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A B S T R A C T

Food systems are central to human well-being and food security, but are also major drivers of biodiversity loss 
through deforestation, land conversion, monoculture, and intensive agrochemical use. Guided by One Health 
philosophy and aligned with the One Food Programme, this study assesses biodiversity risks associated with 
African food systems. A bibliometric and narrative review of nearly 12,000 peer-reviewed studies was conducted 
to examine research trends, hazards, risks, impacts, and adaptation strategies related to biodiversity and agri
culture in Africa. Results show increase on agriculture–biodiversity linkages since 2001, although, African re
searchers remain underrepresented and geographic coverage is uneven. Research is concentrated on terrestrial 
systems, while aquatic food systems, including fisheries and aquaculture, receive comparatively limited atten
tion. Biodiversity risks linked to post-production stages of food systems, such as processing and distribution, are 
poorly studied. The findings further indicate that unsustainable intensification contributes to soil degradation, 
biodiversity loss, and declining ecosystem services, whereas practices such as agroforestry, intercropping, con
servation agriculture, and integrated aquaculture can support resilience and sustainability. The study identifies 
major research gaps and highlights the need to integrate biodiversity risk indicators into the One Food Risk Tool 
to support evidence-based policies for sustainable and resilient food systems in Africa.

1. Introduction

The One Health philosophy is grounded in the interconnected pillars 
of human, environmental, animal, and plant health, meaning that 
problems affecting one can influence the others [1]. Within this broader 
framework, the One Food Programme focuses specifically on food sys
tems and their sustainability, resilience, and implications for health and 
environmental integrity.. Within this framework, biodiversity forms a 
key component of environmental health because of its essential role in 
maintaining ecosystem functions, food security, and sustainable food 
production. As food systems depend heavily on natural ecosystems, the 
One Food approach supports efforts to address land degradation, 
biodiversity loss, water stress, pollution, and climate change through 
resilient and sustainable agricultural practices [1]. In this study, the One 
Food approach provides a framework for understanding how biodiver
sity risks emerge across food systems and how these risks affect envi
ronmental sustainability, food security, and human well-being. Despite 
increasing recognition of biodiversity loss as a major sustainability 

challenge, there is still limited consolidated evidence on how biodiver
sity risks linked to agriculture have been studied across Africa. Existing 
studies are often fragmented across disciplines, regions, and food system 
components, making it difficult to identify dominant research themes, 
emerging trends, and critical knowledge gaps. This study therefore uses 
bibliometric and narrative approaches to systematically examine 
research patterns, biodiversity risks, impacts, and response strategies 
associated with African food systems.

The global population is projected to reach 9.7 billion by 2050 [2]. 
Meeting the growing demand for safe, nutritious, and healthy food will 
require production to increase by >50% above 2012 levels [1,2]. While 
increasing food production to meet future food needs, it also raises 
concerns about the sustainability of natural resource use and the 
growing pressure placed on biodiversity and ecosystem services. Rising 
evidence shows that this increased demand for natural resources can 
drive unsustainable use and overexploitation, threatening biodiversity 
and ecosystem functioning [3,4]. Biodiversity at genetic, species, and 
ecosystem levels is critical for ecosystem function and resilience, 
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including agricultural production systems [5,6]. Anthropogenic activ
ities such as habitat destruction, land degradation, invasive species, and 
land-use change are major drivers of biodiversity loss and ecosystem 
alteration [7–9]. In regions such as China, India, and Southeast Asia, 
nearly two-thirds of mammals are threatened with extinction [10]. 
These trends highlight the potential consequences of unsustainable 
development pathways, which are also increasingly relevant to Africa as 
population growth and food demand continue to rise if conservation is 
not prioritised [11,12]. In food systems, both direct and indirect drivers 
of biodiversity loss occur at multiple levels of the value chain including 
production, processing, distribution, consumption, and disposal [10]. 
Population growth and shifting dietary preferences will further fuel 
demand, while biodiversity loss amplifies sustainability challenges in 
agriculture [12].

Food system activities including habitat loss, species over
exploitation, pollution, climate change, and the introduction of invasive 
alien species place severe stress on biodiversity [13]. Expansion of 
agricultural land, especially through forest conversion for croplands and 
pastures, remains the most significant driver globally [14]. Intensive 
practices such as monocropping and heavy use of pesticides and fertil
izers also contribute to declines in pollinators, soil organisms, and 
freshwater biodiversity [15]. Livestock, fisheries, and aqua-culture add 
to the risks through land-use change, overfishing, and pollution [16].

The biodiversity impacts of food systems also carry social, economic, 
and environmental risks. Loss of biodiversity undermines ecosystem 
services vital for food security, including soil fertility, pest control, 
pollination, forage production, and water regulation [17,18,10]. 
Ecosystem degradation heightens vulnerabilities for indigenous com
munities, rural populations, and smallholder farmers who rely directly 
on biodiversity for livelihoods [19]. It also increases the exposure of 
food production systems to climate shocks and pests, disrupting global 
food supply chains [20].

To minimize these impacts while ensuring food security, effective 
mitigation and adaptation strategies are needed. Potential pathways 
include agroecological approaches, sustainable resource use, landscape- 
level conservation, and diversified production systems [21]. Policy in
terventions, market-based incentives, and consumer shifts toward sus
tainable diets and sourcing can further enhance sustainability [22,23]. 
Technological innovations such as precision agriculture, alternative 
proteins, and conservation of genetic resources offer opportunities to 
simultaneously reduce biodiversity loss and increase productivity [24].

In line with One Health, the One Food Programme was established to 
embed these principles into food systems by identifying risks to human, 
animal, and environmental health and using them to guide responses 
that enhance food safety and system-wide health. Its framework rests on 
three interconnected pillars of human, animal and plant, and environ
mental health, highlighting the interdependence of food systems, peo
ple, ecosystems, and living organisms. This integrated approach 
balances improved nutrition and food safety (human health), protection 
of natural resources and biodiversity (environmental health), and the 
welfare of animals and plants to achieve sustainability. Sustainability 
here refers to meeting present needs without compromising future 
generations, balancing environmental, social, and economic consider
ations for resilience and equity.

The concepts of hazards, risks, impacts, and adaptation and mitiga
tion are key to assessing biodiversity risks in agriculture [25]. Hazards 
are potential sources of harm to biodiversity from food system activities 
or environmental factors, while risk is the likelihood of a harmful event 
such as population decline or species loss multiplied by its consequences 
[26]. For example, excessive pesticide use in farming can act as a hazard 
by threatening pollinator populations, increasing the risk of reduced 
pollination services and lower crop productivity. Climate change in
tensifies risks by disrupting growing seasons, increasing extreme 
weather events, and altering pest and disease patterns, thereby threat
ening biodiversity. Impacts are the realized consequences of these risks 
[27]. To address these challenges, adaptation and mitigation strategies 

are developed and implemented. Adaptation strategies adjust agricul
tural practices to cope with risks, such as using climate-resilient crops, 
restoring habitat corridors, or diversifying farming systems [28]. Miti
gation strategies aim to reduce underlying drivers of biodiversity loss 
[29].

A key objective of the One Food Programme is the development of 
the One Food Risk Tool, designed to integrate biodiversity risks into food 
system assessments. The One Food Risk Tool is intended to support 
evidence-based decision-making by identifying and assessing risks 
affecting environmental, animal, plant, and human health across food 
systems. Given the complex interactions between biodiversity and food 
systems, this study applies bibliometric and content analysis to examine 
how agricultural activities affect biodiversity, the associated risks and 
impacts, and potential adaptation and mitigation strategies in the Afri
can context. It addresses three questions: What key biodiversity risks are 
associated with agricultural activities? How do these risks vary across 
Africa’s agricultural systems? Which strategies are most effective in 
conserving biodiversity and strengthening ecosystem resilience in agri
cultural landscapes?

2. Materials and methods

2.1. Bibliometric analysis

This study adopted a qualitative approach to review trends, gaps, 
and emerging research priorities related to biodiversity risks in African 
agriculture. Two complementary methods were applied. First, a biblio
metric analysis of peer-reviewed literature was conducted to identify 
publication trends, geographic patterns, influential authors, institutions, 
and thematic developments. Second, a narrative literature review was 
used to interpret and synthesize the key themes, common findings, and 
research gaps identified through the bibliometric analysis. Scopus was 
selected because it provides broad multidisciplinary coverage, stan
dardized citation information, and compatibility with bibliometric 
software tools [30,31]. However, reliance on a single database and 
English-language publications may have excluded relevant studies 
indexed elsewhere or published in other languages, particularly from 
Francophone and Lusophone African countries.

The search was restricted to peer-reviewed articles, review papers, 
and conference proceedings in English, with no date limits, to capture 
long-term trends. Only studies addressing hazards, risks, and impacts of 
food system activities on biodiversity were included. The review focused 
on Africa due to its biodiversity hotspots under pressure from agricul
tural expansion. The search targeted studies on biodiversity hazards, 
risks, impacts, adaptation, and mitigation in African food systems. 
Boolean operators (AND/OR), wildcards (*), and quotation marks were 
applied across titles, abstracts, and keywords (Table S1). The search 
returned 13,242 publications: 11,892 research articles, 856 reviews, and 
494 conference papers. Only research articles were retained for analysis 
to ensure consistency in the type of evidence assessed and to focus on 
original empirical research. Review articles and conference papers were 
excluded because they may contain synthesized findings, preliminary 
results, or limited methodological detail. Metadata (titles, abstracts, 
authors, journals, years) were exported from Scopus in CSV format. The 
bibliometric analysis was conducted using the full set of 11,892 research 
articles. From this dataset, a smaller subset of studies was later selected 
for the narrative review through additional screening based on rele
vance, citation frequency, publication year, and thematic alignment 
with the five analytical domains.

Spatial distribution of studies was mapped using R v.4.4.33 [32]. 
Automated text mining extracted country names from titles and ab
stracts, matched against a predefined list of 54 African countries. Studies 
covering multiple countries were disaggregated to assign counts per 
country, and results were visualised in Excel maps. VOSviewer (v.1.2.4) 
was used for co-authorship and keyword co-occurrence analyses to 
identify collaboration patterns and major research themes [33,34]. 
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Keyword analysis (threshold ≥5 occurrences) generated 6771 terms, of 
which 557 relevant keywords were retained after removing duplicates, 
combining synonyms, and excluding generic terms. Network maps were 
then used to identify clusters related to hazards, risks, impacts, adap
tation, and mitigation. Broad terms such as biodiversity, agriculture, 
fisheries) were excluded to improve interpretability. Outputs were 
further visualised in R using dplyr, ggplot2, and viridis [35]. Total Link 
Strength (TLS) was used to assess the strength of keyword connections, 
while average publication year highlighted emerging research themes.

2.2. Narrative literature review

To examine how biodiversity risks are addressed in agricultural 
research, the literature database was systematically assessed to identify 
articles for narrative review. The review was guided by the bibliometric 
analysis, which highlighted prominent keywords across 11,892 publi
cations, grouped into five domains: hazard, risk, impact, adaptation, and 
mitigation. Articles were screened for relevance to these domains, with 
priority given to highly cited and recent studies (mainly from the past 
five years). This ensured focus on evidence showing how biodiversity 
risks are framed in food systems, while capturing emerging themes, 
gaps, and trends in African contexts.

The review followed two steps. First, papers were screened by cita
tion frequency, with a cutoff of 100 citations to ensure inclusion of 
influential work. While this approach may favour older studies with 
longer citation histories, more recent studies published between 2020 
and 2024 were also included to capture emerging developments. Sys
tematic reviews were retained for their rigor and comprehensive syn
thesis, and older foundational papers were included where relevant. 
Additional criteria included alignment with the five domains, African 
focus, and availability in English. Abstracts and full texts were manually 
screened. Studies were excluded if they lacked a clear focus on biodi
versity risks in African food systems, did not address at least one of the 
five analytical domains, or provided insufficient methodological or 
contextual information relevant to the review objectives. In total, 209 
articles met the criteria, covering themes such as agriculture and 

biodiversity, land-use change, climate change, risks, impacts, and 
adaptation. These papers were qualitatively analysed to identify 
emerging trends, theoretical frameworks, methodological approaches, 
and regional gaps in biodiversity risk research. Table S2 shows all the 
articles that were reviewed.

3. Results and discussions

The results are organised into four parts: publication trends, key 
biodiversity risks and hazards, their impacts on biodiversity, and po
tential solutions. The analysis highlights major themes, gaps, and 
emerging issues, with particular focus on adaptation and mitigation 
strategies to address biodiversity risks from agriculture.

3.1. Temporal and spatial publication trends

Between 2001 and 2025, scholarly output on biodiversity risks in 
agriculture grew significantly, with 2024 (n = 1120; 8.5%) being the 
most prolific year (Fig. 1a). This surge reflects rising awareness of the 
environmental impacts of unsustainable agriculture, particularly biodi
versity loss and declining productivity from land degradation [6,36]. 
Other contributing factors include the expansion of international 
research collaborations, the role of NGOs in promoting sustainable 
practices, government and NGO prioritisation of biodiversity conser
vation, and the need for scientific evidence to inform policy integration 
[37].

By contrast, the period 1928–1964 recorded the fewest articles, with 
only one per year (<0.01%). These early studies helped establish the 
foundation for future research by highlighting links between agricul
tural practices and biodiversity loss. Over time, evidence showed that 
human activities such as agriculture could disrupt ecosystems and 
contribute to biodiversity decline [38]. Although protecting agricultural 
land became increasingly important, policy implementation remained 
limited due to financial, institutional, technical, and political constraints 
[39].

The percentage growth rate shows an average annual increase of 

Fig. 1. (a) Annual scientific research publications on key biodiversity risks associated with food system activities in Africa (1928–2025) and (b) top 27 disciplines 
featured. Database used: Scopus.
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31.83% in publications between 1928 and 2025, reflecting rising envi
ronmental concerns. Overall, the number of articles on biodiversity risks 
from agriculture in Africa has risen exponentially (Fig. 1a). Agricultural 
and Biological Sciences (n = 7953) and Environmental Science (n =
6398) dominate research output, followed by Earth and Planetary Sci
ences (n = 1889) and Social Sciences (n = 1737). Biochemistry, Genetics 
and Molecular Biology (n = 999) and Medicine (n = 767) also 
contribute. In contrast, Dentistry (n = 1), Health Professions (n = 4), and 
Psychology (n = 11) show minimal engagement (Fig. 1b). These trends 
highlight a strong focus on environmental and sustainability research, 
while the lower representation of social sciences and health-related 
disciplines may reflect the traditional framing of biodiversity loss as 
primarily an ecological issue rather than a broader socio-economic and 
public health challenge.

3.1.1. Most relevant journals
The bibliometric analysis showed a wide distribution of publications 

across journals, with key outlets in environmental science, ecology, and 
sustainability. Among the top 20, PLOS One published the most articles 
(n = 192), followed by African Journal of Ecology and Agriculture, Eco
systems and Environment (n = 170 each), reflecting strong emphasis on 
ecological and agricultural sustainability. Other leading journals include 
Agroforestry Systems (n = 154), Biological Conservation (n = 142), and 
Land Degradation and Development (n = 136), highlighting sustained 
interest in conservation and land management. Sustainability 
Switzerland (n = 134) and Biodiversity and Conservation (n = 128) also 
contributed substantially. Broader interdisciplinary engagement is seen 
in Science of the Total Environment (n = 119), Environmental Monitoring 
and Assessment (n = 125), and African Journal of Marine Science (n =
108). Journals with fewer but notable contributions include South Af
rican Journal of Botany (n = 73), Hydrobiologia (n = 75), and ORYX (n =
76), which focus on botany, aquatic ecosystems, and biodiversity con
servation, respectively (Fig. 2).

3.1.2. Regional trends and co-authorship analysis in African studies of 
biodiversity in food systems

Country-level analysis shows that biodiversity research in food sys
tems is highly uneven across Africa, with South Africa, Ethiopia, and 
Kenya emerging as leading hubs (Fig. 3). In contrast, many Central and 

West African countries show far lower output in this English-language 
review (Fig. 3a & b). This disparity reflects differences in institutional 
capacity, funding, language barriers, and academic infrastructure. In 
particular, the dominance of French in parts of Central and West Africa 
may limit the visibility of research in predominantly English-indexed 
databases and scientific networks. Density visualisation reinforces this 
pattern, with bright yellow clusters marking areas of high research in
tensity. South Africa is the most prolific contributor, followed by 
Ethiopia, Kenya, and Nigeria, while much of North and Central Africa 
shows limited activity.

The co-authorship network highlights strong collaborations among 
scholars in South Africa, Ethiopia, Kenya, and Nigeria, which appear as 
central nodes with extensive partnerships across the continent. Research 
active nations show denser linkages, reinforcing their role as key drivers 
of African scholarship. Temporal analysis from 2000 to 2024 shows an 
upward trend in collaborations, with new partnerships emerging in 
recent years, indicated by lighter shades in Figure 3(c).

The co-authorship network, as illustrated in Fig. 4, consisted of 28 
distinct clusters, with an average publication year of 2010. Prominent 
researchers such as Brice Sinsin, Jan Nyssen, Andreas Buerkert, and 
Mitiku Haile appeared as central nodes in the network, reflecting their 
extensive collaborative efforts across multiple research domains. These 
key authors play a significant role in shaping research discourse and 
fostering interdisciplinary partnerships within this field of biodiversity 
and food systems.

3.2. Keywords co-occurrence analysis

The keyword co-occurrence analysis identified four thematic clusters 
in biodiversity risk research related to agriculture (Figure 5; Table 1). 
Central themes include biodiversity loss, land-use change, and climate 
change, reflecting the focus on the ecological consequences of terrestrial 
agricultural expansion. Related terms such as deforestation, soil degra
dation, and habitat fragmentation reinforce the impacts of agricultural 
growth on ecosystems. The analysis also revealed emerging topics 
forming peripheral clusters. The interconnectedness of keywords points 
to a multidisciplinary approach combining conservation science, sus
tainable agriculture, and environmental policy. These patterns highlight 
the growing recognition of biodiversity risks in agriculture and the need 

Fig. 2. The top 20 scientific journals on key biodiversity risks associated with agricultural activities in Africa.
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for integrated response strategies.
In African literature, keywords linked to aquaculture and fisheries 

are scarce, suggesting that biodiversity risks in aquatic food production 
have received limited attention. Weak or absent connections to terms 
such as marine biodiversity, overfishing, and coastal ecosystems further 
highlight a research gap on the impacts of aquaculture and fisheries in 
Africa. This gap is an important finding given the increasing global 
reliance on both terrestrial and aquatic resources (e.g. [40]). By 
contrast, extensive research on fisheries, aquaculture, and biodiversity 
exists in Europe, the Americas, and Asia [41]. These findings demon
strate the need for greater research attention to aquatic food systems 
within biodiversity risk assessments in Africa.

Beyond aquatic systems, the analysis also revealed several other 
underexplored areas in biodiversity risk research. Limited attention has 
been given to biodiversity risks associated with food processing, distri
bution, consumption, and waste management stages of food systems, 
despite their growing environmental impacts. Socio-economic 

dimensions, including gender, livelihoods, indigenous knowledge sys
tems, and public health implications, also remain insufficiently inte
grated into biodiversity risk assessments. In addition, research is 
unevenly distributed across Africa, with relatively limited studies from 
Central and North Africa, highlighting important geographic and insti
tutional gaps.

Based on total link strength (TLS), the main agricultural hazards and 
risks to biodiversity include ranged from irrigation, forestry or planta
tions, water pollutants, land-use change, deforestation, fertilizers, pes
ticides, soil pollutants, to agricultural intensification (Fig. 6a, b). 
Emerging research increasingly focuses on water and soil pollutants. 
Irrigation alters hydrological cycles and threaten both aquatic and 
terrestrial biodiversity, while fertilizers and pesticides introduce chem
ical pollutants into soil and water ecosystems. Deforestation and land- 
use change drive habitat loss and fragmentation, and plantations 
contribute to landscape homogeneity. Although agricultural intensifi
cation can enhance productivity and food security, it often promotes 

Fig. 3. Geographic distribution of research activity and co-authorship networks in Africa. (a) study counts per country, (b) research density visualisation, and (c) co- 
authorship network between countries, showing collaboration patterns and their evolution from 2014 to 2018.
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monocultures that reduce biodiversity. Fertilizer and pesticide runoff 
pose major threats to aquatic systems [42]. Soil erosion reduces land 
productivity and degrades downstream water bodies [43]. Water supply 
challenges, including depletion and contamination, are now global 
concerns. Runoff contributes to sedimentation and pollutant transfer, 
while salinity reduces soil fertility [44]. Climate change compounds 
these risks by altering rainfall patterns, water availability, and land 
stability.

Frequently reported impacts include declines in water quality, spe
cies richness, species diversity, ecosystem services, food security, soil 
fertility, soil microbiology, and soil quality (Fig. 6c). Water quality de
clines through sedimentation, nutrient loading, and chemical pollution 
[45]. Reduced species richness and diversity reflect biodiversity loss 
caused by habitat change and chemical exposure [46]. Deterioration of 
ecosystem services threaten food security, while declines in soil fertility, 
microbiology, and quality jeopardize both agricultural productivity and 
ecological functioning [47].

Adaptation strategies include agroforestry, water management, 

sustainable agriculture, agroecology, bioremediation, and pest control 
(Fig. 6d). Agroforestry, the most emphasized strategy, integrates trees 
into farming systems to improve biodiversity and resilience [48]. Sus
tainable agriculture and agroecology support biodiversity-friendly 
practices, while improved water management reduces environmental 
stress (Geoffroy [49]). Bioremediation, an emerging theme, employs 
natural processes to detoxify soils and waters contaminated with pesti
cides and heavy metals, and integrated pest management reduces reli
ance on chemicals.

Mitigation measures include environmental monitoring, environ
mental protection, conservation, remote sensing, and fisheries man
agement (Fig. 6e). Environmental monitoring, the most frequently noted 
and emerging theme, supports evidence-based decision-making. Con
servation initiatives aim to safeguard habitats and species, while policies 
on environmental protection regulate harmful practices. Remote sensing 
enables large-scale monitoring and assessment, and fisheries manage
ment is critical to maintaining aquatic biodiversity.

3.3. Hazards of food systems activities to biodiversity

Evidence shows that agricultural practices can generate both nega
tive and positive impacts on biodiversity and the environment. Policies 
aimed at achieving agricultural productivity and environmental sus
tainability often involve trade-offs. For example, intensive farming can 
boost yields but cause habitat loss, soil degradation, and pollution, 
undermining ecological resilience. Tensions may also arise between 
local communities dependent on natural resources and conservation 
agencies implementing biodiversity protection measures. Policies 
therefore need to strengthen practices with positive biodiversity co- 
benefits while minimizing harmful impacts. Biodiversity degrading 
food system practices remain the major concern, contributing to habitat 
loss, pollution, and species decline.

The keyword network visualization (Fig. 7a) shows forestry linked to 
deforestation, agroforestry, land-use change, carbon, soils, crop 

Fig. 4. Co-authorship links in African studies on biodiversity in food systems.

Table 1 
Some of the cluster relationship keywords.

Cluster # Keywords in the cluster

Cluster 1 (red) Biodiversity, deforestation, habitat fragmentation, intercropping, 
land degradation, tillage, land use change, management practices, 
manure, microbial activity, monocultures, overgrazing, 
overfishing, rangeland expansion, tillage

Cluster 2 
(green)

lake pollution, river pollution, salinisation, sedimentation, water 
contamination, water physicochemical properties, water pollution

Cluster 3 
(blue)

Algal bloom, fisheries management, groundwater pollution, heavy 
metals, industrial wastewater, marine pollution, sewage, soil 
erosion, soil pollution, soil fertility degradation, water erosion

Cluster 4 
(yellow)

agricultural robots, agricultural workers, animal husbandry, 
climate change, disease carrier, genetic differentiation, invasive 
species, leaching, tree planting, toxicity, shifting cultivation, 
weathering
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cultivation, climate change, biodiversity, species richness, species di
versity, ecosystem services, and land cover. Most studies associate 
forestry and agriculture with negative biodiversity impacts, particularly 
through monocultures and unsustainable land-use practices [50]. 
However, practices such as agroforestry can improve biodiversity out
comes [51]. Land-use change associated with forestry, including defor
estation and overgrazing, often replaces diverse vegetation with 
monocultures, contributing to soil erosion, habitat loss, and biodiversity 
decline. Rural household activities such as farming, timber harvesting, 
and firewood collection may further influence these dynamics, partic
ularly where soil degradation, climate pressures, or market incentives 
encourage agricultural expansion.

Africa’s rapid urbanization and population growth have intensified 
competition for land, leading to widespread forest-to-agriculture con
version with severe biodiversity consequences [52]. Land-use decisions 
may also be influenced by limited conservation incentives [53] and 
governance challenges such as policy implementation constraints, 
stakeholder exclusion, and limited gender integration [54,55]. Refor
estation by farmers remains limited without state support [56]. In many 
cases, forest conservation is treated as a public responsibility requiring 
government investment, whereas agriculture is primarily managed at 
the private level.

Links to carbon and climate change show how deforestation disrupts 
carbon cycles by reducing natural sinks [57]. Agriculture contributes 
about ±12% of global GHG emissions through deforestation, crop 
cultivation, and livestock production [58]. Overgrazing accelerates 
desertification and biodiversity loss [22], while climate variability re
duces cereal yields by 5–16% [59] and may threaten 17–35% of species 
with extinction in the coming century [60].

Positive pathways also exist. Agroforestry improves soil health, 
carbon sequestration, biodiversity, and livelihoods [61,51]. Figure 7(b) 

and 7(d) link land-use change to biodiversity loss, climate change, soil 
degradation, and declining ecosystem services. Habitat fragmentation 
reduces suitable habitats, genetic diversity, and species abundance [62]. 
With over 77% of Earth’s land already altered, fragmentation increases 
extinction risks [62].

Agriculture also facilitates invasive and alien species introductions, 
altering soil, vegetation, and fire regimes [63,64]. Exotic crops, live
stock, and fish can outcompete native species, triggering 
difficult-to-reverse ecosystem changes [65–67]. Figure 7(c) links irri
gation to water pollutantion, wastewater, and groundwater challenges. 
Poor irrigation practices reduce water quality and disrupt wetlands and 
rivers [68,69]. Intensive irrigation of crops like sugarcane, tea, and 
avocado has depleted water sources in Eastern and Southern Africa, 
creating conflicts with urban needs [70] Agricultural runoff carrying 
fertilizers, pesticides, and pathogens further degrades aquatic ecosys
tems and drinking water supplies. In South Africa, nutrient pollution has 
contributed to eutrophication of inland waters, affecting fisheries and 
local livelihoods [71,72].

Balancing food production and biodiversity conservation remains 
critical for long-term ecological stability. Yet research often treats 
agricultural productivity and biodiversity goals in isolation, limiting 
insights into how land-use strategies can reconcile competing needs. 
Closing this gap is essential for integrated approaches that secure food 
systems without undermining biodiversity.

3.4. Risks to biodiversity associated with food system activities

Agriculture is major driver of biodiversity loss through habitat 
destruction, pollution, and resource exploitation. Risks increase when 
biodiversity is exposed to stressors such as runoff, drought, soil erosion, 
and water pollution [73,74]. These pressures also intensify flooding in 

Fig. 5. Visualization of keyword co-occurrence analysis highlighting the relationships between key terms in research on biodiversity risks associated with 
food systems.
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areas experiencing agricultural expansion and deforestation [74]. Sus
tainable land management and climate resilience are therefore essential. 
Runoff in smallholder systems is particularly severe, driving soil loss, 
water pollution, and declining productivity [75].

Figure 8(a) links runoff to agriculture, soil erosion, land use, water 
supply, water quality, and conservation practices. Risks are highest in 
smallholder systems with limited erosion control and water-retention 
infrastructure [75]. Between 1981 and 2016, Africa experienced an 
average annual runoff increase of 0.3%, mainly driven by land-cover 
change and climate variability [74]. Forest and grassland conversion 
in countries such as Guinea and Madagascar increased runoff, acceler
ating soil erosion and biodiversity loss. Soil compaction from over
grazing further worsens runoff and gully formation [76].

Extreme weather amplifies runoff impacts, causing erosion, flooding, 
land loss, and water contamination. In southern Africa, drought has 
been linked to severe soil erosion [77]. Floods between 2018 and 2021 
destroyed croplands in the Limpopo Basin, while severe flooding across 
West and Central Africa in 2024 displaced millions and caused wide
spread destruction [78]. Climate change is increasing the frequency and 
intensity of such events [79,80].

Figure 8(b) links soil erosion to land degradation, deforestation, 
overgrazing, tillage, and climate change. Erosion threatens biodiversity, 
agricultural productivity, and livelihoods [81]. Unsustainable practices 
remain major drivers [5], and two-thirds of Africa’s productive land is 
estimated to be degraded. In South Africa, 70% of land is affected [82], 
while 35% of land in Ghana is vulnerable to desertification [83]. Soil 
loss also carries major economic costs, including reduced yields and GDP 
losses [25,84].

Figure 8(c) links water pollution to ecosystems, fisheries, aquacul
ture, irrigation, heavy metals, and bioaccumulation. Agricultural runoff 
introduces fertilizers and pesticides into water systems, while industrial 
discharge, mining and poor sanitation compound risks [85]. . Polluted 

water promotes toxin accumulation in aquatic species, threatening 
biodiversity and human health. Only 31% of Sub-Saharan Africa’s 
population had access to safe drinking water in 2022, and untreated 
wastewater remains a major pollution source [86]. Sub-Saharan Africa is 
projected to become a global hotspot of surface water pollution [87], 
with contaminants including pesticides, pharmaceuticals, microplastics, 
and endocrine disruptors [88].

Figure 8(d) links water supply to biodiversity, conservation, irriga
tion, ground-water, and climate change. Agricultural expansion reduces 
water retention and quality through deforestation, wetland loss, and 
riparian degradation. In the Sahel, agriculture-driven land conversion 
has contributed to Lake Chad’s drying, severely affecting biodiversity 
and livelihoods. Poor land management increases runoff and siltation, 
reducing reservoir storage. Agricultural inputs further threaten water 
quality, promoting algal blooms and fish kills, as seen in East Africa’s 
Mara River. Irrigation amplifies risks by overextracting rivers and lakes, 
while climate change increases drought and flood frequency, worsening 
pressures on water supply and biodiversity. Fig. 8.

3.5. Impacts of food system activities on biodiversity in Africa

Biodiversity in African food systems, including terrestrial, soil, 
wetland, and aquatic ecosystems, is under increasing pressure from the 
intensification and expansion of agriculture. Below we synthesize the 
direct and cascading impacts of food system activities on biodiversity, 
drawing on keyword co-occurrence analyses (Fig. 9) and evidence from 
the reviewed literature.

3.6. Terrestrial biodiversity loss from land-use change and habitat 
fragmentation

Land-use change, habitat fragmentation, pollution, overhunting, and 

Fig. 6. Top 10 keywords per each category ranked by Total Link Strength (TLS) and coloured by publication year to indicate emerging keywords.
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invasive species threaten 25% of mammal species, 13% of bird species, 
and >21,000 plant and animal species with extinction [13,14,12]. 
Agricultural expansion, particularly deforestation and land conversion, 
reduces habitat availability and species richness. Keyword networks link 
species richness to habitat fragmentation, land use change, and agri
cultural land (Fig. 9a, b), highlighting agriculture’s role in biodiversity 
decline.

In West Africa, cocoa farming contributes significantly to defores
tation in Côte d’Ivoire and Ghana [89]. Peri-urban agriculture also 
caused substantial vegetation loss in Zimbabwe between 1990 and 2020 
[57]. Monoculture plantations further reduce habitat complexity and 
native biodiversity. In South Africa, exotic tree plantations reduced 
native plant diversity in fragmented grasslands [90], while cocoa 
expansion in Côte d’Ivoire reduced plant diversity and species richness 
[91].

3.7. Pollinator biodiversity decline in food systems

Pollinator decline also emerged as an important concern. Fig. 5 links 
species diversity to agricultural land, climate change, and ecosystem 
services, reflecting potential trade-offs between productivity and 
biodiversity. Agricultural intensification and agrochemical use reduce 
pollinator populations [92–94]. For example, in South African mango 
orchards, pollination efficiency declined with increasing distance from 
natural habitats [95]. By contrast, agroforestry systems supported 
higher bird diversity than monoculture tea plantations in Tanzania [96].

3.8. Soil biodiversity and microbial community disruption from food 
system activities

Agriculture also affects belowground biodiversity and ecosystem 
functioning. Figure 9(d) links microbiology to soil agriculture and 

microbial communities. Intensive tillage, monocultures, and agro
chemicals reduce soil organic carbon, nutrient cycling, and microbial 
diversity. In Ethiopia, eucalyptus plantations acidified soils and reduced 
organic matter compared to indigenous forests [97]. Cocoa plantations 
in Côte d’Ivoire decreased soil nitrogen and cation exchange capacity 
[91]. Soil biodiversity declines were further observed in teak, rubber, 
and intensively cultivated systems [98,99].

3.9. Aquatic biodiversity decline: pollution and eutrophication due to food 
system activities

Although aquatic systems remain underrepresented in the literature, 
findings show that agriculture strongly affects aquatic biodiversity. 
Figure 9(b) links water quality to eutrophication, pollution, and irriga
tion. Fertilizer and pesticide runoff contribute to eutrophication, algal 
blooms, and biodiversity decline in major water bodies [100,101]. In 
Lake Victoria, links water quality to eutrophication, pollution, and 
irrigation. Fertilizer and pesticide runoff contribute to eutrophication, 
algal blooms, and biodiversity decline in major water bodies [102]. 
Similar impacts were reported in Ethiopia’s Lake Hawassa and Awash 
River, where pollution reduced fish abundance and diversity [103,104]. 
rrigation infrastructure in Lake Tana also fragmented fish habitats and 
disrupted spawning [69].

4. Implications for the One Food Risk tool

Biodiversity supports resilient food systems through ecosystem ser
vices such as pollination, pest control, nutrient cycling, and soil health. 
Its decline increases vulnerability to pests, diseases, and climate shocks, 
and threatening food security, nutrition, and public health. The findings 
highlight the critical relationship between biodiversity and agricultural 
systems. Although resilience, food security, and nutrition were not 

Fig. 7. Keyword co-occurrence network map for hazards: (a) forestry, (b) land-use change, (c) irrigation agriculture, and (d) agricultural intensification. Nodes 
represent keywords, with larger nodes indicating higher frequency. Lines show keyword co-occurrence, while different colours denote clusters (same colour =
same cluster).
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Fig. 8. Keyword co-occurrence network maps for risks: (a) runoff, (b) erosion, (c) water pollution, and (d) water supply. Nodes represent keywords, with larger nodes 
indicating higher frequency. Lines show keyword co-occurrence. Different colours denote clusters, with the same colour indicating the same cluster.

Fig. 9. Keyword co-occurrence network maps for impacts of food system activities on biodiversity: (a) species richness, (b) water quality, (c) species diversity, and 
(d) microbiology. Nodes represent keywords, with larger nodes indicating higher frequency. Lines between nodes show keyword co-occurrence. Different colours 
denote clusters, with the same colour indicating the same cluster.
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explicit search terms, the results show biodiversity loss as a major driver 
of ecosystem degradation with broader food system implications. Key 
hazards and risks identified in African-focused studies include land-use 
change, monoculture farming, irrigation, pollution, and climate change 
(Fig. 6), all of which reduce biodiversity and impair ecosystem services. 
Soil microbiome degradation also emerged as a recurring issue, showing 
how intensive agriculture and pollution reduce microbial diversity. 
While inorganic fertilizers may restore degraded systems in the short- 
term, overreliance can undermines the long-term ecosystem sustain
ability [105,106]. These findings support integrating biodiversity in
dicators into the One Food Risk Tool to strengthen environmental, 
animal, and human health assessments in food systems.

The review also highlights the effects of environmental pollutants on 
biodiversity and food systems. Heavy metals, agricultural runoff, and 
microplastics disrupt terrestrial and aquatic ecosystems, reduce species 
diversity, and promote toxin bioaccumulation. Climate change further 
intensifies these risks through warming waters, ocean acidification, and 
extreme weather events that disrupt fisheries and aquatic ecosystems 
[107]. Integrating pollution and climate-related biodiversity indicators 
into the One Food Risk Tool would improve its ability to assess 
long-term risks across the biodiversity–climate–food nexus. The findings 
further emphasize the need for cross-disciplinary data integration and 
stronger policy action. Aligning biodiversity data with food production, 
animal health, and public health metrics would strengthen early warn
ing systems and support sustainable agricultural decision-making. 
Embedding biodiversity risk assessments into governance frameworks 
is essential because biodiversity underpins ecosystem services and 
long-term food security [10,108].

5. Conclusions

The One Health philosophy emphasises the interconnectedness of 
human, environmental, and animal/plant health, advocating integrated 
decision-making across these domains. The One Food Programme 
operationalises this by incorporating hazard identification, risk assess
ment, and mitigation strategies into food systems to safeguard human, 
animal/plant, and environmental health. While food systems are 
essential for global food security, they also pose significant risks to 
biodiversity through habitat destruction, soil degradation, pollution, 
and climate change. Practices such as deforestation, monocultures, 
chemical overuse, and intensive irrigation accelerate biodiversity loss. 
Balancing productivity with conservation is therefore crucial to sustain 
ecosystem services. Despite increasing recognition of biodiversity’s role 
in agriculture, knowledge gaps remain on biodiversity hazards, risks, 
impacts, and adaptation strategies in food systems. This study addresses 
those gaps in African food systems through bibliometric and narrative 
analysis.

The review shows growing scholarly focus on agriculture–biodiver
sity interactions since 2001, though African researchers remain under
represented. Results also highlight shared challenges, divergent 
perspectives, and emerging themes across regions. Unsustainable agri
cultural practices cause habitat degradation, species loss, and reduced 
ecosystem services. Conversely, practices such as agroforestry, inter
cropping, conservation agriculture, climate-smart crops, marine pro
tected areas, and integrated aquaculture–agriculture systems enhance 
biodiversity and food system sustainability. Significant gaps remain. 
Keywords related to aquaculture and fisheries are scarce, suggesting 
limited attention to aquatic food systems in African research. Weak links 
to terms such as marine biodiversity, overfishing, and coastal ecosys
tems reinforce this gap, despite growing global reliance on aquatic re
sources. Similarly, little research addresses other stages of the food value 
chain, such as processing and distribution, even though they were 
included in the search. This highlights the need for broader integration 
of aquatic systems and value-chain risks into biodiversity assessments.

Based on the key results highlighted above, the following policy 
recommendations emerge in alignment with biodiversity in food 

systems: 

• Promote agroecological practices such as crop rotation, integrated 
aquaculture–agriculture systems, integrated multitrophic aquacul
ture, and community-based resource management to reduce biodi
versity risks.

• Develop policies with incentives, including performance-based pay
ments or biodiversity credits, to discourage unsustainable land use 
and mitigate soil erosion and pollution.

• Limit harmful agrochemicals, especially pesticides and fertilizers, to 
protect ecosystems, water quality, and public health.

• Invest in agricultural education, community engagement, and 
regional collaboration to promote sustainable practices and address 
cross-border biodiversity risks.

• Expand research and innovation on biodiversity risks in aquatic food 
systems in Africa, including aquaculture and fisheries, to strengthen 
resilience and share best practices.

Although research on biodiversity risks in African agriculture has 
expanded significantly, important knowledge gaps remain. Aquatic food 
systems, including fisheries and aquaculture, continue to receive limited 
attention despite their importance for food security and livelihoods. 
Other underrepresented areas include biodiversity risks across post- 
production stages of food systems, socio-economic and public health 
dimensions, indigenous knowledge systems, and interdisciplinary ap
proaches integrating environmental, agricultural, and health sciences. 
Addressing these gaps will be essential for developing more compre
hensive and inclusive biodiversity risk assessments and policies in 
Africa.
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plants have greater impact than habitat fragmentation on native insect flower 
visitation net-works, Divers. Distrib. 24 (1) (2018) 58–68, https://doi.org/ 
10.1111/ddi.12656.
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