing economy and population size intensify food production and cash crop needs, triggering extensive deforestation to create monoculture plantations and smallholder farms, particularly for cocoa, oil palm, maize, and cassava (Tscharntke et al., 2005 & Flynn et al., 2009). The shift from extensive to intensive agriculture changes ecosystems and simplifies landscapes, eroding habitat diversity that supports varied flora and fauna. Flynn et al. (2009) found that intensification results in species loss and diminished functional diversity, especially among pollinators, soil biota, and seed dispersers. Agrochemical use and sequential cropping have caused loss of soil and biodiversity in Ghana's Ashanti and Brong-Ahafo Regions (Allan et al., 2015 & Ofori et al., 2020). Monocultures produce ecological deserts that harbor few organisms. Allan et al. (2015) explain that increased yields can make landscapes simpler, to the detriment of the multifunctionality of the ecosystem, which supports such essential functions as pollination and nutrient cycling. Full-sun cocoa plantations that have taken the place of agroforestry systems in Ghana contain far fewer bird and insect species compared to shade-grown systems (Dainese et al., 2019 & Galindo et al., 2022).
Agricultural intensification increases water withdrawal, pesticide use, and nutrient pollution that adversely affect aquatic biodiversity and wetland health (Sannigrahi et al., 2018 and Wani & Malhi, 2020). These stressors undermine key ecosystem services for biodiversity and rural livelihoods.
Periodic bushfires from land clearing for agriculture in the Volta Basin and forest-savannah zones of Ghana destroy seedlings, displace wildlife from their habitats, and annihilate fire-sensitive ecosystems (Tscharntke et al., 2005). This produces degraded lands that are less resistant to exploitation and less likely to recover. Ghana's economy and food security depend on agriculture, but at the expense of economic development, threatening biodiversity and ecological integrity in the absence of sustainable land management (Weeks et al., 2014 & Cardinale et al., 2012).
2.3 Overview of Ecosystem Services
Ecosystem services are the advantages humans obtain from natural surroundings, for instance, food and water (provisioning), climate regulation and disease control (regulating), recreation and spiritual values (cultural), and nutrient cycling and soil formation (supporting) that support all the other services (MEA, 2005 & Díaz et al., 2015). One of the main ecosystem service frameworks is the Millennium Ecosystem Assessment (MEA). The MEA classifies these services into four types: provisioning, regulating, cultural, and supporting. These services are essential to human health, economic growth, and resilience to environmental change, and their degradation harms health, economic development, and resilience to environmental change (Díaz et al., 2015 & Cardinale et al., 2012).
In Ghana, ecosystems like forests, wetlands, rivers, and coastal areas are vital to both rural and urban livelihoods. Forests provide wood, medicines, and non-wood products, regulate climate, prevent erosion, and maintain hydrology (Wani & Malhi, 2020 & Ofori et al., 2024). Wetlands like Sakumo Lagoon and Densu Delta provide biodiversity, flood regulation, water filtration, and fisheries. Their economic value is usually overlooked in national accounts, and hence unsustainable land use results. Bateman et al. (2013) argue that incorporating ecosystem services into land-use planning can increase national well-being through the avoidance of environmental degradation. Sannigrahi et al. (2018) valued a loss of $1.21 trillion in ecosystem services worldwide from 1995 to 2015, illustrated using Ghana's deforestation along with wetland conversion.
Biodiversity is instrumental to ecosystem services, facilitating processes like pollination, pest control, and nutrient cycling. Balvanera et al. (2006) state that it improves productivity and stability, ensuring service flow when the environment is under pressure. In Ghana, where humans rely on healthy ecosystems for livelihood and climate resilience, this is crucial. Ecosystem services are linked to cultural and spiritual identities. Sacred groves are cultural and biodiversity hotspots with cultural importance, maintaining traditional ecological knowledge (MEA, 2005 & Tscharntke et al., 2005). Urbanisation endangers these landscapes, compromising the socio-ecological systems that nurture nature and culture. Ghana's ecosystem services are threatened by land use change, overexploitation, pollution, and weaknesses in governance. Rodríguez-Echeverry et al. (2018) promote integrated landscape conservation and planning, while Weeks et al. (2014) promote spatial optimisation for balancing conservation and production.
2.4 Effects of Biodiversity Loss on Ecosystem Services
Biodiversity keeps ecosystem structure and function intact and is fundamental to the ecosystem services that support human well-being (Díaz et al., 2015). Biodiversity loss, meaning reduction in diversity and variability of living organisms at genetic, species, and ecosystem levels, is likely to influence the provision of these services substantially, especially in ecologically vulnerable regions like Ghana (Cardinale et al., 2012).
Decline in Regulating Services: One of the most direct impacts of biodiversity loss is the reduction in regulating services like pollination, pest control, water filtration, climate regulation, and disease regulation. In the agricultural landscapes of Ghana, lowered species diversity of pollinators like bees and butterflies has a direct relationship with lowered productivity in crops (Grab et al., 2019 & Dainese et al., 2019). These results are in agreement with results by Kremen et al. (2002), showing that biodiversity loss in agro-ecosystems diminishes pollination success and food security. Biodiversity also controls pests naturally by maintaining predator-prey interactions. With reduced biodiversity, pest outbreaks become frequent and severe, and the application of chemical pesticides, which degrade both soil fertility and aquatic life, is amplified (Tscharntke et al., 2005 & Flynn et al., 2009). Such a process can be witnessed in the majority of areas in Ghana, where monoculture farming systems with low ecological diversity have manifested in recurrent pest invasions and lowered crop tolerance.
Wetlands and forests that are rich in biodiversity also play a critical role in water purification and regulation. Riparian deforestation and encroachment into wetlands in Ghana have led to sedimentation, water quality loss, and the spread of water-borne diseases (Ofori et al., 2024 & Sannigrahi et al., 2018). The forest biodiversity of the nation's highland catchments also supplies microclimatic control and carbon sequestration, which are lost when species-diverse forests are replaced by plantations or degraded land (Wani & Malhi, 2020 & Díaz et al., 2015).
Erosion of Supporting Services: Underlying primary production, soil formation, and nutrient cycling services are the foundation of ecosystem productivity and stability. Biodiversity plays a central role in maintaining these underlying processes. More diverse plant communities increase soil organic matter accumulation, and the efficiency of nutrient use, and soil animals like earthworms and microbes improve soil aeration and decomposition (Hooper et al., 2005 & Balvanera et al., 2006). Soil fertility loss and local food web collapse have been promoted by land use change and biodiversity loss in Ghana. Loss of mycorrhizal fungi and nitrogen-fixing plants, particularly on very intensive agricultural lands, has rendered the soil productivity low and the reliance on synthetic fertilisers very high (Galindo et al., 2022). These also influence the regenerative potential of ecosystems, restricting their ability to recover after disturbance like fire or drought. Secondly, biodiversity promotes ecosystem resilience to environmental disturbance and change. As suggested by the insurance hypothesis of Loreau et al. (2021), more biodiverse ecosystems are resistant and stable as a result of functional redundancy that enables some species to take up the slack when others are eliminated. This is especially true in Ghana, where land degradation and climate variability are taking an ever-increasing toll.
Cultural and Spiritual Disruptions: Biodiversity also underpins cultural services through the provision of sacred groves, aesthetic landscapes, and indigenous knowledge systems (Adu-Boahen, 2023). Traditional beliefs in Ghana are connected to species and ecosystems, and biodiversity loss has resulted in cultural identity loss and diminished community cohesion (Rai & Mishra, 2024). Sacred groves, which served as in-situ conservation sites, are coming under increasing pressure from urbanisation and agricultural development (MEA, 2005). Loss of keystone species, like some tree species or animals, has spiritual effects on most rural societies, interfering with ceremonies, taboos, and customary ecological management practices. This bio-cultural loss of diversity leads to a diminished sense of belongingness between societies and their environments with long-term consequences for conservation (Díaz et al., 2015 & Tscharntke et al., 2005).
Impacts on Human Well-being and Development: Biodiversity loss undermines the social and economic foundations of development (Koo, 2024). Ecosystem services directly support livelihoods, particularly in agriculture, fisheries, medicine, and tourism (Pueyo-Roy, 2018). As biodiversity is lost, these services become more scarce or costly to replace. The reduced fish diversity in Ghanaian rivers, resulting from habitat degradation and pollution, has impacted local food security and revenues for fishers (Rodríguez-Echeverry et al., 2018). Cardinale et al. (2012) highlighted that the loss of biodiversity impacts not only ecological outcomes, but also human health, economic growth, and disaster resilience capacity. As Ghana develops through urbanisation and industrialisation, biodiversity conservation will assist in attaining sustainable development objectives and long-term ecological resilience.

Figure 1: Land Use Change, Biodiversity, and Ecosystem Services
Source: Authors’ Construct



3. Methodology
This paper employed a systematic review approach to investigating the effects of land use change on biodiversity and ecosystem services with specific reference to the Ghanaian context. The systematic review approach was employed due to its strength in accumulating existing knowledge from various sources based on an explicit and reproducible protocol. The review aimed to determine key environmental and social results of land use change and how these contribute to biodiversity and ecosystem services.
In an attempt to obtain pertinent literature, an extensive search was carried out on major academic databases, such as Scopus, Web of Science, ScienceDirect, PubMed, and Google Scholar, as indicated in Figure 2. The research strategy utilised the application of the following keywords: "land use change," "effects," "biodiversity," "ecosystem services," and "Ghana." The application of Boolean operators was utilised to enhance the search parameters' specificity. Only English-language articles were included, and the search was limited to publications from 2005 to 2024to encompass both older and newer perspectives.
The selection criteria for the studies targeted research that had investigated the effects of land use change on biodiversity and ecosystem services, with a priority on Sub-Saharan Africa's urban areas or other comparable developing world cities. The review incorporated peer-reviewed articles, scholarly books, organisational reports, and empirical case studies. Nonetheless, opinion articles, non-academic literature, research that did not meet the general themes, and duplicate articles were not included in the review.
Following the identification of qualifying studies, data were extracted with the assistance of a structured coding scheme. This included the recording of details about each study's author(s), publication year, research objectives, methodology, key findings, and its applicability to the Ghanaian or African urban experience. This was followed by a thematic synthesis of the data that was extracted. The findings were always classified under two broad dimensions: first, the effects of land use change on biodiversity, including habitat loss and fragmentation, and agricultural expansion and intensification; and second, the effects of biodiversity loss on ecosystem services, including decline in regulating services, erosion of supporting services, cultural and spiritual disruptions, and impacts on human well-being and development, as shown in Figure 1.
Although the systematic review approach guarantees some degree of academicity and comprehensiveness, some limitations were realised. Most notably, there was the risk of publication bias as a result of the restriction of grey literature and non-English sources. Secondly, even though there is increased interest in urban environmental planning in Ghana, empirical studies specific to Ghana remain scarce. This gap highlights the necessity for more localised studies exploring the intricate link between land use change, biodiversity, and ecosystem services in Ghana. Yet the methodological approach taken in this research offers a solid foundation for syntheses of current knowledge and formulating insights that are relevant to both scholars and policymakers. It also enables the identification of key themes and evidence gaps that can guide future research and urban planning initiatives.

Figure 2: PRISMA Flow Diagram
Source: Authors’ construct
3.1 Contextual focus on Ghana
Ghana offers a unique context for examining the interplay between land use change, biodiversity loss, and ecosystem service degradation due to its diverse ecological zones, rapid urban expansion, agricultural intensification, and extractive economic activities. The country’s landscape comprises six major agro-ecological zones, ranging from the coastal savannah and forest belts to the northern savannah, each supporting distinct flora, fauna, and land use patterns (Environmental Protection Agency [EPA], 2016). However, these ecological zones are increasingly under pressure from human-induced land transformations, particularly through agriculture, logging, mining, urbanisation, and infrastructure development (Koranteng, n.d., & Hasan et al, 2020).
Over the last three decades, Ghana has experienced significant land use changes, driven primarily by rapid population growth, increasing demand for arable land, and the expansion of settlements and road networks (Fuseini & Kemp, 2015). This has resulted in the fragmentation of natural habitats, deforestation, and the encroachment on wetlands and protected areas, leading to a marked decline in biodiversity richness and composition (Atieku, 2024). For instance, satellite-based assessments have shown that between 1990 and 2020, Ghana lost over 33% of its primary forest cover, with much of the loss occurring in the Western and Ashanti regions, areas known for high biodiversity value (Global Forest Watch, 2022).
These land use transitions have considerable implications for ecosystem services, including the regulation of climate, water purification, soil fertility, pollination, and food provision, which are crucial for both rural livelihoods and urban resilience (Dumenu & Obeng, 2016; Antwi-Agyei, 2019). The degradation of forest and savannah ecosystems in Ghana not only reduces carbon sequestration capacity but also undermines water catchment protection and increases the vulnerability of communities to climate-related disasters such as floods and droughts (Boafo et al, 2015).
In addition, the proliferation of small-scale and illegal mining activities, locally referred to as galamsey, has become a major land use concern in recent years. These activities have transformed vast tracts of forestland and river basins into degraded, biologically barren landscapes, posing critical threats to both terrestrial and aquatic biodiversity (Hilson et al., 2014). Urban sprawl, particularly in rapidly growing cities like Accra, Kumasi, and Tamale, has further exacerbated biodiversity loss through the conversion of green spaces, wetlands, and peri-urban farmlands into residential and commercial developments (Owusu & Oteng-Ababio, 2014).
Given this context, Ghana provides a relevant and pressing case for examining how land use changes directly and indirectly affect biodiversity and the ecosystem services upon which communities depend. This study, therefore, adopts a case-based approach, drawing on both primary and secondary data, to explore the spatial patterns and socio-environmental impacts of land use change in selected districts representative of Ghana’s diverse ecological and socio-economic settings.
4. Results and Analysis
Tables 1, 2, 3, 4, 5, and 6 summarise the themes of Habitat Loss and Fragmentation, Agricultural Expansion and Intensification, Decline in Regulating Services, Erosion of Supporting Services, Cultural and Spiritual Disruptions, and Impacts on Human Well-being and Development, with relevant articles organised under each theme. Each entry is summarised to provide key insights relevant to land use change on biodiversity and ecosystem services in Ghana.









4.1 Effects of Land Use Change on Biodiversity
Table 1: Habitat Loss and Fragmentation
	Author(s)
	Year
	Objectives
	Methodology
	Key Findings
	Relevance

	Davison et al.
	2021
	To explore the challenges of assembling evidence on land use change and biodiversity
	Review analysis
	Habitat degradation diminishes ecological integrity
	Highlights the need for policy-relevant biodiversity data

	Maitima et al.
	2009
	Examine the land degradation-biodiversity link in East Africa
	Cross-country case study
	Similar patterns of biodiversity loss across Africa
	Regional contextualization for Ghana

	Mitchell et al.
	2015
	Evaluate fragmentation effects on ecosystem services
	Empirical and spatial analysis
	Nonlinear declines in services with fragmentation
	Shows the threshold effects of habitat loss

	Neldner
	2018
	Analyse biodiversity impacts from land use change
	Regional biodiversity assessment
	Agricultural mosaics constrain wildlife range
	Draws parallels between Australian and Ghanaian cases

	Newbold et al.
	2015
	Examine the global effects of land use on biodiversity
	Meta-analysis
	Land use significantly reduces species richness
	Informs global and Ghana-specific conservation efforts

	Ofori et al.
	2024
	Analyse the impacts of land-use activities like cocoa farming
	Field study in Ghana
	Fragmentation disrupts species and corridors
	Emphasises conservation of ecological corridors in Ghana

	Rodríguez-Echeverry et al.
	2018
	Study land use change on Chilean biodiversity
	Landscape ecology analysis
	Edge effects reduce integrity and service provision
	Edge-effect implications for Ghana’s land planning

	Tscharntke et al.
	2005
	Assess how fragmentation affects agro-ecosystems
	Landscape ecological framework
	Fragmentation reduces biodiversity and services
	Informs agricultural policy and land-use planning

	Weeks et al.
	2014
	Identify optimal land-use strategies
	Biodiversity-economic models
	Trade-offs between biodiversity and land use
	Supports landscape-scale decision-making


Source: Authors’ Construct

Table 2: Agricultural Expansion and Intensification
	Author(s)
	Year
	Objectives
	Methodology
	Key Findings
	Relevance

	Allan et al.
	2015
	Analyse the intensification impacts on multifunctionality
	Field experiments
	Multifunctionality is reduced due to biodiversity loss
	Relevant for sustainable intensification in Ghana

	Cardinale et al.
	2012
	Evaluate biodiversity’s role in human well-being
	Meta-analysis
	Biodiversity loss reduces ecosystem stability
	Informs biodiversity-focused land policy

	Dainese et al.
	2019
	Investigate biodiversity’s role in crop production
	Meta-analysis of 89 studies
	Biodiversity boosts pollination & yields
	Emphasises multifunctional agriculture policy

	Flynn et al.
	2009
	Examine diversity loss in intensified agriculture
	Multitaxon analysis
	Functional biodiversity loss impacts resilience
	Confirms ecosystem risk from agricultural change

	Galindo et al.
	2022
	Examine land-use effects on soil and erosion
	Soil biodiversity analysis
	Monocultures reduce key soil organisms
	Underscores the need for agroecological practices

	Ofori et al.
	2020
	Document biodiversity loss from agrochemicals
	Empirical field survey
	Soil degradation and faunal decline are reported
	Supports soil restoration and sustainable farming

	Sannigrahi et al.
	2018
	Estimate global ecosystem service losses
	GIS-based ecosystem service valuation
	Agricultural pollution reduces wetland biodiversity
	Relates to Ghana’s wetland farming zones

	Tscharntke et al.
	2005
	Explore links between agricultural intensification and biodiversity
	Literature synthesis
	Simplified landscapes lower ecosystem services
	Informs agricultural land-use strategies in Ghana

	Wani & Malhi
	2020
	Explore forest services and agro-biodiversity
	Ecosystem services review
	Intensive agriculture weakens ecosystem functions
	Encourages buffer zones around wetlands

	Weeks et al.
	2014
	Identify land use priorities
	Multi-objective planning models
	Yield-focused land use degrades biodiversity
	Supports multifunctional land-use approaches


Source: Authors’ Construct

4.2 Effects of Biodiversity Loss on Ecosystem Services
Table 3: Decline in Regulating Services
	Author(s)
	Year
	Objectives
	Methodology
	Key Findings
	Relevance

	Dainese et al.
	2019
	Synthesise biodiversity benefits for agriculture
	Global synthesis
	Biodiversity increases yield via pollination and pest regulation
	Empirical justification for conservation in farming

	Díaz et al.
	2015
	Examine biodiversity’s role in regulating services
	Millennium Ecosystem Assessment synthesis
	Biodiversity underpins services like pollination, pest control, and water purification
	Provides a global conceptual framework applicable to Ghana

	Grab et al.
	2019
	Analyse the effect of landscape change on pollinators
	Empirical study
	Bee diversity loss reduces pollination services
	Applicable to Ghana’s agroecological zones

	Flynn et al.
	2009
	Examine diversity loss in intensified agriculture
	Multitaxon analysis
	Functional biodiversity loss impacts resilience
	Confirms ecosystem risk from agricultural change

	Kremen et al.
	2002
	Assess native contributions to pollination
	Field experiments
	Biodiversity loss leads to pollination failure
	Highlights the risks of agricultural homogenization

	Ofori et al.
	2024
	Investigate riparian encroachment and wetland degradation in Ghana
	Field assessment
	Land use change impairs water quality and biodiversity
	Direct relevance to wetland conservation in Ghana

	Sannigrahi et al.
	2018
	Estimate global ecosystem service losses
	GIS-based ecosystem service valuation
	Agricultural pollution reduces wetland biodiversity
	Relates to Ghana’s wetland farming zones

	Tscharntke et al.
	2005
	Explore links between agricultural intensification and biodiversity
	Literature synthesis
	Simplified landscapes lower ecosystem services
	Informs agricultural land-use strategies in Ghana

	Wani & Malhi
	2020
	Explore forest services and agro-biodiversity
	Ecosystem services review
	Intensive agriculture weakens ecosystem functions
	Encourages buffer zones around wetlands


Source: Authors’ Construct
Table 4: Erosion of Supporting Services
	Author(s)
	Year
	Objectives
	Methodology
	Key Findings
	Relevance

	Balvanera et al.
	2006
	Quantify evidence on biodiversity and functions
	Meta-analysis
	Functional traits drive nutrient cycling and productivity
	Informs sustainable soil fertility practices

	Galindo et al.
	2022
	Examine land-use effects on soil and erosion
	Soil biodiversity analysis
	Monocultures reduce key soil organisms
	Underscores the need for agroecological practices

	Hooper et al.
	2005
	Provide consensus on biodiversity-ecosystem functioning
	Global review and synthesis
	Diverse ecosystems are more stable and productive
	Supports biodiversity-focused land policy in Ghana

	Loreau et al.
	2021
	Develop the “insurance hypothesis” of biodiversity
	Theoretical review
	Biodiversity provides redundancy and resilience
	Critical for climate change adaptation in Ghana


Source: Authors’ Construct
Table 5: Cultural and Spiritual Disruptions
	Author(s)
	Year
	Objectives
	Methodology
	Key Findings
	Relevance

	Adu-Boahen et al.
	2023
	Investigate traditional beliefs’ role in conservation
	Case study of urban rivers in Ghana
	Cultural identity is tied to biodiversity
	Emphasises integrating local knowledge in conservation

	Díaz et al.
	2015
	Examine biodiversity’s role in regulating services
	Millennium Ecosystem Assessment synthesis
	Biodiversity underpins services like pollination, pest control, and water purification
	Provides a global conceptual framework applicable to Ghana

	MEA (Millennium Ecosystem Assessment)
	2005
	Assess links between ecosystems and human well-being
	Global synthesis
	Sacred groves are informal biodiversity reserves
	Justifies the conservation of Ghana’s cultural landscapes

	Rai & Mishra
	2024
	Explore sacred landscapes in resource management
	Ethno-geographical study
	Biodiversity loss weakens indigenous ecological practices
	Relevant to rural land-use planning in Ghana

	Tscharntke et al.
	2005
	Explore links between agricultural intensification and biodiversity
	Literature synthesis
	Simplified landscapes lower ecosystem services
	Informs agricultural land-use strategies in Ghana


Source: Authors’ Construct
Table 6: Impacts on Human Well-being and Development
	Author(s)
	Year
	Objectives
	Methodology
	Key Findings
	Relevance

	Cardinale et al.
	2012
	Evaluate biodiversity’s role in human well-being
	Meta-analysis
	Biodiversity loss reduces ecosystem stability
	Informs biodiversity-focused land policy

	Koo
	2024
	Review the social and economic effects of biodiversity loss
	Literature review
	Loss affects food security, livelihoods, and health
	Broad application in Ghana’s development agenda

	Pueyo-Ros
	2018
	Explore tourism within the ecosystem services framework
	Conceptual review
	Biodiversity loss affects ecotourism viability
	Economic argument for conservation

	Rodríguez-Echeverry et al.
	2018
	Study land use change on Chilean biodiversity
	Landscape ecology analysis
	Edge effects reduce integrity and service provision
	Edge-effect implications for Ghana’s land planning


Source: Authors’ Construct
Effects of Land Use Change on Biodiversity
Habitat Loss and Fragmentation: Evidence suggests that habitat fragmentation in Ghana, and more specifically in the Upper Guinea Forest, drives biodiversity loss. Ofori et al. (2024) documented that agriculture and logging fragment habitats and disrupt ecological corridors. Davison et al. (2021) refer to a gap in international evidence but corroborate fragmentation as one of the main threats. Mitchell et al. (2015) recognise that fragmentation causes nonlinear, often irreversible declines in ecosystem services, while Tscharntke et al. (2005) emphasise its impact on species dynamics in agricultural landscapes. The difference reflects the multifaceted impacts of fragmentation from forests to agricultural landscapes. Fragmentation effects are land use history- and policy-dependent, Neldner (2018) and Maitima et al. (2009) contend. Ghana's conservation issues reflect East African trends more generally in favour of adaptive biodiversity policy. Literature suggests that fragmentation reduces ecological function by fragmenting habitats (Mitchell et al., 2015), causing edge effects (Rodríguez-Echeverry et al., 2018), and exacerbating human-wildlife conflict (Davison et al., 2021). The issue is rampant in Ghana's protected areas like Kakum and Ankasa, with heightened encroachment (Ofori et al., 2024).
Agricultural Expansion and Intensification: Flynn et al. (2009) and Allan et al. (2015) both affirm that intensification leads to loss of biodiversity and reduced multifunctionality of agroecosystems. They are echoed in the Ghanaian situation by examples of monoculture cocoa farms taking over from biodiverse agroforestry systems (Galindo et al., 2022). Whereas Tscharntke et al. (2005) focus on landscape-scale impacts and functional diversity in African and European agro-ecosystems, Dainese et al. (2019) present a global meta-perspective demonstrating that biodiversity enhances productivity. Ghana-specific research by Ofori et al. (2020) and Sannigrahi et al. (2018) provides local specificity, encompassing soil health and pollution effects. Galindo et al. (2022) argue that agricultural biodiversity loss impacts not only above-ground species; the below-ground impact on soil fauna and structure is equally debilitating. This is a vital argument to Ghana, where soil degradation is on the rise. The literature is in consensus that agricultural intensification, as important as it is to food security, compromises ecosystems if not sustainably implemented. The case of Ghana's shift from shade-grown to full-sun cocoa illustrates this difficulty (Dainese et al., 2019 & Weeks et al., 2014). A compromise between intensification and nature conservation is thus necessary.
Effects of Biodiversity Loss on Ecosystem Services
Decline in Regulating Services: Díaz et al. (2015) and Grab et al. (2019) both refer that biodiversity enables essential regulating services like pollination and pest control. This applies in Ghana because a decline in pollinator species translates to less productivity of crops (Ofori et al., 2024). Kremen et al. (2002) note indigenous pollinators in American agriculture, while Dainese et al. (2019) translate to a global synthesis with lower yields in low-diversity farms. Flynn et al. (2009) further note that decreased natural pest control implies more pesticide use, also reported in Ghana. Sannigrahi et al. (2018) contend that regulating services are location-specific, and more degradation occurs in urban and peri-urban areas, a feature which is pronounced in Ghana's rapidly expanding urban areas. There is agreement that regulating services declines with the loss of biodiversity. In Ghana, this is also compounded by land use transitions that result in the loss of predators' and pollinators' habitats, with attendant ecological and economic losses.
Erosion of Supporting Services: Hooper et al. (2005) and Balvanera et al. (2006) validate that biodiversity enhances nutrient cycling and productivity. Intensive agriculture in Ghana degrades these supporting services, as indicated by Galindo et al. (2022). Loreau et al. (2021) provide a theoretical approach, the "insurance hypothesis", whereby diverse systems are more stable. This is juxtaposed with empirical research such as Ofori et al. (2024) demonstrating specific biophysical effects such as decreased microbial diversity. One of the literature gaps is the socio-economic valuation of these supporting services. Although the ecological processes are well understood, there has to be more research on how economically relevant they are in the Ghanaian situation. It is generally accepted that biodiversity underpins underlying ecosystem functions. In Ghana, soil-based service degradation threatens the long-term viability of agriculture.
Cultural and Spiritual Disruptions: Adu-Boahen et al. (2023) also agree that the biodiversity of Ghana has deep cultural roots. Rai & Mishra (2024) also speak of the spiritual value of ecosystems in favour of the Millennium Ecosystem Assessment (2005) views. Díaz et al. (2015) refer to the same services as the "cultural services," whereas Tscharntke et al. (2005) emphasise less cultural and more ecological feedback. In spite of ample cultural literature, there are limited studies that explore how modernisation dissolves such services. Urbanisation and agricultural expansion (Ofori et al., 2024) dissolve sacred groves and taboos earlier that ensured biodiversity conservation. Dissolution of biodiversity dissolves traditional ecological knowledge systems and spiritual life in Ghana, dissolving norms and practices of conservation.
Impacts on Human Well-being and Development: Koo (2024) and Cardinale et al. (2012) highlight that biodiversity loss impacts food security, economic stability, and health. Rodríguez-Echeverry et al. (2018) refer to parallel trends in South America mirroring those found in Ghana's freshwater ecosystems. Pueyo-Ros (2018) is a tourism specialist, a topic less highlighted by others, but so vital to Ghana's forest reserves. His research complements ecological viewpoints by providing economic justification for biodiversity conservation. Limited Ghanaian data quantifies the economic and health losses to biodiversity degradation. Qualitative research, however, affirms that the fisherfolk, farmers, and indigenous communities are the worst affected (Ofori et al., 2024; Díaz et al., 2015). The interlinkages between biodiversity, livelihood, and development are clear. Biodiversity is not a luxury but a staple on the menu of Ghana's development, which should be sustainable.


5. Conclusion  
This paper illustrates that land cover change, triggered largely by agriculture, urbanisation, and illegal mining, significantly threatens biodiversity and ecosystem services in Ghana. Habitat loss and fragmentation, especially in threatened biomes like the Upper Guinea Forest and wetlands, are driving species to extinction and deteriorating ecosystems. Expansion of agriculture for cash crops such as cocoa and oil palm has substituted agroforestry ecosystems with diversity for monocultures, degrading soil fertility and pollinator populations. Loss of biodiversity imperils key ecosystem services, pollination, water filtration, nutrient cycling, and climate regulation, critical to food security, health, and economic stability. Ecosystem service loss impacts traditional livelihoods and human well-being. Land transformation destroys sacred groves and critical landscapes that eliminate traditional ecological understanding and community cohesion. Monetary losses from ecosystem degradation in Ghana manifest as reduced agricultural yields, increased climate exposure, and reduced tourism and fisheries income. These incidents demonstrate a trade-off between short-term expansion and long-term viability.

Recommendation
Ghana needs to urgently reorganise land use management to integrate biodiversity conservation into national planning. Biodiversity mapping and ecosystem service appraisal have to be embedded in land allocation in spatial planning to prevent ecological degradation. Environmental institutions' enforcement capacity has to be enhanced to deal with illegal mining, deforestation, and wetland encroachment. They should encourage sustainable techniques like agroforestry, crop rotation, and organic inputs in order to preserve productivity and biodiversity. Ecological restoration of degraded ecosystems includes reforestation, wetland restoration, and ecological corridors for species migration. Community involvement through participatory planning and education at the local level will preserve traditional knowledge and enhance stewardship. Urban planning needs to prioritise conservation of green spaces and biodiversity hotspots for ecological health. More localised data on biodiversity patterns, ecosystem services, and socio-economic impacts are needed. This will enable evidence-based policy and inform conservation priorities. Ghana can balance development and ecological integrity for sustainable human-nature interactions through an integrated land use and biodiversity management approach.
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